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Abstract

Much scholarship has argued that information on future climate change ought to
be the basis for climate adaptation decisions. But how has the impressive corpus
of knowledge produced by climate scientists been processed and adapted to inform
adaptation decisions in practice? This doctoral thesis compares and analyses how
different actors have approached, grappled with, understood, generated relevance
and acted upon climate science for adaptation. Drawing on surveys, semi-structured
interviews, documentary materials, workshop observations, and the peer-reviewed
literature, this thesis encompasses three empirical studies — on global customisa-
tions, national uses and local appropriations — as well as a reflective review ordering
different social-scientific perspectives according to their underlying aims and con-
cerns.

Starting with a historiographic perspective on the origin of the concept of ‘climate’,
the introduction (chapter 1) illustrates what climate science at the turn of the 21
century is, before reviewing key social-scientific scholarship on climate adaptation
and climate science. Chapter 2 then describes not only the particular data and meth-
ods employed in this thesis, but also reflects how methodological considerations
influence the research project more generally.

Chapter 3 analyses how countries around the globe differ in their ability to custom-
ise climate models into climate projections supporting their national adaptation
planning. While a surprising amount of nations have produced such information,
the degree to which they are able to tailor the information to their needs and politi-
cal cultures is strongly correlated with the countries’ general competence to publish
climate science. Thus, while climate information is widely available, customising it
for own purposes remains restricted to a few countries.

Chapter 4 introduces the typology of sailors, divers, and observers to emphasise three
particular ways climate projections have been used on a national level. It argues that
the more qualitative or quantitative use of climate information is neither correlat-
ed to climate service users’ affiliation to a sector, academia, or practice. Further, I
find that many adaptation actors used information on climate futures in a qualitative
way, but number-crunched current climate data. Communicating climate informa-
tion, both qualitatively as well as quantitatively, is thus key to increase the national
use of climate science.
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Chapter 5 analyses how, and more importantly why, four sectors vulnerable to heat-
waves appropriated scientific climate knowledge differently. By drawing on the
work of Eviatar Zerubavel and his cultural cognitive sociology, I find that the formative
and performative dimensions of knowledge play a major role in appropriating climate
information. One, whether concepts are shared between a sector and climate sci-
ence, allowing to similarly recognise the relevance of climate knowledge. Two, the
more experts enjoy a large decision scope, the more they seem to be able to integrate
heatwaves into their work. The decision scope is, however, influenced by the prop-
erties with which experts work: inert matter allows a different style of adaptation
than people.

Chapter 6 is a reflective review paper that classifies the vast amount of research into
five distinct ways social scientists study climate science and climate adaptation. The
aim of this review is to draw out distinct underlying ontological and epistemologi-
cal differences, which are in themselves influenced by partly competing priorities,
concerns and aims. By introducing how social scientists committed to a descriptivist
style are different to the ameliorist, argumentivist, interpretivist and critical order of social
science, I aim to emphasise how social science on adapting climate science is a rich
but also potentially tribal field.

Chapter 7 then discusses the three empirical papers and the review further, and
details how the collected material on local appropriations could contribute to on-
going academic discussions. It also expands on how the Youth Strike for Climate
influences discussions on climate adaptation (not mitigation), and how the entry
of a new societal actor offers promising new research opportunities for the study of
‘adapting climate science’.




Zusammenfassung

Wissenschaftliche Informationen zum Klimawandel sollten die priméren Entschei-
dungsgrundlagen fiir die Klimaanpassung sein. Dies ist die gdngige Lehrmeinung
innerhalb der Forschung. Aber wie verarbeitet man den beeindruckenden Wissens-
korpus, den die Klimaforschenden zusammengetragen haben, um Anpassungsent-
scheidungen zu treffen? Die vorliegende Dissertation vergleicht und analysiert, wie
sich verschiedene Akteure im Bereich der Klimaanpassung mit Klimawissen aus-
einandersetzen. Es geht aber auch darum, wie Akteure die Relevanz fiir ihre Arbeit
erkennen, um dieses Wissen zu integrieren. Auf der Grundlage von Umfragen,
halbstrukturierten Interviews, Dokumenten, Beobachtungen in Workshops sowie
der wissenschaftlichen Literatur umfasst diese Arbeit drei empirische Studien —von
einem globalen Vergleich massgeschneiderter Anwendungen {iber nationale Nut-
zungen hin zu lokalen Aneignungen von Klimawissen — sowie eine Literaturrezen-
sion zu fiinf Auspriagungen der Sozialwissenschaft im Klimakontext.

In der Einleitung (Kapitel 1) erfolgt zuerst eine historiographische Einordnung zur
Begriffsherkunft des Konzepts ‘Klima’, bevor die Klimawissenschaft um die Wen-
de zum 21. Jahrhundert beschrieben wird. Danach wird die zentrale sozialwissen-
schaftliche Forschung zur Klimaanpassung und dem Gebrauch von Klimawissen
betrachtet. Kapitel 2 beschreibt dann sowohl wie methodische Uberlegungen das
Forschungsprojekt im Allgemeinen beeinflussen, als auch spezifisch welche Daten
und Analysemethoden in dieser Arbeit verwendet wurden.

In Kapitel 3 wird analysiert, wie sich Linder rund um den Globus in ihren Fihigkei-
ten unterscheiden, aus Klimamodellen individuell massgefertigte Klimaszenarien
fiir ihre nationale Anpassungsplanung zu erstellen. Wihrend eine tiberraschende
Anzahl von Nationen solche Klimaszenarien produziert haben, gibt es grosse Un-
terschiede in den Moglichkeiten, diese Klimainformationen individuell auf die je-
weiligen Linderbediirfnisse und politischen Kulturen zuzuschneiden. Die Resultate
zeigen zudem, dass die Fihigkeit zur massgeschneiderten Erstellung von Klima-
wissen fiir die nationale Klimaanpassung stark mit der Kompetenz in Klimawissen-
schaften des jeweiligen Landes korreliert. Somit ist der Zugang zu Klimamodellen
zwar weltweit gewihrleistet, aber nur wenige Linder haben die Fihigkeiten, diese
auf die nationalen Gegebenheiten und Interessen masszuschneidern.

Kapitel 4 fiihrt die Typologie der Segler, Taucher und Beobachter ein, um drei besonde-
re Arten der Nutzung von Klimaszenarien auf nationaler Ebene hervorzuheben. Im
Gegensatz zu friiheren akademischen Beschreibungen von ‘dem Nutzer’ korreliert
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die Artder Nutzung — qualitativ oder quantitativ — nicht mit der Zugehdrigkeit der
Nutzer zu einem Sektor, zur Forschung oder zur Praxis. Ferner zeigt sich, dass viele
Anpassungsakteure qualitative Informationen tiber die Zukunft des Klimas verwen-
den, aber hdufig quantitative Daten zu heutigem Klima benutzen. Die Bereitstellung
von Klimainformationen sowohl qualitativer als auch quantitativer Art ist daher der
Schlissel fiir eine stirkere Nutzung von Klimainformationen fiir die Anpassung auf
nationaler Ebene.

In Kapitel 5 wird analysiert, wie und vor allem warum sich vier fiir Hitzewellen an-
fillige Sektoren wissenschaftliches Klimawissen unterschiedlich aneignen. In An-
lehnung an die Arbeiten von Eviatar Zerubavel und seiner kognitiven Kultursoziologie
wird deutlich, dass die formative und performative Dimension von Wissen eine wich-
tige Rolle bei dessen Aneignung spielt. So erlauben einerseits mit der Klimawis-
senschaft gemeinsame Konzepte den jeweiligen Sektor-Experten, die Relevanz von
Hitzewellen fiir die Expertenarbeit in dhnlicher Weise zu erkennen. Zum anderen
zeigt sich auch, dass die Aneignung von Klimawissen deutlich erfolgreicher ist, falls
Anpassungsoptionen im Entscheidungsspielraum von Experten liegen. Dieser Ent-
scheidungsspielraum wird jedoch massgeblich davon beeinflusst, womit Experten
arbeiten: Technische oder 6kologische Anpassungsoptionen erlauben einen ande-
ren Anpassungsstil als die Arbeit mit Menschen.

Die Literaturrezension in Kapitel 6 klassifiziert die heutigen Sozialwissenschaften
mit Fokus Klimawissenschaften und Klimaanpassung in fiinf verschiedene Typen.
Die zugrundeliegenden ontologischen und epistemologischen Unterschiede dieser
Typen zeigen sich auch in teilweise konkurrierenden Priorititen, Anliegen und Zie-
len der Forschenden. Wihrend beispielsweise gewisse Forschende hauptsichlich
deskriptiv beschreiben wollen, sehen andere ihre Rolle in der Unterstiitzung von
Klimaanpassung, der Argumentationsanalyse, der interpretativen Beschreibung
oder dem kritischen Hinterfragen. Die Beschreibung dieser fiinf sozialwissen-
schaftlichen Typen und ihre prominenten Forschungsthemen im Klimawandelkon-
text zeigt so auch deutlich die Diversitit aber auch die Konfliktpotenziale innerhalb
der Sozialwissenschaften auf.

In Kapitel 7 werden dann die drei empirischen Arbeiten und die Literaturrezension
miteinander diskutiert. Weiter wird dargelegt, wie die gesammelten Forschungsda-
ten weitere akademische Diskussionen anstossen konnen. Zudem wird ein vielver-
sprechendes neues Forschungsfeld charakterisiert: Wihrend viel tiber den Einfluss
des Klimaschulstreiks auf den Klimaschutz berichtet wird, ist die Wirkung auf das
Thema Anpassung noch nicht niher erliutert worden. Wie diese politische Bewe-
gung sich auf die Anpassungsarbeit von Experten auswirkt ist damit ein neues und
vielversprechendes Forschungsfeld, um die Nutzung von Klimawissen besser zu
verstehen.
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1 Introduction: adapting climate science

Climate change is in many ways a cause for concern. Precisely because of these
concerns however, the ways in which climate change is perceived, made sense of;
taken up and responded to offer an intriguing perspective on human behaviour.
How individuals and collectives shift their thinking in response to climate change,
which action is prioritised through which narratives and beliefs, and how under-
lying cultural norms continue to influence discourse and practices. These all offer
fascinating ways to study people’s awareness of themselves, their surroundings and
their consequent actions. In this doctoral thesis, I analyse and discuss one particular
aspect of such societal responses to climate change: how different actors on global,
national and local scales make climate science relevant for climate adaptation. Or,
in short, adapting climate science.

With recent impacts of climate change not only being recorded by satellites and
weather observations, but being synthesised in scientific journals and, increasingly,
in major media outlets, climate adaptation has gained policy prominence. In par-
ticular since the Conference of Parties COP12 in Nairobi in 2006, climate adaptation
has become similarly important as climate mitigation. As such, climate adaptation
encompasses a wide range of proactive practices aiming to reduce the vulnerability —
or to increase the resilience — of both human, natural and technical systems to cope
with more intense and frequent heatwaves, droughts, torrential rainfalls, higher
wind speeds, receding snowlines and rising sea levels (IPCC, 2014).

Intriguingly for social scientists, the climate adaptation approaches favoured by dif-
ferent stakeholders are quite diverse. Understanding not only how, but also why,
actors are thinking similarly or differently about climate change in their work is of
key interest. With climate adaptation often depicted as being an expert-led, knowl-
edge-intensive process (e.g., Hedger et al., 2006), much academic scholarship pri-
oritises the use of prospective climate science to anticipate how local weather events
are likely to change (e.g., Lemos et al., 2012)". Thus, analysing which factors shape
the way climate science is customised, used and appropriated for climate adaptation
not only gives insights into how concerns around climate change are understood
and addressed, but also into the intriguing behaviour stakeholders exhibit in cli-
mate adaptation practices.

1 Throughout this doctoral thesis, I focus on climate knowledge derived from climate sci-
ence. Indigenous, experiential or artistic sources of climate knowledge (cf. Engels 2019)
receive little attention. However, as in particular chapter 5 highlights, stakeholders often
make sense of climate science through prior experience and training.
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This introduction is divided into four parts. In the first section, I expand how the
idea of ‘climate’ came into being. The second section describes how social scientists
have described climate science at the turn of the 21** century. The third section ex-
pands on how other scholars have studied climate adaptation and its relationship to
climate science. In particular, it synthesises the literature for global customisations,
national uses and local appropriations. In the fourth section, I state the overall aims
and structure of this doctoral thesis.

1.1 Ahistoriography of the idea of ‘climate’

To better understand what ‘climate change’, ‘climate science’ and ‘climate adap-
tation’ has dominantly come to signify at the turn of the 21* century, I will short-
ly introduce the so-called historiography of climate, that is, how climate emerged
as a stable, recognised way of describing particular environments. As this section
argues, ‘climate’ has not always been understood as the statistical construction of
so-called normal weather at a particular location dominant in today’s conception
and legitimized further by the Intergovernmental Panel on Climate Change IPCC
(Hulme et al., 2009; Horn and Schnyder, 2016). Climate as both a term and concept
has enjoyed different meanings, frightened some earlier contemporaries, unsettled
religious explanations of the earth’s creation, as well as being misused for justifying
colonial expansion and terror (MacFarlane, 2003).

The historiographic study by Mauelshagen (2016) describes how, in the 18" century,
‘climate’ was newly coined as something physical, deviating from more ancient geo-
graphic understandings. Up to the 18" century, Mauelshagen argues, the widespread
Enlightenment ideas still coupled the sun’s inclination to human’s inclinations and
behaviour. This is, for instance, still today reflected in the etymological proximity
of the words ‘temperament’, ‘temperate’ and ‘temperature’. Such conceptions of
climate as a synonym for geographic regions and people’s sensual receptivity are
still dominant even among the Baron de Montesquieu, often argued to be one of
the founding father of the study of climate. However, also to Montesquieu, the dual
notion of climate as being both geographical and physical is still prominent. While
later academics, including Alexander von Humboldt and his isothermal maps, still
developed conflicting physical definitions of climate, the second half of the 18" cen-
tury sees widespread agreement that ‘climate’ is now seen as an umbrella term for
all the factors influencing the regional temperature.

With this Newtonian, theory-based conception of climate, Mauelshagen (2016) ar-
gues against the more common Baconian assumption propagated for example by
Edwards (2010) that, historiographically, climatology emerged from the scientific
empiricism of 17* century England, where meteorological measurement techniques
and the institutionalisation of observations allowed to produce a statistical product



CHAPTER 1 - INTRODUCTION

of weather events to something called climate. For Mauelshagen (2016), ‘climatolo-
gy’ is initselfa novel research paradigm which focuses on causally and physically ex-
plaining heat conditions — beyond statistics. Interestingly, both the theoretical New-
tonian perspective trying to understand heat fluxes through mathematical equations
and the empirical Baconian approaches using observations seem to be present from
the start of climatology, sometimes harmonising, sometimes conflicting.

Horn and Schnyder (2016) illustrate how researchers from other fields produced
heterogeneous and interlinked understandings of climate in the 18" and early 19*
century. ‘Climate’ was studied by geologists, biologists, medical doctors, meteorol-
ogists, physicists and anthropologists alike, their findings influenced each other’s
thinking. For instance, the geologic discovery of a distant, ancient past — largely
without humans — not only challenged religious authorities, but also allowed to re-
construct local climates which must have been very different to the prevailing one
(cf. MacFarlane, 2003). These discoveries of climates and time not being static but
dynamic relatively quickly — within 30 years, according to Horn and Schnyder (2016)
— led to portrayals of the future not only being different, but also without humans.
Repercussions of this cognitive invention are still very lively today.

Additionally, anthropologists and philosophers alike were quick in using the differ-
ent climates to justify colonial expansion due to different human cultural develop-
ments being causally linked to the local climate. This so-called climate determinism
sought to legitimise oppression, land grab, and slavery, while also ordering societal
hierarchies, policy-making and economic production in colonies (e.g., Jankovic,
2010).

The brutalities performed and legitimized by earlier anthropologists’ work led to
mainstream sociology distancing itself altogether from describing environmental
influences on human culture for a long time (Welzer et al., 2010). This implies, in
other words, that by actively ignoring cultural human—environment interactions
since World War II, the social sciences and humanities left this topic out of their
own accord to physical and natural-scientific descriptions. It is thus unsurprising
that the point of reference and departure to social, political, and cultural climate
change discussions at the turn of the 21* century is physical climate science. There
is just scarce social-scientific work to build up an independent narrative.

1.2 Climate science at the turn of the 21 century

Climate science, as understood in this thesis and throughout much of the academic
literature, refers to a conglomerate of intermingling practices, methods, theories,
equations, data sources, concepts, institutions, as well as a large corpus of knowl-
edge. The historian of science Paul Edwards (2010) has explored how weather phe-
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nomena have been collected, standardised, and institutionalised into distinct phys-
ical variables such as temperature, precipitation, humidity and air pressure. At the
turn of the 21* century, climate science now uses meteorological data collected by
weather stations, maritime buoys and regularly launched weather balloons. In addi-
tion, orbiting satellites take photos and spectral measurements enabling scientists
to infer temperature, ozone concentration or snowfall through all layers of the at-
mosphere. Lastly, to understand the climate and its changes through the last hun-
dreds of millennia better, ice cores have been taken from various glaciers, giving in-
sights into the atmosphere’s composition. Thus, with the help of meteorology and
paleoclimatology, climate scientists have not only attained a truly global, regular
and largely automated measurement system of weather variables at their disposal,
but also datasets enabling them to compare current observations with pre-industrial
ones.

This growth of data collection and processing was, however, only possible due to
several actors’ support (Edwards, 2010). Not only massive government funding was
necessary to develop, install and maintain all these observation methods, but also
computer scientists, data specialists, satellite engineers, transmission experts, and
statisticians were needed to help shape climate science as it can be described to-
day. In addition, supranational coordination ensuring the exchange of standardised
weather measurements around the world in the form of the World Meteorological
Organization WMO remains a necessary institution in producing climate science. In
particular, the WMO continues to link up national weather services, as well as work-
ing towards the standardisation of meteorological observations across the globe. In
response to the discovery of anthropogenic climate change, the WMO co-founded
the Intergovernmental Panel on Climate Change IPCC .

The IPCC has had a profound impact not only on the conduct of climate science, but
is also a key actor in evaluating, assessing and synthesising its findings (Edwards,
2010). With contributors ranging from physical climate scientists to climate impact
modellers, economists, and social scientists, the IPCC’s Assessment Reports are
aimed to provide the scientific basis for climate mitigation and climate adaptation
policies. However, since its inception in 1988, the IPCC has also attracted criticisms
over geographically and disciplinary biased participation of contributing scientists,
its neglect of indigenous sources of climate knowledge, and repeatedly had contro-
versies over ‘errors’ in Assessment Reports (cf. Hulme and Mahony, 2010). Overall,
the influence of 30 years of IPCC on how climate science is assessed and synthesised
has also led to climate scientists prioritising their research differently, so as to be
included in its Assessment and Special Reports, such as the studies on the impact of
1.5°C of global warming (IPCC, 2018).

One particular scientific development of continued interest for this doctoral thesis
are climate models. Throughout the last decades, climate physicists have developed
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and refined numerous climate models which require supercomputers to simulate
the global climate at high spatio-temporal resolution with both pre-industrial, cur-
rent and a range of future carbon emissions scenarios (e.g., Shackley et al., 1998;
Edwards, 2010; Parker, 2018). While simpler energy balance models exist to calculate
average surface temperature in zero dimensions, this thesis examines so-called com-
plex climate models (cf. Parker, 2018). Complex, or state-of-the-art, climate models
include (a) general circulation models (GCMs) simulating earth’s energy fluxes and at-
mosphere-ocean dynamics in three dimensions as well as between water (hydro-
sphere), ice (cryosphere), land (geosphere) and the sky (atmosphere) as well as (b)
regional climate models (RCMs) which simulate the dynamics between these spheres
only for smaller portions, i.e. regions, of the earth — but at even higher spatiotem-
poral resolution (Parker, 2018). With the cause of global warming now firmly es-
tablished, climate models are complemented with various statistical models (e.g.,
Kniisel et al., 2019) to project plausible future climates in small regions up to the
end of the 21* century to support climate mitigation and adaptation (e.g., Skelton
etal., 2017).

1.3 Social scientific literature on adapting climate science

In the last few years, the knowledge on climate change assembled by climate scien-
tists has grown exponentially, not only in volume, but also in diversity and meth-
odology. With this proliferation, different ways to synthesise climate science for
the purpose of informing adaptation and mitigation decisions are possible. In this
doctoral thesis, adapting climate science refers to the ways scientific climate knowl-
edge, produced by scientists with the aid of methods, theories, observations and
models, is synthesised and prioritised by a range of stakeholders in order to, lit-
erally, make sense of climate change and inform climate adaptation decisions on
different geographical scales.

For instance, in my master thesis, I analysed how British, Dutch and Swiss climate
scientists produced considerably different climate projections intended to inform
national adaptation decisions, influenced by underlying assumptions embedded
in the respective political cultures about what is judged ‘good’ science for deci-
sion-making and ‘good’ stakeholder engagement (Skelton et al., 2017). This doc-
toral thesis takes that particular analysis a step further, and looks at how climate
science has been customised on a global level (chapter 3), used on a national level
(chapter 4), and appropriated by sectoral experts locally (chapter 5). Firstly, I want
to briefly review the relevant strands of scholarship for each chapter.
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1.3.1 Ways in which scientist have customised global climate science for national adaptation

Many have argued that having the scientific capacity to produce and translate glob-
al climate science into locally specific and nationally relevant climate knowledge is
also a key capacity for the success of countries’ adaptation efforts (e.g., Ho-Lem et
al., 2011). However, a continuous strand of bibliometric research has shown that
the origin of much climate science is limited to a few countries (e.g., Karlsson etal.,
2007; Pasgaard and Strange, 2013; Haunschild et al., 2016). Similarly, authorship of
the Intergovernmental Panel on Climate Change IPCC has been shown to be simi-
larly unrepresentative of countries (e.g., Ho-Lem et al., 2011; Corbera et al., 2015).

This ‘geographical imbalance’ (Pasgaard et al., 2015) or ‘North—-South divide’
(Karlsson et al., 2007; Blicharska et al., 2017) has been critiqued several times. The
underlying issue is that the perceived necessity of having nationally legitimate, cred-
ible and relevant climate knowledge to inform climate adaptation is in tension not
only with climate science being produced elsewhere, but also the global — rather
than national — scope of climate models (e.g., Mahony and Hulme, 2018). As for
instance the UK saw predicting climate change with climate models as a strategy to
be more politically independent in climate negotiations (Mahony and Hulme, 2016),
some scholars have argued that climate models are of also geopolitical concern for
national sovereignty (Lahsen, 2007; Mahony and Hulme, 2012; Miguel, 2017).

Thus, while some scholars are critical of such model developments, seeing them
as extensions of geopolitical dominance which are now also influencing climate
adaptation, other scholars are more concerned about the difficulties in producing
climate science in countries with less research funds and greater difficulty in ac-
cessing high-quality journals (e.g., Blicharska et al., 2017; Dike et al., 2018; Nasir
et al., 2018). What remains understudied — and what chapter 3 contributes to these
discussions — is an empirical picture, not of where climate science is produced, but
how countries differ in customising global climate model output for national adap-
tation decision-making.

1.3.2 On the national use of climate science to inform climate adaptation

The conception that climate science ought to underlie and inform climate adapta-
tion practices is also the starting point for climate services (cf., Vaughan and Dessai,
2014; Bruno Soares and Buontempo, 2019) and the doing co-production of knowl-
edge paradigm (Bremer and Meisch, 2017) whereby scientists and stakeholders
engage to produce more usable and actionable climate knowledge (Lemos et al.,
2012; Kirchhoff et al., 2013). In this context, who the so-called ‘users’ are, what
information needs they have, how they employ and adapt climate science into their
work have all been the focus of research. As various countries around the globe have
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produced highly customised national climate projections to inform national adap-
tation (chapter 3; Skelton et al., 2017), how climate scenarios are taken up and how
they could be improved has caught the interest of both climate scientists and envi-
ronmental policy-makers.

A number of scientists have studied the climate knowledge requirements of so-
called users. Two analytical perspectives are common. On the one hand, some have
analysed the user needs of academics and practitioners (e.g., Benestad et al., 2014;
Groot et al., 2014). On the other hand, others have distinguished users by their sec-
toral affiliation (e.g., Bruno Soares et al., 2018). However, one common challenge
to such studies of needs is that any subsequent fulfilment of these requirements
might still not lead to the information’s use. Therefore, another strand of research
has been to empirically analyse which climate information has actually been used.
In particular the British context has been well researched, with studies by Tang and
Dessai (2012) analysing the uptake of the British climate projections UKCPog; with
a paper by Porter et al. (2015) comparing the use of climate information in local ad-
aptation planning between 2003 and 2013; and with a country comparison between
German and English local authorities by Lorenz et al. (2017). All these research pa-
pers highlight the fact that the availability of climate knowledge is no guarantee for
its subsequent use. Often more contextual factors, such as institutional and legal
frameworks or the larger economic situation allowing the financing of adaptation
projects influence uptake of climate information.

Some scholars have however also been critical about who is included and who is
excluded in such co-production projects. Archer (2003), for instance, highlighted
that socio-economically marginalised users are often also those being underserved.
Similarly, Klenk et al. (2015) critique the trend that stakeholders in joint research
projects often play a minor role, calling for future engagement practices which are
‘beyond lip service’. Meanwhile, with the notion of ‘mini-me’, Porter and Dessai
(2017) have identified an underlying imagination of users, whereby climate sci-
entists perceive users often as similarly numerate as themselves. All these studies
point to a profound ambiguity of who ‘the user’ of climate services is, and which
climate information is used similarly and which differently. A more specific and nu-
anced idea of ‘users’ of climate science in national adaptation planning might lead
to more concrete findings to improve climate knowledge’s usability, as well as them
becoming more meaningful engaged.

1.3.3 Onthe local appropriation of climate science by a range of experts
At the local level the consideration of climatic changes in specific projects is often

a responsibility of sectoral experts working in civil service and local administration
—such as spatial planning, health, or building technology — rather than designated
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adaptation officials. In addition, climatic concerns are often in competition with
many other legitimate priorities. Various scholars have described how particular
sectors and groups of experts have appropriated climate knowledge into their work.
For instance, Ryghaug and Solli (2012) have analysed how Norwegian road manag-
ers perceive climate change mainly through extreme weather events they observe,
not through climate science. This leads to adaptation practices based on learning
from past experiences without anticipatory science. Similarly, Rotter et al. (2016)
describe how adaptation within the German railway system is simultaneously ham-
pered by differing priorities and values, but that diligent single actors are able to
integrate adaptation precisely because of such fractured interests.

With ‘climate’ being a statistical construction of weather (Hulme et al., 2009) and
as such too elusive a concept for many non-climate audiences, various scholars have
approached studying climate adaptation at the local level by focusing on specific
climate impacts. One popular topic is adapting to urban heatwaves, likely to be-
come more frequent and intense not only because of carbon emissions, but also
increased urbanisation. Olazabal et al. (2018), for instance, have mapped not only
the available knowledge on how to adapt to heatwaves in the city of Madrid (Spain),
but have also pointed out that no single actor — dubbed ‘super-stakeholder’ — is
able to be in possession of all of it. While some stakeholders know more than oth-
ers, integrating new knowledge into adaptation strategies — such as that on urban
heatwaves — requires sustained interactions between scientific and policy expertise.
Heaphy (2018), meanwhile, describes how such sustained efforts between scientists
and policy-makers worked out in the English cities of London and Manchester. Us-
ing the British climate projections UKCPog as a basis to simulate future urban heat
islands, Heaphy explores five projects linking the built environments and climate
change, arguing that urban heat maps served as a ‘heuristic role’ in local spatial
planning (ibid: 7).

Social scientists have described knowledge transfer as a collective and cultural pro-
cess. In particular the work by American sociologist Eviatar Zerubavel offers an in-
triguing way of conceptualising the social functions of knowledge (e.g., Zerubavel,
1999). In chapter 5 I describe how such insights can help to explain why four sectors
vulnerable to hot spells have appropriated knowledge on urban heatwaves so dif-
ferently.

1.4 Aims of this doctoral thesis

To illustrate the diversity of the ways in which different actors use climate science for
climate adaptation, this doctoral thesis encompasses three case studies — one glob-
al, one national, and one local — to empirically explore and analyse the different ways
in which climate science has been tailored for, considered in and informed climate
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adaptation. Drawing on both qualitative and quantitative methods, face-to-face in-
terviews as well as desk-based documentary analyses, these three studies highlight
not only the similarities in which climate science has been tailored, received, used,
judged, and resisted, but also why different countries, adaptation actors and sec-
toral experts have done this so differently from each other. While all thesis studies
spotlight at a particular way of perceiving and responding to climate change, some
empirical results also offer a contrast to the dominant academic framing, question-
ing how far certain assumptions are over-simplistic or glorifying.

In chapter 2, I expand on how I designed the research, selected and collected re-
search material, how I assured my respondents’ anonymity, what methods and
‘styles of thinking’ (Freeman, 2016) I employed in analysing and coding the materi-
al, and how I linked up my empirical results with the ongoing academic discussions
and concepts. In addition, chapter 2 also includes some philosophical remarks on
positionality, the value of methods, and how the chosen research framing also de-
tects, amplifies and stabilises the ways in which phenomena are collectively per-
ceived.

Chapter 3 describes the first empirical case study analysing how countries differ
in their ability to customise global climate science through climate projections in
order to inform their national adaptation efforts. I find that, while an unexpectedly
high number of countries with limited financial and scientific resources have re-
ported climate scenarios to the United Nations Framework Convention on Climate
Change UNFCCC, the ability to customise the climate models and observation data
according to the national political culture is clearly linked to a higher capacity of
publishing outstanding climate science. Even though often appraised as capacity
building trainings, freely available software producing one-size-fits-all climate sce-
narios may mask issues of scientific dependency, as users can only select from a
restricted set of climate models and emissions scenarios . Software packages might
therefore unwittingly restrict rather than foster countries’ capacity to customise
global climate science into nationally relevant and legitimate climate information.

At the national level — chapter 4 — I discuss and problematize descriptions of
‘the user’ of climate information according to categories such as sectors, the re-
search-practice binary or an assumed numeracy. Drawing on the metaphor of an
iceberg to distinguish between sailors (qualitative users), divers (quantitative users),
and observers (interested skimmers), I analyse the actual use of the Swiss climate
scenarios CH2o11 by the Swiss adaptation community. Aiming to clarify the often
vague notion of ‘the user’ circulating in discussions on co-producing climate ser-
vices, I highlight that there are no statistical correlations between the particular use
of climate information and being in a particular sector, working in research or aca-
demia, or being able to crunch raw data. With the typology of sailor, diver and observer,
this chapter serves to discuss who ‘the user’ is in a more nuanced and informed way.
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In chapter 5, I compare the local appropriation of knowledge on urban heatwaves
in four sectors: urban green space management, building technology, spatial plan-
ning, and health. This study aims to understand why two of these sectors were able
homogenously and with many specific examples to describe how heatwaves impact
their work, while two other sectors were, at most, unified in their critical delibera-
tions and hesitance of recognising heatwaves as something with relevance for them.
Drawing on insights derived from the cultural cognitive school of sociology (e.g.,
Zerubavel, 1999), I argue that a sector’s uptake or hesitance of heatwaves is largely
influenced by two factors. On the one hand, the more that climate scientists and
these sectors share concepts and terms to describe their knowledge and responsibil-
ities, the more likely we are to find specific examples of adaptation action being im-
plemented. On the other hand, the appropriation of heatwaves into experts’ think-
ing is also influenced by their degree of agency in implementing specific action. If
experts are able to implement adaptation measures, then they are more likely to do
so. If the agreement of numerous other actors to adaptation decisions is needed,
then heatwaves are less likely to be recognised as an issue. As such, I argue that the
way climate science is appropriated locally is a product of both conceptual proximity
and performative ability.

This dissertation has benefitted from reading and making sense of the vast amount
of scholarship produced by social scientists and the humanities on the subject of
climate science and climate adaptation. Reflecting on this stimulating reading expe-
rience, chapter 6 groups this literature into five distinct research types. By introduc-
ing and contrasting the descriptivist, ameliorist, argumentivist, interpretivist, and critical
orders of social science, I illustrate how each order is influenced by underlying yet stable
differences in assumptions, aims, goals, and methodological priorities. While some
scholars are comfortable in multiple orders — depending on research interest and
collaboration — others are more factional and tribal.

In chapter 7 I discuss the parallels and differences of the three empirical case studies
on global customisation, national use and local appropriation of climate science,
and place them within the five orders of social science. In particular, I reflect on the
agency of scientific climate knowledge for climate adaptation, and what factors in-
fluence how climate science is adapted. I also briefly discuss three more promising
research articles using the data collected for this doctoral thesis. I close with a prom-
ising future research avenue: while the recent youth strikes for climate have boosted
calls for ambitious mitigation efforts, less is known about how this movement im-
pacts on adapting climate science. More social-scientific research could highlight
how the youth strikes for climate influence the way climate science is perceived and
made sense of, butalso whether they have led to the lowering of the institutional and
political barriers to adaptation projects.



2 Research design

Method textbooks emphasise how the research output is shaped by the overarching
research aim, the specific research question, and the type of data particularly suita-
ble and obtainable for such investigations. In this chapter, I describe and explain the
choice of the research designs used in the following empirical chapters. In section
3.1, I reflect on the methodological, ontological and epistemological choices influ-
encing both the research process and product, as well as how these choices have
been described as being political. Section 3.2 describes my own positionality in this
regard and how it has influenced the data collection and analysis. After specifying
how and what type of data I collected (section 3.3), I detail which methods and what
‘styles of thinking’ (Freeman, 2016) I employed in analysing the data (section 3.4).

2.1  Metaphysics of methodology

Most researchers are likely to understand methods as the way data is obtained and
analysed. For this purpose, various handbooks inform doctoral students and oth-
er research novices about the appropriate way of applying methods (e.g., Pallant,
2005; Flick, 2009; Kuckartz and McWhertor, 2014; Miles et al., 2014). However,
while many Nobel prizes are awarded to inventers of new methods in the natural
and life sciences, disagreements about the value and influence of methods have
been at the heart of some nasty academic conflicts, even leading one author to being
labelled ‘the worst enemy of science’ (cf. Preston et al., 2000).

In his book Against method the philosopher of science Paul Feyerabend sparked
off a debate on research methodology (1993 [1975]). In the book he provocatively
argued that methodological rigidity is a barrier to scientific progress — not its in-
surance. According to Feyerabend, only methodological innovation has the abili-
ty to produce research which questions the prominent assumptions of a scientific
theory. Thinking along similar lines as the historian of science, Thomas S. Kuhn
(1996 [1962]) and his paradigms, Feyerabend argued that only ‘epistemological an-
archism’ would guarantee the continued progress of science. Accordingly he be-
lieves breakthroughs cannot be achieved by sticking rigorously to methodological
rules, but instead science needs to ‘be receptive to ideas from the most disparate and
apparently far-flung domains’ (Preston, 2016). Or, in short, ‘anything goes’ (Feyer-
abend, 1993 [1975]; cf. Hoyningen-Huene, 2000).
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After method, the book by sociologist of science John Law (2004), enriches, updates
and distorts Feyerabend’s lifelong concern with the societal and scientific effects of
‘science’s conquest of abundance’ through abstraction (cf. Hacking, 2000). In his
book, Law has three aims. First, he problematises the aim of producing coherent re-
sults derived from a ‘complex, diffuse and messy’ world, stating that such research
produces even more mess and confusion. Second, he wants to highlight the ways in
which different methods ‘produce not only different perspectives, but also different
realities’ (ibid: 13, emphases in original). Drawing on the laboratory studies per-
formed by Latour and Woolgar (1979), Law highlights that this building of reality is
a very delicate and often frustrating process. Third, he argues that social scientists
ought to produce and know realities which are vague and indefinite so that they
better reflect the ‘fluxes’ of the world. This is important, as methods both allow the
detection of reality as well as its amplification. Law (2004) thus proposes that when
choosing a method the reality which is being amplified should also be considered.

Mike Michael’s (2015) essay on ignorance and the epistemic choreography implic-
itly and intriguingly weaves the concerns of both Feyerabend (1993 [1975]) and Law
(2004) together, but at the level of the individual researcher. According to Michael,
ignorance between the researcher and her respondents leads the researcher to
perform a largely unnoticed yet scripted ‘epistemic choreography’. On one hand,
if both harmonise with each other, the similarities — such as values, assumptions,
concerns and aims — are ignored in the analysis of data. This is comparable with
Feyerabend’s insistence that a particular theory produces only fitting observations
(Hoyningen-Huene, 2000). On the other hand, frictions and misunderstandings be-
tween researcher and respondent are also often ignored during the analysis. This
is often not deliberate. If certain responses do not fit the research framing they
are ‘othered’, as Law (2004) puts it. In line with the Feyerabend’s argument (1993
[1975]) that one should consider the exotic, mundane or silly to test scientific theo-
ries, Michael (2015) regards misbehaviours and idiotic remarks as reminders of the
complex, messy world. Such deviations from that considered normal should not to
be forsaken simply because they do not fit the research framing, but should be taken
as a starting point of a trail potentially leading to insights which the initial research
question did not consider.

2.2 Positionality

In the course of my research my personal interest in the particular and often in-
triguing ways in which climate adaptation and climate science influence each other
has grown steadily, be it through fluid uptake, serious deliberation, resistance or
disinterest. In particular, I have become interested in what underlying assumptions
— cultural norms, scientific values, and social factors — drive and guide how climate
science and climate adaptation are. And, amongst other things, this has led me to
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collect and analyse empirical data in such a way that it possibly emphasises other
dynamics as those discussed in academic debates. Such redescriptions are of merit,
as the way people describe their own actions might be quite different to an anthro-
pologist’s observations (Latour, 2013).

Overall, all three empirical case studies — global customisations, national uses and
local appropriations of climate science for adaptation — aim to bring new perspec-
tives to current academic discussions about adapting climate science. For instance,
in all chapters I employ what Melissa Freeman (2016) labels ‘categorical thinking’:
the use of pre-existing categories such as ‘science’, ‘practitioners’, ‘sectors’, ‘quan-
titative’ and ‘qualitative’ climate knowledge to describe and order key insights and
differences. However, rather than only correlating or interlinking such categories
to produce scientific findings, the research in this dissertation employ what Free-
man (2016) dubs ‘diagrammatical thinking’. Broadly emerging from thinkers such
as Deleuze and Guattari (cf. Watson, 2009), diagrammatical thinking aims to show
that other ways of describing and ordering the world are not only possible but also
perhaps more desirable, cf. Hacking, 1999). As such, by employing diagrammat-
ical thinking, I aim to demonstrate that a particular dominant framing might not
always be able to account for similarities between categories (cf. chapter 4), and to
illustrate what other important phenomena can also be identified by a shift of per-
spective (cf. chapters 3 and 4).

In this way, my doctoral thesis largely follows what I dub the interpretivist order of
social science in chapter 6 (cf. Table 6.1). That is, my inquiry aims to better un-
derstand cultural interplays around adapting climate science, and wants to amplify
certain underlying norms, motives or actors shifting and guiding this process. Dur-
ing interactions with interviewees, workshop participants as well as when study-
ing desk-based documentary materials, I was often an intrigued participant. This
has also been described as taking an emic perspective. Drawing to a large part on
inductive reasoning two of my thesis chapters also use quantitative data — a rarer
case among interpretivist scholarship (cf. Table 6.1). Overall, in my research I have
taken a standpoint closely associated to that of constructivist ontology — whereby
realities are locally and specifically co-constructed — and of subjectivist epistemol-
ogy — where recognition of artefacts and legitimisation of findings are collectively
mediated. Criticism and critiques of similar interpretivist research have included the
use of speculative cause and effects as well as activist tendencies. Aware of such crit-
icism, I have tried to address these through the use of empirical data and a particular
method of analysing it.
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2.3 Data

Data types used. Table 2.1 documents the four particular types of data used in this the-
sis: semi-structured interviews, documentary materials, survey, and peer-reviewed
literature. One, semi-structured interviews were used to hear selected actors’ ex-
periences and personal judgements (e.g., Bogner, 2002; Fylan, 2005; Flick, 2009).
Structured around a questionnaire informed by the research questions and aims,
interviews are uniquely able to collect data on how interviewees live, work, under-
stand, frame, navigate, prefer, or resist climate adaptation and climate science. As
such, it can give valuable insights into procedural elements and the person’s values.

Two, the documentary materials used are written sources issued by governments,
associations, academics, and businesses about a certain issue. These sources can
highlight legal orientation, institutional goals, and organisational procedures.

Three, surveys are a good way to collect structured data from a large range of actors.
However, while it collects the respondents’ personal knowledge and values, itis less
able than interviews to take up their exact wording or lived experiences. The prepa-
ration of a survey and data collection was undertaken by an external environmental
consultancy in chapter 4.

Four, my reflections on social-scientific research on adapting climate science in
chapter 6 make prominent and widespread use of the peer-reviewed literature. In
addition, parts of a published bibliometric study were used as a basis for the country
classifications in chapter 3.

Research ethics. As data derived from interviewees and surveys are collected by — and
thereby under the control of — the researcher, consideration of ethical concerns is
required when carrying out research. As Swiss research law does not require for-
mal ethical approval for non-clinical research with adults, I undertook the follow-
ing steps to minimise ethical issues and any potentially negative outcomes for both
participants and researcher. Consent to interviews and survey participation was al-
ways voluntary, and not tied to financial remuneration. Further, participants were
informed about the aims of the study, the involved researchers, and that the col-
lected material was only to be used for academic purposes. Lastly, direct quotes and
paraphrases were anonymised to protect respondents’ identity in the draft manu-
scripts and final publication. Publicly available material published by institutions or
interviewees — such as documentary materials and peer-reviewed literature — is, as is
customary in the social sciences, excluded from such anonymity.
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Table 2.1 — Description of the employed units of comparison, data types, data sources, and
methods in the different studies.

Unit of compar-
Study ison Data type Data source Method
Global customi- Countries’ climate  Quantitative UNEFCCC Statistical
sations (ch. 3) projections reports analysis
National uses Swiss adaptation Quantitative &  Survey Statistical
(ch. 4) community qualitative analysis
Group inter-  Qualitative
views text analysis
Local appropri-  Experts in four Qualitative Interviews; Qualitative
ations (ch. 5) sectors Reports; text analysis
Workshops
Orders of social ~ Social research on  Qualitative Peer-reviewed  Qualitative
science (ch. 6) climate science literature text analysis
and adaptation

2.4 Method

Emergent themes. Influenced by the interpretivist aim of describing known behaviour-
al patterns (cf. chapter 6), all studies in this thesis aim to find stable arrangements
around climate adaptation and climate science. Contrasting to the dominant way in-
terpretivists conduct their studies, this thesis uses both qualitative and quantitative
data. As these patterns often differ from one phenomenon to another, all studies try
to find emergent themes using a largely inductive approach before being embedded
into current academic debates. This research design has been influenced by ground-
ed theory approaches (Glaser and Strauss, 1968).

Coding of text. In particular, the interview material was sorted and analysed using
a qualitative coding approach (e.g., Kuckartz and McWhertor, 2014). As such, the
transcribed interviews are loaded into a software program for qualitative text analy-
sis, in my case MAXQDA. Based on the central research question, the questionnaire,
and initial reflections after interviewing my recruited participants, I first sketched
out recurrent themes, topics, emotions and experiences. During this first process of
ordering my material, I also paid close attention to those situations which triggered
significant emotional reactions within me. This included, on the positive side, sur-
prising insights of aspects of which I was unaware before the interview, and, on the
negative side, situations or comments which annoyed me during or after the inter-
view. Considering the researcher’s emotions more explicitly during the analysis has
been argued not only to give valuable insights into one’s own assumptions brought
to the research influence the results, but can also avoid too quick conclusions by
reflecting upon one’s sympathy and antipathy with participants and interviewees
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(Copp, 2008). Further, considering emotions can also create awareness of the ‘epis-
temic choreography’ at play during the evaluation phase of research (Michael, 2015).

On the basis of this rough ordering, I then designated various categories — so-called
codes —which were of interest. In this first coding phase, I went through all the tran-
scribed interviews and documents, assigning similar text passages with the same
code. For instance, the interviewees’ examples of adaptation action taken were la-
belled with the same code. After this first full reading and coding of material, I could
sort interviewees’ answers according to similar topics and themes. This facilitated
the subsequent comparison within and between different categories. For instance, I
was interested in both how similar (or different) experts discussed heatwaves within
their sectors, as well as how different (or similar) the four sectors approached adap-
tation (s. chapter 5).

After prioritising those elements and research topics which I found most interesting
and promising for publication, I then summarised each prioritised analytic unit —
for instance, what adaptation action was proposed by building technicians, or what
terms spatial planners used to describe the impact of heatwaves. As the size of my
computer screen was unable to show all relevant results at any one time, I printed
out all relevant codes and manually ordered them to find similarities and differenc-
es. In this process, I used scissors, different coloured markers, moderation cards,
as well as both sides of a large, 1.2x1.5m pin board (see Figure 2.1). I had learnt this
technique of visibly increasing the data density in my previous work as an environ-
mental consultant. I found that pin boards are excellent aids in clustering and re-
grouping the wealth of text snippets, enabling me to get an overview quickly before
getting back to details. Through this manual coding phase I was able to paraphrase
key similarities and differences within and between sectors. Having earmarked par-
ticularly relevant quotes, I then double-checked all the relevant codes to see whether
in my paraphrasing I had overlooked any contradictory statements, or whether my
summary over-simplified key aspects of the sectors’ work. If this was the case, I
changed the summaries accordingly.

Overall, this manual approach of ordering the codes in a second step significantly
slowed down the analysis, but had the benefit that I was better able to recall and
conceptually link the multitude of text snippets into a somewhat coherent structure.
Additionally, the cross-checking after the paraphrasing made me more confident
that I had interpreted the results correctly. While I have not read about such an ap-
proach in a text book, the underlying principle of ordering is similar to those taught
in handbooks (e.g., Kuckartz and McWhertor, 2014).

Statistical analysis. The quantitative data used in the chapters on global customisation
(chapter 3) and national uses (chapter 4) were analysed statistically. Establishing
the three typologies of users of climate projections — sailor, diver or observer — was
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Figure 2.1 — Impressions of the second phase of analysis, highlighting how manual ordering
and prepara-tion of paraphrases for key units of analysis took place in chapter 5. On the left,
coded and sorted text is ready for colour-marking and handwritten summaries. On the right,
the process of finding similarities and differences between sectors can be observed. Author photo-
graphs.

undertaken inductively from the material. Compared to the coding of text, howev-
er, the grouping of individual respondents to a user type required the creation of a
meta-group by combining different answer options together. In this case, the clus-
ters of final users emerged through a computer-based analysis, assigning individual
respondents to a certain type through automatic checking for certain reply criteria
(specifically, I used Boolean equations). Overall, the approach I used in establishing
atypology from the data was very similar for both chapters 3 and 4. After being satis-
fied with the clustering — in chapter 4 by triangulating the quantitative data with the
qualitative group interviews undertaken and in chapter 3 through discussions with
climate scientists — I applied statistical tests to describe in which instances there
are, or are not, correlations between key characteristic of countries and users. These
analyses were carried out and visualised with the RStudio environment running the
R language for statistical computing (R Core Team, 2018).

Quality and robustness. Scholars interested in what ensures quality and robustness of
findings emphasise two dimensions. On the one hand, the so-called triangulation
of different data types aims to stabilise findings when they are supported by multi-
ple, independent data sources (e.g., Miles and Gilbert, 2005; Flick, 2011). On the
other hand, Gutscher et al. (1996) argue that if data obtained by different methods
align with each other, then any findings are assumed to be more robust. Thus, both
dimensions stress the importance of singularity in multiple data or methods.
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climate projections in UNFCCC’s National
Communications
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case study of climate projections in UNFCCC’s National Com-
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10.1010/j.envsci.2019.07.015.

Abstract

Countries differ markedly in their production of climate science. While richer na-
tions are often home to a variety of climate models, data infrastructures and climate
experts, poorer sovereigns often lack these attributes. However, less is known about
countries’ capacity to use global climate science and customise it into products in-
forming national adaptation. We use a unique global dataset, the UNFCCC National
Communications, to perform a global documentary analysis of scientific submis-
sions from individual countries (n=189). Comparing countries’ climate projections
with their competence in publishing climate science, our research examines the
existence of geographical divides. Although countries proficient in publishing cli-
mate science use more complex climate modelling techniques, key characteristics
of climate projections are highly similar around the globe, including multi-mod-
el ensembles of Global Circulation Models (GCMs). This surprising result is made
possible because of the use of pre-configured climate modelling software packages.
One concern is that these tools restrict customisation, such as country-specific ob-
servations, modelling information, and visualisation. Such tools may therefore hide
a new geographical divide where countries with higher scientific capacities are able
to inform what goes into these software packages, whereas lower scientific capacity
countries are dependent upon these choices — whether beneficial for them or not.
Our research suggests that free-to-use modelling and training efforts may unwit-
tingly restrict, rather than foster, countries’ capacity to customise global climate
science into nationally relevant and legitimate climate information.
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3.1 Introduction

If countries are to adapt to the impacts of climate change, it’s critical they possess the
scientific capacity needed to produce knowledge on a relevant scale and to translate
itinto policies to inform local decision-making (Ho-Lem et al., 2011). Such thinking
sits at the heart of the Intergovernmental Panel on Climate Change (IPCC) efforts to
synthesise climate science to inform policies under the United Nations Framework
Convention on Climate Change (UNFCCC). Yet not all countries are able to produce
scientific climate information, or to the same extent. Studies have shown that rich,
high emissions countries publish the bulk of climate research (e.g. Haunschild et
al., 2016; Pasgaard and Strange, 2013). This ‘geographical imbalance’ (Pasgaard et
al., 2015) makes it challenging to inform policies equally if peer-reviewed publica-
tions are favoured. As a result, ‘who’ produces climate science, and even ‘where’
climate science is produced, can have far reaching effects for the commitment to
UNFCCC agreements (Corbera et al., 2015; Hulme and Mahony, 2010) as well as the
commitment to local adaptation efforts too (Blicharska et al., 2017; Miguel, 2017;
Lahsen, 2007).

To understand these geographies of climate science, it’s crucial to examine why dif-
ferences in the publication of climate science have emerged and what differences
exist over countries’ capacity to customise global climate science. A major challenge
here is how to compare countries with different characteristics (e.g. size, wealth,
education, stability). Measuring scientific outputs by peer-reviewed publications
has proved a reliable method for highlighting the volume and geographic distribu-
tion of climate research (Haunschild et al., 2016; Pasgaard et al., 2015; Karlsson et
al., 2007). But interpreting such metrics as capacity to customise climate science
entails the assumptions that all countries have similar interests in publishing cli-
mate science, as well as similar capacities to contribute research (cf. Dike et al.,
2018). An alternative approach is to compare the ability of countries when using
and producing (adaptation-relevant) climate science where the objective is the same
for all involved. Any deviation from common reporting requirements — either going
above and beyond or failing to meet set standards — would provide an indication of
different scientific capacities between countries, including those with few peer-re-
viewed publications.

To do this, our paper presents a global comparison of climate projections’ char-
acteristics reported in UNFCCC National Communications, as a proxy of a coun-
try’s capacity to produce nationally relevant, adaptation-focused scientific climate
information. Section 3.2 summarises the literature on the geographies of climate
science. Section 3.3 explains how we collected the data and how we classify coun-
tries according to their competence in publishing climate science. Section 3.4 ex-
plores differences in reporting climate projections and countries’ compliance with
UNFCCC requirements. Section 3.5 identifies similarities and variances in the
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modelling characteristics, and contrasts these with countries’ publication compe-
tence. Section 3.6 details how the reported climate futures® are similar, regardless
of countries’ quantity and quality of publications. Section 3.7 and 3.8 offer a dis-
cussion about the emergence of a new, and mostly hidden, geographical imbalance
in the way countries are supported to customise climate science for national deci-
sion-making.

3.2 On the geographies of climate science

Bibliometric studies have repeatedly revealed a geographical imbalance over the dis-
tribution of peer-reviewed climate publications (Haunschild et al., 2016; Pasgaard
and Strange, 2013; Karlsson et al., 2007); and the authorship of IPCC reports (Cor-
beraetal., 2015; Ho-Lem et al., 2011). Nearly half of all non-Annex 1 countries (45%)
had no authors contributing to IPCC’s first Assessment Reports between 1990 and
2007 (FAR, SAR, TAR, AR4) (Ho-Lem et al., 2o11). Furthermore, a positive correla-
tion exists between the wealth, education attainment, number of climate publica-
tions and the number of IPCC authors of a country (Ho-Lem et al., 2011; Karlsson et
al., 2007) as well as the stability of institutional arrangements within it (Pasgaard et
al., 2015; Pasgaard and Strange, 2013). In turn, historically the largest carbon emit-
ters, and arguably the less vulnerable to climate change, have focused their research
towards mitigation, not adaptation which most interests highly vulnerable coun-
tries (Pasgaard et al., 2015).

Moreover, critical scholars argue that the ambitions of countries to produce
world-leading scientific climate knowledge3, and climate models specifically, are
shaped by varying histories and politics, and can (unwittingly) create geopolitical
entanglements (Mahony and Hulme, 2018). For instance, Mahony and Hulme (2016)
describe the motivations behind the establishment of the UK Met Office Hadley
Centre to produce ‘sound science’ for politicians in order ‘to develop a trust[worth]
y model of one’s own’ (Mahony and Hulme, 2016: 465). UK politicians thought it
necessary to balance and influence the IPCC with a specialist British entity. ‘The
capacity to predict was seen as allied to the capacity to adopt a political stance inde-

2 In this article, we use the term ‘climate futures’ to spotlight ways of envisioning futures
in order to discuss climate change today. As such, ‘climate futures’ emphasise multiple
socio-economic and temporal frames used to describe climate change in the future. We
introduce ‘climate futures’ to make clear we aren’t comparing plausible future states of the
climate in a particular region (‘future climates’).

3 Throughout this study, we only analyse the use of knowledge derived from climate science.
This has, in part, to do with other types of climate knowledge, for instance indigenous,
experiential or artistic (cf. Engels 2019), not included in our UNFCCC dataset. However,
as the word’s origin highlights, customisation of climate science for national adaptation
could well include weaving in other nationally prevalent forms of complementary climate
knowledges into climate projections.
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pendent of both Europe and the US’ (ibid). To this day, the Met Office Hadley Centre
continues to have a national as well as international agenda; the latter illustrated by
the release of a free-to-use regional climate modelling software package known as
PRECIS, designed for countries with lower scientific capacities to make climate risk
assessments (Mahony and Hulme, 2012).

With such socio-political ideologies guiding climate model development, the cen-
tral role of climate models in climate science and policymaking (cf. Shackley et al.,
1998; Skelton et al., 2019a), and the hegemony of only a few countries producing
climate models, resistance to the application of climate research built elsewhere
and for different purposes can be anticipated. Indeed, Myanna Lahsen (2007) has
revealed how Brazilian policymakers distrusted joint climate science projects — be-
tween the global north and global south — believing them to be another way in which
unequal power relations are entrenched by furthering the interests of the richer
countries, not those of Brazilian scientists or politicians. Without a global climate
model, emerging economies such as Brazil, can find it difficult to ‘act sovereignly’
in international climate negotiations (Miguel, 2017: 7). With ‘climate modeling ap-
pearing as a strategic science’ for emerging economies the ‘national production of
this type of technoscience [climate models] is an important pragmatic geopolitical
approach for countries of the South wishing to occupy positions within the interna-
tional climate change framework’ (Miguel, 2017: 8).

While Brazil and China have their own climate modelling centres, other nations may
lack the same level of technical infrastructure and investment. Such observations
have led Blicharska et al. (2017) to urgently call for this so-called ‘north-south di-
vide’ to be tackled. Fostering ‘Post-Paris long term climate [science] capacity’ re-
quires moving away from the ‘fly in fly out’ climate science consultancy paradigm
to a mode of training younger climate scientists also within countries’ universities
(Nasir et al., 2018: 130f; Dike et al., 2018).

Such studies, and calls-for-action, all problematize the idea of a value-free science
which is legitimate around the world and can be imported and exported without
encountering local or political friction. Yet science is always infused with national
interests, histories, and politics that makes it more or less problematic to apply in
different contexts. Both the UK and Brazil case studies above reveal similar political
perceptions about climate models, regardless of their competence in climate sci-
ence. However, the comparison by Skelton et al. (2017) of how climate science lead-
ers produced their national climate projections shows that leading countries also
rely heavily on climate models produced outside their countries (partly to account
for their structural uncertainty, cf. Parker, 2010). Swiss, Dutch and British climate
scientists focused far more on customising these global homogenous datasets into
nationally legitimate climate science, even to the degree of (subconsciously) tailor-
ing it to the countries’ social and epistemic values. This tailoring included climate
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scientists interacting with certain users of climate scenarios in a nationally particu-
lar way (through user representation, broad participation, or elicitation), as well
as scientists favouring research that reflected nationally particular assumptions of
science for ‘good’ decision-making (such as, peer-reviewed, novel and innovative,
or user friendly) (Skelton et al., 2017). While climate science has been a supra-na-
tional, global endeavour since its inception a hundred years ago (cf. Edwards, 2010),
its global knowledge products tend to homogenise local differences and meaning
instead of enriching the global datasets with local socio-political values (Hulme,
2010). As such, studies that focus only on the origin of climate science miss the
political and scientific importance of customising that global climate science into
something that is nationally legitimate, salient and credible (Cash etal., 2003).

3.3 Data and methods

To meaningfully compare countries’ capacity to produce nationally relevant climate
science for decision support, we conducted a documentary analysis of countries’
most recent National Communication (n=189). National Communications are a
unique global dataset, which report on the progress of a UNFCCC member’s miti-
gation and adaptation commitments. Analysis of this dataset has been undertaken
for a number of comparative studies, from the formulation and implementation of
climate policies across different countries (Albrecht and Arts 2005) to tracking pro-
gress made on global adaptation by differentiating global leaders from the laggards
(Lesnikowski et al., 2015). UNFCCC provides clear guidance (UNFCCC, 2008) and
training sessions (UNFCCC, 2012, 2016) on what National Communications should
include. These submissions are authored and officially signed-oft by the countries
in question. Analysing deviations from these reporting requirements — by either go-
ing beyond or below expected standards — are indicators for national differences in
using and customising climate science, potentially revealing a geographical imbal-
ance.

We downloaded the most recent National Communication submissions from the
UNFCCC website, submitted to the UNFCCC between 30.10.1999 and 31.12.2016.
Each one of the n=189 submissions was weighted equally, irrespective of when it
was written (see Suppl. Figure 1). We then coded all the submissions manually. This
involved reading each document and recording answers to a range of questions con-
cerning climate projections in an Excel database. These questions included (i) were
Global Circulation Models (GCMs) or Regional Climate Models (RCMs) used; (ii)
what downscaling techniques were used (e.g. statistical/dynamical); (iii) how many
emissions pathways were used; and (iv) which timeframes were used (e.g. >2080s)
(see Annex to chapter 3 for a full list).
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Various countries reported multiple sets of climate projections, for example one
covering the entire national territory and a second one only for a particular admin-
istrative region. To distinguish these, we define a ‘set of climate projections’ as one
product, potentially encompassing multiple climate models, outputs, and emis-
sions pathways to describe multiple yet coherent climate futures. This includes,
for instance, aggregating climate information from multiple climate models and/
or climate model runs for one emissions pathway. When a country reported more
than one set of climate projections, we applied two criteria to narrow the selection
down to one set. First, we prioritised the set of climate projections that focused on
the entire country, rather than a single geographical region. Second, we selected the
climate projection that contained higher concentrations of information (measured
as the relative space used by text descriptions, graphs and tables).

In order to contrast countries’ capacity to produce climate projections with their
general competence in publishing climate science, we classify countries according
to the quantity and quality of their publications. For this, we draw on Haunschild
et al. (2016) comparing more than 200,000 peer-reviewed publications and their
citations between 1980 and 2015, using keywords similar to ‘climat* change’. By
selecting the proportion of papers belonging to the 10% most frequently cited — the
indicator PPmpw% — Haunschild et al. (2016) ranked countries’ competence in pub-
lishing climate change research. We use this indicator to create three levels of publi-
cation competence: proficient, advanced, and preliminary. We define proficient as a
PP ,>20 and >1000 published papers between 1980 and 2015. N=17 countries fit
this category, including many European countries as well as Australia, New Zealand,
and the US (see Annex to chapter 3 for a full list). All proficient countries have ded-
icated climate modelling centres developing GCMs and/or RCMs. Countries classi-
fied as advanced have >1000 published papers but a PPmpm%Qo. N=14 nations meet
these criteria, including Brazil, China, Greece, India, Israel, and Japan. In advanced
nations, climate science is funded and publications are numerous, but they are not
often excellent. The remaining n=158 countries have a preliminary competence
with <1000 published papers (which may or may not be excellent). This includes,
for example, all African countries except South Africa, Chile, Croatia, Liechtenstein,
Tajikistan, and Viet Nam. In preliminary countries, publishing large amounts of cli-
mate science is a challenge, either due to being a poorer, highly populated country
or a smaller, richer nation.

Lastly, our research highlights, and is subject to, some limitations with the UN-
FCCC National Communications dataset. Amongst the countries that failed to sub-
mit any climate projections in their National Communications, further research
revealed that Australia (CSIRO and Bureau of Meteorology, 2007b), Canada (Bar-
row et al., 2004) and Spain (Gutiérrez et al., 2012), have in fact all produced na-
tional climate projections. Why these climate projections were not included in the
submissions is unclear. Such observations are, however, helpful in revealing the
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challenges of working with global datasets where reporting requirements are ei-
ther inconsistently met or simply ignored. Further, the voluntary nature of reporting
National Communications for non-Annex 1 countries results in climate projections
produced at irregular intervals (see Suppl. Figure 1). Thus, n=10 countries reported
climate projections within their National Communications submitted between 1999
and 2008, complicating comparison as more recent submissions have more climate
models available. However, the majority (n=120/189, 63%) of National Communica-
tions have been submitted in the short time span between 2013 and 2016.

3.4 Did all countries include climate projections in their National Communica-
tions?

Of the 196 UNFCCC member states, 189 countries submitted National Commu-
nications#. In 9o% (n=170/189) of cases, countries’ submissions included climate
projections as part of their vulnerability and adaptation assessment (Figure 3.1).
While the UNFCCC reporting guidelines don’t prescribe how many climate projec-
tions should be reported, a broad consensus emerged. The majority of countries
(n=126/189, 67%) provided a single, national, set of climate projections, while a
minority of countries (n=43/189, 33%) chose to report multiple sets of climate pro-
jections. Multiple climate projections often focused on several different spatial or
administrative scales (e.g. regions, cities and airports), and could be used to inform
local government policies and decision-making.

Crucially, Figure 3.1 highlights that the global distribution of climate projections,
based on UNFCCC National Communications, plays out differently to what might
be expected from the literature (cf. Blicharska et al., 2017; Haunschild et al., 2016;
Pasgaard and Strange, 2013). Climate projections are produced and available across
the globe — but more often (and in higher numbers) in countries classified as pre-
liminary and advanced (n=145/158, 92%) rather than proficient in publishing cli-
mate science (n=13/17, 76%). A Kruskal-Wallis H test confirms that the number of
reported climate projections is indeed (inversely) correlated to a country’s publica-
tion competence (X*(2, n=189)=8.0, p<.05). This is even more surprising given that
the vulnerability section reporting guidelines for non-Annex I countries of the UN-
FCCC are voluntary. Aware of various countries’ capacity and resource constraints,
the UNFCCC ran several ‘hands-on training workshops’ before the submission of
National Communications, introducing free-to-use and well-established software
tools such as PRECIS and MAGICC/SCENGEN (UNFCCC, 2016).

Among the few preliminary countries failing to report climate projections are n=5
oil-rich countries (Angola, Bahrain, Egypt, Qatar, and the United Arab Emirates)

4 Iraq’s submitted National Communication was unavailable for download. Iraq was thus
not considered in the 189 submissions.
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More omissions and fewer sets of climate projections among proficient countries
Sample: UNFCCC members with UNFCCC National Communications (n=189)
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Figure 3.1 — Number of sets of climate projections reported in UNFCCC National Communica-
tions, grouped by countries’ climate science publication competence. Most countries submitted a
single set of climate projections. Distributions are compared with Mann-Whitney U tests com-
paring two country groups; ns denotes ‘not significant’, *p<.os, **p<.o1.

and n=3 Small Island Developing States (SIDS). This finding echoes that of Pas-
gaard et al. (2015) where SIDS are correlated with lower numbers of climate change
publications. Among the proficient countries omitting climate projections in their
National Communications are interestingly some which had them readily available,
such as Australia (CSIRO and Bureau of Meteorology, 2007b), Austria (Loibl et al.,
2009) and Canada (Barrow et al., 2004)s.

3.5 What climate model characteristics do National Communications submis-
sions share?

Of the n=r170 (out of 189) National Communications that provided climate projec-
tions, our research found that while the complexity of the methods used correlates
significantly with a country’s climate science publication competence, the number
of climate models (e.g. Global Circulation Models (GCMs) or Regional Climate
Models (RCMs)) is independent of a country’s publication record.

3.5.1 Climate modelling complexity

As shown in Figure 3.2, we created a rank order from the least to the most complex
climate projections approaches. For instance, while some techniques don’t require

5 The Australian omission is likely associated with new climate projections being developed
at the time, and not tied to political reasons. Australia’s Sixth National Communication
was prepared under the outgoing Labour administration favouring climate action.
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specialist knowledge to produce climate projections, others allow a high level of

customisation with different sets of observations, models or statistical methods.
Modelling efforts were classified according to one of seven ranks:

1. Other. No details provided about the methods or data sources used. N=1
advanced and n=r1o preliminary nations fitted this category.

2. Lookup. Existing datasets, such as the United Nations’ Climate Change
Country Profiles (McSweeney et al. 2010), are used to insert tables or fig-

ures into the National Communications. No data customisation is possi-
ble.

3. Plug-and-play. Software packages including MAGICC-SCENGEN (Wigley,
2008) and SimCLIM (Warrick et al., 2005) are used to calculate climate
futures using a simple energy-balance model with pattern-scaling. Some
data customisation is possible.

4. GCM only. Raw data is downloaded from portals such as ‘Climate Explorer’
(Trouet and van Oldenborgh, 2013) and projections produced using one
or multiple GCMs. However, the spatial resolution of GCMs (rookm and
more) cannot account for topographical features such as mountain ranges
or islands.

5. Statistical downscaling. GCM outputs are downscaled using statistical tech-
niques to achieve a higher spatial resolution. A high level of technical skill
is required to perform downscaling competently (Wilby et al., 2002).

6. PRECIS. Tailored to researchers in countries with lower coverage of obser-
vational datasets, the RCM PRECIS requires solid expertise while running
on a Linux-based PC with a simple user interface.

7. Dynamical downscaling. A highly demanding technical approach for produc-
ing high-spatial resolution outputs (e.g. <25km) using RCMs. Freedom
for customisation is high. However, RCMs have issues with nonlinear
feedbacks and miss long-distance climate linkages (teleconnections).

Figure 3.2 reveals a clear-cut geographical imbalance in which countries’ capacity
to use complex modelling techniques and to customise climate model output into
national climate projections is highly correlated with their competence of publish-
ing climate science (Kruskal-Wallis H test: X*(2, n=170)=19.6, p<.ooo1). Further
Mann-Whitney U comparisons between only two competence levels (Figure 3.2,
legend) reveals that distributions differ most for proficient countries, which almost
all mapped onto a single, the most complex, category (i.e. dynamical downscaling,
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Complexity of climate modelling techniques reveals a geographical divide
Sample: Countries reporting climate projections in their National Communication (n=170)
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Figure 3.2 — Distributions of climate modelling complexity, ranked from less complex (left) to
more complex methods (right), grouped by countries’ publication competence. More complex
modelling efforts allow more customisation, but require a higher level of understanding and
technoscientific modelling infrastructures. Distributions are compared with Mann-Whitney
U tests comparing two levels of publica-tion competence; ns denotes ‘not significant’, *p<.os,
K*XKp<.0001.

n=11/13, 85%). This contrasts with most preliminary countries (n=82/145, 57%)
choosing a less complex modelling method (i.e. lookup, plug-and-play, GCM only).
The lack of scientific infrastructures and data availability may help explain the pref-
erence for less demanding climate modelling approaches. For instance, one of the
advantages of plug-and-play methods, such as MAGICC-SCENGEN, is that they can
be stored on USB devices and run oftline, getting away from internet bandwidth
problems. Furthermore, empirical studies have shown that simple energy balance
models can perform surprisingly well compared to more complex climate models
(e.g. GCMs) but require a fraction of the skill, time, and technoscientific infrastruc-
ture (Shackley et al., 1998).

That said, nearly a third of countries with preliminary numbers of climate science
publications (n=45/145, 31%) made use of the two most complex modelling ap-
proaches: PRECIS and dynamical downscaling, both using RCMs. In n=16 cases,
output from the UK Met Office’s freely available PRECIS model (Jones et al., 2004)
was used. Another n=16 countries with preliminary publication competence are
smaller European nations benefitting from pan-European RCM modelling projects
such as ENSEMBLES (van der Linden and Mitchell, 2009). These two factors help
explain why preliminary and advanced nations differ almost significantly in their dis-
tributions (Mann-Whitney U test: X*(1, n=157)=3.6, p=.06).

A geographical imbalance also emerged when analysing where the underlying cli-
mate projections methods originated. Many of the modelling tools were developed
by Anglophone scientists for explicit use outside their own countries, with focus on
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global applicability and user orientation. MAGICC-SCENGEN (Wigley, 2008) and
the UN Climate Change Country Profiles (McSweeney et al., 2010) are from the Unit-
ed States; SDSM (Wilby et al., 2002) and PRECIS (Jones et al., 2004) are from the
United Kingdom; and SimCLIM (Warrick et al., 2005) is a commercial product from
New Zealand. The two continental European projects are different in this regard: the
Dutch ClimateExplorer (Trouet and van Oldenborgh, 2013) is a database of GCM
simulations (without direct means to produce climate projections), while Germany
funded a science partnership with South Africa producing nationally-specific cli-
mate projections (DEA, 2013).

3.5.2 Number of climate models used

Figure 3.3a is a boxplot showing the number of Global Circulation Models (GCMs)
used to produce climate projections in countries’ National Communications,
grouped by their publication competence. Excluding the outliers, where Argentina
used 42 GCMs and Finland 28 GCMs, the data shows little difference in the distri-
butions of GCMs. While the median number of GCMs is higher for proficient coun-
tries, a Kruskal-Wallis H test shows that the distributions are independent of coun-
tries’ publication competence (X*(2, n=122)=2.14, p=.34). The wide use of multiple
GCMs is thus encouraging, given that multi-model ensembles inform about certain
aspects of structural uncertainties in climate modelling practices (Kreienkamp et
al., 2012; Knutti et al., 2010; Parker, 2010). The availability of multiple GCMs in less
complex climate projections may well have to do with up to 20 GCMs included in
MAGICC-SCENGEN (Wigley, 2008). In addition, more recent submissions benefit-
ted from projects such as the Coupled Model Intercomparison Project (CMIP, e.g.
Meehl et al., 2014) facilitating the download of multi-model output.

Figure 3.3b shows the distribution in the number of Regional Climate Models
(RCMs) used by those countries employing PRECIS or dynamical downscaling
(see Figure 3.2). A Kruskal-Wallis H test corroborates the visual impression that
the distributions of RCMs don’t differ significantly with publication competence
(X*(2, n=54)=5.17, p=.08). However, Figure 3.3b indicates that the recommended
use of multi-model ensembles (Knutti et al., 2010) hasn’t as yet been transferred
to the use of multiple RCMs as well. Only European countries, thanks to the Euro-
pean ENSEMBLES project (van der Linden and Mitchell, 2009), have had multiple
RCM simulations available for their national territory. This may change as the global
availability of RCMs increases through initiatives such as CORDEX (Giorgi et al.,
2009). However, it remains to be seen how much countries with less publication
experience and less technoscientific infrastructure can harness these additional
sources, as computational complexities, dataset size, time required, and resources
needed all increase.
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Figure 3.3a and b — Distributions of the number of Global Circulation Models (GCMs, a) and
Regional Climate Models (RCMs, b) used in climate projections, grouped by countries’” publica-
tion compe-tence. While Figure 3.3a shows that multi-model GCM ensembles are common inde-
pendently of the country classification, most climate projections with RCMs have used only a
single one (Figure 3.3b). Mann—Whitney U tests performed for comparing two country groups
supports their independence; ns denotes ‘not significant’. NB: Bold line denotes the median; box
the 25th and 75th percentile; whiskers the 5th and g5th percentile; points are outliers.

3.6  What type of climate futures do countries report?

To be able to inform adaptation decisions, it’s key to not only have the ability to
use multiple models, but also to incorporate different socio-economic conditions
and timeframes to understand how different climate futures can develop. Too many
timeframes and/or emissions pathways can result in an inability to work through
different variations, creating a decision-making paralysis. Too few, by contrast,
locks decision-makers into a deterministic view that discounts the importance of
uncertainty (Hulme and Dessai, 2008; Parker, 2010). To that end, this section high-
lights: (i) how many timeframes were considered (e.g. up to 2050s or 2090s); and
(ii) how many emissions pathways were used (e.g. single vs. multiple).

First, the vast majority of countries — independently of their publication competence
in climate science — used multiple timeframes (n=129/170, 76%) up to the end of the
century (Figure 3.4a). IPCC guidance notes that ‘[t]he length of time period consid-
ered in the assessment studies can significantly affect results’ (Knutti et al., 2010:
11). In response, the UNFCCC recommended that countries ‘consider time frames
ranging from 2030 to 2100’ in order to adequately incorporate climatic changes aris-
ing from socio-economic factors in longer-term (e.g. after the 2060s) (UNFCCC,
2008: 12; see also Hawkins and Sutton, 2009). While comparing all three country
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Figure 3.4 — Distributions of the number of timeframes (a) and emissions pathways (b),
grouped by countries’ publication competence. Significances of Mann-Whitney U tests between
two levels highlight that only advanced countries used significantly fewer timeframes; ns
denotes ‘not significant’, *p<.05. NB: Bold line denotes the median; box the 25th and 75th
percentile; whiskers the 5th and g5th percentile; points are outliers.

classifications simultaneously shows no significantly different distributions in the
number of timeframes reported (Kruskal-Wallis H test: X*(2, n=161)=4.9, p=.08),
comparing only two publication competence levels reveals that advanced countries
reported significantly fewer timeframes than both proficient and preliminary coun-
tries (Figure 3.4a). This has mainly to do with the third of advanced countries re-
porting only a single timeframe (n=4/12, 33%).

Second, the number of emissions pathways (Figure 3.4b) is independent of a coun-
try’s publication competence (Kruskal-Wallis H test: X*(2, n=160)=3.4, p=.18).
Whilst UNFCCC guidance (UNFCCC, 2008: 12) acknowledges that ‘developing
baseline scenarios can be complex and time-consuming’, it is recommended that
at least two emissions pathways be selected — one high and one low temperature
response — to capture the uncertainty around future greenhouse gas emissions
(Kreienkamp et al., 2012).

Overall, n=13 preliminary and n=3 advanced nations reported only a single emis-
sions pathway and a single timeframe, depicting thus a deterministic view on only
a single, mostly pessimistic, climate future. These countries most often reported a
mid- to long-term future with a high (e.g., A1B) (n=8) or very high (e.g., RCP8.5)
(n=5) emissions pathway. No country classified as proficient did so.
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3.7 Discussion: What is the geography of climate science for adaptation?

Our examination of climate projections reported by countries (n=170 of 189) in their
UNFCCC National Communications, between 1999 to 2016, raises fresh questions
about the debates on ‘geographical imbalances’ (Pasgaard et al., 2015) and the so-
called ‘north-south divide’ (Blicharska et al., 2017). In particular, our analysis char-
acterises countries’ capacity to use and customise climate science. Our results paint
a complex picture:

(a). Comparing the complexity of modelling approaches, our study supports that
countries proficient in publishing climate science are also significantly more often
able to use the most sophisticated method available. Dynamical downscaling re-
quires most expertise and infrastructure, but also allows most customisation (e.g.,
choice of models, observation datasets, visualisation). In a study contrasting the
climate projections of three leaders in climate science, Skelton et al. (2017) found
that this customisation included making modelling choices influenced by the re-
spective country’s civic epistemology and political culture in order to increase the
climate projections’ national legitimacy. Furthermore, comparing preliminary and
advanced nations’ climate projections reveals that the complexity of modelling ap-
proaches is only just statistically insignificant (p=.06), even though the publication
competence is quite different. This is partly due to preliminary countries able to
profit from pan-European modelling projects such as ENSEMBLES (van der Lin-
den and Mitchell, 2009), and partly due to free-to-use climate model tools such as
SDSM or PRECIS allowing countries with few publications to outperform nations
with many publications. For instance, Bhutan and Paraguay are able to produce
high-resolution climate projections with PRECIS, while Brazil and China have de-
veloped their own climate models, but reported projections using GCMs without
downscaling.

(b). Our results question the so-called ‘north’ and ‘south’ binary (cf. Blicharska et
al., 2017; Karlsson et al., 2007) as too simplistic to characterise countries’ capacity
to customise global climate science. We found that some ‘southern’ countries have
their own climate models and used a more complex modelling technique in their cli-
mate projections (e.g., Brazil, China, India, or Russia) while other ‘northern’ coun-
tries (e.g., Bahrain, Barbados, and the United Arab Emirates) failed to report climate
projections altogether. The ‘north-south divide’ calls for a geographically fairer dis-
tribution in the production of climate science, but is unable to explain differences
within the ‘north’ and ‘south’. Our research questions the capacity of countries to
use and translate global climate science for their local context. For example, ‘lookup’
methods require no climate science expertise, while plug-and-play methods such as
MAGICC-SCENGEN already allow users to select (preconfigured) climate models,
timeframes and emissions pathways. Further up the line, the use of ‘GCMs only’
requires already some expertise in working with ‘raw’ climate model output as well
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as significant computer storage and internet bandwidth. ‘PRECIS’ meanwhile is so
sophisticated that the developers (UK Met Office) run particular workshops in order
to guarantee competent use as well as to ensure feedback of how reliable PRECIS
output is for countries on different continents (Mahony and Hulme, 2012). With this
breadth of ‘lookup’ to highly complex modelling approaches, requiring no skill to
much expertise and technoscientific infrastructure, allowing no to high customisa-
tion, countries’ climate projections allow an empirically rich comparison of coun-
tries’ capacity to customise global climate science and produce nationally relevant
information regardless of their peer-reviewed publication output. Such insights call
for debates on ‘geographical divides’ to be extended to the uptake of climate science
and its translation into national decision-support products, rather than only the or-
igin of peer-reviewed climate science.

(c). Our results indicate — surprising given the geographical imbalance — a strong
commitment by nations around the world to identify and assess climate risks with
climate models, even to the point that countries with preliminary publication com-
petence reported climate projections more often (and in higher numbers) than pro-
ficient nations (Figure 3.1). Factors that have influenced such countries’ capacity to
perform the scientifically more demanding parts of the National Communications
include: science and technology transfer in the form of free-to-use climate model-
ling software such as PRECIS; free training sessions provided by UNFCCC to give
expert guidance on how to prepare climate projections for the National Communi-
cations (UNFCCC, 2012, 2016); financial support to help fund the National Com-
munication process; and countries’ requirements to ‘develop high quality [Green
Climate Fund] proposals that demonstrate need [vulnerabilities]’ to increase access
to financial aid tied to adaptation and mitigation (Fonta et al., 2018: 1215).

(d). The preference of the UNFCCC for climate projections to be included in Nation-
al Communications (UNFCCC, 2008) may, unwittingly, introduce new geographical
imbalances. Modelling initiatives such as PRECIS have been undertaken to assess
climate risks in regions where little data, or scientific infrastructures, exist (Maho-
ny and Hulme, 2012). However, making available climate science doesn’t address
longer-term capacity concerns such as who becomes an IPCC author (Corbera etal.,
2015; Ho-Lem et al., 2011) or who publishes in high-impact journals (Haunschild et
al., 2016; Pasgaard et al., 2015). Using the example of early-career climate scientists
in Africa, Dike et al. (2018) emphasise the need to improve and support internal
structures for producing climate science within individual countries, for example
in universities (Nasir et al., 2018). Otherwise aims such as informing adaptation
policies through climate science while simultaneously basing those decisions on
fairer and more locally produced scientific knowledge base remains problematic,
with geopolitical implications. Although our research shows that most countries —
independent of their climate science competence — seem unconcerned about using
multiple climate models originating from other countries (cf. Miguel, 2017; Maho-
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ny and Hulme, 2016), they might be concerned with a lack of local customisation
of such globally uniform datasets, including taking over the tool producers’ social
and scientific values of ‘good’ science for decision-making (cf. Skelton et al., 2017).

Our research questions the extent to which efforts to minimise gaps in climate sci-
ence availability may mask, or even worsen, a country’s dependency on climate sci-
ence produced only elsewhere. For instance, the recent push towards co-produced
climate services customised to a stakeholder’s need (cf. Vaughan and Dessai, 2014;
Porter and Dessai, 2017; Bruno Soares and Buontempo, 2019; Skelton et al., 2019a)
is very difficult to achieve when countries rely on pre-configured climate modelling
software. While in the near future the means of accessing climate science might
well change, as modelling software such as MAGICC-SCENGEN is discontinued
and climate information websites are evolving (Hewitson et al., 2017), customisa-
tion restrictions will likely continue.

Future research should critically examine what interrelated factors maintain, shift
and potentially worsen the geographical imbalance in countries’ capacity to custom-
ise global climate science. Based on our research, five factors play an important role:
(i) UNFCCC’s reporting requirements mirroring IPCC’s epistemic focus on climate
models for risk assessments; (ii) ‘goodwill’ efforts by leading climate scientists in
rich, high emissions countries (predominantly Anglophone); (iii) capacity-building
commitments from climate science leaders within UNECCC; (iv) UNFCCC assis-
tance provided to non-Annex 1 countries with fewer climate science publications
when preparing National Communications; and (v) countries’ improved access to
financial aid (e.g. GCF) following vulnerability assessments.

3.8 Conclusion

Analysing individual countries’ capacity to use existing global climate science for
informing national decision-making, our research supports a geographical imbal-
ance. Most countries — irrespective of their climate science publication competence
— are able to produce climate projections with similar modelling principles. While
countries with less publication experience are now gaining valuable experience in
using scientific climate knowledge, especially free-to-use modelling software, they
haven’t as yet developed the capacity to customise globally uniform datasets. These
countries, as a result, remain dependent on the climate models, expertise and tools
to assess climate risks from scientifically leading countries, and have to tacitly ac-
cept what constitutes ‘good’ science for decision-making. Although climate model-
ling tools improve the availability of global climate science they may also contribute
to a growing divide in the capacity of countries to customise science to their national
contexts.
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Abstract

By whom are national climate scenarios taken up, and which products are used?
Despite numerous (national) climate scenarios being published by countries across
the globe, studies of their actual uptake and application remain low. Analysing a
survey and group interviews on the ways the Swiss climate scenarios CH2o11 have
been actually used by the Swiss adaptation community, we encoded the emerging
differences in a new typology of observers, sailors, and divers. Taking an iceberg as a
metaphor for climate scenarios, most respondents were sailors, accessing only key
findings above the waterline (i.e., summary brochures). However, the vast majority
of climate scenario data remains below the surface (i.e., downscaled climate model
data), accessible only to the quarter of respondents labelled divers. Lastly, another
quarter are observers, interested in the iceberg from afar, but without applying the
climate information directly to their work. By describing three ways of using climate
scenarios, we aim to clarify the often vague notion of ‘user’ circulating prominently
in discussions around climate services and knowledge co-production. In addition,
our results question the adequacy of simplifying climate scenario use by a user’s
easily observable characteristics — such as being a researcher or practitioner, by
sector or by numeracy. Our typology thus highlights the diversity of use(r)s within
sectors or academia, but is also able to characterise various similarities of use(r)s
between sectors, researchers and practitioners. Our findings assist in more nuanced
and informed discussions of how ‘users’ are imagined and characterised in future
developments of usable climate services.
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Practical Implications

Climate services and climate information products are increasingly produced across
the world. While national climate scenarios are frequently evaluated by academics in
order to have them critically peer-reviewed for their climate-scientific adequacy, the
actual use of such climate scenarios (rather than needs) has been largely neglected
in the peer-reviewed literature. However, such evaluations are necessary for two rea-
sons. One, to understand in what ways the often expensive climate scenarios have
been used. Two, to discern how future sets of climate scenarios and other climate
services can be improved for users. Our study characterising the actual use of the
Swiss national climate scenarios achieves both these two goals.

National climate scenarios form the basis for many climate change risk assess-
ments and national adaptation strategies, characterising plausible future meteoro-
logical changes in temperature, precipitation, as well as other climatic indices such
as rising snowlines or numbers of tropical nights. Climate scenarios are produced
with physics-based calculations with different amounts of greenhouse gas (GHG)
emissions, the main driver of anthropogenic climate change. The different GHG
emissions pathways are used to highlight the implications of different global car-
bon mitigation policies. As such, national climate scenarios are produced for deci-
sion-makers working in civil administration, associations, industry, consultancies
and non-governmental organizations (NGOs) of a particular country, as well as pol-
iticians, journalists and the interested ‘general public’. In addition, climate scenari-
os serve researchers as a basis for climate impact studies which highlight the effects
of atmospheric changes on land surfaces, such as rockslides or floods.

Taking the example of the Swiss national climate scenarios CH2o011 (2011), We
present three distinct ways CH2o11 has actually been used by the Swiss adaptation
community. These three ways are not categorisations drawn from the existing lit-
erature, but emerge from our in-depth analysis of our empirical data (a survey and
group interviews). To easily differentiate between the three types of users, we in-
troduce a metaphor taken from Braunreiter and Blumer (2018) on energy scenario
use: Climate scenarios are like an iceberg, where different perspectives give access
to different parts of the iceberg. Divers are able to access the vast climate model raw
data lying beneath the water’s surface. Divers thus prefer thematic depth to breadth.
Sailors see only the tip of the iceberg, containing key results of the climate scenar-
io summary brochures. Sailors are however able to navigate between icebergs and
other landscapes quickly. Sailors thus prefer thematic breadth to depth. Observers
have seen the iceberg, albeit from a distance. Observers have skimmed the tip of
the iceberg, that is, the summary brochures. Characteristically, observers have not
directly applied the climate scenarios. Compared to the active appliers of sailors and
divers, observers did not introduce findings of the climate scenarios into their work.
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Previous studies on ‘the users’ of climate information have often characterised these
based on easily observable (i.e. independent) traits. This includes distinguishing
between researchers and practitioners; by comparing or focusing on sectors; or ex-
plaining the use of raw data with a user’s assumed numeracy (i.e. the ability to work
with large quantitative datasets). We then compare our own typology of observers,
sailors, and divers with these three groups proposed in the literature. Interestingly,
these groups do not match our own typology: We find a mix of observers, sailors,
and divers within sectors, research and practice. Further still, our research warns
against explaining low use of climate scenario raw data by saying that these users
are incapable of processing vast amounts of climate model output. Most users made
use of large datasets for today’s climate (i.e., observations and reanalyses), but
not of the large datasets provided through climate scenarios. While this indicates
that many ‘numerate’ users opted to use climate scenario brochures qualitatively,
producing raw climate scenarios datasets tailored to users’ spatio-temporal needs
might well change this result.

How can our study help in producing future climate services? We conclude with four
points. One, producers of climate services should be aware that there is a diversity
of use(r)s within sectors as well as among researchers and practitioners. However,
our typology of observers, sailors and divers also highlights that there are similar-
ities in what products — brochures and datasets — are used within such user cate-
gories. Two, while our study supports efforts to tailor climate services to sectors
or practitioners, our study recommends producing both brochures for sailors, and
datasets for divers. Three, there is a considerable share of people working in the
adaptation community which flick through brochures, but do not apply them di-
rectly. Increased efforts to incorporate these users’ voices in future climate scenario
projects could significantly increase their uptake. Four, more intensive exchanges
— and studies thereof — could highlight why so many users make quantitative use
of data on today’s climate, but only qualitative use of brochures (if at all). Overall,
our analysis paints a heterogeneous picture of climate scenario use within sectors
and among researchers and practitioners — but also three surprisingly similar ways
between such classifications.
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4.1 Introduction: who uses what climate information?

«I hate the term ‘user’».
«I don’t have a problem with the term ‘user’».%

These two quotes illustrate that the term ‘user’ is contested yet convenient to discuss
the application of climate information. The two conflicting opinions are symbolic
of a larger discomfort with the concept of ‘the user’: While the term ‘user’ is clear in
terms of definition (people who use information are ‘information users’), the term
is both ambiguous and vague. ‘Users’ can refer to climate impact modellers, risk
managers, administrative officials, or interested publics equally. Further, ‘users’
may have different ways of using climate information. The vagueness thus compli-
cates efforts of producing ‘usable’ climate information, as important nuances often
remain implicit. In this study, the term ‘user’ refers to all people, regardless of their
sectoral, academic, or professional affiliation, who have interacted with climate
scenarios, by minimally having skimmed one of the various brochures, often also
applying data into their work.

To support climate adaptation and carbon mitigation initiatives, various countries
have published a set of climate scenarios tailored specifically to their country (cf.
Skelton etal., 2017). This includes the Netherlands (KNMI, 2015), the US (Melillo et
al., 2014), South Africa (DEA, 2013), Ireland (Gleeson et al., 2013), Germany (DWD,
2012), Switzerland (CH2o11, 2011), and Australia (CSIRO and Bureau of Meteorol-
ogy, 2007a). In addition, there is guidance to include climate scenarios in the re-
porting of Parties to the United Nations Framework Convention on Climate Change
(UNFCCC) (Skelton et al., 201gb). Despite these numerous national efforts, the ac-
tual use of (national) climate scenarios remains blurred. One notable exception is
the UK Climate Projections 2009 (UKCPog, Jenkins et al., 2009; cf. Heaphy, 2015
and Hulme and Dessai, 2008). For instance, Tang and Dessai (2012) analysed how
a diverse set of British actors, obliged to report on adaptation, perceived and made
use of UKCPog. A longitudinal study by Porter et al. (2015) found that the availa-
bility of climate information has risen in British Local Authorities between 2003
and 2013, but that budget cuts and lack of political support restricted adaptation
action. Further, comparing local government’s use of national climate scenarios in
Germany and the UK, Lorenz et al. (2017) found that only few people considered
climate information in adaptation. With national climate scenarios recently updated
(CH2018, 2018; Lowe et al., 2018) and a European roadmap for climate projections
proposed (Hewitt and Lowe, 2018; Met Office and CNRS, 2018), it becomes increas-
ingly important to also understand the utility of different products climate scenarios
provide, such as summary brochures or large climate model datasets.

6 The statements were made at a session on ‘Inclusion of climate-sensitive sector needs’ ata
workshop within the Copernicus Roadmap for European Climate Projections project (Met
Office and CNRS (2018).
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Knowing better how climate scenarios are actually used (or resisted) can also help
climate research projects to incorporate the requirement of ‘user-orientation’ bet-
ter. As such, climate scientists are urged to collaborate with stakeholders on equal
terms, a concept also known under the term co-production (cf. Bremer and Meisch,
2017). This change of producing knowledge is most evident in the rise of climate
services (Lourenco et al., 2016; Vaughan and Dessai, 2014; Hewitt et al., 2012).
However, as the importance of co-produced climate knowledge increases, vague
and ambiguous notions of ‘the user’ become problematic. Scientists can too easily
pick their preferred characterisation of ‘the user’, failing thus to include users with
other needs. For instance, Archer (2003) showed that certain user groups (often
socio-economically worse off) were underserved. Calls for engagement ‘beyond lip
service’ (Klenk et al., 2015) have been made. This is important, because when public
money is spent on the development of usable climate information (Lemos et al.,
2012), then the questions of ‘who is included in the knowledge production process’,
‘to whom is the climate information tailored to’ and ‘who uses climate information’
become of considerable importance (Klenk et al., 2015).

Who uses national climate scenarios in what ways? This paper provides an empir-
ically grounded characterization of national climate scenario uses. Section 4.2 de-
tails our case study, the Swiss climate change scenarios CH2011, before introducing
how the data was collected and analysed (section 4.3). Section 4.4 introduces our
typology of climate scenario users: observers, sailors, and divers. In section 4.5 we
discuss the implications of our findings, comparing our typology with common
characterisations of users from the literature. We close with a brief conclusion in
section 4.6.

4.2 Case study: the Swiss national climate scenarios CH2011

In this study, we analyse the actual use of the Swiss national climate scenarios
CH2o1r (2011) by the Swiss adaptation community’. These scenarios were jointly
produced by climate scientists working in several academic and public institutions
over three years, in order to speak with ‘one voice’ (Skelton et al., 2017: 2332; see
also Bronnimann et al., 2014). Climate scenarios® are a distinct form of climate
knowledge, ‘potentially encompassing multiple climate models, outputs, and emis-
sions pathways to describe multiple yet coherent climate futures. This includes, for
instance, aggregating climate information from multiple climate models and/or cli-
mate model runs for one emissions pathway’ (Skelton et al., 201gb).

7 We define ‘Swiss adaptation community’ as the participants of Switzerland’s Symposia
on Climate Adaptation and the project managers who received funding through the Swiss
Pilot Programmes on Climate Adaptation.

8 We use the term ‘climate scenarios’ to encompass ‘climate projections’, ‘climate change
scenarios’, and ‘national climate assessments’. Assessments of climate impacts are ex-
cluded, as they are qualitatively different.
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The CH2o11 climate scenarios contain meteorological changes of temperature and
precipitation. These were provided with three uncertainty estimates (upper, mean,
lower) based on a probabilistic approach (Fischer et al., 2011) characterizing model
uncertainty and internal variability. Climatic changes conditional on three emissions
pathways (reflecting different levels of global mitigation strategies) were explored
for three future time periods covering the 21* century. Likely future temperatures
and precipitation are communicated against the baseline climate of 1980-2009 for
three regions of Switzerland, and as localized daily temperature series for several
Swiss weather stations. CH2o11 contained various products: a summary brochure
(available in English, German, French, and Italian); a technical report (in English
only); as well as raw data downscaled to stations or as a gridded dataset for precip-
itation and temperature.

The Swiss climate scenarios CH2011 (2011) inform the Swiss national adaptation
strategy. Praised as a pre-requisite for climate-sensitive planning, climate scenarios
are seen as the basis for explicit, often quantitative risk assessments (Willows and
Connell, 2003b; e.g. CH2014-Impacts, 2014) and have found qualitative application
in national adaptation strategies (Widmer, 2018; Lorenz et al., 2015; Biesbroek et
al., 2010). In addition, they informed a large number of adaptation projects from
different sectors (Rossler et al., 2019; BAFU, 2017). In autumn 2018, the successor
Swiss climate scenarios CH2018 (2018) were published (www.climate-scenarios.
ch).

4.3 Material and Methods

To analyse the uptake of, as well as resistances towards, climate information with-
in the Swiss adaptation community, we make use of data gathered in 2015 as part
of an assessment of the Swiss climate scenarios CH2o11 (MeteoSwiss, 2016). This
assessment was mandated by the Swiss Federal Office of Meteorology and Clima-
tology MeteoSwiss to an environmental consultancy. Its aim was to better under-
stand the ways both present and future weather and climate data were used, and
how CH2o11’s usability could be improved further. A description of this multi-stage
assessment process can be found in the Annex to chapter (page 2f).

For this paper, we analysed two data sources from the original CH2o011 assess-
ment (MeteoSwiss, 2016): (i) a written survey, and (ii) group interviews. First, the
written survey elicited a good overall response rate of 45% (n=115/256 approached
participants), having been sent to three groups: participants of the 7 Swiss Sym-
posium on Climate Adaptation (n=70/187, 37%), project managers who received
funding through the Swiss Pilot Programme on Climate Adaptation (BAFU, 2017)
(n=10/29, 34%), as well as the sectoral group interviewees (n=35/40, 88%). Survey
questions include how data of today’s climate was used; which CH2o11 climate sce-
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nario products were used in what way; and what the requirements for the next gen-
eration of national climate scenarios were. The survey (in English) is provided in
the Annex to chapter (page 2f). Second, n=9g group interviews, arranged by those
sectors identified as relevant in Switzerland’s national adaptation strategy (FOEN,
2012a), were made with n=33 well-known experts with significant academic and/or
professional experience on adaptation working in administration, academia, or in
industry. Structured around the survey — which the interviewees answered in writ-
ing as a preparation — the discussion explored and clarified past uses and future
requirements of the sector representatives. Minutes of the group interviews were
taken manually during the interviews. The transcripts thus reflect the interview in
condensed form.

We established a user classification emerging from the survey data, rather than cat-
egorise users according to previous characterisations in the literature. To cross-val-
idate the emerging classification, and to deepen the understanding how climate
scenarios have been used, we manually coded the group interview transcripts with
MAXQDA, a qualitative text analysis software.

4.4 How do observers, sailors, and divers make use of climate scenarios?
4.4.1 Who uses climate scenarios? Introducing a typology emerging from the data

We grouped survey participants based on what information from the climate sce-
narios CH2o11 they used. (a) respondents using at least one of the four raw datasets
provided (e.g., change in mean seasonal cycle per station); (b) respondents making
use of key findings presented in at least one of the three summary brochures, includ-
ing graphs and tables (e.g., climate scenarios report for regions); (c) respondents
who skimmed — but did not directly apply— at least one of the three summary bro-
chures, including graphs and tables; and (d) a group labelled ‘other’ who did not
fit one of the three previous groups, comprising mostly respondents not answering
these particular survey questions. To label the three different types of users (a), (b),
and (c), we draw on a typology of energy scenarios users. With the metaphor of
scenarios as an iceberg, Braunreiter and Blumer (2018) distinguish two products:
the iceberg’s visible tip above the water’s surface consists of key results provided as
summary brochures, while the vastamount of the iceberg (raw data) lies beneath the
sea surface accessible only to those with the skills and interests to do so. Braunreiter
and Blumer (2018) label the users (a) interested in bulk of ice divers, and those re-
spondents (b) keen to explore the iceberg’s visible tip sailors (Figure 4.1).

However, compared to the binary typology by Braunreiter and Blumer (2018), a third
way (c) of using climate scenarios emerged in our analysis. Partly due to our more
diverse sample going beyond academics, various people in the Swiss adaptation
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community replied that they did not directly apply any information from the climate
scenarios to their work, but skimmed the brochures out of interest. We thus extend
the sailor—diver binary to characterise this third group (c) as observers. Sticking to the
metaphor of the iceberg, observers are users who have seen the iceberg (climate sce-
narios) from afar (Figure 4.1). Observers are thus potential sailors or divers. Divers
and sailors can support observers to apply climate scenarios, thus becoming sailors
or divers themselves.

4.4.2 How do observers, sailors and divers use climate scenarios?

Sailors made up the largest share of users in the Swiss adaptation community
(n=45/115, 39%) (Figure 4.2). Interestingly, observers (n=29/115, 25%) and divers
(n=29/115, 25%) Were equally common. The following paragraphs paint a more de-
tailed picture of these three user types.

Observers are interested in future changes of Switzerland’s climate, skimmed the
CH2o11 brochures — but characteristically did not apply any climate information to
their work. The following quote illustrates this interest-without-use:

‘So far, [we have made] no direct use of the [climate] information. Uncer-
tainties are important for communication [purposes], but they are hardly
usable in practice because, in the end, dimensioning [of transport infra-
structure against particular natural hazards] must be based on specific val-
ues, regardless of the uncertainties. We cannot dimension it [infrastructure
projects] to maximum values everywhere [to increase resilience], simply
because of the [high] costs. However, we differentiate dimensioning re-
gionally. For operationally important routes or infrastructure we dimen-
sion more cautiously, that is with a greater safety margin, than for less im-
portant ones. For example, we dimension more cautiously for Zurich with
the flood risk posed by the river Sihl than for a [nationally] less significant
location. [...] I am interested in the development of individual natural haz-
ard processes [under climate change]: floods, surface runoff, mudflows,
torrents, but also in drinking water supply of small train stations (#11, ob-
server, group interview, emphasis added).

Working with uncertainties ‘in practice’ as well as a lack of required information
on climate impacts are thus reasons for the interest-without-use characteristic for
observers. The quote echoes a Norwegian study of the transportation sector, where
‘climate science is often focused on uncertainties, while climate adaptation strives
to hold on to the little certainties that exist’ (Ryghaug and Solli, 2012: 434). That
the category of ‘observer’ is a meaningful characterisation of climate scenario use
is further supported by 86% (n=25/29) unable to recall which emissions pathway(s)
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m Observer
/<

Raw data

Figure 4.1 — Conceptual illustration of our typology of climate scenario use, drawing on the
metaphor of the iceberg. Divers are interested in the bulk of data accessible only to those with
the skills, while sailors make use of key results visible from the surface (and are supported by
the raw data). Observers are inter-ested in climate scenarios (i.e., the iceberg), but did not apply
them. Illustration: S. Basch, ETH Zurich

they considered (Figure 4.2a). Similarly, the share of observers (n=18/29, 62%) not
answering the survey question on the use of future time periods is highest, com-
pared with that of divers and sailors (Figure 4.2b). As such, observers have seen the
iceberg (i.e. climate scenarios), but either had a different approach to managing
uncertainties, lacked quantitative or qualitative information in CH2o11 required to
achieve the project’s goals, or had no specific project they could apply CH2o11 data
to.

Sailors worked with at least one of the three written summary brochures of CH2o11,
qualitatively using the information written in the text or portrayed in the graphs,
maps and tables. Figure 4.2 highlights that sailors are often interested in the di-
rection of climatic changes, with almost half of sailors (n=20/45, 44%) unable to
recall which emissions pathways they used. Similarly, a quarter of sailors (n=12/45,
27%) could not answer which of the three future time periods they worked with
(Figure 4.2). This indicates a certain (passive) disinterest or (active) disregard in
how climate scientists communicate climate change, as the following quote by a
senior adaptation officer shows:

59



M. SKELTON — ADAPTING CLIMATE SCIENCE

60

‘In climate risk analyses and climate strategies [undertaken by local gov-
ernment] there is presently hardly any need for specific [quantitative cli-
mate scenario] data, rather [a need] for the direction of change. Cantonal
[provincial] experts cannot differentiate between the effects of 2°C or 4°C
[warming]’ (#31, sailor, group interview).

While the survey data highlights a majority of sailors using more than one future
time period (n= 26/45, 58%), the group interviews revealed a tendency for planning
horizons being more near-term than the provided 2035s. ‘[Organisation Y] uses a
planning horizon of 15 years. Forecasts extending beyond this period are present-
ly of no importance for practitioners’ (#71, sailor, group interview). Similarly, ‘the
time horizon considered [in my sector] is rather short-term, for government agen-
cies it is five to ten years, for research slightly longer’ (#62, sailor group interview).
These two quotes illustrate that climate scenarios lack relevance when planning in
near-term only (cf. Vincent et al., 2017). To sum up, sailors are interested in the key
findings found in the summary brochures, such as the trends of climatic changes.
However, the bulk of the iceberg below the sea surface (the raw data of climate sce-
narios) remains hidden to sailors.

Divers distinguish themselves according to their use of at least one of the four grid-
ded or station-data raw datasets provided by CHz2o11. These divers often run climate
impact models (#27, #64, #68, #70, #94, divers, group interviews).

‘[To simulate climate impacts] most variables require [temperature and
precipitation] data at least [in a ] daily [resolution]. Also, it [the data] needs
to be consistent between variables [temperature and precipitation], for in-
stance [to allow] weather simulations over 20 years. In addition, we need
[the variables] global radiation and moisture. [Lastly,] we need [the data]
transientlyl[, i.e. data not truncated into distinct time periods]’ (#68, diver,
group interview).

Despite the CH2o011 being truncated into three future time periods, and the co-var-
iation of temperature and precipitation being unavailable, divers were still able to
work with these datasets. This is indicative of the skill and knowledge divers have
in working with potentially suboptimal climate model output. This skill translated
into divers generally working with multiple timeframes as well as numerous emis-
sions pathways (Figure 4.2). For instance, the share of divers (48%, n=14/29) work-
ing with the full range of plausible global mitigation scenarios (i.e., using all three
emissions pathways provided) was more than double that of sailors (20%, n=9/45).
In addition, divers (69%, n=20/29) were more likely to explore the near-term, the
mid-term as well as the long-term changes than sailors (58%, n=26/45). As such,
divers are numerate and climate-literate users, able to navigate the complexities of
post-processed and downscaled climate model outputs.
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Figure 4.2 — Use of key characteristics of climate scenarios among divers, sailors, and observers.
a) number of emissions pathways used by observers, sailors, and divers. The emissions pathway
A1B is shorthand for moderate global mitigation efforts, while A2 denotes unstopped carbon
emissions. b) num-ber of future time periods considered by our three types. If only a single time
period was used, respondents preferred a short-term (2035s) or medium-term (2060s) for their
planning. Note that the data shows actual use, not users’ needs or interests.

Overall, the data-based classification of the survey participants into observers, sail-
ors and divers reveals three distinct ways of putting climate scenarios to use. The chi
square tests of independence in Table 4.1 confirms that there is a statistically sig-
nificant difference how observers, sailors and divers used the emissions pathways
(X*(6, n=103) = 41.49, p<.0001) and time periods (X*(6, n=103) = 30.65, p<.000I)
provided in CH2or11. Both the group interviews as well as the survey results thus
indicate that our typology has empirical merit.
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4.4.3 In which sectors do observers, sailors and divers work — and as what: researchers or
practitioners?

Survey participants indicated being either researchers, practitioners or members
of the ‘public’. We find a relatively well-balanced distribution of observers, sailors
and divers in research and practice (Figure 4.3). Between 45% and 60% of observ-
ers, sailors and divers are practitioners. Researchers are most common among da-
ta-hungry divers (52%, n=15/29). Interestingly, there are more researchers grouped
as observers (45%, n=13/29) than sailors (31%, n=14/45). Members of the ‘public’
were mostly working for the ‘public’, such as consultants or journalists, and were
more often observers than divers. Figure 4.3 thus clearly indicates that there are
multiple ways climate scenarios are used within research and practice.

Sector size varies greatly in the survey sample — and within the Swiss adaptation
community. The two largest sectors trans-sectoral (n=20 respondents) and natural
hazards sector (n=19) make up one third of the sample (Figure 4.4). Further, the
sectors water (n=12), agriculture (n=10), and energy (n=9) have average shares in
the survey sample. Lastly, the six sectors with the fewest respondents — mitigation,
biodiversity, tourism, forestry, health, and spatial planning — make up less than a
quarter (Figure 4.4). More generally, these sectors are less well represented within
the adaptation survey sample. Due to the low sample size, we refrain from extrapo-
lating and describing these six sectors in general terms.

Divers are most common in the sectors water (42%, n=5/12), trans-sectoral (30%,
n=6/20) and agriculture (30%, n=3/10). Thus, working with models — one of the
few available techniques to process the considerable amount of data generated by
climate models — seem to contribute to high shares of divers. For example, hydrol-
ogists use weather and climate raw data as an input in their flood risk models (e.g.,
Rossler et al., 2019). Similarly, the survey sample consisted of various impact mod-
ellers, studying a plant’s suitability, agricultural yield and pest epidemiology in a
changing climate. Lower-than-average use of raw data is linked to few survey partic-
ipants, such as mitigation, biodiversity, health, and spatial planning.

Sailors are more numerous than average in the sectors trans-sectoral (50%, n=10/20)
and natural hazards (47%, n=9/19), thus making noteworthy use of climate scenario
brochures. The high share of sailors in the cluster ‘trans-sectoral’ is unsurprising,
given that the crosscutting nature of adaptation favours generalists. Further, the
survey was targeted at pilot adaptation projects receiving governmental funding,
often interlinking sectors (BAFU, 2017). Observers made up more than half of the
survey respondents in the energy sector (56%, n=5/9). More exchanges with the en-
ergy sector could clarify why the CH2o11 brochures were not further integrated into
their line of work.



CHAPTER 4 — NATIONAL USES

Table 4.1 — Chi square tests of independence between being an observer, sailor or diver and

key charac-teristics visualised in Figure 4.2—Figure 4.5. As such, there is a highly significant
relationship between the number of emissions pathways as well as time periods with our typol-
ogy of observers, sailors, and divers. However, there is no significant relationship between our
typology of climate scenario use to participants’ type of work, their sectoral affiliation, or their
use of today’s climate data.

Overall Chi square tests
Characteristic sample®  Observer Sailor Diver of independence
Number of emis-
sions pathways
used
1 12 2 7 3 X2 (6) = 41.49
2 19 0 9 10 p < .0001I
3 25 2 9 14 n=103
Can’t remember 47 35 20 2
Number of time
periods considered
1 22 6 7 9 X2 (6) = 30.65
2 28 3 15 10 p < .000I
3 23 2 II 10 n=103
Can’t remember 30 18 12 )
Type of work
Public 9 4 4 1 X2 (4) =5.25
Researcher 42 13 14 15 p=o0.26
Practitioner 52 12 27 13 n=103
Sectors®
Trans-sectoral 19 3 10 6 X2 (10) =8.54
Energy 9 5 2 2 p=o0.58
Agriculture 9 3 3 3 n=2382
Natural hazards 18 4 9 5
Water 10 2 3 5
Other 17 4 9 4
Use of data of
today’s climate® X2 (2) =1.67
Sailorpresent 21 3 I 7 p=0.43
Diver 61 17 25 19 n=382

present

2 For the purpose of these statistical analyses, we disregard the category ‘other’ (n=12) for
being an inconclusive category.

b Various sectors had low overall numbers of participants. We consider only those sectors
with n>g participants.

¢ We disregard the category ‘otherpresent’ (n=29) for being an inconclusive category in this
statistical analysis.
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Similar researchers and practitioners Figure 4.3 — Column graph
100% indicating the respective
shares of observers, sailors
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Statistically, Table 4.1 confirms the described trends visible in Figure 4.3 and Figure
4.4. The chi square tests of independence reveal no significant relationship between
our three distinct ways of using climate scenarios with respondents’ type of work
as researcher, practitioner of member of the public (X*(4, n=103) = 5.25, p=.26) or
respondents’ sector (X*(10, n=82) = 8.54, p=.58). As such, researchers and practi-
tioners are similar in their mixed ways of using climate scenarios. Similarly, within
sectors there is a heterogeneous blend of using climate scenarios as observers, sail-
ors, and divers. Differences between sectors are discernible only for those sectors
with few members in the Swiss adaptation community.

4.4.4 Are observers and sailors only able to use qualitative data?

Survey respondents also specified which kind of data of today’s climate they were
using. This allows us to analyse if the type of using future climate scenarios cor-
responds to which present climate data was accessed. For instance, we can check
whether sailors also use data for today’s climate qualitatively, or if they change their
type and become e.g. more numerate. This section contains three steps. One, to cre-
ate a typology on the use of present climate data very similar to the typology of future
climate scenarios. While we stick to the terminology of sailors and divers for both,
we denote in the index whether it is about the use of climate scenarios (‘future’) or
today’s climate (‘present’). Two, we contrast how different the same respondents
make use of future climate scenarios and of present day climate data. Three, we
explore why so many users switch from more quantitative uses of present climate to
more qualitative uses of future climates.

We extend our sailor-diver typology of future climate scenarios to the use of present
climate data through the following criteria: We define diversP as those partici-

resent
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Figure 4.5 — Plot contrasting whether survey participants used past and present climatological
data simi-larly as future climate scenarios. The graph highlights that this is, for a majority,
not the case. For in-stance, many diverspresent of today’s climatology are not climate scenario
diversfuture. Note that the data shows actual use, not users’ needs or interests.

pants using data on today’s climate in a quantitative way, i.e. with a high temporal
resolution (‘1o minutes’, ‘hourly’ or ‘daily’) as well as using either station observa-
tion data or the 2x2km gridded dataset. Surprisingly, a majority of survey respond-
ents (55%, n=63/115) are diversprcscnt (Figure 4.5). Sailorsmscm are those users giving
preference to more qualitative summaries, i.e. using temporal averages for current
climatological variables (‘monthly’, ‘seasonal’ or ‘annual’). 20% (n=23/115) of sur-
vey respondents classified as sailorspmm. Because the survey questions for today’s
climate differed in their answer options to those of the climate scenarios CH2or1r,
we are unable to create the ‘observerprcm’ type. This leads to a larger share of survey
respondents being categorised as ‘othermcm’ (n=29/115, 25%) compared to ‘other-
e (N=12/115, 10%). The omission of one option might also have led to slightly
increased numbers of ‘sailorspwscm’ and ‘diverspwm’.

Overall, the shares of sailors and divers are very different between present and fu-
ture climate (Figure 4.5). There are twice as many diversprcscm (55%, n=63/115) than
divers,  (25%, n=29/115). Correspondingly, the share of sailorsPrcscnt (20%,
n=23/115) is almost half of sailors, _ (39%, n=45/115). Figure 4.5 illustrates that,
overall, users often switch their particular way of using climate data. The statistical
tests in Table 4.1 confirms that the participants’ way of using today’s climate data is
independent of the way climate scenarios have been employed (X*(2, n=82) = 1.67,
p=.43). Overall, an impressive two thirds (!) of survey participants (n=77/115, 67%)
changed their respective type of use. Thus, the particular user type of present cli-
mate data is no predictor of using future climate scenarios similarly. But what has
caused these n=25 diversp to become sailors. , and n=17 divers.p to re-group

resent future resent
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as observers,  (Figure 4.5)? In-depth analysis of the group interviews revealed
three explanations: (a) qualitative work with future climate trends is sufficient for
the respondents’ work; (b) the climate scenarios CH2o11 lacked the climate data

needed; and (c) missed windows of opportunity.

a. Some divers resent indicated that sailing climate scenarios brochures is sufficient
for their work. ‘Showmg different [emissions] scenarios ... is important, quantita-
tive details [about future climatological variables] are less important’ (#113, diver
present & sailor . group interview). Another user echoes: ‘[organisation K] needs
graphics to answer letters to citizens who are sceptic about climate change, or for
questions of pupils for their final school project’ (#97, dlverPrcscnr & sailor, , group
interview).

b. Some divers presens WETE €AET for climate scenario raw data, but CH2o1r1 lacked the
required information:

‘[1] desire climate data primarily on extreme precipitation [for my assess-
ments of] changes in flood risks, landslides, and slope stability as well as
changes in temperature [for my assessments of] permafrost, glacier retreat.
Differences in their [precipitation and temperature] distribution over sea-
sons, months and regions are important’ (#51, diver &sailor, , group

present

interview).
Users required quantitative data on extremes (#3, #51, #62, all dlvers)r oy & sall-
ors_ , group interviews) and information on the co-variation of temperature and

precipitation (#21, #48, #110, all dlversp ey & sailors, . group interviews). How-
ever, the CH2o11 producers felt that the scientific understandmg at the time was
not mature enough to provide data on extremes (cf. Skelton et al., 2017). And due
to the chosen multi-model combination technique (Bayesian methodology), it was
not possible to provide information on the co-variation of temperature and precip-
itation changes (Fischer et al., 2o11). However, the new Swiss climate change sce-
narios CH2018 (2018) contain these required datasets. We thus expect that the user
base of CH2018 will be made up by a larger number of divers, while attracting overall
more application due to its increased relevance to other sectors such as biodiversity
and energy specialists.

¢. A third group of divers rsent would have applied the raw data of CH2o011, but it was
not available at the time. ‘CHzon was [published] too late for the research program
Forest + Climate Change, which started in 2009’ (#21, #48, #110; all divers &

present

sailors. | group interview). Such missed windows of opportunity can thus partial-

future

ly explain why some users switched from being divers to sailors. _of climate
. present future
scenarios.

67



M. SKELTON — ADAPTING CLIMATE SCIENCE

68

In summary, the distinct way of using climate scenarios as observers_ , sailors,
e Ordivers, is in two-thirds of the cases not related to the same use of present
climatological data (Figure 4.5). The chi square tests of independence in Table 4.1
confirm that there is no statistically significant relationship between the ways cli-
mate scenarios and data on today’s climate have been used. Thus, use of raw station
data and gridded datasets of present climatology is more common than the focus on
climate scenarios would suggest. This result indicates that a large share of the adap-
tation community is ‘numerate’ and able to work with large sets of quantitative data.

4.5 Discussion: Who is using climate scenarios in what ways?

We have analysed the use of the Swiss climate scenarios CH2o11 within the Swiss
adaptation community four years after its publication. Three distinct ways of using
climate scenarios emerged from the dataset: observers, sailors, and divers. Using
the metaphor of the iceberg as climate scenarios (Braunreiter and Blumer, 2018),
sailors access key findings above the surface. The vast majority of data supporting
these findings lies below water, accessible only to divers. Observers were interested
in the iceberg from a distance — but did not apply the climate scenarios to projects.
Sailors made up the majority of users, with tied shares of divers and observers.

So how does our typology compare with other user characterisations oftered in the
scientific literature, such as (a) the research—practice binary; (b) by sectors; and (c)
by users’ numeracy and ability to work with climate model data?

a. Studies on the user needs of climate information have often differentiated be-
tween requirements within academia and outside (Rdssler et al., 2017; Benestad et
al., 2014; Groot et al., 2014). However, as Figure 4.3 highlights, the picture of more
data-hungry scientists and qualitative practitioners is too simplistic. The particular
way climate scenarios are used is not linked to being a researcher or practitioner
(Table 4.1). Our findings show that it is not only impossible to reliably predict how
climate scenarios are used with the research—practice binary, it is also an inade-
quate way to generalise ‘users’. The research—practice binary might make sense to
describe different aims — understanding for scientists, relevance for practitioners
(Pohl et al., 2017) — but fails to adequately describe users of climate scenarios.

b. Various authors have characterised users and their requirements by sectors (e.g.
Bruno Soares et al., 2018). However, Figure 4.4 illustrates that the way climate sce-
narios are used cannot be reliably predicted by a user’s sector. We find a mix of
observers, sailors and divers among all (but two) sectors, echoing the conclusion by
the original typology developers: ‘[s]ailors and divers are not principally split along
the disciplinary backgrounds of interviewees’ (Braunreiter and Blumer, 2018: 123).
While these results do not disqualify sector-specific climate services, the focus on
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sectors clouds the diversity of use(r)s within sectors and the similarity of user(r)s
across sectors. As such, sectoral characterisations of climate scenario use are likely
influenced by the sectoral organisation of academic and governmental units, as the
sectoral focus of climate risk analyses (e.g. Funk, 2015; CH2014-Impacts, 2014) and
national adaptation plans (e.g. Defra, 2018; FOEN, 2012a) highlights.

¢. The use of different climate scenario products has been explained by users’ numer-
acy, that is, their ability to work quantitatively with climate raw data. For instance, a
Copernicus Climate Change Service survey labelled numerate users as ‘Donna Data’,
and those using aggregated packages ‘Pete Product’ (C3S, 2017). In the ‘mini-me’
characterisation, Porter and Dessai (2017) criticise climate scientists imagining us-
ers to be similarly numerate and modelling-proficient as themselves. We show that
a significantly larger proportion of users is able to process and work with large cli-
mate datasets when they concern today’s climate (Figure 4.5). A perceived lack of
numeracy is in many cases more imagined than justified. Further studies should
illuminate why there is no statistically significant relationship between diversmsem
and diversFuturc (Table 4.1). As such, even when users are similarly numerate as cli-
mate scientists, there seem to be underlying reasons why many users prefer to work
qualitatively with climate scenarios.

To sum up, our results caution against using ‘external’ (i.e., independent) traits of
users — such as the research—practice binary or sectoral affiliation — as explanations
and predictors of how climate scenarios are used. We further highlight that a user’s
numeracy is in many cases higher than the focus on climate scenarios would sug-
gest. Overall, the different aims of researchers and practitioners (Pohl et al., 2017),
the similarity of problems faced within sectors, and the mere possession of particu-
lar numerate skills are thus not indicative of how climate information is used.

Inherent to studies assessing users are limitations. For instance, our sample was
deliberately targeted towards the Swiss adaptation community. The survey was sent
out to selected members, leading to data collected only on ‘the usual climate-primed
suspects’. In addition, the number of responses for some sectors was very low (e.g.,
health, spatial planning); often the sectors currently underrepresented in the Swiss
adaptation community. While the survey results are likely to be representative of the
Swiss adaptation community, the findings are certainly not representative outside
this community or the general public. As such, exploring the use (or neglect) of
climate scenarios in regional and local adaptation planning, or by sectoral experts
not part of the adaptation community, could complement this study. Two further
geographical limitations are a bias towards the German-speaking part of Switzer-
land, and the socio-political differences among countries. Climate scenario use in
Germany and the UK, for instance, is influenced by their different institutional-po-
litical settings (Lorenz et al., 2017). While we would be surprised if our typology of
observers, sailors, divers could not be transferred to these countries (after all, the
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products within climate scenarios are similar across countries, cf. Skelton et al.,
2017), the respective shares of observers, sailors, and divers may well be different.

The successor Swiss climate scenarios CH2018 (2018) profited from the feedback
from the original assessment (MeteoSwiss, 2016). While the original report con-
tained content and communication recommendations, this study adds significant
explanatory power by reclassifying the data upon an emerging pattern and describ-
ing the similarities with the typology of sailors, divers and observers. This allows,
for instance, to highlight how the original recommendations help the different types
of user. As such, improved brochures with personified key messages (for reaching
a larger audience and increasing the number of sailors); quantitative information
on extremes (which will likely make some observers and sailors of CH2o011 to be-
come divers); and transient raw datasets (satisfying needs of observers and sailors
of CH2o011 to become divers) were some of many changes in CH2018 (2018) to pro-
vide more user-oriented climate scenarios. Switzerland has not only improved their
product climate scenarios, but could institutionalise user dialogues under the roof
of the Swiss National Centre for Climate Services (NCCS). This allows to exchange
with users beyond the duration of individual projects; a constraint present in e.g.
Sweden (Ernst et al., 2019). As such, this assessment and its typology can serve as
a baseline for comparing future studies on climate scenario use in other countries
too.

How can our findings help to develop ‘usable’ climate scenarios and other climate
services (Lemos et al., 2012)? We conclude with four points: One, our typology of
sailors, divers and observers offers climate services producers a concept to under-
stand what information products are used how and by whom. It serves as a reminder
that the distinct ways of using climate information — quantitatively or qualitatively
— are neither predicted by a user’s numeracy nor by a user’s sectoral, academic or
professional affiliation. However, our typology also shows that there are cross-cut-
ting similarities in using climate services, helping to produce usable climate ser-
vices. Two, while our study supports efforts to tailor climate services to sectors or
practitioners, producers of climate services should bear in mind that within sectors
and among practitioners there are both sailors and divers. Thus, our study strongly
recommends that climate information should be distributed both as key findings
in brochures as well as through datasets. For example, our findings suggest that
sectoral products of Copernicus Climate Change Service (e.g., Thépaut, 2016) ben-
efit from climate information for both sailors and divers. Three, to make observers
(skimming brochures without applying them) into either sailors or divers, efforts to
incorporate observers’ voices through exchanges ‘beyond lip service’ (Klenk et al.,
2015) in climate services projects is encouraged. Four, more intensive exchange — or
further studies — could highlight why so many users make quantitative use of data
on today’s climate, but only qualitative use of brochures (if at all).
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Overall, our analysis paints a heterogeneous picture of the different ways climate
scenarios are used. Our typology of observers, sailors, and divers captures essential
differences, and extends the potentially misleading user characterisations by sector,
the research—practice binary, or users’ numeracy. As such, it helps to see the di-
versity of use(r)s within and among sectors, researchers and practitioners, but also
the similarity of use(r)s between these groups. Using our typology to discuss which
climate information is used how, it can help to tailor climate services by clarifying
vague discussions about ‘users’ and by addressing the underlying concerns of the
introductory quote ‘I hate the term ‘user”’.

4.6  Conclusion

Our work introduces a typology to better characterise actual use(r)s of climate in-
formation. The concept of observers, sailors, and divers encapsulates three ways
of using climate scenarios. Using the metaphor of the iceberg, most respondents
were sailors, accessing only the key findings above the waterline (i.e., summary bro-
chures). The vast majority of data remains below the surface (i.e., raw data), acces-
sible only to the quarter of respondents labelled divers. Lastly, another quarter are
observers, interested in the iceberg (i.e., climate scenarios), but did not (yet) use it
directly for any particular project. We find observers, sailors and divers in both re-
search and practice; in all (but two) sectors; and demonstrate that numeracy among
users is generally much higher than perceived, as many sailors and observers of fu-
ture climate scenarios are skilled in using quantitative data of today’s climate. As
such, our results question the adequacy of describing the ways of actual using cli-
mate scenarios primarily by a user’s easily observable characteristics. Our typology
offers a first step in better understanding in what distinct ways climate information
is used, can extend vague notions and discussions of ‘the user’, and helps to tailor
future climate scenarios and other climate services by highlighting the similarities
of distinct use(r)s not within sectors, but between the three user categories pro-
posed in the literature: sectors, researchers and practitioners. This analysis thus
calls for more nuanced discussions of how use(r)s are imagined, portrayed and
characterised.
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5 How sectoral experts recognise climatic
relevance: the role of cognitive links and
decision-making capacity

In review as Skelton M (in review, a) How sectoral experts recognise cli-
matic relevance: the role of cognitive links and decision-mak-
ing capacity.

Abstract

Scientific climate knowledge is often argued to be a key ingredient in climate adap-
tation. Focusing on individual sectors and institutions, researchers have given in-
sights as to how climate knowledge is reframed according to institutional cultures
and priorities. This study extends such scholarship by comparing how four sectors
— greenspace management, building technology, spatial planning, and health — per-
ceive, judge, transfer, and appropriate knowledge on urban heatwaves, and what
adaptation options are proposed. Based on semi-structured interviews, documenta-
ry materials and observations of two workshops collected in two Swiss cities, I draw
on Eviatar Zerubavel and his ‘cultural cognitive sociology’ whose work emphasises
how collectively shared patterns of recognition and thinking guide and facilitate hu-
man judgement. I find two factors to influence knowledge appropriation. On the
one hand, the formative dimension of knowledge underscores that experts under-
stand climate knowledge similarly when a sector shares key concepts with climate
science. If such ‘cognitive links’ are missing, the answers on how heatwaves im-
pact experts’ work are more varied. On the other hand, the performative dimension
of knowledge highlights that experts’ eagerness to adapt is influenced by diverging
technical, legal, and social possibilities. When experts’ decision scope is large, then
uptake of climate knowledge is more fluid. With a more explicit understanding of
why sectors differ in their appropriation and integration of climate knowledge into
their work, this study is a reminder that only fitting knowledge is of value to sectoral
experts.

5.1 Introduction

Climate adaptation is often portrayed as a knowledge-intensive endeavour (e.g.,
Willows and Connell, 2003a; Adaptation Sub-Committee, 2016). Knowledge has
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also been fascinating American sociologist Eviatar Zerubavel (1999, 2015). For over
three decades, he has studied how recognition and thinking are exhibited similarly
within comparable ‘thought styles’ (Fleck, 1979[19351), and how cognition struc-
tures human interactions and guides collective behaviour. The insights and concep-
tualisations of the Zerubavelian ‘school’ of cultural cognitive sociology (Brekhus,
2007) have, however, not yet been applied to the question of how scientific climate
knowledge gets transformed and potentially appropriated by professional experts
working in sectors vulnerable to climatic changes. While some studies have elabo-
rated how prior expertise and institutional cultures influence the way climate change
has, literally, been made sense of and appropriated within one sector (e.g., Ryghaug
and Solli, 2012; Klenk et al., 2017), multi-sectoral comparisons of how such prior
thought styles shift the perception of climate change are rare.

In this study, I compare empirically how, and more importantly why, four sectors
often described as being vulnerable to urban heatwaves — building technology,
greenspace management, spatial planning, and health — have appropriated scientif-
ic climate knowledge on heatwaves differently or similarly. In particular, by drawing
on the work of Zerubavel, I explain the underlying dynamics of how prior expertise
and collectively shared patterns of recognition influence the uptake of;, or resistance
to, climate knowledge in these sectors. The comparison of four sectors rather than
one also allows a more nuanced conceptualisation of the underlying dynamics influ-
encing how sectoral experts perceive and judge the relevance of climate science, and
how they link up climate change with other sectoral concerns and aims.

In section 2, I review three distinct areas of scholarship relevant to this study: how
actors appropriate climate change and climate knowledge, the Zerubavelian cultur-
al cognitive sociological perspective, and urban adaptation to heatwaves. Section
3 describes the sector selection, the case study cities, as well as the methodology
and type of analysis undertaken. In section 4, I compare how the four sectors differ
in recognising and linking up heatwaves with their work. Section 5 then contrasts
the adaptation options proposed by the four sectors. I then discuss how and why
some sectors were able to appropriate heatwaves similarly and also give them prior-
ity, while others struggled to recognise the impact and importance of heatwaves for
their work (section 6).

5.2 Literature review
5.2.1  Uptake of scientific climate knowledge informing climate adaptation
Two distinct strands of research studying the uptake of scientific climate knowledge

can be distinguished. On the one hand, the dominant discussion around ‘climate
services’ (e.g., Vaughan and Dessai, 2014) places a premium on ‘co-produced’, ‘tai-
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lored’ and ‘usable’ climate information (Lemos et al., 2012). Aimed at overcoming
the mismatch of ‘supply and demand’ (Sarewitz and Pielke JR., 2007) or the ‘usa-
bility gap’ (Lemos et al., 2012), the underlying conception emphasises that in many
instances improved — more usable, more actionable — climate knowledge would
lead to an increase in its use for climate adaptation. While various studies have been
published on the information needs of so-called users (e.g., Bruno Soares et al.,
2018), more recently there have also been empirical studies on the actual use of such
co-produced climate information (e.g., Lorenz et al., 2017; Skelton et al., 2019a).

A second strand of research has elaborated how prior expertise and institutional cul-
tures influence how climate change is, literally, made sense of and appropriated. For
instance, drawing on the Public Understanding of Science literature, Ryghaug and
Solli (2012) emphasise how Norwegian road managers perceive and frame climate
change predominantly through their experience of past extreme weather events
rather than through the statistical conception of climate (cf. Hulme et al., 2009).
In contrast to the climate services conception of knowledge uptake, several studies
have shown that climate adaptation within organisations is often hampered because
climatic changes are not perceived to be salient to an organisation’s work (Berk-
hout, 2012). Such attitudes may also be exhibited because ‘standardization organi-
zations and public authorities do not take climate change and adaptation needs into
account’ (Rotter et al., 2016: 618). Weber (2006: 115) has argued that stakeholders’
‘finite pool of worry’ might lead to exclude climatic concerns. This research thus
emphasises that climate knowledge is not inherently of value, and might even be
‘uncomfortable’ (Rayner, 2012). Further, Preston et al. (2015) have identified eight
‘adaptation heuristics’, including ‘no regrets adaptation’ where win-win situations
are sought, and ‘predict and respond’ framings where scientific assessments guide
adaptation deliberations. Lastly, while academic debates around the role of ‘local’
knowledge in adaptation have intensified, the review by Klenk et al. (2017) reveals
that many of these studies still focus on ‘extractive’ practices, comparing local and
scientific knowledge, rather than the interplay between the two.

5.2.2  Zerubavel’s cultural cognitive school of sociology

The academic interest of sociologist Eviatar Zerubavel has focused on the surprising
similarities in which people recognise patterns around them, how they focus their
attention, what knowledge gets appropriated and remembered, how perceptions
are classified, and how knowledge remains unspoken (Zerubavel 1991; 1999; 2015).
He argues that recognition and thinking are much influenced by people’s social and
professional surroundings. A shared way of attending to and judging things thus
allows an exchange of shared interests and commitments. As such, there are certain
‘socio-attentional patterns’ which are exhibited by more than a single individual,
but not by all. This is similar to the concept of ‘thought styles’ (Fleck, 1979[1935]).
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From the perspective of the ‘Zerubavelian culturalist cognitive school of sociology’
(Brekhus, 2007), experts in the field of greenspace management or building tech-
nology are likely to exhibit different sets of knowledge which is ‘collectively mem-
orised’. Central to Zerubavel’s study are both a formative and performative dimension
of knowledge, explaining how and why knowledge gets appropriated successfully.

Formative. Knowledge and its distinct way of being thought about and reasoned with
creates groups of people which collectively share similar perceptions of the world
and create similar relevance. As such, knowledge can structure human interactions
and guide collective behaviour. However, for Zerubavel it is clear that these culturally
and socially mediated forms of recognition and thinking are not universal, and that
the continued existence of such a ‘thought style’ requires new members who learn
to perceive, judge, classify, think and know similarly. This can be seen, for example,
in university education which not only ensures the continued existence of thought
styles, but enables knowledge to be shared and memorised. What is known, and
how it is thought about, thus enables individuals to connect up with other people
sharing the particular way of thinking and form distinct thought collectives.

Performative. Knowledge and thinking also allow fulfilment of a designated role.
Experts, for instance, can perform their advisory or constructive functions legiti-
mately because they exhibit more specialist knowledge and a deeper understand-
ing of a particular subject area. The socio-attentional pattern embedded within a
thought style allows them not only to notice, but also to deliberate on and judge
certain information more competently. This facilitates carrying out a particular task
or responsibility well. However, not all knowledge is necessarily performative, and
might thus not be considered relevant.

Overall, Zerubavel’s work can help explain why knowledge and groups of experts
are similarly organised. Not only can shared knowledge and socio-attentional pat-
terns form a common group identity, they also allow people to perform a designated
role. Both attributes thus emphasise the social underpinnings of knowledge, and
play an important role which knowledge is transferred between two thought styles.
In a similar vein Mary Douglas (1986: 71) finds that ‘[anthropologists] are less in-
clined to ask why people forget. For them, remembering is the peculiar thing that
needs to be explained.” Her own work has illustrated that the solutions proposed
by thought styles often mirror their activities. Successful appropriation of scientific
climate knowledge into sectors’ thinking is thus not a random process, but one that
is influenced by the formative and performative dimension of knowledge. Still, as the
concept of ‘hypocognition’ illustrates, various (sub)cultures may fail to recognise
and describe something adequately and similarly (Wu and Dunning, 2018).
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5.2.3 Urban adaptation to heatwaves

Studies on climate adaptation taking place within cities have proliferated, in par-
ticular those relating to spatial planning. While German cities as an exception have
a legacy of accounting for urban climate (Hebbert and Webb, 2012), elsewhere cli-
mate-aware planning is rarely prioritised (Eliasson, 2000). Scholars have also called
for more explicit discussions of justice issues around how urban climate adaptation
impacts marginalised groups (Shi et al., 2016). Klinenberg (2002) has unearthed
how mortality rates during the 1995 Chicago heatwave were accentuated by so-
cio-political factors. This concern is shared by Leitner et al. (2018) analysing how
the concept of ‘urban resilience’ has brought together powerful international actors
to influence cities’ adaptation action, but excludes more vulnerable actors. Other
researchers have been interested in the prominence of ecosystem-based adaptation
options — such as the promotion of ‘green’ walls and roofs — within European cities’
adaptation plans (Geneletti and Zardo, 2016). Lastly, some studies have focused on
the knowledge requirements of local governments, finding that enough science is
available for the assessment of vulnerabilities, yet not for the implementation of ad-
aptation options (Nordgren etal., 2016). While the proliferation of studies indicates
closer academic attention to urban adaptation, many studies have often focused on
multiple climate impacts.

A limited range of studies have specifically been published on adaptation to urban
heatwaves. For instance, Heaphy (2018) has analysed five transdisciplinary research
projects producing knowledge on urban climate change. Taking climate models as
a starting point for changing urban policies (cf. Heaphy, 2015), cities learned about
the climatic changes which then fed into ‘evidence-based approaches underwriting
policies on green infrastructure and urban design’ (Heaphy, 2018: 622). Further,
Reischl et al. (2018) evaluated the adaptation efforts of Graz (Austria), and found
that risk perception of heatwaves among decision-makers is high, assisted by adap-
tation networks and recent heatwaves. Despite this recognition, adaptation efforts
need to take into account that an expert’s knowledge is always only partial and frag-
mented, as the study by Olazabal et al. (2018) emphasises. By mapping the knowl-
edge of individual actors as a proportion of the collectively available knowledge,
they find that the diversity of knowledge on heatwave adaptation is so large that
no single ‘super-stakeholder’ is able to possess — and thus integrate — it all. Thus,
there is a need for continued interactions between policy-makers and scientists to
exchange their respective knowledge. Still, climate awareness does not necessarily
lead to prioritising heatwaves in planning (Eliasson, 2000).

Lastly, papers how heatwaves impact ecological and human livelihoods and availa-
ble adaptation options have been published for all four compared sectors. For build-
ing technology, heatwaves affect the thermal comfort within buildings adversely,
leading to overheating (e.g., Roaf et al., 2009). Spatial planning has to deal with
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larger and intensified urban heat islands, in particular during the night(e.g., Roaf
et al., 2009). Calls to public health officials for more awareness on heatwaves have
been made (Winkler et al., 2015), while health warning systems (WMO and WHO,
2015) have been developed to reduce the observed excess mortality during heatwaves
(Ragettli et al., 2017). Lastly, trees in cities are also being impacted by heatwaves,
with species resistant to heat and drought now being preferred (Blaser et al., 2017).

5.3 Case description and methods
5.3.1  Sector selection and description

I adopted a case study approach to analyse how a range of relevant experts perceive,
frame and appropriate knowledge on urban heatwaves, and importantly, why inte-
gration of urban heat into experts’ thinking differs from sector to sector. The four
sectors greenspace management, building technology, spatial planning, and health were se-
lected because they are not only portrayed as being vulnerable to heatwaves (e.g,
Akademien der Wissenschaften Schweiz, 2016), but have also been identified as key
sectors in Switzerland’s national climate adaptation strategy (FOEN, 2012b; BAFU,
2018). Climate change affects cities in particular through an exacerbated urban heat
island effect, increasing cities’ temperature further compared to its surroundings
(BAFU, 2018). This is because cities exhibit proportionally more sealed surfaces and
fewer greenspaces, as well as reduced air circulation capacity between buildings. As
much of the population and economic activity is in cities, the consideration of heat-
waves by greenspace managers, building technicians, spatial planners, and health
specialists is becoming increasingly important.

The four selected sectors exhibit similarities as well as differences. For instance, all
four sectoral specialists work in public administration departments, for which an
academic degree is a prerequisite. However, while the education and range of work
of greenspace managers, building technicians and spatial planners was similar
within their sectors, the health specialists interviewed had more diverse academic
backgrounds, including medicine, epidemiology, health promotion and health eco-
nomics. Further, health specialists’ work focus is more diverse too, ranging from
emergency management in the event of a pandemic, overseeing medical doctors,
and arranging medical check-ups in schools. Thus, all four sectors have their des-
ignated and politically legitimated area of work and expertise, and are guided and
assisted by formal academic training and knowledge when carrying out their duties.

The case study was conducted in Switzerland, whose governance is described as
the archetypical ‘consensus model of democracy’, a term applicable also to the Eu-
ropean Union (Lijphart, 2012). Not a synonym for harmony, ‘consensus’ denotes
a politics of bridging societies divided by religion, ideology, language, culture or
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ethnicity. Characteristically, Swiss policy-making includes both the proportionally
represented parties as well as a public consultation where well-organised interest
groups react to policy proposals. Compared to its majoritarian antagonist — the
‘Westminster model’ found in the UK and in many of its former colonies — national
executive power in Switzerland is comparably low (Lijphart, 2012). Further, similar
to other federal states such as Germany or the US, Switzerland places a high premi-
um on governing at subnational tiers, a principle termed ‘subsidiarity’ (Ritaine and
Papeil, 2014). Overall, studying Swiss cities’ action is thus particularly insightful as
they retain governing, legislation and implementation power over services such as
schooling, social security, health care, spatial planning, and taxation. Compared to
centralised nations such as the UK or France, Swiss cities need to resolve many tense
issues and contested policies themselves. This might also explain why Swiss cli-
mate scientists are at the forefront of customising global climate science into local
climate information (cf. Skelton et al., 201gb). Intriguingly, the political culture on
‘consensus’ also influenced how and what climate science was tailored to Switzer-
land, similar to how the British and Dutch political cultures influenced their nation-
al climate information(Skelton et al., 2017).

5.3.2  Data and methods

To obtain a detailed picture of how the four sectors appropriate knowledge on heat-
waves into their thinking and work, I collected and triangulated three data sourc-
es from the two Swiss cities of Schaffhausen and Zurich. First, a desk-based web
search identified relevant documentary materials, such as briefing reports or mu-
nicipal strategies of the two case cities. Being a public record and guideline for ac-
tion, these documents reflect discussions within the administrations and sectors.
33 documents were obtained from the two case sites, complemented by 26 relevant
national reports.

Second, I conducted semi-structured interviews with 20 sectoral experts working in
the local governments of Schafthausen and Zurich, as well as one expert per sector
working in an applied university department. The semi-structured interviews, con-
ducted in German, included questions such as ‘what distinguishes a ‘good’ sectoral
expert?’, ‘what are the implications of ‘urban heat’ for your work?’, and ‘what type
of action could be taken to lessen the impact of heatwaves?’ (full interview protocol
in Supplementary Materials). With six and five interviewees respectively, greenspace
managers and building technicians were relatively accessible for interviews?. Spatial
planners were more difficult to motivate, often stating time pressure as a reason.
Four planners could be interviewed in person and one answered key interview ques-

9 Ilaimed for n=5 interviewees per sector. However, a pair of greenspace specialists wanted
to be interviewed together.
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tions in writing. Lastly, it proved particularly difficult to recruit the four health spe-
cialists with any work experience concerning heatwaves at a local level.

Third, following up from the interviews, I organised two transdisciplinary work-
shops with 29 experts from all four sectors together with four Swiss climate scien-
tists. Aided by an external and professional facilitator, the participants discussed
past and future impacts of urban heatwaves as well as fruitful adaptation options.
These workshops also explored potential uses of the Swiss climate change scenarios
CH2o018 (cf. Bresch et al., 2018). While the participants recorded the results them-
selves, two social scientists also observed the group discussions. Both data sources
were then circulated in a workshop report for approval by the participants.

All three data sources — the documentary materials, the semi-structured interviews
and the workshop report —were imported into the qualitative coding software MAX-
QDA and manually coded during two cycles to identify emergent themes. Based on
the central research question, the questionnaire, and initial reflections after the in-
terviews , I first sketched out recurrent themes, topics, emotions and experiences.
With these designated codes, I assigned similar text passages with the same code.
I then paraphrased each code according to sectors to find key similarities and dif-
ferences. In the second cycle of coding I double-checked the original material to
see whether in my paraphrasing I had overlooked any contradictory statements, or
whether my summary over-simplified key aspects of the sectors’ work. If this was
the case, I changed the summaries accordingly. The key quotes in this manuscript
have been translated by the author from German into English.

5.4 Formative knowledge: How experts linked up heatwaves to their sectoral
concerns and aims

Using the interviewees’ responses and the descriptions of their sectors’ vulnerability
in the documentary brochures, this section analyses how experts in the four sectors
differ in recognising heatwaves as a legitimate concern for their work, and how far
this concern is shared within each sector. Two aspects crystallised as being dissim-
ilar: how differently the impacts of heatwaves were described by the four sectors;
and how specific examples and technical vocabulary employed in such descriptions
were. Both elements pinpoint the importance of the formative dimension of knowl-
edge as a social activity: the shared knowledge together with the encompassing
shared goals and aims demonstrated how ‘collective’ and ‘social’ knowledge can
form the basis for organising and distinguishing groups.

Greenspace managers were keen to emphasise two issues. First, several interviewees
mentioned that heatwaves have negative impacts on trees and other plants. While
intensified watering schemes are too costly as an adaptation strategy, many spe-
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cialists stated that they are currently reconsidering which tree species to plant in
cities, focusing on those species with greater heat tolerance and drought resistance
(#GM1, #GM4, #GMs). Second, many interviewees emphasised how public green-
spaces can bring about cooler temperatures during hot spells. ‘Urban greenspace
is of enormous importance to the respite quality of public spaces when it is get-
ting hotter’ (#GM4). There was widespread agreement among the interviewees that
trees in particular can lower the surrounding temperatures by providing shade and
through evapotranspiration (#GM1, #GM2, #GM4, #GMs), as the following ex-
change indicates:

‘[Considering climate change in greenspace management] started with
selecting different plants. A forest tree [species] has a limited survival ex-
pectancy in a city. The urban climate is just different. Now we plant other
[heat-resistant] species. This just started further action against the over-
heating of cities.” ‘Exactly. And another topic which has been on the agenda
for a long time are green roofs. Now facade greening is trending since a few
years. But how [tree] shading, evaporation, and greenspace influences the
urban climate [and not vice versa] is a newer topic’ (#GM1, #GMg).

Questions on heatwaves quickly triggered discussion of another area of concern for
greenspace managers, namely biodiversity. Not only the positive effects of plants on
urban climate, but also the larger ‘loss of vegetation mass’ (#GM4) due to new de-
velopments have led experts to call for more greenspaces in cities, including space
out of reach of humans (#GM2, #GM3). ‘Green roofs’ (#GMz2, #GM3) have been
described as one of the few areas in cities left where diverse habitats for both plants
and birds can be created, and heatwaves is reinforcing the imagination of the pub-
lic and ecologists of greening cities (Griin Stadt Ziirich, 2018). One specialist was,
however, doubtful whether such roofs can provide significant cooling benefits dur-
ing heatwaves, as the rainfall would quickly evaporate (#GM3). Overall, greenspace
managers similarly recognised heatwaves, describing the impacts on their work
with many professional examples.

Building technicians perceived heat as a ‘key topic’ (#BT4). Widely and primarily un-
derstood as a problem of ‘overheating of buildings’ (#BT4), heatwaves lead to a
reduction in thermal comfort which building technicians see as their responsibility
to avoid (#BT1, #BT2, #BTs, cf. AFC etal., 2016). With key terms such as ‘cooling’,
‘indoor climate’, ‘energy’, ‘heat pumps’ and ‘free cooling’ frequently being used in
the interviews, building technicians shared a considerable number of terms with
climate scientists. However, technicians were clear that these were themes in their
work independently of heatwaves, as ‘building users have rising expectations on
thermal comfort’ (#BT2). Intriguingly, sustainable building norms managed to cre-
ate a win-win situation:
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‘We know that houses which are... really well built have a high [thermal]
comfort. Even have a low energy consumption. This is no contradiction!
... The decisive thing we managed to show with the Minergie label [sus-
tainable building norm] is to show that better houses have higher security,
better preservation of value, more ancillary benefits. ... And that is widely
desirable — everyone wants a higher comfort. And thermal insulation is an
important aspect of that comfort’ (#BTs).

While all profit from indoor thermal comfort, many of the interviewees nuanced pri-
ority areas: ‘[heat protection] is a topic in particular in the municipalities’ schools
and homes for the elderly. There are fewer discussions concerning apartments and
offices, as these have less vulnerable uses [and users]’ (#BT4). In banks and insur-
ances, however, ‘it is also a matter of prestige to have 23°C indoors when it is 30°C
outside’ (#BT2, also #BT1. #BTs). Overall, building technicians had similar views
to those of greenspace specialists and they also described heatwave impacts consist-
ently using similar vocabulary. The details provided — in one case even sketching a
complete energy-efficient cooling system (#BTr1) — demonstrated that these experts
are highly aware of how heatwaves affect their work. This climatic knowledge has
thus already altered the work focus of building technicians, thereby changing the
infrastructure underlying each city.

Spatial planners’ descriptions of how heatwave impacts their work were generally
more diverse, with fewer common technical terms than those of greenspace spe-
cialists or building technicians. For instance, only a single interviewee mentioned
the term ‘urban heat islands’ (#SP3), despite sealed surfaces and dense building
designs being widely recognised as exacerbating local temperatures (#SP1, #SP2,
#SP4). Planners were also less favourable towards increasing the amount of green-
space in cities compared to greenspace managers. While spatial planners acknowl-
edged the positive effect of greenspace lowering the surrounding temperature,
some planners also took the position that a rise of a few degrees in inner cities is
tolerable in order to ensure city aesthetics and qualities (#SP2, #SP4).

“I tell [greenspace manager] again and again: We want to have different
urban spaces... Citizens and visitors should be able to enjoy the urban space
from facade to facade. That is a trademark of cities. For instance, Zurich’s
[main shopping street] is typical, it does not have front yards. I am in an
urban space — in which one can plant trees — but what we [spatial planners]
do not want is that we start creating greenspaces, allotments, because of
climatic considerations. I think we need to think twice where we add green-
space, and where we have urban spaces which have higher temperatures
during some weeks in summer” (#SP4).



CHAPTER 5 — LOCAL APPROPRIATIONS

Similar tensions were raised concerning public spaces with few trees (#SP1, #SP3,
#SP4, #SPs). In both Zurich and Schaffhausen some large sealed squares have been
criticised in the local media by residents and local restaurants with outdoor seating
for being so hot that people could no longer enjoy them. Spatial planners saw heat-
waves as leading to a goal conflict between greenspace managers’ biodiversity goal
and cultural events: planting trees would provide shade and cooler temperatures,
but would make it impossible to host cultural events such as music festivals, which
require open space.. Thus, the appropriation of climatic knowledge into spatial
planners’ thought style is less pronounced and more ambivalent, triggering active
discussions also with greenspace managers.

Health specialists’ descriptions of heatwave impacts were the most diverse of all four
sectors, but there was still unity in the way they talked about them, being hesitant
to see heatwaves as a legitimate public health issue. As one interviewee put it, ‘the
negative effects of heat on health were a prominent theme in the newspapers, but
I had the feeling that this was so because of the summer slump’ (#HS4). Another
health official added that ‘there weren’t any information requests by politicians or
media outlets’ (#HS2). A third said: ‘Heat is often not really an issue. I mean, half
of the Swiss population go on holidays in hotter areas... Some people love it, others
hate it’ (#HS3). This hesitance was, however, only for those people ‘who can sweat
and who can drink... Those who cannot look after themselves, such as infants, or
those with reduced heat and thirst sensitivity, the elderly, are at risk’ (#HS1; also
#HS2, #HS3, #HS4).

While the majority of answers were about dehydration and sweating, the indirect ef-
fects of heatwaves on human health were rarely mentioned. For instance, when one
health specialist mentioned prolonged asthma suffering due to the longer pollen
season and the spread of new illnesses, the interviewer enquired why in prior mail
exchanges she had written that ‘heat is not a topic in the area of health promotion’
(#HS4). She responded that ‘at that moment, I didn’t think that heat was a health
issue’, but in preparation for the interview she had done some research, and real-
ised that there are various indirect effects, such as increased skin cancer risk. This
illustrates that heatwaves elude the causal illness framings such as bacteria or toxic
substances. The additional effort required to understand how heat affects people’s
behaviours or how new diseases can spread could be an explanation why the var-
ious indirect effects of heatwaves were only mentioned by a single health official.
Thus, knowledge on heatwaves lacks formative character for health specialists, and
as such has not altered their recognition and work priorities .

To sum up, this comparison of the four sectors has shown not only that they dif-
ferently understood heatwaves as an issue, but also that within the sectors the ex-
amples given by the experts could diverge. For instance, greenspace managers and
building technicians described heatwave impacts similarly, giving first-hand exam-
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ples. These two sectors not only used similar concepts to describe how heatwaves
influence their work, but many of their technical terms correlate closely with clima-
tologists’ descriptions of heatwaves. Among spatial planners and health officials,
however, knowledge on heatwave impacts was more fragmented. Not only were
there fewer shared concepts and examples within these sectors, but the used terms
linked much less with physics-based notions of heatwaves, such as temperature
and energy. However, there was still some common ground between spatial plan-
ners and health officials: both sectors were hesitant in recognising and legitimising
heatwaves as a significant issue and a priority for their work. For health officials
this critical interaction with the issue of heatwaves resulted partly out of scepticism
grounded in the way heatwaves have been characterised as a health issue in the me-
dia. For spatial planners the problem arose from goal conflicts when designing pub-
lic spaces. As such, while knowledge on heatwave impacts was not always shared
within a sector, experts within their sectors largely agreed on how relevant, or not,
heatwaves are for their work.

5.5 Performative knowledge: How a sector’s decision-making capabilities in-
fluenced its style of adaptation

Experts of all four sectors gave examples of adaptation options to lessen the impacts
of heatwaves on their cities’ inhabitants. While knowledge about the impacts of
heatwaves on their work guides which adaptation measures the experts proposed,
this section emphasises that the experts’ adaptation options are much influenced by
the physical properties of their areas of work: plants, machines, space, humans. As
such, how keen the different sectors are on taking adaptation to heatwaves depends
not only on their knowledge of the phenomenon, but on their ability to take mean-
ingful action.

When greenspace managers plan greenspace accessible to the public, they ‘consider
three core claims: use, design, and ecology’ (#GM4, #GMsg, #GM6) and ‘try to find
the intersection between these [three claims]’ (#GM6; also #GM4). Their general
aim is to have ‘more greenspace’ as a synonym for ‘more quality of life’ (Griin Stadt
Ziirich, 2018: 2), an aim also politically mandated in Zurich’s long-term ‘greening
strategy’ (Griin Stadt Ziirich, 2019). While this is also supported by planning and
health (e.g., #SP2, #SP3, #HS2, #HS3, BAFU, 2018), greenspace managers still
‘need to lobby for our work and need to receive political legitimation’ (#GM4) to
manage the parks, cemeteries, sports grounds, and playgrounds entrusted to them.
With heatwaves becoming more frequent, greenspace specialists are reconsidering
which trees to plant, opting for species offering more heat and drought tolerance
(Blaser et al., 2017). They are also experimenting with different soil substrates to
ensure optimal conditions for growing the trees (Heinrich and Saluz, 2017).
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The choice and depth of substrate matter are also of crucial importance when green-
ing roofs: ‘you do not even need to tend it [the green roof], because you have al-
ready botched it up if you select the wrong substrate ... such as a cheap recycled
clay brick’ (#GM3, cf. Stadt Ziirich, 2013). After intensively deliberating and finding
agreement with building technicians among others, greenspace managers working
in administration and research institutions updated an official (though voluntary)
building norm for green roofs (Brenneisen, 2015), ), while both case cities have
defined their own ‘native’ seed mixtures (Stadt Schaffhausen, 2006; Stadt Ziirich,
2013). Both ensure that green roofs are a practical and eco-friendly adaptation op-
tion, forming ‘wildlife corridors’ between eco-habitats (Griin Stadt Ziirich, 2019).
Thus greenspace managers saw heatwaves as a legitimate means to promote action
they are concerned with anyway: more high-quality and biodiverse greenspaces in
cities.

Building technicians’ adaptation options to heatwaves were widely known and shared
amongst the experts, revolving around the cornerstones of ‘thermal protection,
mass, and efficient cooling’ (#BTs5; cf. AFC et al., 2016). Thermal protection includes
‘renovating windows’ (#BT2) with an appropriate ‘g-value’ (#BT4) indicating ener-
gy transmittance. While external shading options provide some thermal protection,
they ‘are quickly exhausted’ (#BT2) and trigger ‘architectural discussions’ (#BT2).
One architectural way of preventing buildings from overheating is through the in-
creased use of mass, as mass can absorb thermal energy fluctuations, thus ‘letting
rooms warm up only slowly’ (#BTs). ‘Solid buildings are like bunkers, they never
get really hot’ (#BT2). Interestingly, green roofs were seen as possible adaptation
options when buildings were not adequately insulated:

‘For a concrete roof [without insulation], having a green roof in summer
would be extremely influential. But if T have a roof with a good, modern
heat insulation then I do not feel inside what is on top [of the insulation]...
But green roofs have the benefit of retaining rain, important against flash
floods... Then it also reduces the urban heat islands effect minimally... And
then it is also pleasant for insects and plants. I support green roofs, but for
indoor temperature they hardly matter’ (#BT1).

Cooling of buildings was seen as a major adaptation option and likely to increase
in future (e.g., BFE, 2017), but all interviewees and brochures were in agreement
that conventional air-conditioning units are not a desirable or viable solution.
While ‘night time air circulation’ is one way of cooling buildings (#BT2, #BT3),
‘free cooling’ is the widely preferred technique, transporting heat out of a building
to a cooler source using energy-efficient circulation pumps (#BT1, #BT4, #BTs;
Rohrer et al., 2018). Cooling sources include lakes, larger rivers and near-surface
geothermal units (#BTr1). However, to work efficiently, such technologies need to
be combined with adequate thermal protection: ‘Already with these [double-glazed]
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windows building technicians can install systems with which one can both heat or
cool a building’ (#BT1). This has the benefit that the thermal source is regenerated
in summer, thus acting as a seasonal energy reservoir. Overall, building technicians
exhibited a strong commitment to implement adaptation options, potentially using
a ‘simple simulation tool to calculate how warm a room can get’ (#BT4; cf. AFC et
al., 2016). Knowledge on heatwaves thus changes building technicians’ practice by
adding different ways of keeping buildings cool, often requiring in-depth and long-
term interactions with heritage conservationists, building users and house owners.

Spatial planners described their work using many more verbs indicating interaction
and communication than the other sectors. ‘One needs to communicate very well’
(#SP3), ‘reconciling, coordinating as well as getting through all the commissions’
(#SP1), ‘being open-ended in the beginning, listening at the start’ (#SPs), ‘integrate
what is happening outside of this city’ (#SP4), and ‘not always showing solutions
top-down, but stating that this is the problem to be addressed’ (#SP3). Likewise, a
‘good’ spatial planner needs to ‘adjust well to one’s counterparts and know what
their interests are’ (#SP3), to be able to ‘mediate’ (#SP3) and be ‘cooperative and
diplomatic’ (#SPs). Examples of ‘goal conflicts’ (#SP4, #SP1) triggered by heat-
waves include sealed squares getting so hot that staying on them during heatwaves
is uncomfortable. Two adaptation options were mentioned: choosing a surface
which is brighter and reflects more sunlight (#SP4, also #GM2); and the installation
of temporary shading and artistic awnings (#SP1, #SP4; Stadt Ziirich, 2017).

Two legal tools are available to spatial planners to guide adaptation to heatwaves
(#SP1, #SP3, #SP4; ARE, 2013; BAFU, 2018). Some are only legally binding for
public authorities, such as the ‘structure plan’ or thematic strategies (e.g., ARE and
AWEL, 2015; Stadt Ziirich, 2016), which define which issues and actors have to be
considered in the planning process. In addition, there are instruments which also
private actors need to adhere to, such as the municipal ‘building and zoning reg-
ulations’. Defining the use of plots and associated building sizes, Zurich’s recent
regulation revision now includes legally binding obligations on green roofs (Stadt
Ziirich, 2013) and the reduction of sealed surfaces wherever possible (BAFU, 2018).
Although building and zoning regulations are open to intense scrutiny, sometimes
also accompanied by judicial appeals, there are efforts underway to ‘prescribe cli-
mate adaptation as binding for landowners, so that we can demand adaptation
measures’ (#SP4) even if developers oppose them. In other words, the success of
spatial planners’ adaptation options is conditional on the support of other actors,
but is nonetheless assisted by certain legal tools. Certainly, climatic knowledge acts
as a legitimate concern for intersectoral interactions, accentuating discussions on
the design and function of urban landscapes.

Health specialists’ style of adaptation is an intriguing mixture of resistance to and
avoidance of responsibility for adaptation measures. A common take among the
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interviewed specialists was that ‘we assume that they [the healthy and adult popula-
tion] know about them [heat impacts] themselves’ (#HS2). As such, ‘the wider pub-
lic has not so far been targeted by any particular measures’ (#HS3). The interviewed
health specialists were overall reluctant to describe the majority of the population
as being at risk from heatwaves, wanting to treat people as being responsible for
themselves. Underlying such reasoning is the question whether

‘this [prevention measure] is really justified...? Or shouldn’t everyone de-
cide on their own? Yes, that is the challenge [in our work]: where is one too
patronising, just provoking an attitude of total defiance to all prevention
measures? And where is [it] justified to look after the general public, to en-
sure that individuals do not go over the top?’ (#HS3).

The elderly and infants were, however, not judged as self-reliant, but as vulnera-
ble. The dangers of heatwaves for these groups are addressed by raising awareness
amongst their caretakers, for example through home care organisations (#HS3),
pharmacies (Stidtische Gesundheitsdienste, 2019) and schools (Schulgesundheits-
dienste Stadt Ziirich, 2017). Health officials were, however, quick to shift the re-
sponsibility for ensuring that people have options to avoid heat stress on to other
specialists. This includes insisting on building technicians being responsible for
indoor climate (#HS1), greenspace managers for shading (#HS2) and those who
promote cultural festivals for the provision of free drinking water (#HS3). Over-
all, health specialists’ approach to heatwave adaptation is to see themselves not as
responsible for implementing any measures, but for communicating with special-
ists, vulnerable people and their caretakers. But with health largely perceived to be
a matter of private responsibility, health specialists were hesitant to propose health
promotion measures which to most people might be seen as patronising. Thus, the
work of health specialists has not really changed because of climatic knowledge,
and intersectoral interactions remained low.

To sum up, while the four sectors differed in the specific adaptation measures they
proposed, certain characteristics were shared between certain sectors. For instance,
the three sectors greenspace management, building technology and spatial plan-
ning proposed mainly physical measures. However, many of these experts also
brought up individual or social adaptation measures (#GM1, #GM4, #GMs, #BT2,
#BT4, #SP1, #SP3, #SP5), such as shifting work hours during heatwaves or select-
ing leisure options which cool one down. Meanwhile, health specialists focused
more on socio-cognitive measures such as campaigns to raise awareness, as well as
insisting on physical measures being undertaken by the three other sectors (#HS1,
#HS2, #HS3). Another key difference is the degree to which the experts themselves
have decision-making power over implementation. While the scope of action is rel-
atively large for greenspace management and building technology, spatial planners
and health specialists rely on the approval of, even implementation by, other actors
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for fostering climate adaptation. Lastly, climatic knowledge was highly performa-
tive for greenspace managers and building technicians, whose sectoral aims were
reinforced by heatwaves. Spatial planning and health experts, on the other hand,
consider the implementation of heatwave measures more often as a complication,
critically reflecting and questioning such options.

5.6  Discussion: cognitive links and high sectoral decision scope co-constitute
appropriation of heatwave knowledge

This comparative analysis emphasises that the degree to which sectoral experts ap-
propriate knowledge on urban heatwaves is mutually influenced by two factors: (a)
availability of cognitive links, that is, whether concepts and vocabulary are shared with
climate scientists’ descriptions of heatwaves; and (b) the different decision scope
experts have in implementing adaptation options. The distinction between these
two factors is similar to Zerubavel’s description of knowledge having formative and
performative dimensions in structuring human collectives and action (Zerubavel,
2015).

(a). The two sectors greenspace management and building technology exhibited most
clearly what Zerubavel (1999) dubs a ‘collective memory’: similar descriptions and
recognition of heatwaves (see Table 5.1). Characteristically, these two sectors used
similar terminology to describe the impacts of heatwaves on their work. Terms,
moreover, which are also used by climate scientists, such as ‘climate’, ‘heat’, or ‘en-
ergy’. Both green specialists and building technicians thus share what I dub cognitive
links with climate science, allowing the sectoral experts to recognise relatively uni-
formly the relevance of more intense and frequent heatwaves. Such cognitive links
between sectors reveal that both communities share certain ‘socio-attentional pat-
terns’ which mark elements to be foregrounded against those which remain largely
unnoticed (Zerubavel, 2015). Such ‘socio-attentional patterns’ guide and facilitate
knowledge appropriation while also ensuring that heatwaves are similarly under-
stood, memorised and described within the sector. Overall, in both sectors knowl-
edge on heatwaves has been successfully integrated, adding and updating a shared
set of knowledge and concern. Successfully appropriated climatic knowledge can
thus be formative to a sector’s work aim and focus.

Within planning and health, the interviewees in both cities were less able to de-
scribe the impacts of heatwaves consistently and similarly, evidenced in particular
by a variety of terms. While together they mentioned almost all the issues discussed
in the academic literature, individually they covered only parts of the entire corpus of
knowledge. Such a situation was also described by Olazabal et al. (2018), mapping
individual expert’s knowledge as a proportion of the total knowledge on heatwaves
in Madrid. As such, this study finds that many of the interviewees are still trying to
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Table 5.1: Key results of how experts appropriate and frame knowledge on heatwaves as rele-
vant for their work.

Greenspace Building tech-  Spatial plan-
management nology ning Health
Formative
Cognitive ‘micro climate’, ‘indoor cli- ‘urban heat -
links with cli-  ‘bioclimate’ mate’, ‘energy’, islands’
mate science ‘heat’, ‘temper-
ature’, ‘cooling’
Similarity of ~ High, with spe- High, with Intermediate, Intermediate,
responses cificexamples ~ many specific some examples  with few con-
among ex- from profes- examples from  given. Descrip-  crete examples.
perts sional contexts  professional tions based on  Descriptions
contexts both personal ~ mainly based
and profession- on personal ex-
al experiences.  periences (e.g.,
guided holiday
tours, festival
visits).
Performative
Proposed Greenroofs &  Thermal insula- Adjusting Awareness
adaptation green facades;  tion; sunradia- building and campaigns
options more greens- tion protection; zoning reg- for vulnerable
pace; different  building with ulations for groups (elderly,
types of trees; more mass; free improved air children) and
different soil cooling circulation; their care-
substrates adequate green- takers; urge
spaces; preven-  other sectors to
tion of sealed provide green-
surfaces; reflec-  spaces and free
tive surfaces drinking water
Style of adap-  instrumental instrumental participative persuasive
tation

find adequate sectoral concepts to, literally, make sense of heatwaves for their work.
Echoing the finding of Eliasson (2000), interviewees knew about what intensifies
heatwaves in cities, but descriptions of the relevance of heatwaves for their work were
ambiguous. Planners’ and health officials’ ‘socio-attentional pattern’ (Zerubavel,
2015) is more geared towards social, epidemiological or aesthetic concerns, into
which climatic knowledge cannot be so easily integrated. Thus, the unavailability
of dominant and shared concepts with climate science — or cognitive links — made
it difficult for planners and health specialists alike to appropriate heatwave knowl-
edge similarly. Wu and Dunning (2018) write that such ‘hypocognition’ also impairs
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what gets memorised. Compared to greenspace management and building technol-
ogy, knowledge on heatwaves does not resonate with prior concerns and aims, and
is unable to form a common understanding among planners and health specialists.
Other concerns and worries seem to have priority over heatwaves (cf. Weber, 2006).
According to the Zerubavel, however, a shared set of assumptions and recognition
patterns are necessary in order for climatic knowledge to have formative character of
expert communities.

(b). My comparative analysis further revealed three different styles of adaptation,
largely determined by experts’ scope for deciding to implement a measure or ex-
perts’ reliance on external support (see Table 5.1). For example, the instrumental style
of adaptation exhibited by greenspace managers and building technicians is largely
due to the fact that these two sectors can deliberately employ — or manipulate — ma-
terial and matter to provide the desired services and amenities. That is, both plants
and cooling devices have only a limited ability to resist the expert, allowing these
experts to exhibit what Gillard et al. (2016b) dub a ‘managerial’ approach. Those
two sectors whose experts enjoy greater decision scope were also keener to actively
integrate urban heat into their core work. They not only had the means and perform-
ative knowledge to implement adaptation options, but heatwaves legitimised their
prior work aims further, gaining approval from a wide range of actors. Thus, cli-
matic knowledge has shifted intersectoral discussions on public spaces and indoor
climate in favour of greenspace managers and building technicians’ instrumental ad-
aptation.

However, dealing with human actors rather than materials, spatial planners and
health specialists do not enjoy such possibilities. Planners’ participative style of adap-
tation restricts the treatment of single topics, such as heatwaves, from dominating
urban design decisions, as the diverse set of actors scrutinise and possibly resist ad-
aptation measures. Thus, the conclusion of Eliasson (2000) that ‘climate knowledge
had low impact on planning process’ seems still to be valid 20 years on. But this
does not need to be the case, with Hebbert and Webb (2012) describing Stuttgart
(Germany) as an exception to the rule that ‘city planning became less climate-aware
in the decades after 1950.” Lastly, health officials exhibit a persuasive style of adap-
tation, raising awareness of options to lessen the impacts of heatwaves. But, with
conscious and self-responsible people possibly adhering or overreacting to health
promotion, health officials often need to strike a delicate balance between patronis-
ing or neglecting people. As such, the decision scope by spatial planners and health
specialists is smaller than for the other two sectors, as conscious humans need to
support planning and health officials’ work. This can explain why planners and
health specialists exhibited a more questioning and resistant attitude towards heat-
waves and their adaptation: heatwaves complicate — rather than legitimise — their
work further. While spatial planners’ participative style led them to discuss climatic
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impacts with greenspace managers, health specialists’ persuasive style did not lead to
significant intersectoral exchanges.

This result pinpoints an important finding: that knowledge is not inherently of value,
as discussions revolving around climate services implicitly suggest (e.g., Willows
and Connell, 2003a; Lemos et al., 2012). The formative value of knowledge empha-
sises that its integration — or its refusal — into a thought style reassures and up-
dates how a peer community of experts understands itself and positions its tasks
against other actors and discourses. The performative aspect of knowledge highlights
how knowledge can change expert practices as well expert interactions with other
sectors. In practice, expert discussions on heatwaves within the administrations of
both Zurich and Schaffhausen have increased substantially. While in less decentral-
ised countries such local discussions are likely to be of different legal character than
in Switzerland (cf. Lorenz et al., 2017), this comparison revealed sectoral differenc-
es in climate knowledge transfer likely applicable in other political contexts where
experts shape adaptation action, as sectoral thought styles and work foci are largely
similar across civic cultures and governance forms.

Further, the present study serves as a useful illustration just how different appropri-
ating heatwaves into sectoral thinking and work can take place beyond Switzerland
too: while it might yield rewards for some experts, it might trigger frustration for
others. This situation is similar to that which Rayner (2012) dubs ‘uncomfortable’
knowledge. For planners and health officials heatwaves are clearly more ‘uncom-
fortable’ than for green specialists and building technicians. Not only do they lack
cognitive links with climate scientists, but knowledge on heatwaves is perceived
more as a complication than as a further legitimisation of their work, for instance as
another issue which needs to be deliberated and balanced against other legitimate
interests (cf. Eliasson, 2000). Lastly, the effectiveness of health promotion is not
controlled by health specialists, but depends on people’s willingness and ability to
change their behaviour during heatwaves. This indicates that even if climate scien-
tists communicate their findings in language more familiar to planners and health
officials — thereby establishing cognitive links — the comparatively low agency will
still restrict how effectively this knowledge can be used in these two sectors. Bearing
this in mind increases the awareness of how complicated narratives can get about
which ‘evidence-based approaches’ are favoured by whom (cf. Heaphy, 2018).

This comparative study extends current academic discussions on scientific climate
knowledge uptake and urban climate adaptation in various important ways. By
drawing on Zerubavel’s cultural cognitive conception of knowledge as a formative
and performative guide and structure to human activity, it makes explicit how ac-
tors asked to appropriate scientific climate knowledge make use of their particular
thought style and prior experiences in making sense and producing relevance for
their work. However, this is trickier for some sectors. This confirms the findings
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of other studies which have shown that climate adaptation options are primarily
accepted or resisted due to underlying values, priorities and institutional cultures
(e.g., Ryghaug and Solli, 2012; Rotter et al., 2016). By comparing four sectors rather
than one, this study has, however, been better able to conceptualise how knowledge
transfer between different sectors takes place, and to describe under what circum-
stances the integration of climate science into adaptation occurs or not. This also
bears upon the academic discussions focused on climate information, such as its
usability (Lemos et al., 2012). Making sure that climate information builds upon
‘cognitive links’ allows experts with different socio-attentional patterns to recognise
the importance of climate change better and more alike. However, it also highlights
that not all sectors are able to implement adaptation action similarly. Thus, while
we ought to applaud those instances in which spatial planners and health officials
have managed to implement adaptation measures, a more critical stance towards
building technicians and greenspace managers is warranted when they fail to do so.

5.7 Conclusion

In this study, I compared the transfer and appropriation of heatwave knowledge
into four sectors’ style of thinking and adapting. On the one hand, with the con-
cept of cognitive links I emphasise the profound importance of shared concepts in
recognising the relevance of knowledge on urban heatwaves for four sectors’ area
of responsibility. On the other hand, experts’ ability to implement a particular adap-
tation action is largely directed by the degree of expert authority in implementation.
While some sectors can act upon heatwaves more instrumentally through materials,
others interact with human actors through participative or persuasive approaches to
adaptation. Both these findings have far-reaching implications for envisaging the
knowledge transfer between climate scientists and various sectoral expert commu-
nities. For scientists looking at evidence-based policies, closer attention ought to
be paid to how knowledge legitimises or complicates experts’ work. For commu-
nication specialists, forging cognitive links between climate science and thought
styles with different ‘socio-attentional patterns’ (Zerubavel, 2015) might well lead to
a greater shared understanding. And lastly, the cognitive—practical duality influenc-
ing knowledge appropriation allows a clearer articulation and critique of the lack of
adaptation options: my research shows that for greenspace managers and building
technicians acting on heatwaves is easier, while planners’ and health specialists’
inaction is if not entirely excusable, at least understandable.



6 Orders of social science: Understanding
social-scientific controversies and confluence
on what ‘high-quality’ knowledge and ‘good’
adaptation is

In review as Skelton M (in review, b) Orders of social science: Understand-
ing social-scientific controversies and confluence on what
‘high-quality’ knowledge and ‘good’ adaptation is.

Abstract

Various scholars have noted — and experienced — tribal tendencies between so-
cial-scientific ‘schools of thought’ or ‘paradigms’. The intensity and fervour of such
controversies has led some scientists to compare them with frictions between reli-
gious orders. In the research domain focused on the use of climate science for climate
adaptation, such disputes revolve around the what ‘high-quality’ climate knowledge
and ‘good’ adaptation is or should be. Emphasising this diversity of orders of social
science and the humanities, this article describes five distinct ways social scientists and
humanities scholars have thought and written about climate adaptation: descriptivists
aim to empirically portray climate adaptation as objectively as possible from an out-
sider perspective; ameliorists’ research wants to increase climate resilience through
usable climate information; argumentivists strive for assessing the justification of
climate scientific findings, as well as adaptation decision-making that is based on
these findings; interpretivists seek to empirically redescribe how the use of climate
science for adaptation is shaped by, and shapes, various other social processes and
political actors; and critical scholars work towards revealing how pervasive power-
ful interests and marginalising discourses shape adaptation projects negatively. By
comparing these five orders’ respective scientific, environmental and social aims
and concerns, this article pinpoints to how epistemological, ontological and meth-
odological priorities not only drive scientific controversies on issues such as what
‘high-quality knowledge’ is, but also how interdependent orders’ methodological
choices are with their epistemological and ontological positions. However, this
analysis also reveals that while some scholars implicitly stick to their order, others
are comfortable to collaborate across such borders. Overall, the diverging aims, pri-
orities and methods are unlikely to be ever fully reconciled. A better understanding
of why academics from different orders differ in the approaches they take and the
issues they care about will likely lead to a larger appreciation of the differences of
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other orders’ research and broaden our understanding of key dynamics in studying
‘good’ climate adaptation and ‘high-quality’ climate knowledge.

6.1  Introduction: a diversity of research styles among social scientists and hu-
manities scholars

While most social scientists and scholars from the humanities are keen to empha-
sise that their research benefits both climate science and climate adaptation, some
can also be harsh towards and intolerant of research undertaken by researchers
with other styles. As such, descriptions of ‘tribalist tendencies amongst academ-
ics, such that researchers must cluster into schools of thought and create possibly
fake factional conflicts amongst themselves’ recur (Dunleavy, 2003: 15). This ar-
ticle explores five distinct research styles with which social scientists and human-
ities scholars frequently describe, analyse and critique social phenomena around
the use of climate science in climate adaptation. By comparing the distinct aims,
interests, concerns, and methodology of each order of social science and the humani-
ties, I show how these five orders differ in what they judge ‘high-quality’ knowledge
and ‘good’ adaptation to be. Such an understanding is important in several ways,
including an appreciation of the diversity of perspectives research by social scien-
tists and humanities scholars are able to offer for climate science and adaptation;
noticing what blind spots and preoccupations different orders have; being able to
more critically reflect by what academic calls-to-action are triggered; what insights
and conclusions different orders are likely to offer; being a workable framework
through which to group academic literature in one’s reference management; as well
as giving an oversight as to what issues are currently debated across a range of so-
cial-scientific strands.

Appreciating social-scientific frictions and understanding confluence in what
‘high-quality’ knowledge and ‘good’ adaptation is carries also important practical,
social and political implications: the combination of climatic changes dramatical-
ly changing livelihoods and lived experiences around the world, together with the
prominence of science in shaping and underpinning policies makes both agree-
ments and antagonisms among social scientists relevant to a range of issues, prac-
tices and actors. If indeed ‘today ‘science’ is the theology of the ‘developed world’
and technology serves as its religion’, as Roy (1993: 247) writes, then the intensity
and fervour with which some social scientists and humanities scholars exhibit their
trade in (dis)respect to each other is similar to the frictions between religious or-
ders. While some scholars see the frictions between these orders of social science and the
humanities as worsening environmental controversies (e.g., Sarewitz, 2004), others
worry that a unified approach to science may produce too many societal controver-
sies (Jasanoff, in Horgan, 2019) or is harmful to science itself (Feyerabend, 1993

[x975D).
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This article is influenced by similar comparative research coining terms such as
‘thought styles’ (Fleck, 1979[1935]), ‘paradigms’ (Kuhn, 1996 [1962]) or Foucault’s
‘episteme’ (cf. Gutting and Oksala, 2019). More recent research has focused on
the ways social scientists and humanities scholars not only fertilize each other’s
research, but also on ‘paradigmatic controversies’. Guba and Lincoln (2005), for
instance, conclude that frictions and differences between scholars emerge from dif-
ferent ontological, epistemological and methodological preferences. While some
such assumptions are irreconcilable — or ‘incommensurable’ (Kuhn, 1996 [1962])
—with each other, paradigms can also fertilize each other’s research. In similar fash-
ion, the scholar of qualitative research methodologies Freeman (2016) introduces
five distinct ‘modes of thinking’ social scientists and humanities scholars employ
in order to produce their findings. She further emphasises the importance of the
researchers’ own personal commitments in mediating which mode of thinking a
researcher is drawn to. Freeman (2016), however, also makes explicit that many so-
cial scientists employ more than one mode in a research project. For instance, ‘cat-
egorical thinking’ — the creation of criteria to identify and describe phenomena — is
present in almost every piece of research. But while some stick to that mode, others
venture into other modes including ‘dialectical’ or ‘diagrammatical’ thinking (cf.
Table 6.1). All these works thus pinpoint to the observation that a rich yet frictional
diversity of scholarship exists, each one offering different perspectives on climate
science and climate adaptation.

In the domain of climate science and climate adaptation, frictions among social sci-
entists recur around the role of climate science for decision-making, the aims and
processes of ‘good’ climate adaptation projects, and what criteria climate knowl-
edge ought to have in order to be ‘high-quality’. For instance, the knowledge di-
mensions of ‘credibility, saliency and legitimacy’ put forward by Cash et al. (2003)
as well as the distinction by Lemos and Morehouse (2005) between the ‘usefulness’
and ‘usability’ of climate knowledge have had a lasting effect on the way climate
knowledge for adaptation is envisaged. However, this contrasts with other calls for
taking more socially situated perspectives of climate change, emphasising the role
of institutions and actors rather than that of knowledge (Hulme, 2011; Castree et
al., 2014). Disturbed about inequalities and power reproduced through science-in-
formed policies, critical scholars call for more inclusive knowledge production re-
flecting local people’s experience more (Forsyth, 2003; Agrawal, 2010) as well as a
different understanding and depiction of people inhabiting this earth (Chakrabarty,
2009; Latour, 2017).

This study thus takes this Special Issue as an opportunity to illustrate and pro-
duce appreciation on the diversity of perspectives five orders of social science and the
humanities have adopted and offered in their research on what I elsewhere dubbed
‘adapting climate science’: the production, customisation, use and appropriation of
climate science for climate adaptation (Skelton, 2020). Clustering research articles
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into such orders of social science and the humanities is based on the shared and differ-
ent motivations and problem definitions academics bring to their research. These
influence not only the choice of data, methods and topics, but at a deeper level the
different ontological, epistemological and methodological commitments made by
the researchers. Describing of the descriptivist, ameliorist, argumentivist, interpretivist
and critical orders, this article then discusses how these distinct positions and aspi-
rations influence different notions of ‘high-quality’ climate knowledge and ‘good’
adaptation. A more thorough understanding of the differences allows not only a
more conscious way of doing research, it could also allow to appreciate how other
perspectives offer complimentary insights into the social dynamics climate change
produces.

6.2  The descriptivist order: mirroring climate science and climate adaptation

Descriptivist scholars show a particular desire to mirror how climate science is pro-
duced and used, and which adaptation processes have been adopted. This order is
composed of political scientists, psychologists, economists as well as environmen-
tal social scientists who share a similar understanding of social science and its aims:
providing undistorted descriptions and explanations. Three features recur frequent-
ly (see Table 6.1): Methodologically, an empiricism predominantly carried out with a
so-called etic approach favouring an outsider’s perspective on study subjects, relying
mostly on the use of quantitative data such as surveys, or the creation of quantitative
metrics from qualitative source material such as government reports for statistical
purposes. Ontologically, a belief that the phenomena of interest are imperfectly ap-
prehensible and measurable through pre-existing categories and stable classifica-
tions, such as age, wealth, geography or gender. And epistemologically, that unless
falsified, descriptivist research produces findings probably true and empirically ac-
cessible. The following paragraphs give a flavour what phenomena social scientists
in the descriptivist camp have explored.

The production and origin of climate science is one prominent descriptivist account.
Such largely quantitative studies use bibliometric methods to assess the growth of
climate science, its expansion into other disciplines, or the producers’ geography
(e.g., Pasgaard and Strange, 2013). All find that a minority of countries — richer and
with higher carbon emissions — produce the bulk of climate research. More quali-
tative accounts of how climate projections informing about future climatic changes
were jointly produced with a number of actors (e.g., Jacobs and Buizer, 2016), how
such projections are made available across the globe (Hewitson et al., 2017), or how
the boundary organisation UK Climate Impacts Programme UKCIP aimed to main-
stream climate adaptation (Hedger et al., 2000).
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Descriptivist research also illustrates climate adaptation policies, climate service
practice and their use of climate science is. This includes mapping of stakeholders
working on climate adaptation and services (e.g., Lorenz et al., 2019), the positive
effect designated climate adaptation officers have on governmental policy (Stiller
and Meijerink, 2016) or case studies on what role institutions and ‘boundary organi-
sations’ play (e.g., Ekstrom and Moser, 2013). Lorenz et al. (2017) analysed how dif-
ferently German and British local authorities used climate information in decision
making, relating differences back to contrasting regulatory and fiscal governance
systems. Similarly, Porter et al. (2014) describe what adaptation action UK house-
holds have taken, adding descriptions of less institutionalised and expert-driven
adaptation processes.

Descriptivist attention is also focused on the differences of governmental adapta-
tion policies. Comparing different national adaptation strategies in Europe, Albre-
cht and Arts (2005) found a convergence to a similar understanding of adaptation
policy across countries. Similarly, Biesbroek et al. (2010) compare European coun-
tries’ national adaptation plans across six dimensions, including how adaptation is
both implemented and linked up with other policy domains. Still, climate adapta-
tion is understood differently across sectors (Widmer, 2018). Also the uncertainty so
prominent in climate scientific discussions is often simplified in such governmental
documents (Fiissel and Hildén, 2014).

Evaluating adaptation efforts across countries has also gained scholarly attention.
Methodological discussions concern how to meaningfully compare the diversity of
adaptation practices across countries (Dupuis and Biesbroek, 2013), including what
indicators are useful to assess the effectiveness of particular adaptation options (Ar-
nott et al., 2016). Others have developed indicators to track countries’ adaptation
progress, using the availability of climate science or the existence of national adap-
tation plans as proxies (Ford et al., 2013). This methodology has then been applied
to describe climate adaptation progress globally (Berrang-Ford et al., 2014), and,
controversially, labelling countries explicitly into adaptation ‘leaders’ and ‘laggards’
(Lesnikowski et al., 2015).

Psychologists, among others, have assessed both the public’s ability to comprehend
climate information, their attitudes towards climate adaptation and their knowl-
edge on climate change. The comprehension of texts, tables or figures depicting
the uncertainty attached to climate information has been a common study theme,
in order to empirically find which are the most influential (e.g., Taylor et al., 2015;
McMahon et al., 2016). This also includes analysing how readable scientific reports
are, such as the IPCC’s summary for policymakers (Barkemeyer et al., 2015). Other
psychologists have undertaken empirical studies on how UK residents understand
climate change impacts and climate adaptation (Harcourt et al., 2019), as well as
conducting a meta-analysis to understand what motivates people to adapt (van Valk-
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engoed and Steg, 2019). In particular, norms, negative emotions, and the perceived
efficacy of climate adaptation outcomes were found to be key indicators. However,
numerous such studies suggest that many people do not distinguish between cli-
mate adaptation and mitigation (e.g., Harcourt et al., 2019).

Descriptivists thus understand ‘high-quality’ climate knowledge to be empirical
and explanatory, often using statistical analysis to characterise their study subject
through other categories (Table 6.1). An implicit assumption is that knowledge de-
rived in one origin is also valid in others. This is also mirrored in notions of ‘good’
adaptation as being harmoniously understood by different sets of actors, as well
as similarly enacted and legislated in different countries. While adaptation poli-
cy-making is squarely seen as politicians’ task, consulting the latest research find-
ings and experts is a key feature in ‘good’ adaptation.

6.3 The ameliorist order: making climate science for and with society

Characteristically, ameliorist academics produce research aimed at increasing the
social, ecological and technological resilience towards climatic impacts by improv-
ing adaptation decision-making through the production of more usable climate
science. Initiated in the 19gos by calls for more issue-driven rather than curiosi-
ty-driven science (e.g., Funtowicz and Ravetz, 1993), ameliorists advocate science—
stakeholder collaborations to produce relevant and usable knowledge as a required
first step in triggering climate action. Table 6.1 shows that ameliorist research shares
many methodological, ontological and epistemological positions with descriptivists.
For instance, although ameliorists are focused on participatory research, their articles
still predominantly take an etic outsider’s perspective. But, importantly, ameliorists
see their research output as contributions to a larger transformation, and see them-
selves as strategic facilitators of environmental action, often taking vocalising their
positions in calls-to-action.

Echoing throughout the ameliorist literature is the proclamation that climate sci-
ence has to play a dominant role in addressing climate change societally. Such
scholarship is often quite upfront about this, even stating these ambitions in the
title, such as to ‘Using climate predictions to better serve society’s needs’ (Hewitt et
al., 2013: 105) or ‘Science for successful climate adaptation’ (Preston et al., 2013).
In line with such assertions, a whole research field has formed based on ameliorist
motivations. For instance, ‘climate services’ have been prominently pushed by the
World Meteorological Organization WMO, national meteorological agencies as
well as the European Commission (cf. Vaughan and Dessai, 2014). Dominated by
goals of increasing resilience, ameliorist research puts climate science in the service
of climate adaptation.
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A range of barriers to using climate science for adaptation decision-making have
been identified. Moser and Ekstrom (2010), for instance, developed a diagnosis
framework to find, and possibly solve, barriers to adaptation planning. Assuming
an ‘idealised, rational’ decision-making process — labels that they themselves use
— the authors propose a process asking two questions: What could act as a barrier?
And how do the actors contribute to this barrier? This diagnosis then allows them
to find ‘points of intervention’ fostering climate action (Moser and Ekstrom, 2010:
22026). Similarly, Ernst et al. (2019) identify three clusters of constraints — produc-
tion, dissemination, and stakeholder engagement — in producing climate services.
Ironically, two of these clusters were already strategically employed to promote and
facilitate adaptation decision-making in Sweden, yet failed to adequately produce
the intended results. Similar challenges with producing usable and thus ‘high-qual-
ity’ knowledge are reported from a US-based regional climate service centre (Briley
etal., 2015). Cvitanovic et al. (2015), meanwhile, turn the perspective around, look-
ing at the barriers scientists perceive in stakeholder engagement. Overall, the aim
of identifying — and thus overcoming — barriers in the use of climate science for
adaptation is a recurring ameliorist research theme.

Interestingly, climate services only came into fashion after research highlighted that
the existing climate and social science is hardly used. Calls for the reconciliation of
the ‘demand and supply’ of climate information (e.g., McNie, 2007), the closure of
the ‘science—action gap’ (Moser and Dilling, 2011) or the ‘usability gap’ (Lemos et
al., 2012) all tried to foster broad awareness and public action on climate change.
Or, as Swart et al. (2014: 1) put it: ‘while an abundance of adaptation strategies,
plans, and programmes have been developed, progress in turning these into action
has been slow. The development of a sound knowledge basis to support adaptation
globally is suggested to accelerate progress, but has lagged behind.’ The normative
assumptions and policy preferences of many ameliorist research papers crystallise
in aims such as: fostering climate action on the basis and primacy of science.

To produce the required ‘sound knowledge base’ (Swartetal., 2014), ‘usable science’
(Lemos etal., 2012) and ‘actionable knowledge’ (Kirchhoff etal., 2013) to accelerate
climate adaptation efforts around the globe, various academics have argued for en-
gaging stakeholders in research projects. This process was labelled ‘co-production
of knowledge™ (e.g., Lemos et al., 2012), ‘co-creation’ (e.g., Mauser et al., 2013),
‘co-design’ (e.g., Moser, 2016a) or ‘co-development’ (e.g., Leitch et al., 2019), while
in Continental Europe it continued to be recognised under the independently estab-
lished research paradigm of ‘transdisciplinarity’ (e.g., Pohl, 2008). By doing so, the
ameliorists’ perceived need to advance global action on climate change with their
10 The term ‘co-production’ enjoys two different meanings (Bremer and Meisch 2017). On
the one hand, ameliorists understand it as doing co-production with stakeholders, where-
as the interpretivists take to the studying co-production in its initial sense as coined by
Elinor Ostrom in the 1970s, i.e. examining the ways science and society influence each
other’s practices and phenomena.
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research has joined earlier calls for a new type of science (Funtowicz and Ravetz,
1993).

However, more recently a strong proponent of the co-production paradigm ques-
tioned its efficiency in tailoring science (Lemos etal., 2019). An alternative approach
has been taken by research on ‘user needs’, offering a way to produce usable knowl-
edge without costly face-to-face interaction. Some such use(r) requirement studies
are noteworthy for their specificity, for instance for Australian vineyards (Dunn et
al., 2015). Others have mapped sectoral information requirements, such as water
(e.g., Mehta et al., 2013), policy-makers’ climate information preferences (Hang-
er et al., 2013) or information needs for community-level adaptation (Srinivasan et
al., 2011). The findings of such studies can illuminate what specific information —
for instance, drought indicators — is desired by users, or through which channels
it can be accessed. Such studies are thus another ameliorist example of producing
‘high-quality’, ‘usable’ climate knowledge for ‘good’ adaptation.

Drawing on much descriptivist scholarship analysing climate science commu-
nication and comprehension, various ameliorist studies have highlighted how to
improve the consideration of climate science in climate adaptation. For instance,
conveying climate science through stories is one such recommendation, such as the
‘tales of future weather’ (Hazeleger et al., 2015) and ‘narratives’ (Dessai et al., 2018).
In reviewing climate change communication from 2010 onwards, Moser (2016b)
emphasises that opportunities for communicating the impacts of climate change,
also within politicised contexts, arise increasingly not only from IPCC’s Assessment
Reports and UNFCCC COPs, but also from extreme weather events, statements by
business associations or religious leaders, and political events such as elections and
even pandemics.

Ameliorist scholarship emphasises issue-driven, instrumental and scientific knowl-
edge as particularly able to effectively foster climate action (Table 6.1). ‘High-qual-
ity’ knowledge is often equalized to being ‘actionable’ or ‘usable’. Further, amelio-
rists widely understand ‘good’ adaptation as a process underpinned by geophysical
climate science, allowing the anticipating management of climate risks. Often pri-
oritising human — and, in the case of climate services, business — needs over nonhu-
mans, such scholarship also assumes that environments can be effectively managed
through expertise and technology.

6.4 The argumentivist order: analysing knowledge, demarcating science
Academics following the argumentivist order usually use a purely conceptual ap-

proach to both meticulously analyse what climate knowledge claims can be validly
derived from certain research activities, as well as to propose ways in which deci-
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sion-makers can successfully navigate and incorporate not only climate science’s
uncertainties, but also their own values and risk preferences in climate adaptation
projects. Composed mainly of analytic philosophers of science (to use a pleonasm),
methodologically they are unified by their commitment to work predominantly con-
ceptually in order to logically and argumentatively dissect, reconstruct and critique
arguments. In line with such an emphasis, argumentivists take — and critique — a
variety of ontological and epistemological positions. Such internal debates should
be understood as an exemplary case of the unifying theme of this order, namely
meticulous focus on arguments. Overall, argumentivist philosophers of climate sci-
ence engage with philosophical and conceptual issues that arise in the practices of
climate science.

Various analytic philosophers discuss the adequacy of climate simulations for mak-
ing reliable predictions and for understanding aspects of the climate system (e.g.,
Smith, 2002; Parker, 2014). A climate scientist by training, Held (2005) worries that
the attempts to create realistic models makes them so complex that it is impossible
to trace why they behave the way they do. Thus, the complexity of climate models
—made possible by ever increasing computer power — might make it difficult to ac-
tually assess whether model results are reliable. Further, with data and observations
becoming more abundantly available, machine learning and big data applications
provide new opportunities for climate scientists to research and understand climate
change. However, Kniisel et al. (2019) argue that in big data-only approaches, the
data alone is insufficient to warrant an assumption of constancy (ceteris paribus).
Theory-based knowledge is thus still relevant to climate predictions produced by
machine learning algorithms. Overall, analytic philosophers carefully analyse to
what extent such modelling approaches are able to provide high-quality knowledge.

With climate scientists increasingly using multiple climate models to assess some
of the inherent uncertainties attached to climate change, and the prominence cli-
mate models have in informing adaptation decisions, argumentivists have been ac-
tively engaged in discussions on combining models in ensembles. For instance,
Parker (2010) has characterised the different types of ‘model ensembles’ which
exist. As such, perturbed-physics ensembles, multi-model ensembles and initial
condition ensembles help analysing different sources of uncertainty. Baumberger
et al. (2017) argumentatively follows up the implications of how to appropriately
select and weight climate models. More recently, with datasets playing an important
role in calibrating and validating climate models, Zumwald et al. (2020) propose to
extend the use of ensembles to multiple datasets in order to better assess climate
science’s uncertainties.

However, how to obtain and interpret quantified uncertainty estimates from climate
model ensembles has been a source of friction between climate scientists and ar-
gumentivists. For instance, some analytic philosophers strongly objected to how
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the climate scientists producing the British climate projections UKCPog (Murphy
et al., 2010) communicated their findings as probabilities. The criticism of British
climate scientists’ ‘myopia’ (Frigg et al., 2013) was caused by disagreements on how
to interpret the ‘probabilities’ derived from climate simulations. The British climate
scientists assumed that these probabilities are a good way of expressing their actual
uncertainty. But Frigg et al. (2013) caution against interpreting the British climate
projections UKCPog as being able to be reliable expressions of uncertainty of future
climates up to the end of the 21* century. Therefore, this argumentivist analysis has
implications for how adaptation projects ought to take up and integrate climate sci-
ence, in particular for high-risk events.

With ‘unknown unknowns’ (Parker and Risbey, 2015) making it impossible to know
the full event space and the corresponding probabilities with certainty, decision
principles and tools have been proposed which consider these constraints. Betz
(2010, 2016) argues decision-makers need to focus more on their risk preferences
when judging ‘worst-case’ and ‘best-case’ scenarios of climate change, rather than
its probabilities Similarly, thoughtfully integrating uncertainty explicitly in policy
deliberations, both Bradley and Steele (2015) and Hirsch Hadorn et al. (2015) dis-
cuss decision strategies to analytically decide whether to accept, revise, or postpone
adaptation and mitigation decisions. Roussos et al. (2020) consider three dimen-
sions for more confident decisions using model ensembles: the models’ output as
probabilities; an expert judgement of confidence in these probabilities; as well as
an actor’s stakes and cautiousness. These three dimensions allow to characterise
and deal with different sources of uncertainty. As such, argumentivists have oftered
ways in which climate science could be more appropriately taken up in current ad-
aptation decision-making, to ensure ‘good’ adaptation by ‘high-quality’ knowledge.

Argumentivists also contributed to the ameliorist discussions of how to co-produce
actionable knowledge. Thompson et al. (2016) argue that climate services too often
treat climate models’ unmodified output as real-world probability distributions. To
avoid the pitfalls associated with such unwarranted confidence in climate models
while taking climate science seriously in climate adaptation, they propose that struc-
tured expert elicitation processes would allow a range of experts to systematically
discuss climate science with other available knowledge in order to produce more
scientifically justified as well as decision-relevant climate services. In a similar vein,
Parker and Lusk (2019) enrich the ameliorist studies of including user values in the
co-production of climate knowledge by highlighting that the types of errors which
users want to avoid — risk of overestimating or underestimating particular climatic
changes —is of importance when producing actionable knowledge. Parker and Lusk
(2019) enrich co-production discussions by emphasising that users can also guide
scientists’ methodological choices: knowing whether under- or overestimation is of
greater consequence to users can favour one approach over another.
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Argumentivists are thus bound together by their commitment to ‘high-quality’ knowl-
edge being produced by appropriate methods or flawlessly argued, always explicitly
dealing with science’s uncertainties (Table 6.1). This is mirrored in their under-
standing of ‘good’ adaptation as adequately acknowledging yet still incorporating
these uncertainties meaningfully. Often, argumentivists take care in demarcating
where the expertise of scientists end and the role of politicians start.

6.5 The interpretivist order: re-conceptualising co-constitutive influences

Interpretivist scholarship aims to unhinge established forms of thinking and descrip-
tions, by redescribing collective behaviours and discourses as products of complex
encounters between cultural norms, collective aspirations, socio-political pressures
and technological innovations. Composed of Science and Technology Students, em-
pirical human geographers, and qualitative interdisciplinary researchers, interpretiv-
ist scholarship shares the following three features (see Table 6.1). Methodologically,
interpretivists favour an empirical emic insider’s perspective, drawing for instance
on ethnographic accounts and semi-structured interviews. Often comparative in na-
ture, much scholarship uses inductive reasoning to bring often unnoticed yet stable
patterns into focus. Ontologically, interpretivists see social practices, meaning and
realities as being the product of multiple influences — beliefs, fantasies, technol-
ogies, knowledge, politics. And epistemologically, a subjectivist view of findings be-
ing collectively mediated by reciprocal interactions of society, science, politics and
technology dominates. With such a background, interpretivist research has empha-
sised how various practices around ‘high-quality’ climate science and ‘good’ climate
adaptation are socially negotiated and stabilised, and so subject to human fascina-
tions, manipulations and fallacies.

Interpretivist scholars have had continuing interest in the way socio-cultural fac-
tors shape climate scientists’ work. Shackley (2001) and contributions edited by
Heymann et al. (2017) empirically compare the ‘epistemic lifestyles’ or ‘cultures of
prediction’ of climate modelling centres as a sociological phenomenon. This in-
cludes, for instance, the mutually beneficial interplay between modellers and ex-
perimentalists through parametrisations (a method for replacing sub-scale atmos-
pheric processes in climate models with empirical observations), thus also socially
— and not only epistemically — legitimising climate models as an accepted research
mode (Shackley et al., 1998; Sundberg, 2007). Further, Mahony and Hulme (2012)
describe how the UK regional climate model PRECIS was motivated by the wish to
make the climate centre’s science globally available while simultaneously collecting
the knowledge of the regional expert stakeholders to reduce obvious model errors.
Further, climate scientists often imagine users of climate information to be either
similarly numerate as themselves (Porter and Dessai, 2017) or through other sim-
plified categorisations, such as being an academic, practitioner or by sector (Skelton
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et al., 20192). Both studies show how powerful imaginations — yet empirically inad-
equate descriptions — legitimise and guide much development of climate services.

How science and politics mutually influence each other is another intriguing re-
search topic for interpretivist researchers — confusingly also known as the study
of ‘co-production’ rather than ameliorists’ doing co-production with stakeholders
(cf. Bremer and Meisch, 2017). With the concept of ‘civic epistemologies’, Jasanoft
(2005) emphasises that democracies have distinct preferences as to which kind of
science and expertise is seen as legitimate for policy-making. For instance, Skelton
etal. (2017) found patterns of judging ‘good’ climate science and ‘good’ stakehold-
er participation in climate projections matching the political cultures of the UK,
Switzerland and the Netherlands respectively. Another such comparative study is
the evidence-based research on the politics of climate adaptation in the UK and Aus-
tralia (Tangney, 2017). Other interpretivist studies focus on single countries, such
as how Germany established political consensus on climate change (Beck, 2012), or
the goals of the UK Met Office as a world-leading climate science centre also being
fuelled by political ambitions to support the UK’s climate negotiation position (Ma-
hony and Hulme, 2016).

Another interpretivist research strand investigates how the relationship between cli-
mate science and climate action is framed and politically embedded. For instance,
Gillard (2016a) highlights the significant rhetorical shift between two consecutive
British governments, from one dedicated to being a ‘climate leader’ in both ad-
aptation and mitigation to one sceptical of the state’s role in orchestrating policy
targets. Similarly, Tangney (2017) critically examines how ideas and fascinations
with evidence-based approaches in decision-making politicizes climate science, in
particular by asking science to be the only source of answers on the normative policy
dimensions. On a global level, the lack of democratic legitimacy of supranational
knowledge bodies such as the IPCC have led Bickstrand (2003) to call for a wider
stakeholder interaction in the synthesis of climate science for decisions. Overall,
there is thus widespread interpretivist interest in how changes in how environmen-
tal governance is perceived shift policy responses.

Interpretivists have also noted how the use of climate science is part of a wider so-
cietal concern with anticipating the future. Enserink et al. (2013) show that deci-
sion-makers and scientists understand ‘scenarios’ differently, so much so that what
was meant to clarify led to confusion. Social and emotional factors also play a role in
interpreting climate simulations, including a certain ‘seductive power’ in acknowl-
edging the model’s uncertainty (Lahsen, 2005). Further, Groves (2017) examines
how ‘anticipation’ and the fascination of desired futures shapes climate politics to-
day. In a similar vein, Hulme (2015) discusses how discussions on geoengineering
have not only opened up new ideas of ‘cultivating’ the sky as a type of adaptation,
but fascinations with intentionally managing the atmosphere too. This interpretiv-
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ist strand of research thus highlights how prospective knowledge on future climate
change has already significantly altered our perceptions and thoughts today.

Further, cautioning against dominant ameliorist fascinations is a common interpre-
tivist practice — even a raison d’etre for some (cf. Horgan, 2019). Many scholars cri-
tique the dominance of the ‘interaction imperative’ embedded in climate services,
either because it is too consensual (Klenk and Meehan, 2015); because joint co-de-
sign of knowledge does not necessarily lead to trust (Lahsen, 2007); because too
often stakeholder engagements are just ‘lip service’ (Klenk et al., 2015); or because
participation often perpetuates rather than challenges existing power dynamics
(Chilvers and Kearnes, 2016). Others critique the ‘managerial’ intentions prominent
in adaptation discourses prominent in both socio-technical as well as socio-ecolog-
ical paradigms (Gillard et al., 2016b). Further, interpretivist scholars see the shift of
climate services from the public to the private domain critically (Keele, 2019), and
have scrutinised the way the World Bank has produced and circulates ‘best prac-
tices’ for adaptation (Webber, 2015). In general, being wary of other social science
orders’ efforts, the study of discourses and fantasies is a distinguishing feature of
interpretivist scholarship.

Thus, interpretivists’ understand ‘high-quality’ climate knowledge to consider the in-
terrelated factors stabilising human practices and sense-making in a particular way
(Table 6.1). Such an understanding of ‘high-quality’ knowledge then translates into
‘good’” adaptation action as being mindful of the profound influences individuals,
institutions, ideas, practices, materials, and nonhumans have on human action. In-
terpretivists are thus wary of technocratic fallacies of control possibly producing
severe unintended consequences.

6.6  The critical order: revealing injustices reproduced by science

Working towards increased social emancipation, the critical order aims to reveal how
actors and institutional practices stabilise a particular understanding and framing
of climate change — the so-called discourse — and so maintain and reproduce social
injustices and privileges enjoyed only by few. These ways are often underhand, either
depicting the privileged as benevolent scientific, political or economic leaders able
to effectively manage environmental pollution, or shift the locus of problem and
need to act onto less responsible actors by blanking out key dimensions in the dis-
course. Although comparatively few critical studies on climate have been published,
key similarities between postcolonial, feminist and political ecological scholarship
are, methodologically an often distanced etic approach, applying prior thinking to cli-
mate science and climate adaptation. Ontologically, critical scholarship is shaped by
political, economic, ethnic and gender values, while epistemologically, critical thought
is subjectivist, where findings are collectively mediated and thus changeable.
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Postcolonial studies take a close and critical look at how ideas and discourses on
climate adaptation have neo-colonial underpinnings of Western superiority and
a disregard of nations’ policy-making sovereignty. Bankoff (2001), for example,
points out that discourses of vulnerability updates, and so maintains, older concep-
tions of Africa, Asia and South America being dangerous and/or requiring ‘Western’
support. Between the 17" and early 20" century, such places were framed as dis-
ease-stricken lands in need of Western medicine, before being portrayed as impov-
erished and in need of Western investment and aid after World War II. The current
discourse, as Bankoff (2001) argues, is one in which these countries are vulnerable
to natural hazards, with science seen as its remedy. As such, his study demonstrates
how persistent such marginalising framings are. Further critique has been directed
at ameliorist discourses romanticising so-called indigenous knowledge, not only by
seeing it as being of distinctly different quality than scientific knowledge, but by
subjugating such knowledge to the ameliorists’ aims rather than respecting those of
its original holders (Agrawal, 2010; Klenk et al., 2017). Such studies thus emphasise
how other orders’ judgements of ‘high-quality’ knowledge and ‘good’ adaptation can
be problematic.

Climate models have received critique for their embedded neocolonial assumptions
underpinning their development and deployment. For instance, the UK established
the Met Office Hadley Centre also because of a political concern that without its
own, national climate model, the UK would be unable to independently act in in-
ternational climate negotiations, relying instead on knowledge produced in the US
and continental Europe (Mahony and Hulme, 2016). Inversely, Anglosaxon climate
scientists were at the forefront for producing one-size-fits-all tools for generating
climate projections for poorer countries, further circulated through workshops held
by UNFCCC while continuing to fund own climate scientists rather than adapta-
tion elsewhere (Skelton et al., 201g9b). Climate projections and their models thus
carry colonial connotations of power and influence over sovereign, national adapta-
tion policy-making (Mahony and Hulme, 2018). Similarly, Lahsen (2007) reminds
that Brazilian policy-makers do not automatically trust climate science just because
Brazilian scientists were involved. Rather, joint climate research projects are often
eyed suspiciously for their goals favouring US over Brazilian interests. While not
a subaltern view developing a narrative independent of more powerful actors com-
mon in postcolonial scholarship (e.g., Chakrabarty, 2012), Miguel (2017) shows
that emerging economies such as Brazil have started to develop their own national
climate models in an explicit effort to be more scientifically independent in their
national climate policies. Overall, both explicit and implicit postcolonial studies
illuminate how neocolonial conceptions of ‘good’ adaptation are manifested in
climate models as favouring a distinct perspective on what ‘high-quality’ scientific
knowledge is.
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How a discourse mirrors the interests and perspectives of more powerful actors is
also revealed by feminist scholars. Seager (2009) traces how the 2°C target was first
coined and subsequently internationally endorsed through a politics with ‘gendered
political and ideological underpinnings’, as climate risks below 2°C are acceptable
and manageable only for temperate, mid-latitude and richer countries. ‘Many eco-
systems and peoples will hit limits to adaptation long before 2°C, and some already
have’ (Seager, 2009: 15). Such a ‘mechanistic’ and ‘masculinized’ understanding
of humans’ ability to effectively manage their environment is, in many critical eyes,
an unwarranted fallacy of control. By endorsing the 1.5°C target in 2015, however,
in particular poorer nations successfully changed the climatic discourse in their fa-
vour, and the orthodox science—politics relationship topsy-turvy. Taken by surprise,
climate science had to catch up — rather than inform — climate policy (cf. Livingston
and Rummukainen, 2020).

Drawing on feminist geography and feminist political ecology, Sultana (2014) uses
her own research in South Asia to show how divisions of labour, cultural norms
of ‘proper’ behaviour for women, and unequal rights and decision-making power
exacerbate women'’s vulnerabilities and workload when climate impacts hit. Specif-
ically, even in crises certain ‘lines of work’, such as fetching drinking water, remain
almost exclusively the burden of women. ‘Notions of shame, honor, and dignity
are strongly enforced by both men and women in maintaining social practices even
during disasters’, and with it the ‘[plroper decorum and constructions of feminized
subjectivities result in women being unwilling to associate with unknown men, be
alone in public places, and be outside of familiar kinship structures’ (Sultana, 2014:
376). The combination of women being less likely to seek refuge and male elders
not always supporting women in sheltering tragically produces higher mortality
rates for women during catastrophes. Consequently, Jost et al. (2016) find that due
to such patriarchal factors the adaptive capacity of women is lower than that of men.

Taking an intersectional perspective — a notion that emphasises that multiple soci-
ocultural strands of influence (e.g., religion, ethnicity, ability) intersect and so pro-
duce a person’s identities and cultural roles — Carr and Thompson (2014) argue that
a binary lens of gender is a too simplistic category to base policies aiming to foster
‘good’ adaptation. Similarly, Ravera et al. (2016) show that identities based on caste,
wealth, age and gender produce different adaptation strategies in two Indian states.
They show that ‘a priori assumptions on the basis of male/female dichotomy are
unable to lead to a comprehensive understanding of farmers’ choices, vulnerability,
adaptation process and barriers to adoption’ (Ravera et al., 2016: S346). In other
words, the intra-gender variability of experiences and adaptation practices is too
large to be explained solely by a single binary, revealing how intersectional thinking
can better capture such multi-factorial differences.
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Paying close attention to how powerful economic interests influence discourses
so as to retain their privileges, Forsyth (2003) elaborates how a ‘critical political
ecology’ can help to understand and address the adverse effects ‘environmental
orthodoxies’ — widely held inaccurate and simplistic explanations of environmen-
tal problems — have when they underpin environmental policies. Motivated by how
many policies worsen rather than improve local livelihoods in particular in poorer
regions, Forsyth (2003) draws on recent argumentivist () and interpretivist scholar-
ship to trace back how actors and institutions stabilise ‘environmental orthodox-
ies’ which inadequately underpin many policies and so reproduce local inequalities.
Taylor (2014b: 11) uses such a perspective to critique how simplified and biased the
dominant conception — or ‘discursive apparatus’ — of climate adaptation is, with ‘its
grounding notion of climate as an external system that provides exogenous stimu-
lus and shocks to which society must then adapt’. Rather, ‘lived environments’ such
as rice paddies are ‘actively yet unequally’ produced by interlinked and coupled hu-
man and meteorological forces. Such a binary nature—society perspective often suc-
cessfully veils issues of power and ethics in policies. For instance, talking to Indian
farmers about climate adaptation in the orthodox way blanks out that these farmers
effectively have to respond to greenhouse gas emissions produced largely by wealthy
actors elsewhere, often blaming instead local farming practices as inadequate.

Many critical scholars thus pay attention to how uncomfortable knowledge gets
omitted and lost when people stabilise ideas. Chakrabarty (2009: 216, emphases
in original) asks blatantly ‘[wh]y should one include the poor of the world—whose
carbon foot print is small anyway—by use of such all-inclusive terms as species or
mankind when the blame for the current crisis should be squarely laid at the door
of the rich nations in the first place and of the richer classes in the poorer ones?’
With such normative efforts of ‘denaturalising’ discourses, critical political ecolo-
gists aim to bring into focus — and therefore attention — ‘the uneven distribution of
gains and risks arising from deeply fused social and ecological processes’ (Taylor,
2014b: 16). Critically reminding that dominant solutions might just be an easy way
to shift responsibilities of blame and action elsewhere is thus a key characteristic of
political ecologists.

Critical scholars understand ‘high-quality’ knowledge as having high revelatory
and emancipatory potential for social change (Table 6.1). Such knowledge is often
geared around how powerful interests shift the discourse, responsibilities and ac-
tion in their interests. ‘Good’ adaptation action thus pays tribute to more local ex-
periences and is more inclusive of marginalised sections of populations. Often, too,
‘high-quality’ knowledge aims to promote a more situated understanding of people
in their environments (e.g., Latour, 2017).
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6.7 Discussion: understanding why different notions of ‘high-quality’ knowl-
edge and ‘good’ adaptation exist among the five orders of social science and the
humanities

This article has compared five distinct ways social scientists and humanities schol-
ars study climate adaptation and climate science, illustrating both different aca-
demic perspectives as well as the diversity of social, cultural, and political facets in
‘adapting climate science’ (cf. Skelton, 2020). However, novice scholars are unlikely
to be the only ones potentially baffled how to adequately make sense of and order
this diversity. This study shows that grouping by topic, even method, is not always
meaningful to understand how, and more importantly why, social science research
is driven by different motivations, critiques different elements, and takes different
ontological and epistemological positions. The five orders portrayed here — descrip-
tivist, ameliorist, argumentivist, interpretivist, and critical — aims to produce an under-
standing of the wealth of social scientific thinking, as well as their respective areas
of frictions and confluence. Drawing on research by Guba and Lincoln (2005) and
Freeman (2016), Table 6.1 summarises the above sections, enabling straightforward
comparison of the orders’ different aims, concerns, positions as well as different
notions of what ‘high-quality’ climate knowledge and ‘good’ adaptation is.

My analysis revealed that what is understood as ‘high-quality’ climate knowledge
is different between, yet similar within, orders (Table 6.1). Influenced largely by or-
ders’ inquiry aim and posture, ameliorists favour instrumental, issue-driven, usable
knowledge which is able to foster climate action, while descriptivists’ notion is less
activist and more curiosity-driven, aiming to mirror social phenomena. Argumen-
tivist, interpretivist and critical scholarship, however, is united by a more wary stance
towards knowledge in general. There similarities end though, with argumentivists in
strong favour of explicit treatment of knowledge’s uncertainties. For interpretivists
meanwhile ‘high-quality’ knowledge re-describes — re-orders, so to speak — our
stable social practices, often revealing a mismatch between how people speak de-
scribe something and how an anthropologist would describe this behaviour. To
end, for critical scholars ‘high-quality’ climate knowledge is emancipatory by being
concerned about how dominant discourses mask political, economic and cultural
ways injustices, veiling responsibilities and shifting the action imperative to other
peoples.

Consequently, the five orders also contrast as to what ‘good’ adaptation is. While for
instance critical scholars are concerned with emancipatory adaptation which fosters
equality and is more inclusive of people’s lived experiences, for many interpretivists
‘good’ adaptation is more democratic and less technocratic, with a more succinct
acknowledgement of how science helps stabilising a particular way of ‘good’ ad-
aptation over others, but itself being embedded with value assumptions. Similarly,
argumentivists emphasise that climate science’s uncertainties ought to be appro-
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priately integrated in order to ensure ‘good’ adaptation — often also by emphasising
where and how decision-makers’ own value and risk preferences should be centre
stage. Ameliorists have a broader take on ‘good’ adaptation, as one which actually
takes place and is grounded in mostly geophysical climate science. Descriptivists are
less upfront about what criteria are required for ‘good’ adaptation, apart from that
measures and policies need to be in place, and effectively reduce geophysical climate
risks.

Thus, this research emphasises that numerous distinct notions of ‘high-quality’ cli-
mate knowledge and ‘good’ adaptation exist among social scientists and humani-
ties scholars. Uniting and differentiating features of these five orders are diverging
aims and concerns — categorical description, knowledge for climate action, knowl-
edge quality check, redescriptions of established patterns, exposing of power. Inter-
estingly, these aims are mirrored — likely even required to be precipitated — in deeper
ontological and epistemological positions. Table 6.1 emphasises that orders favour-
ing social change employ an emic insiders’ lived experience perspective to describe
their phenomena as something inter-subjectively constructed and delicately main-
tained collective process — and thus changeable through the subjects’ values and
norms. Orders with an etic distanced perspective work less towards social change,
and therefore require categories to be more stable. Similarly, in studying phenome-
na around ‘adapting climate science’, the five orders also employ methods particu-
larly able to actively produce the insights supporting the order’s aim or sharing its
concern. In previous scholarship on ‘research paradigms’ (Guba and Lincoln, 2005)
or ‘modes of thinking’ (Freeman, 2016), the intricate links as how methodological,
ontological, and epistemological positions and research aims largely require and
complement each other gets less attention. As this article argues, however, internal-
ly consistent links within an order are dominant. This is likely not random. My own
experience using data collected in a descriptivist and ameliorist fashion yet wanting
to write in an interpretivist or critical style was frequently challenging: Too often the
qualitative source material was missing which would allow the production of emic
insights.

Further, these differences have been the source for some misunderstandings and
friction between orders (cf. Guba and Lincoln, 2005; Freeman, 2016). Table 6.1
gives examples for what a particular order is critiqued and criticised, and by whom.
Fault lines appear most often when two orders’ key aims not consider each other
adequately at best, or remain largely incommensurable at worst. For instance, argu-
mentivists frequently take issue with other order’s epistemic overconfidence; while
critical scholars often object to other orders’ flippancy as to how scientific knowl-
edge can exacerbate livelihoods and reproduce injustice by legitimising technocratic
rather than democratic governance. However, from my reading, such critiques often
reverberate mostly within one’s own order, strengthening one’s own argument and
clarifying one’s position — rather than engaging in a constructive way. Still, critique
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is likely unavoidable, as some differences are not easily resolved. Even if unaware,
readers will take cues from the way the text is written, how results are collected and
described, and how authors positions themselves within the literature (Dunleavy,
2003). Thus, working towards an order’s aims is still mostly taking place within
orders, with specialising journals and conferences assisting such specialisation.

While some differences in aims and opinions are unlikely to be fully resolved, care-
ful readers will have noted that some social scientists and humanities scholars are
associated with more than one order, in particular when co-authoring articles. How-
ever, more common than such inter-order collaborations are cross-fertilizations and
learnings between distinct orders. Such confluence is particularly visible for the
pairs descriptivist—ameliorist and interpretivist—critical, bound by a shared etic or
emic approach. For the latter pair, this includes for instance attention to ideas’ and
discourses’ ‘performativity’: the effect that language not only describes, but also
orders, structures and encodes a particular way of thinking and therefore acting.
In practice, such (diagrammatical) thinking ‘brings to the analytic task a way of
reading, or a form of intervening, into this moving matter [of reality]’ (Freeman,
2016: 105). But characterising the five orders also reveals that learning takes place
across this dichotomy. For example, taking input from critical scholarship, ameliorists
increasingly recognise issues of social justice as important in fostering adaptation
action (see Table 6.1). Similarly, argumentivists’ focus on uncertainties in science has
helped critical scholars to reveal that powerful actors promote, consciously or not,
their interests through describing science as being more certain than epistemically
warranted.

This classification of social-scientific orders may, however, at least help to under-
stand where such frustration arise, and while scholars do not need to share another
order’s opinion, understanding one’s own and other academics’ behaviour could
produce more tolerant reviews and possibly fruitful collaborations. Castree et al.
(2014) have argued for the importance of a more socially situated view of climate
change. Such a focus would allow to extend the knowledge of human impacts on the
environment with a more profound awareness of how these environmental changes
produce new — as well as reinforce old — assumptions and conceptions for people’s
lives and well-being. While both Castree et al. (2014) and Hulme (2011) lament the
marginalisation, even absence, of the social sciences and the humanities in many
scientific climate change discussions, this review also highlights that not all orders
are similarly interested in collaborating with biophysical climate scientists or as-
sisting climate policies and governance in achieving climate resilience. While some
dear-held aims might be at odds with such a collaborative approach, a more pro-
found understanding of the diversity and wealth of social-scientific perspectives can
crystallise the manifold social, political and cultural dimensions climatic change
has.



7 Discussion & outlook

The four previous chapters have featured four ways in which climate science has
been adapted. In the present chapter I first summarise how chapters 3—6 contribute
and extend the academic debates on global customisation, national use and local
appropriation of climate science for adaptation, at the same time illustrating the
different perspectives which social scientists bring to the subject. When drawn to-
gether in this doctoral thesis, the three empirical research papers highlight further
differences. In section 7.2 I analyse how notions of climate information’s agency
and geographical scale influence the way climate science is adapted and understood.
Section 7.3 spells out the practical implications of this research for climate services
and the co-production of knowledge. In section 7.4, I briefly introduce promising
areas for further studies which have emerged from the collected data. In section
7.5, Lindicate future research avenues opened up by the recent youth strikes for cli-
mate. While all of their political targets have so far focused on more ambitious cli-
mate mitigation efforts, the impact that this more emotional grassroots movement
is having on knowledge-intensive, expert-driven climate adaptation action remains
unclear. In particular, such research could examine how far societal support shifts
experts’ understanding of climate change.

7.1 How the thesis chapters extend academic debates

The three empirical studies and the conceptual classification which this doctoral
thesis presents all contribute to, extend and open up new academic discussions
around our understanding and adaption of the impressive corpus of knowledge as-
sembled by climate scientists. In these studies, written in accordance with the inter-
pretivist order of social scientists, this thesis has used what Melissa Freeman (2016)
described as ‘categorical’ and ‘diagrammatical’ thinking extensively. That is, the
research presented here aims to repackage and redescribe own observations, and
contrasts these with the dominant academic debates on the customisation, use and
appropriation of climate science for climate adaptation.

Chapter 3 described how countries across the world differ in their ability to cus-
tomise climate models for national adaptation, influenced in particular by their re-
spective climate science publication competency. In so doing this study reveals a
neglected perspective in current debates of climate models, seeing their use as as
a form of scientific dependency (e.g., Mahony and Hulme, 2016; Miguel, 2017). In
particular, it points out that descriptivist bibliometric studies and critical scholarship
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on the geopolitics of climate models have remained focused on the territorial origin
of climate science. Both research strands thus implicitly assume that ‘good’ science
for decision-making is best if it is based on one’s own climate model. Such assump-
tions have not, however, been made by all climate scholars (e.g., Knutti et al., 2010;
Parker, 2010). For instance, Swiss scientists customised climate science for their na-
tional context according to its particular political cultures — but only using climate
models produced elsewhere (cf. Skelton et al., 2017). Critically analysing geogra-
phies of climate knowledge is certainly required, but a shift towards the ability to
customise climate science may reveal it to be a more pressing scientific dependency
than aspirations of producing one’s own climate model.

Chapter 4 analyses who actually uses climate projections and how. In particular, it
finds a more heterogeneous use of climate information within academia, practice or
sectors than the current descriptivist and ameliorist debate would have it. By introducing
the typology of sailors, divers and observers to distinguish between qualitative, quanti-
tative and interested uses of climate projections, I and my co-authors highlight that
the prevalent categories of explaining use, such as by sectors, the research-practice
binary or numeracy, cannot account for the diversity of use of climate science within
the Swiss adaptation community. As such, this research piece presents a very strong
case for asserting that previously used and/or dominant categorisations are empiri-
cally inadequate. With this study, I hope to introduce a more adequate terminology
to discussions of who ‘the users’ of climate services and co-production projects are,
and what type of climate information they prefer.

Chapter 5 compares how four sectors have appropriated and understood knowl-
edge on urban heatwaves differently. Drawing on Eviatar Zerubavel’s cultural cog-
nitive sociology, I have aimed to show what factors influence the particular way this
knowledge is appropriated, deliberated, valued and/or resisted. As such, this study
is another example of how a different perspective can enrich the currently dominant
practice of understanding knowledge transfer on climate change. By drawing on the
conceptual work of Zerubavel (1999) on knowledge and memory as a formative and
performative social activity, this study aims to illuminate why certain professional
communities of practice are quick and keen to appropriate climate change into their
‘thought style’ (Fleck, 1979[19351), while others seem to resist incorporating such
knowledge as a core aspect of their work. This chapter complements other interpre-
tivist perspectives from the ‘public understanding of science’ literature (e.g., Irwin
and Wynne, 1996). In particular, this study demonstrates how prior knowledge and
experiences influence whether and how heatwaves are appropriated.

Chapter 6 is the result of my journey reading and relating to other academics’ work
on adapting climate science. It rearranges — orders, so to speak — the vast amount of
literature according to significant differences in research aims, concerns and asso-
ciated methodological, epistemological and ontological preferences. By describing
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five archetypal orders of social science this piece gives an overview of the various ways
in which the relationship between climate adaptation and climate science has been
characterised. More importantly, this piece demonstrates that while some schol-
ars feel comfortable using different orders, there are also tribal dynamics, rivalries
and disagreements between these orders. I hope that my rearrangement of others’
published works highlights essential yet underlying differences which a topic-based
description such as that in chapter 2 cannot adequately capture.

To sum up, the three empirical research papers together with the literature review all
employ ‘categorical thinking’ to produce novel typologies emerging from the data.
Yet, by amplifying contrasts often overlooked in current academic discussions, and
by rearranging these into new categories, I want to diagrammatically highlight how
partly known phenomena can also be described differently. In this process, I found
fascinating ways in which various actors have adapted and understood climate sci-
ence, and the different ways relevance is created to prior expertise and experiences.

7.2 Further issues manifesting themselves in this thesis

Two ‘elephants in the room’ (cf. Zerubavel, 2008) are not explicitly discussed in the
individual chapters, but crystallise together when combined in a doctoral thesis.
One, the degree of agency the actors in the studies have in shifting and producing
awareness on climate change. And two, the effect scale — from global to local — has
on how abstract and pure, or specific and messy, climate adaptation and climate
science can be envisaged or negotiated.

First, much research is based on the assumption that climate science ought to inform
climate adaptation to ensure long-term societal resilience, for instance through the
production of national climate projections. But, as various of my findings illustrate
, the provision of climate change has not linearly influenced adaptation. That is,
while much of the research described is about using the impetus and credibility of
science to foster climate action, it seems that these cognitive, methodological or
conceptual contributions are subdued by, for example, societal inertia or active re-
sistance. In other words, the account by John Law (2004) in chapter 3 of science pro-
ducing or shifting ‘realities’ is not quite as straightforward as he depicts. It requires
the support of many other actors to stabilise and appropriate a particular method or
concept.

As such, this research suggests that a more honest discussion of the degree of agen-
cy both social and climate scientists can realistically achieve is needed. So far, this
discussion seems to have been avoided, partly as the results might pose a problem
as ‘uncomfortable knowledge’ (Rayner, 2012). However, such a discussion could, I
believe, trigger more credible accounts of what knowledge can achieve in both the
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ameliorist and critical order (e.g. Lemos et al., 2012), the degree to which both de-
scriptivist and interpretivist studies can influence, detect and amplify realities (e.g.,
Taylor et al., 2014a; Lahsen, 2007), or how critical scholarship on continued or re-
newed inequalities is integrated into adaptation (e.g., Bee et al., 2015).

Second, comparing the global, national and local scales, distinct differences as to
how climate knowledge is envisaged can be identified. For instance, on the global
level a more abstract and ‘pure’ conception of climate science dominates, with no-
tions of climate adaptation being vaguer. In the national study, however, climate
adaptation is prioritised and climate knowledge is understood in more diverse ways.
In the local study, by contrast, the point of departure for the different specialists was
neither climate science nor climate adaptation, but their services’ priorities, con-
cepts, and responsibilities. For instance, heatwaves were mostly understood as a
corollary of biodiversity or thermal comfort — not about distinct changes in weather
phenomena.

In addition, the scale comparison demonstrates that climate knowledge becomes
more and more selectively adapted, and possibly resisted, the lower down the scale
one goes. This interpretation is in line with other scholarship demonstrating that
local and sectoral adaptation often interweaves with other institutional, political,
financial, and professional priorities (e.g., [rwin and Wynne, 1996; Ryghaug and
Solli, 2012; Lorenz et al., 2017; Heaphy, 2018; Olazabal et al., 2018). Or, to phrase it
in Latourian terms, where so-called inert and unconscious actors also possess agen-
cy (Latour, 2017), the local sites produce more frictions and reconfigurations of cli-
mate knowledge. This is because thermal insulations, spatial planning laws, trees,
and people’s way of looking after their health are all agencies influencing and fixing
experts’ decisions scopes. On the global level, these specific agencies are subsumed
in larger categories and become thus less important, allowing scientists — both the
natural and the social — to produce more abstract conceptualisations and idealisa-
tions of climate adaptation and climate science.

7.3  Practical implications for climate scientists and adaptation specialists
7.3.1 Recommendations for climate scientists producing science for climate adaptation

The research carried out within this doctoral thesis makes several important and
timely points relevant for climate scientists producing climate science for adapta-
tion. One, the study of national uses of climate information shows that it is very hard
to predict what data users will employ in adaptation projects. A promising approach
would be to supplement qualitative findings, presented for example in brochures,
with easily accessible raw data underlying the climate information. This would al-
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low stakeholders to themselves choose which data source is most adequate for their
purposes.

Second, I would like to recommend communicating climatic change to those expert
communities which share few or no concepts with climate science — health and spa-
tial planning, for instance — by finding suitable research partners to make the rel-
evance of climate impacts on their work explicit. In particular, the communication
should build on ‘cognitive links’ which allow experts to similarly appropriate this
knowledge into their thinking.

Third, the local appropriation study also showed that experts have different ways of
keeping up-to-date with other people’s work. I would like to recommend climate
scientists to become more aware of less well-known channels for communicating
climate change. These include, for instance, guided tours for expert audiences, ad-
visory committees for particular adaptation projects, lectures to students of other
departments, and talks at professional associations’ annual conferences. Further-
more, many practitioners may not know whom to contact within universities, so
that pinpointing or, even better, establishing contact to relevant people could help
practitioners make sense of the ‘black box’ university.

Fourth, my findings could promote a deeper reflection on often-voiced assump-
tions underpinning climate services. I would like to encourage climate scientists
in co-production projects to reflect on how they imagine the ways users operate.
This could be aided by questions such as: ‘On what basis have you described what
users do and need? What knowledge or experience would be required to change your
particular description?’. Such questions aim to trigger underlying assumptions, and
can reveal how certain producers of climate services operate.

Fifth, my research also serves as a reminder that understanding climate science may
not be the reason why adaptation action gets bogged down, as is sometimes sug-
gested. It may also be that climate knowledge projects, such as climate projections,
can be a good vehicle to foster discussions and bring different experts together. A
scientist’s presence at a workshop and project meetings may have more effect than
the climate information itself. Climate scenarios can thus be ‘heuristic tools’ (Hea-
phy, 2018) to begin a collaboration, rather than its closure.

7.3.2 Recommendations for practitioners on adapting climate science

The research findings from the chapter 4 on national use and chapter 5 on local
appropriation holds key lessons to be learnt by practitioners to make easier and
better use of climate science for adaptation. First, I would like to recommend that
all involved sectoral experts should consider how changing weather patterns, from
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more intense heatwaves and torrential rain to prolonged droughts, changes sectoral
priorities and concerns. More awareness of how both average and extreme weather
impacts experts’ work helps in understanding and making sense of climate science.

Second, experts ought to inform themselves about how climate changes local
weather conditions. Various information brochures and websites have been created
and curated by climate scientists to include such information. I would also like to
recommend the participation in workshops dedicated to such topics. It might well
be the case that other local governments and sectoral experts may well have started
implementing adaptation action already. Finding out what worked well, what was
challenging and why helps to understand how climate adaptation action is also in-
tertwined with other legitimate concerns or priorities.

Third, sectoral experts should not shy away from climate scientists and their re-
search. Make your needs, priorities and questions heard and known. My research
shows that in particular public or professional meetings where climate scientists
attend are good places to start conversations.

7.4  Further opportunities for research based on the collected data

By applying an interpretivist approach to research, and by amplifying emergent
themes from the data collected, it has been possible for me to participate in ac-
ademic discussions which I did not envisage in the first place. (This opportunity
is less common in theory-based approaches aimed at bringing pre-defined issues
into sharper contrast). The following paragraphs present some of my findings and
thoughts based on three further manuscripts, using data collected as part of the
study on the local appropriation of heatwave knowledge.

The Swiss civic epistemology and its influence on knowledge transfer. My initial analysis of
the interviews points to an organic, ‘rhizomatous’ way (cf. Smith and Protevi, 2018)
in which environmental knowledge — whether produced by scientists or by practi-
tioners — is transferred, evaluated, transformed and legitimised in Switzerland. A
federal state with strong local identities and a distinctly participatory political cul-
ture, the challenge Switzerland faces is one in which experts working on different
levels still need some degree of coordination, for instance on heatwave adaptation.
Therefore, the way knowledge and experience are memorised and transferred be-
tween cantons, municipalities, the federal government, professional associations,
environmental consultancies, engineering firms and friendships is sociologically
fascinating. As such, the collected data could provide details on how the Swiss ‘civic
epistemology’ and on the way in which semi-institutionalised knowledge transfer
takes place. Such an account could fill the gap between the interpretivist account by
Jasanoff (2005) comparing the US, UK and Germany, and the political scientists’
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main comparison between Switzerland and the UK as two prototypical cases for
‘consensus’ and ‘majoritarian’ democracies (Lijphart, 2012).

Bringing Goffman’s study of face-to-face interactions to the co-production of knowledge dis-
cussion. Erving Goffman is well-known for his analysis of the dynamics underlying
human face-to-face interactions. In particular his magnum opus, The presentation of
self in everyday life, portrays the underlying patterns guiding and restricting people’s
interactions (Goffman, 1ggo [19561). Famously using the metaphor of the theatre to
illustrate how humans have particular expectations of appropriate social behaviour,
he describes the delicacy of starting conversations with strangers, the way offen-
sive remarks are avoided, or the subtle signs that are sent out or received to stop
conversations slowly rather than abruptly. In co-production projects, face-to-face
engagements between climate scientists and users are often judged essential to their
success. During my own process of interviewing sectoral experts and inviting them
to two co-production workshops, a clear pattern of either refusing or keen partici-
pation, depending on the particular sector, emerged. By drawing on Goffman’s in-
sights on face-to-face interactions, I want to explain the particular attitude invited
participants brought towards transdisciplinary workshops. In particular, I want to
point out that workshops and interviews come with widely accepted forms of appro-
priate behaviour. While this can lead to some people being eager participants; for
other experts fulfilling this designated role is more difficult. Thus, with my research
I want to expand on how workshop dynamics select and favour the participation of
some over others, and discusses the implications of this for co-producing climate
knowledge.

Tensions between adaptation options favouring resilient or ‘good’ cities. A surprising result of
the research for me was the resistance of some sectoral experts to climate adaptation
action because of their concerns that it would negatively affect other valued ameni-
ties. In particular, spatial planners are much concerned to improve the quality of life
which city inhabitants enjoy. However, some interviewees raised objections to the
greening of cities, as this not only changes the cityscape, giving it a more suburban
feeling, but could also be an impediment to cultural events taking place. Similarly,
for fear of reducing the quality of living within neighbourhoods, the priority given to
architectural and thermal issues surrounding buildings may not always be in align-
ment with each other. Thus, this research serves as a reminder that the contribution
of ‘local’ knowledge can be a legitimate and important reason for not limiting dis-
courses on resilience to an academic context (cf. Wynne, 1996).

7.5 Outlook: promising future research avenues

In the last year, the global climate strikes organised by the Fridays for Future move-
ment and spearheaded by Greta Thunberg have, where others have so far struggled,
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produced widespread support for more ambitious climate mitigation efforts. The
mass demonstrations, political activities and acts of civil disobedience witnessed
across the globe are huge, numbering up to four million participants in 2000 cities
and 125 countries (Vox, 2019). Numerous climate scientists were quick to support
the grassroots movement’s core objective as scientifically and ethically valid (Hage-
dorn etal., 2019; Warren, 2019).

Since then, the climate movements’ stickers calling for ‘net zero until 2030’ or
‘make love not CO2’ have been prominently placed on rucksacks, laptops, or traffic
signposts. In the last Swiss national election, the green parties could secure a histor-
ical landslide win (Schweizer Radio und Fernsehen, 2019b). In addition, various cantonal
and municipal parliaments have symbolically declared a ‘climate emergency’ (Neue
Ziircher Zeitung, 2019). More ambitious mitigation policies have been passed, includ-
ing fuel taxes for flights which had previously long been controversial (Tagesanzeiger,
2019b).

The change climate strikers have achieved is not only of political but also of cul-
tural nature: from a framing of climate change as a problem to be solved to a feeling
of climate change being a problem being lived with. Or, in the words of Dougald Hine
(2019), talking of the rhetorical shift from Al Gore’s An Inconvenient Truth to Greta
Thunberg’s speeches on panic:

‘Here’s what I’'ve been picking up from the people I meet, the audiences
I speak to and the stories that come back to me: on a scale not seen be-
fore, people are having an encounter with climate change not as a problem
that can be solved or managed, made to go away, or reconciled with some
existing arc of progress, but as a dark knowledge that calls our path into
question, that starts to burn away the stories we were told and the trajec-
tories our lives were meant to follow, the entitlements we were brought up
to believe we had, our assumptions about the shape of history, the kind of
world we were born into and our place within it’ (Hine, 2019).

What Hine (2019) describes is that climate change has unsettled some people emo-
tionally. For instance, at a recent public event alongside the Zurich Film Festival,
actor Javier Bardem was moved to tears by a question from a young audience mem-
ber (Tagesanzeiger, 2019a). Further, climate change has appealed to people’s in-
herent sense of justice and equality to the degree that young climate activists have
consciously taken the risk of being arrested and confined for up to 48 hours when
protesting outside of Swiss banks’ headquarters (Schweizer Radio und Fernsehen,
2019a). Similarly, the Extinction Rebellion action week in September 2019 also at-
tracted pensioners outside of London, some of whom had until then been apolitical
and had never attended political rallies (The Guardian, 2019). And this particular
protest took place during Brexit, the largest political crisis the UK faced in decades.
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One striker recently made newspaper headlines by going on a one week-long hun-
ger strike because progress is too slow (Bliille, 2019). Lastly, reports about students’
emotional fragility and crises related to climate change have become so prominent
that it already has a name: ‘eco-anxiety’ (Ojala, 2018; Pihkala, 2018). All these ex-
amples are indicators of a shift towards a more emotional relationship with climate
change.

However, other actors and initiatives are also working towards a climate-compat-
ible future. Climate change is increasingly also seen as a business problem (e.g.,
Goldstein et al., 2019), and reporting initiatives such as the Task Force on Cli-
mate-related Financial Disclosure TCFD attempt to make climate change more ‘rec-
ognisable’ within and across businesses (Task Force on Climate-related Financial
Disclosures, 2020). Discourses of oil-producing companies and other carbon-in-
tensive industries being ‘stranded assets’ from an investor’s perspective have also
intensified (Caldecott, 2017), even resonated among climate strikers. Other initia-
tives entangled with climate adaptation and climate science are the United Nation’s
Sustainable Development Goals SDGs (Nilsson et al., 2016), highlighting win-win
efforts and tricky trade-offs for countries’ intended developments around the globe.
As such, the Friday for Future movement is embedded in a network of similar and
distinctly different discourses and practices around mainstreaming climate change
and promoting climate-compatible lifestyles.

What remains unclear, however, is the impact the climate youth movement and the
associated discourse shift is having on the subject of climate adaptation and climate
science on the one hand, and how the strikers’ ambitions interact with other dis-
courses and initiatives such as the Paris Agreement, the Sustainable Development
Goals, or the Task Force on Climate-related Financial Disclosure TCFD on the other
hand. Does the greater support for ambitious mitigation policies also assist sectoral
experts and adaptation specialists to implement specific adaptation action? Are peo-
ple more likely to accept larger interventions in the cityscape? Are they readier to
accept health prevention efforts? At the time I collected the data the climate strikes
had notyet begun. It would be interesting to contrast the responses of summer 2018
with more recent ones, trying to figure out whether proposed adaptation action
is now more seriously considered and actively supported. Such studies would be
promising and valuable, as they would enable us to examine the ways in which a
grassroots movement and a changed discourse can, unintentionally, shape knowl-
edge-intensive, expert-driven climate adaptation processes. In particular, specific
examples could bring insights into the role social acceptance plays in experts’ work,
rather than only scientific climate knowledge.
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7.6  Conclusion

This doctoral thesis demonstrates empirically the diversity in which climate sci-
ence has been globally customised, nationally used, locally appropriated, as well as
social-scientifically ordered. The studies collected here show that countries, adap-
tation specialists, sectoral experts and social scientists exhibit surprisingly stable
and recurring patterns of behaviour in adapting climate science. As such, my find-
ings not only describe the diversity of approaches, but also the factors influencing
people’s behaviour. This includes the availability of model output and expertise re-
quired to customise global climate science for adaptation as well as the perceived
necessity of doing so (chapter 3); that explaining how adaptation practitioners use
climate projections ought not to revert to potentially misleading categories such as
the academic-practitioner binary, sector, or numeracy (chapter 4); that one’s prior
thought style and work focus influence to a large degree how climate knowledge
is appropriated and transformed (chapter 5); and that underlying values and dif-
fering research aims produce not only different social-scientific perspectives, but
also potential points of friction (chapter 6). Thus, I conclude that the interaction of
adaptation actors with climate science extends and transforms how climate science
is understood, indicating also how these actors prioritise and perceive their work
activities. Future research ought to revisit the more local adaptation activities, in
particular examining how the youth strikes for climate have affected not only cli-
mate mitigation strategies, but also the relationship between climate adaptation
and climate science.
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Annex to chapter 3

List of characteristics assessed

+ General country characteristics

« Country short name

« Full country name

« 3-letter country code

« Is the country a High Income country as classified by the World Bank? (For
north-south definition as used in Blicharska et al. 2017)

« Is the country an OECD member? (for north-south definition as used in
Blich-arska et al. 2017)

« Is the country classified as northern or southern? (see Blicharska et al. 2017)

+ GDP per capita 2000-2009 (Pasgaard & Strange 2013)

« UNFCCC Annex I membership | UNFCCC non-Annex I membership

« Data on most recent National Communication [until 31.12.2016]

+ National Communication issue, version, and submission date

« UNDP/GEF financing of National Communication efforts

+ Characteristics of climate projections

« Number of sets of climate projections reported

« Total page count for climate projections

+ Method & models used for climate projection

+ What type of modelling complexity was used? [noCP | other | lookup / plug-
and-play /| GCM only | statistical downscaling | PRECIS | dynamical downscal-
ing]

+ What underlying type of modelling characteristics was used? [model-based |
GCM/RCM]

+ Count of number of GCMs used

+ Count of number of RCMs used

« How many timeframes were reported?

« What is the earliest year reported?

« What is the latest year reported?

« How many emission scenarios were reported?

« If only a single emission scenario was reported, which one was?
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Unequal intervals in countries reporting of National Communications
Sample: UNFCCC members with UNFCCC National Communications (n=189)

30
= climate science
2 20 publication competence
5 preliminary, n=158
(o)
% . advanced, n=14
S 10
I}
[S]

] . proficient, n=17
O " m I ‘ u I

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
Year of most recent National Communication submission to UNFCCC

Suppl. Figure 1 — Distribution of the submission year of UNFCCC members’ most recent Nation-
al Communication (as of 31.12.2016). Note the positively skewed distribution after 2012.

Suppl. Table 1 —Key characteristics of countries’ climate projections, sorted first by their climate
science publication competence (Haunschild et al. 2016), then alphabetically.
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Afghanistan AFG preliminary NC_1 2013 1 2_lookup 3 I
Albania ALB  preliminary NC_3 2016 I 3 plugandplay 5 o 3 5
Algeria DZA  preliminary NC_2 2010 3 4G 1 o 2 1
Angola AGO  preliminary NC_1 2012 o o_ noCP
Antiguaand ATG  preliminary NC_3 2016 1 2_lookup 3 3
Barbuda
Armenia ARM  preliminary NC_3 2015 1 4_GCM I o 3 2
Azerbajjan AZE  preliminary NC_3 2016 2 3_plugandplay I o 2 2
Bahamas BHS  preliminary NC_2 2015 2 3 plugandplay 21 o 1 1
Bahrain BHR  preliminary NC_2 2012 o o0_noCP
Bangladesh BGD  preliminary NC_2 2012 1 3_plugandplay 9 o 2 2
Barbados BRB  preliminary NC_1 2001 o o_noCP
Belarus BLR  preliminary NC_6 201 1 _GCM 3 3
Belize BLZ  preliminary NC_3 201 2 g_PRECIS 2 1 1 1
Benin BEN  preliminary NC_2 2011 1 3_plugandplay 4 o© 4 2
Bhutan BTN  preliminary NC_2 2011 1 6_PRECIS 2 1 2 I
Bolivia BOL  preliminary NC_2 2009 3 4 GCM 1 o 2 1
Bosniaand BIH  preliminary NC_2 2013 1 7_dyn.downsc 2 1 2 2
Herzegovina
Botswana ~ BWA  preliminary NC_2 2013 1 3 plugandplay 10 o 1 1
Brunei BRN  preliminary NC_1r 2016 2 7_dyn.downsc 6 1 1
Darussalam
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Bulgaria BGR  preliminary NC_6 2014 2 7_dyn.downsc 2 I 1 2
Burkina Faso BFA  preliminary NC_2 2015 1 1_no.description 1 1
Burundi BDI  preliminary NC_2 2010 1 1_no.description 0 5 1
Cabo Verde CPV  preliminary NC_2 2011 1 1_no.description o 2
Cambodia ~KHM  preliminary NC_2 2016 2 3_Flu§andplay 2 o 3 2
Cameroon CMR  preliminary NC_2 2016 1 2_lookup 3 1
Central Afri- CAF  preliminary NC_2 2015 o o_noCP
can Republic
Chad TCD  preliminary NC_2 2013 1 3_plugandplay 3 o 3 2
Chile CHL  preliminary NC_2 2011 1 6_PRECIS 1 1 3 2
Colombia  COL  preliminary NC_2 2010 1 6_PRECIS 5 3 2 3
Comoros COM  preliminary NC_2 2013 2 2_looku ) 3 3
Congo, COD  preliminary NC_3 2015 1 5_stat_downsc 3 o 2 2
Democratic
Republic of
the
Congo, COG  preliminary NC_2 2009 1 3_plugandplay 5 0 6 2
Republic of
the
CookIslands COK  preliminary NC_2 2012 1 3_plugandplay 1 o 3 3
CostaRica  CRI preliminary NC_3 2014 o o_noCP
Cote d’Ivoire CIV preliminary NC_2 2010 1 7_dyn.downsc 1 3 1
Croatia HRV  preliminary NC_6 2014 2 7_dyn.downsc 6 12 3 1
Cuba CUB  preliminary NC_2 2015 1 6_PRECIS 2 I I 2
Cyprus CYP  preliminary NC_6 2013 1 7_dyn.downsc 5 7 2 3
CzechRe- CZE  preliminary NC_6 2014 1 7_dyn.downsc 1 3 1
public
Djibouti DJI preliminary NC_2 2014 1 4 _GCM 3 o) 1 1
Dominica  DMA  preliminary NC_2 2012 1 7_dyn.downsc 3 1 4 3
Dominican DOM  preliminary NC_2 2009 o o_noCP
Republic
Ecuador ECU  preliminary NC_2 2012 1 7_dyn.downsc 3 2 2 3
Egypt EGY  preliminary NC_3 2016 o o_noCP
ElSalvador SLV  preliminary NC_2 2013 1 4_GCM 6 5 2
Eritrea ERI preliminary NC_2 2012 2 2_lookup 21 © 3 2
Estonia EST  preliminary NC_6 201 1 7_dyn.downsc 2 I 2
Ethiopia ETH  preliminary NC_2 2or 2 2_lookup 3 3
Fiji FJI preliminary NC_2 2014 1 4_.GCM 16 3 1
Gabon GAB  preliminary NC_2 2011 1 3_plugandplay o) 2
Gambia GMB  preliminary NC_2 2013 I _GCM 3 o 10 I
Georgia GEO  preliminary NC_3 2016 1 7_dyn.downsc 1 I 2 I
Ghana GHA  preliminary NC_3 2015 1 7_dyn.downsc 3 8 3 1
Grenada GRD  preliminary NC_1 2000 o o0_noCP
Guatemala GTM  preliminary NC_2 2016 1 4_.GCM I o 4 2
Guinea GIN  preliminary NC_1 2002 1 4 GCM 3 ) 5 3
Guinea-Bis- GNB  preliminary NC_2 2011 1 4_GCM 5 o 2 2
sau
Guyana GUY  preliminary NC_2 2012 1 2_lookup 15 3 3
Haiti HTI  preliminary NC_2 2013 1 6_PRECIS 1 2 2
Honduras  HND preliminary NC_2 2012 2 _GCM 5 o) 3 2
Hungary HUN  preliminary NC_6 2014 4 é_PRECIS I I 3
Iceland ISL preliminary NC_6 2014 1 7_dyn.downsc 3 1 I
Indonesia  IDN  preliminary NC_2 2012 2 4_.GCM 15 © 3 2
Iran IRN  preliminary NC_2 2011 3 3_plugandplay 2 o) 4 18
Iraq IRQ  preliminary NC_1 2015 o o_noCP
Ireland IRL preliminary NC_6 2014 1 7_dyn.downsc 9 3 1 2
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Jamaica JAM  preliminary NC_2 2011 3 6_PRECIS 1 3 2
Jordan JOR  preliminary NC_3 2014 1 7_dyn.downsc 9 2 3 2
Kazakhstan KAZ  preliminary NC_2 2014 1 4_.GCM 5 o 3 4
Kenya KEN  preliminary NC_2 2015 2 7_dyn.downsc 1 1 1
Kiribati KIR  preliminary NC_2 2013 4 3_pi,ugandplay 21 © 4 3
Kuwait KWT  preliminary NC_1 2012 2 4 GCM 1 o 3 1
Kyrgyzstan KGZ  preliminary NC_2 2009 1 3_plugandplay 17 o 1 2
Laos LAO  preliminary NC_2 2013 1 _GCM 14 O 2 3
Latvia LVA  preliminary NC_6 2013 1 1_no.description I 2
Lebanon LBN  preliminary NC_2 2011 1 7_dyn.downsc I I 2 I
Lesotho LSO  preliminary NC_2 2013 1 4_.GCM 6 o 10 4
Liberia LBR  preliminary NC_1 2013 1 7_dyn.downsc 2 10 4 1
Liechten- LIE preliminary NC_6 2013 1 7_dyn.downsc 8 1g 1 3
stein
Lithuania LTU  preliminary NC_6 2014 1 1_no.description 2
Luxembourg LUX  preliminary NC_6 2014 1 7_dyn.downsc 8 10 I I
Macedonia  MKD  preliminary NC_3 2014 1 3_plugandplay 18 o 4 6
Madagascar MDG  preliminary NC_2 2010 I z_FooEup 3 1
Malawi MWI  preliminary NC_2 2012 1 3_plugandplay 4 o© 4
Malaysia MYS  preliminary NC_2 2011 2 6_PRECIS I 2
Maldives MDV  preliminary NC_2 2016 1 7_dyn.downsc 4 I 2 3
Mali MLI  preliminary NC_2 2012 1 3_p¥ugandplay 1 o 2
Malta MLT  preliminary NC_2 2014 1 3_plugandplay 6 o 4 2
Marshall MHL  preliminary NC_2 2015 1 1_no.description 2 2
Islands
Mauritania MRT  preliminary NC_3 2014 1 3_plugandplay 2 o 2 2
Mauritius ~ MUS  preliminary NC_2 2011 1 3_plugandplay 9 o 4 4
Micronesia FSM  preliminary NC_2 2015 1 _GCM 18 o 3 3
Moldova MDA  preliminary NC_3 2014 1 4_GCM 10 o© 3 3
Monaco MCO  preliminary NC_6 2014 1 1_no.description 3 2
Mongolia ~ MNG preliminary NC_2 2010 2 4.GCM be o 3 3
Montenegro MNE  preliminary NC_2 2015 1 7_dyn.downsc 1 2 2
Morocco MAR  preliminary NC_3 2016 1 1_no.description 3 2
Mozambique MOZ  preliminary NC_1 2006 1 4_.GCM 6 o 1 I
Myanmar ~ MMR preliminary NC_1 2012 2 3_plugandplay 4 o0 3 2
Namibia NAM  preliminary NC_3 2015 2 g_stat downsc 10 O 1 1
Nauru NRU  preliminary NC_2 2015 1 _GCM 18 o 3 4
Nepal NPL  preliminary NC_2 2015 1 é_PRECIS 1 1 3 1
Nicaragua  NIC  preliminary NC_2 2011 4  6_PRECIS 1 2 2
Niger NER  preliminary NC_2 2009 3 5_stat_downsc I o 1 2
Nigeria NGA preliminary NC_2 2oL 1 5_stat_downsc 2 2
Niue NIU  preliminary NC_2 201 3 4. GCM 23 0 1
North Korea PRK  preliminary NC_2 2013 2 3_plugandplay I o 8 2
Oman OMN preliminary NC_1 2013 1 7_dyn.downsc I o 2 1
Pakistan PAK  preliminary NC_1 2003 1 3_p¥ugandplay o 2 2
Palau PLW  preliminary NC_1 2003 1 4_GCM 1 o 2

Panama PAN  preliminary NC_2 2012 1 4_.GCM 4 o0 3 2
PapuaNew DPNG  preliminary NC_2 2015 o o_noCP

Guinea

Paraguay PRY  preliminary NC_2 2011 1 6_PRECIS 5 I 3 2
Peru PER  preliminary NC_3 2016 3 _GCM 3 1 2
Philippines PHL  preliminary NC_2 2014 1 g_PRECIS 1 2 1
Qatar QAT  preliminary NC_1 2011 o o_noCP

Romania ROU  preliminary NC_6 2013 2 7_dyn.downsc 9 9 1 1
Rwanda RWA  preliminary NC_2 2012 1 3_p¥ugandplay 3 o 10 1
SaintKitts KNA  preliminary NC_2 2016 1 g5_stat_downsc 1 o 3 3
and Nevis
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SaintLucia LCA  preliminary NC_2 2012 1 7_dyn.downsc 3 I
SaintVin-  VCT  preliminary NC_2 2016 2 2_lookup 15 © 3 3
cent and the
Grenadines
Samoa WSM  preliminary NC_2 2010 1 1_no.description 4
San Marino SMR  preliminary NC_2 2013 o o_noCP
S30 Tomé... STP  preliminary NC_2 2012 1 5_stat_downsc o 1 2
Saudi Arabia SAU  preliminary NC_2 2011 2 6_PRECIS 3 1 1 1
Senegal SEN  preliminary NC_3 2016 1 7_dyn.downsc 1 2 1
Serbia SRB  preliminary NC_1 2010 1 7_dyn.downsc I 2 2
Seychelles  SYC  preliminary NC_2 2013 1 3_plugandplay 7 o0 3 2
Sierra Leone SLE preliminary NC_2 2012 1 3_plugandplay 4 O 4 1
Singapore  SGP  preliminary NC_3 2014 1 1_no.description 1 1
Slovakia SVK  preliminary NC_6 2014 1 7_dyn.downsc 2 2 I 3
Slovenia SVN  preliminary NC_6 2014 o o_noCP
Solomon SLB preliminary NC_1 2004 1 4_GCM 3 o 2 1
Islands
Sri Lanka LKA  preliminary NC_2 2012 2 4_GCM 3 o 2 3
Sudan SDN  preliminary NC_2 2013 1 5_stat_downsc 9 o 2 3
Suriname ~ SUR  preliminary NC_2 2016 1 2_looku 2
Swaziland SWZ  preliminary NC_3 2016 2 5_stat_downsc 7 O 2 I
Syria SYR  preliminary NC_1 2010 2 4_GCM 1 3 2
Tajikistan ~ TJK preliminary NC_3 2014 1 4_GCM 3 3
Tanzania TZA  preliminary NC_1 2003 1 _GCM 5 o) 1
Thailand THA  preliminary NC_2 2011 4 _PRECIS I 1
Timor-Leste TLS preliminary NC_1 2014 2 4_GCM 20 3 4
Togo TGO  preliminary NC_3 2015 1 3_plugandplay o o 4 2
Tonga TON  preliminary NC_2 2012 2 3_plugandplay 1 o 3 2
Trinidad and TTO  preliminary NC_2 2013 1 6_PRECIS 1 3 2
Tobago
Tunisia TUN  preliminary NC_2 201 I 4 GCM 4 o© 2 4
Turkmeni- TKM preliminary NC_3 201 1 3_plugandplay 2 o
stan
Tuvalu TUV  preliminary NC_1 1999 1 4_GCM 4 o0 3 2
Uganda UGA  preliminary NC_2 2002 1 4_GCM 20 2 2
Ukraine UKR  preliminary NC_6 2013 1 7_dyn.downsc 6 14 3 1
United Arab ARE  preliminary NC_3 2013 o o_noCP
Emirates
Uruguay URY  preliminary NC_4 2016 1 4_GCM 2 2
Uzbekistan UZB  preliminary NC_2 2008 1 3_plugandplay 6 o 3 4
Vanuatu VUT  preliminary NC_2 2016 1 4_GCM 18 o 3 3
Venezuela ~VEN  preliminary NC_1 2005 1 3_plugandplay 2 o 3 2
Viet Nam VNM  preliminary NC_2 2010 2 3_plugandplay o) 3 3
Yemen YEM  preliminary NC_2 2013 1 4_.GCM 3 o 1
Zambia ZMB  preliminary NC_2 2014 1 4_GCM 3 o 1
Zimbabwe ZWE  preliminary NC 2 2013 1 4 GCM 1 o 1 2
Argentina ARG  advanced NC_3 2015 5 4_GCM 42 o0 2 2
Brazil BRA  advanced NC_3 2016 2 4_GCM 4 o 1 1
China CHN  advanced NC_2 2012 1 4_GCM I o 2 2
Greece GRC  advanced NC_6 2013 2 7_dyn.downsc I 2 1
India IND  advanced NC_2 2012 1 6_PRECIS I I 3 I
Israel ISR advanced NC_2 2010 2 7_dyn.downsc 1 1 1 2
Japan JPN advanced NC_6 2014 1 1_no.description 3
Mexico MEX  advanced NC_5 2012 1 4_GCM 1 o) 1 1
Poland POL  advanced NC_6 2014 1 7_dyn.downsc 4 8 2 I
Russia RUS  advanced NC_6 2014 o o_noCP
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South Africa ZAF  advanced NC_2 2011 3 5_stat_downsc 9 o 2 I
South Korea KOR  advanced NC_3 2012 1 7_dyn.downsc I 1 I
Spain ESP  advanced NC_6 2013 o o0_noCP
Turkey TUR  advanced NC_6 2016 1 dyn.downsc 3 1 3 3
Australia AUS  proficient NC_6 2013 o o_noCP
Austria AUT  proficient NC_6 2014 o o_noCP
Belgium BEL  proficient NC_6 2014 1 7_dyn.downsc 3 1
Canada CAN  proficient NC_6 2014 o o0_noCP
Denmark  DNK proficient NC_6 2014 1 7_dyn.downsc 2 4
Finland FIN proficient NC_6 2013 1 4_GCM 28 o 2 2
France FRA  proficient NC_6 2013 1 4_GCM 2 o 3 2
Germany DEU  proficient NC_6 2014 1 7_dyn.downsc 8 12 2 1
Italy ITA  proficient NC_6 2014 o o_noCP
Netherlands NLD  proficient NC_6 2013 1 7_dyn.downsc 5 8 2 2
New Zealand NZL  proficient NC_6 2013 1 7_dyn.downsc 2 1 2 1
Norway NOR  proficient NC_6 2014 1 7_dyn.downsc 2 2 2 2
Portugal PRT  proficient NC_6 2014 1 7_dyn.downsc 2 2
Sweden SWE  proficient NC_6 2014 1 7_dyn.downsc g 1 3 3
Switzerland CHE  proficient NC_6 2014 1 7_dyn.downsc 3 3
United GBR  proficient NC_6 2014 1 7_dyn.downsc 3 3
Kingdom
United USA  proficient NC_6 2014 1 7_dyn.downsc 2
States of
America
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Annex to chapter 4

The multi-stage assessment process of the use of CH2o011

A multi-stage process was undertaken. To increase the specificity of answers — and
to reduce the chances of a long ‘wish list’ — the elicitation process was divided into
three themes: (a) use of today’s climate; (b) use of the climate change scenarios
CH2or11, and (c) capturing recommendations and needs for the future CH2018 sce-
narios.

The data collection process proposed and consequently undertaken by EBP staff
com-prised three work packages: In all three work packages, ‘climate-primed’ ac-
tors from the Swiss adaptation community (such as, the climate impacts research
community, federal and cantonal administration, sectoral associations or interest
groups, and media representa-tives) were targeted.

First, n=10 explorative interviews with experts from both academia and practice
were undertaken in person or by phone. This explorative phase helped defining the
research framework in terms of scope and selection of participants for the following
steps.

Second, a survey with mostly closed questions was sent to n=256 people between
June and December 2015, of which n=115 people responded (45% response rate).
The target sam-ple consisted deliberately of a ‘climate-primed’ audience of the
Swiss adaptation communi-ty. As such, the survey was sent to the participants of
the group interviews (n=35/40, 88%), to the participants of the 7th Symposium on
Climate Adaptation (n=70/187, 37%), as well as project managers who received
funding through the Swiss Pilot Programme on Climate Adaptation (n=10/29, 34%).
The survey was structured into four parts. First, use of current meteorological or
climatological data. Second, use of specific products provided through the CH2o11
climate scenario initiative. Third, requirements for upcoming CH2018 climate sce-
narios. And fourth, questions characterising the respondent. The German original
as well as translated survey can be found in the Supplementary Material 1.

Third, n=9 qualitative group interviews were undertaken between August and Oc-
tober 2015, encompassing in total n=33 participants. In n=6 cases these group in-
terviews were undertaken on the premises of EBP in Zurich. One group interview
each took place at the Swiss Federal Office for Civil Protection in Berne (n=1), at the
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Institute of Geography of the University of Berne (n=1), and the Swiss Tropical and
Public Health Institute in Basel (n=1). These group interviews were sector-specific,
encompassing between n=3 and n=6 participants each. The sectors were selected
according to those identified within the Swiss Federal Adaptation Strategy (BAFU,
2014; FOEN, 2012b), such as biodiversity, energy, agriculture or natural catastro-
phes. As such, the intention behind this structure was to link the climate scenarios
more explicitly to the national adaptation strategy, two institutionally distinct pro-
jects. Prior to the group interviews, each participant received the survey as a prepa-
ration. In the first half of the group interview, the individual results from the survey
were collectively discussed. The second half was guided by an interview protocol
which included a set of more open-ended questions to be discussed. These includ-
ed for instance ‘what were difficulties in using the provided data from CH2011?’ or
‘what is the value of a website compared to other formats such as workshops or
a helpdesk?’. Each group inter-view lasted around 2 hours. Minutes were taken in
condensed form, reflecting key state-ments from the participants.
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Questionnaire

Questionnaire regarding your needs for the new climate scenarios 1

Questionnaire regarding your needs for the new climate scenarios

The Swiss climate change scenarios (CH2011) were published in 2011. MeteoSwiss is currently
planning the next generation of scenarios. As the basis for this, Ernst Basler + Partner is analysing
the needs of users in terms of content and provision of climate data. We would like to ask you to
complete the following survey as part of this study. As the questions are addressed to very different
types of users, you may not be able to answer some or many of the questions. Nevertheless, we ask
you to go through the questionnaire completely and simply answer the questions that apply to you.
Thank you very much!

1. How do you use meteorological/climate data (today's climate) in your work?

Which climate variables do Which ones? For what purpose?
you frequently use in your O None
work? O Temperature
O Precipitation
O Wind velocity
O Relative humidity
O Global radiation
O Hours of sunshine
O Others:
If you need such variables: In -~ Which ones? For what purpose?
which temporal resolution do (3 10min. values
you need meteorological or 3 Hourly
climate data for your work? O Daily
O Monthly
O Seasonally
O Annually
O Others:
If you need such variables: Which ones? For what purpose?
In which spatial resolution O Station values
do you need O Gridded data
meteorological or climate 0 Aggregated spatial means
data for your work? O Others:
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Questionnaire regarding your needs for the new climate

Do you work O Yes
with extremes? O No

If yes: Which data do you use
for what purpose?

Which climate indicators do you  Indicators For what purpose?
use? None
Heat (e.g.tropical nights)

Cold (e.g. ice days)

Rain (e.g. 5 days max
precipitation)

Dryness (e.g. consecutive dry
days)

Snow (e.g. days with fresh snow)
Sunshine (e.g. clear days)
Others:

You have described above how Yes

you deal with data on today's No, for future climate scenarios | would like other
climate. Do your requirements for / less / more data, namely:

future climate scenarios

correspond to the data you

marked above?

aaooa o oaaa

Which are the critical threshold
values in your field, which could
be mapped with indicators (eg.

climate for survival of the tiger mosquito, or a
favourable climate for a culture in

agricu\ture)?

Do you know any indicators in
your or other sectors that are
useful for assessing impacts or
that illustrate climate change well?
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Questionnaire regarding your needs for the new climate 3

2. Which products from the latest climate scenarios (CH2011) have you used?

You can find all products from the "CH2011" climate scenarios and follow-up work in this table.
Please tick which products you know / have used:

| don't know  I've heard of | skimmed | used it.
this. it. it.
Technical report
(in English) O O O O
Summary
(DF) O @) @) O

Data 1: Seasonal
mean changes
per region

Data 2: Change in
mean annual cycle
per station

Data 3: Change in )
mean seasonal cycle i :
per station

Data 4: Change in
mean seasonal cycle #72
for 2x2 kmradius ~ *

Table of changes in weather
extremes (from basic or regional
report)

——ep—g O o O O

Climate indicator
maps, e.g. tropical
nights
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Questionnaire regarding your needs for the new climate

Report for regions = ==

Present and future climate
values at selected stations (from
regional report) O

Current and future values of

indicators (e.g. frost days)

depending on altitude level

(from regional report) O

=
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Questionnaire regarding your needs for the new climate

3. What would you like from the new climate scenarios?

CH2011 provided change data (e.g.

temperature increase). Did you
need any additional observation
data (e.g. absolute temperature
during reference period)?

O No
O Yes, and | obtained this as follows:

Which of the emission scenarios
offered in CH2011 have you used?

A1B

A2

RCP3PD

Not used / don't know

How many emission scenarios
do you need for your future
work?

One low and one high
One low, one middle and one high
One low, two middle and one high
No opinion

Why?

m)
m)
m)
m)
O Just one (middle)
m)
m)
m)
m]

Would you like additional
information on the
emission scenarios?

No
yes, the following for this reason:

aa

Which of the time intervals offered
in CH2011 have you used?

O Difference between 2020 — 2049 and 1980 — 2009
O Difference between 2045 — 2074 and 1980 — 2009
O Difference between 2070 — 2099 and 1980 — 2009

Which time intervals do you need
for your future work and why?

Which ones and for what purpose?

Do you need transient, i.e.
continuous time series?

O Yes
O No
O |don't understand
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Questionnaire regarding your needs for the new climate

How should the reference period be O The reference period should be current e.
selected? reflect "today")
O The reference period should remain constant
O No opinion
Why not?
Which data formats do you want? O | don't use any data, but rather figures from text,
maps, graphics and other things.
O NetCDF
O Ascll
O GeoTIFF
O xls
O csv
O ESRE
O Others:
How important are the following Not important at all Very important
elements for a climate services 1 2 3 4 5
website?
— Short summary of main results d a a a a
- Long summary of results u a a a a
— Derivation of results d a a a m]
— Associated scientific papers d a a a a
— User examples for application d d a a d
— Tutorial for use a a a a a
— Data download u u a a Q
— Climate impact studies u u a Q Q
— Background information on a a a a a

climate change
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Questionnaire regarding your needs for the new climate 7

4. What type of user are you?

What type of user are you?

"Research": User of complex climate

datasets

"Practice": User of specific climate information
for specific purposes (e.g. maps, graphs, simple
data sets by consultants / government /
associations / companies)

"Public": User of general climate information
(interested civil society / public / media)

In which sector / area do you mainly
work (select just 1)?

Biodiversity
Farming

Forestry

Health

Water

Energy

Tourism

Natural hazards
Spatial planning
Climate protection
Not a sector, but general impacts/modification
Others:
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Annex to chapter 5

Interview protocol «Heatwaves in cities»

Thank you for agreeing to this expert interview. I look forward to hearing more
about your work, how heatwaves relate to it, and the role of information in the next
45 minutes or so. [ am interested in how heat in cities is addressed across sectors.
This expert inter-view is an essential part of my doctoral thesis at ETH Zurich. To
better analyse this inter-view, I would like to record it. Of course, I will make this
recording anonymous and not pass it on to external parties. May I record our con-
versation?

Block 1: Introduction

+ Dlease tell me in a few sentences about your background and your work.

« In your opinion, what should a ‘good’ sectoral expert [spatial planner |/ ...] be
able to do? What are the criteria for a ‘successful’ project?

+ What are the biggest challenges you face today in terms of urban development?
Is there a link to heat spells in cities?

Block 2: Sector questions on «Heat in cities»

+ Have you ever dealt with urban heatwaves professionally? If so, where? If not,
why do you think it is not an issue? Is it an issue for other sectors?

+ Have you worked on adaptation measures to deal with heat in cities?

« Suppose you have to explain to others what your work on urban heat covers.
What are the five most important points that you would mention?

Block 3: Transfer of knowledge

+ Do you remember how heat in cities became an issue for your sector? Did it
happen in your sector in a similar way with other topics? Why/why not?

« How did you find out more about heat in cities? Is this the normal way in your
working environment?

« Did you find this information helpful and understandable? What could be bet-
ter? Were there criteria for or against certain sources of information?
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« Iasked you earlier about the 5 most important points. In my research I compare
the sectors greenspace management, building technology, spatial planning,
and health.

+ Have you had frequent exchanges with these sectors?

« What do you consider to be the most important aspects of these sectors?

Block 4: Decision making process

« Inyour sector, decisions on urban development have to be made again and
again. How are such decisions usually made? What was your role in this? What
roles did your clients have, for example? What other factors do you think influ-
ence the decision-making process? What role does scientific information play
here?

+ We are in Switzerland with different levels of political decision-making. What
role does the federal state in Berne, the canton and the city play in your work?
Do you also make contact with associations or interest groups?

« In Switzerland, consensus | compromise plays an important role. Does this
play a role in your work? Can you give an example?

Conclusion

+ As you know, we are holding a workshop on «Heatwaves in cities», and based
on your experience and this discussion, is there a point you would like to dis-
cuss at the workshop?

+ Thank you very much, that was very informative. Is there anything else you
would like to add?
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