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Abstract Over the last few decades climate change has been gaining importance
in international scientific and political debates. However, the social sciences, espe-
cially in Latin America, have only lately become interested in the subject and their
approach is still vague. Scientific understanding of global environmental change and
the process of designing public policies to face them are characterized by their com-
plexity as well as by epistemic and normative uncertainties. This makes it necessary
to problematize the way in which research efforts understand ‘the social’ of climate
change. How do ‘the climate’ and ‘the social’ interpenetrate as scientific objects?
What does the resulting field look like? Is the combination capable of promot-
ing reflexivity and collaboration on the issue, or does it merely become dispersed
with diffuse boundaries? Our paper seeks to answer these and other related ques-
tions using Chile as a case study and examining peer-reviewed scientific research
on the topic. By combining in-depth qualitative content analysis of each paper with
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a statistical meta-analysis, we were able to: characterize the key content and forms
of such literature; identify divisions and patterns within it; and, discuss some factors
and trends that may help explain these. We conclude that the literature displays two
competing trends: while it is inclined to become fragmented beyond the scope of the
‘mitigation’ black box, it also tends to cluster along the lines of methodological dis-
tinctions traditionally contested within the social sciences. This, in turn, highlights
the persistence of disciplinary divisions within an allegedly interdisciplinary field.

Keywords Climate change - Social dimensions - Scientific representations -
Chile - Scientific black boxes - Literature meta-analysis

Introduction

Over the last few decades, the notion of climate change has become increasingly
popular, as the most acknowledged manifestation of the contemporary environmen-
tal crisis (Estenssoro 2007, 2010). All over the world, urgent calls have arisen to
implement long-term policies which may help mitigate its causes and adapt to its
consequences (Giddens 2008). In 2015, the representatives of 195 countries met in
Paris to negotiate bonding commitments in the fight against climate change (UNF-
CCC 2016). These are expected to be gradually increased over the next few years,
sometimes requiring deep transformations of our present societies (Feola 2015).

As will be discussed in this paper, the present popularity of climate change is due
to its gradual transformation into a ‘black box’ (Bijker et al. 1987; Latour 1987):
a socio-technical artefact whose familiarity and naturalization make it readable
and readily usable for a broader socio-political audience. This is a necessary pre-
condition for political intervention, but at the same time it prevents us from study-
ing the ontological multiplicity of climate change and its controversial constitutive
processes. For a long time, this artefact has been almost exclusively the domain of
earth and atmospheric sciences. Consequently, many observations on the ‘human’ or
‘social’ aspects of the phenomenon have come either from ‘natural’ (as opposed to
‘social’) disciplines or from interdisciplinary, but theoretically heterogeneous per-
spectives. This resulted in a limited, fragmentary and reductionist definition of what
is ‘the social’ of climate change (Blanco and Fuenzalida 2013; Victor 2015).

In recent years there have been numerous calls to reinforce the presence of social
sciences in this field. This perspective is often expected to provide a deeper under-
standing on both the anthropocentric factors causing climate change, the social
determinants of climate impacts and vulnerabilities, and the possibilities for coordi-
nated response to climate threats. Some aspects that have received enhanced atten-
tion lately include the interactions between climate vulnerability and adaptation
policies (Agrawal et al. 1998), the opportunities and conditions for societal organi-
zations and collective action (Victor 2015) and the role and dynamics of social
movements in climate policy (Postigo 2013).

In addition, and especially important for this paper, it is hoped social sciences
will shed light on the semiotic processes allowing society to make sense of the
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interaction between itself and nature. More pointedly, there is hope that social sci-
ences may foster a deeper reflection on the very process of climate knowledge cre-
ation (Yearley 2009) and on its hidden epistemic (Ulloa 2011a; Aufenvenne et al.
2014) and ontological assumptions (Lidskog 2001; Escobar 2011). This reflection is
expected to unveil, among other aspects, the normative notions of ‘humanity’ under-
lying climate imaginaries (Chernilo 2017a, b), the transformative potentials dormant
within climate action (O’Brien 2012), as well as the boundaries, relationships and
possible complementarities among social and natural sciences (Lahsen 2010; Zehr
2015; Brondizio et al. 2016).

While it is urgent to know and do more about climate and global environmental
change, beyond the growing popularity of these notions lies the persisting risk that
its social and normative aspects are tackled from poorly informed, naive or non-
reflexive perspectives. Modern knowledge systems are characterized by multiplicity,
complexity and uncertainty (Cornell et al. 2013). Knowledge is at once indispensa-
ble, broadly accessible and widely debatable within contemporary society (Nowotny
2003). In this context, it seems increasingly impossible to escape the fluid, value-
laden and plural nature of the validity claims to which our ‘post-normal’ science
must subject itself (Funtowicz and Ravetz 2003). Thus, especially for what concerns
‘wicked problems’ such as sustainable development or climate change (Hirsch et al.
2006; Wiek et al. 2012), more focus should be placed on adopting more transdisci-
plinary, participatory, reflexive and plural forms of knowledge creation (Spangen-
berg 2011). These in turn should be geared towards a holistic and integrated under-
standing of the phenomenon, avoiding the disciplinary and epistemic separations
that tend to divide scholars (including those concerning mitigation and adaptation
issues: see the section entitled “The Social Sciences in the Construction of Climate
Change”). At the same time, scientific knowledge should abstain from seeing itself
as external -and implicitly superior- to other forms of representing environmental
issues, such as the ones embedded in mass media, public opinion (Billi et al. 2017)
or indigenous communities’ beliefs (Boillat and Berkes 2013).

Social sciences appear to be in a somewhat privileged position to help foster this
kind of paradigm shift in modern science. This is partly because of their intrinsically
dual nature, between the ‘epistemic’ and empirically-founded orientation of posi-
tive science, and the universal and theory-driven pretensions of moral philosophy
(Chernilo 2011). It is also due to their ability to engage with different combinations
of knowledge types (instrumental vs. reflexive) and audiences (academic vs. extra-
academic) (Burawoy 2005). No agreement has been reached to date within the social
sciences about a singular -or even, plural- manner of defining, giving shape to, and
epistemologically approaching their object (i.e. ‘the social’) (Latour 2007; Giddens
2013). On the contrary, the struggle to define the nature, extent and normative ten-
ure of what constitutes “the social” of a given field is one of the most central and
contested issues among social science scholars.

Several questions stem from the previous reflection: what is the field of research
emerging from the interpenetration of two blurred and inherently ambiguous
‘objects’ such as ‘climate change’ and ‘society’? Does this result in a complete
fragmentation of the research effort deriving in a variety of different meanings and
approaches and thus reducing the chances of purposeful scientific collaboration on

@ Springer



296 M. Billi et al.

the matter? Or rather, does some emergent conceptual pattern appear, and in that
case, what form does it take?

This paper aims to provide a tentative contribution to answer such questions,
through a systematic review, meta-analysis and critical discussion of the scientific
representations on ‘the social’ of climate change contained within research dealing
with the Chilean case. We pursue two key objectives: (i) characterizing the main
contents and forms adopted by the research on the social aspects of climate change
in the country, and (ii) exploring the existence of latent patterns and divisions within
such research.

The paper is organized as follows: we first provide a brief historical outline of the
international scientific construction of climate change, of the role and influence of
the social sciences in it, which will further contextualize our research question (next
section). Then, we offer some context on our case study and describe the methods
used to tackle it. Subsequently, we present our results and end by summarizing and
discussing our main conclusions.

The Social Sciences in the Construction of Climate Change

The trajectory of climate change as a techno-political artefact can be traced back
to the 1960s. In those days the phenomenon was restricted to academic circles and
was treated as just another scientific discovery. Gradually, however, it transited
through associative processes such as fundraising, conferences, publications and
public outreach, aimed at alerting a wider audience of its existence and relevance.
Finally, it landed in the spheres of politics and planned socio-technical change,
which demanded increasing degrees of international coordination. The discussion of
global warming was mutually constitutive of the notion of ecological crisis (Whyte
1967) and environmental crisis (Estenssoro 2007) that were socialized through
groups of ecologists and intellectuals. During the 1960s and 1970s these discussions
gathered discursive resonance in various summits and international environmental
conferences. The World Meteorological Organization [WMO] exerted a key influ-
ence in different forums to present environmental changes and the alterations of the
climate system as a problem of global importance. These aims required a sophisti-
cated reduction in complexity and uncertainty whilst explaining the phenomenon.
Through a long collective effort, the main cause of the issue was finally pinpointed
to the increase in the concentration of CO, and other so-called ‘greenhouse’ gases
[GHG] in the atmosphere (Yearley 2009).

This agreement, however, was only the beginning of one of the most important
scientific controversies of the 20th century; whether the GHG increase was to be
attributed to natural or anthropic causes (Weart 2010). The Intergovernmental Panel
on Climate Change (IPCC) was created in 1988 precisely for the purpose of man-
aging and ultimately resolving this controversy, and it rapidly became a forum for
scientific collaboration and the pursuit of interpretative consensus (Agrawala 1998;
Hulme and Mahony 2010). While the IPCC operated in the scientific arena, the
United Nations Framework Convention for Climate Change (UNFCCC), founded
in 1992, dealt with the political side. Over the years, a growing agreement on the
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anthropogenic character of the phenomenon and on its ‘mitigation’ through con-
certed efforts to reduce or capture global GHG emissions was reached, thus becom-
ing the central object of intervention (Liverman 2009; Bumpus 2011; Stephan and
Paterson 2012).

Progressively, climate change became institutionalized and started to operate as
a new black box (Hulme and Mahony 2010; Swyngedouw 2013). Its key concepts
quickly outgrew the boundaries of the epistemic communities they had emerged
from and were adopted by a wider variety of actors, including scholars within the
humanities and social sciences. In fact, by 1996, the International Social Sciences
Council created, in association with the International Council of Sciences, the Inter-
national Human Dimensions Program for Global Environmental Change (IHDP),
in order to foster scientific cooperation for a better understanding of the social and
human dimensions of the phenomenon (Blanco et al. 2017; ISSC/UNESCO 2013;
Mooney et al. 2013). Social sciences’ debut in the field ushered in a variety of meth-
ods and epistemological points of view, expanding the traditional focus on quan-
titative models, towards the inclusion of qualitative-based and bottom-up oriented
approaches, narratives, imaginaries, perceptions, attitudes, practices, values etc.
(Moser et al. 2013).

All in all, however, the influence of social scientists and concepts on the IPCC
and the global climate change debate remained weak until the mid-2000s. At that
time, two partially contrasting shifts took place. On the one hand, the IPCC’s 4th
Assessment Report put a definitive end to the controversy on the existence and cau-
sality of climate change, sanctioning not only that the phenomenon was indeed hap-
pening at an increasing pace, but also that this increase was mainly due to anthro-
pogenic GHG emissions (IPCC 2007). On the other hand, it became evident that
climate change was not likely to be fully avoided and thus, societies had to learn to
live with (and adapt to) it. Although the notion of ‘adaptation’ had appeared briefly
in the 2nd IPCC report in 1996, it only garnered a political relevance akin to that of
‘mitigation’ after the Marrakesh Conference of the Parties in 2001, when the United
States boycotted the Kyoto Protocol for GHG reduction (Schipper 2006; Basset and
Fogelman 2013).

The new spotlight on adaptation, in conjunction with the increasing role played
by social sciences in the field, entailed a new conceptual toolbox: notions such as
vulnerability, adaptive capacity and resilience, which had been used reservedly in
the environmental community, suddenly gathered new popularity (Alexander 2013;
Smit and Wandel 2006). At the same time, this fostered a broader reflection on the
diverse effects that climate change would produce on a variety of human processes
and values. The scholarly and political debate recognized the importance of eth-
nic, cultural and territorial characteristics in determining climate impacts, and it
paid attention to the differential responsive capacities of distinct human groups and
communities. Likewise, a new variety of territorially situated and culturally diverse
actors entered the field, beyond the governmental and scientific elite actors that had
controlled it up until then (Ulloa 2011a; de Olmos 2011; Head and Gibson 2012).

Because of this expansion, we are now witnessing what we may call a “post-nor-
mal’ stage of climate change. This stage features a growing criticism and de-sta-
bilization of the institutionalized black box of GHG mitigation and the conceptual
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and practical shortcomings it entails (Demeritt 2001; Liverman 2009; Beck 2010),
as well as the ethnocentric conceptions (Ulloa 2011b) and double agendas (Lampis
2013) it is accused of heralding. Such criticism goes hand in hand with an increasing
call for the re-politicization of climate change (Ulloa 2011a; de Olmos 2011; Head
and Gibson 2012) and enhanced attention to the transformative potential it can offer
(O’Brien 2012; Moser et al. 2013; Feola 2015). This stage also coincides with calls
from well-known authors (Yearley 2009; Beck 2010; Jasanoff 2010; Lahsen 2010;
Orlowe et al. 2012), for a greater involvement of the social sciences in the redefini-
tion of climate change as a political process and for integration with other sciences,
as well as the arts and humanities (Rodder 2017). Scholars also began advocating
for an experimentation with open and inclusive co-design, co-production and co-
delivery of knowledge (Moser et al. 2013).

In this context, it is relevant to examine the degree to which the apparent ‘hybrid-
ization’ of climate change when intersecting with ‘the social’ is effectively opening
the field to new objects of enquiry. Likewise, we wonder whether and how the scien-
tific representations on the phenomenon manage to re-create some relatively robust
identity for ‘the social’ of climate change, so that it may be used as a common refer-
ence for academic collaboration and interchange. As we will discuss in the rest of
the paper, where clear black boxes such as GHG or ‘mitigation’ are not available, the
research community may search for shared meaning through the reference to com-
mon methodological or normative positions. Positions that, in fact, are only margin-
ally related to the object itself.

To explore these hypotheses, we now focus on Chile as a case study.

Studying the Social Dimension of Climate Change Research in Chile
The Chilean Context

Chile is an interesting case to study because of its peculiar and somewhat contradic-
tory characteristics: on the one hand, it only contributes 0.21% of worldwide GHG,
and emissions per inhabitant are estimated at 5.52 t CO,/capita, lower than the world
average (CAIT 2014). On the other hand, because of its geographical, climatic, and
productive characteristics, Chile is considered highly vulnerable to climate change.
The 4th Report of the Intergovernmental Panel on Climate Change [IPCC] projected
a variety of possible impacts on Chilean territory and socio-economic processes
(IPCC 2007). In addition, the country meets 7 out of the 9 criteria established by the
United Nations Framework Convention on Climate Change [UNFCCC] to identify
potential vulnerability (CONAMA 2008).

More recent research, summarized by the Environment Ministry (2016) and the
Centre for Climate and Resilience Research [CR2] (2018) pointed out the high vul-
nerability of the country’s water resources, especially in central and northern Chile
where they have already reached maximum usage, leading to an unprecedented
event known as a mega-drought (CR2 2015). A combined change in temperature
and seasonality makes the agricultural sector one of the most vulnerable to climate
change, although such vulnerability varies by region and species and depends on the
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specific coping and adaptive capacity of local actors and communities. Cities are
also very vulnerable, both to climate hazards related to extreme weather conditions
(particularly flooding and heat waves), and to increasing pollution associated with
climate variability and the growing risk of forest fires. The country features a signifi-
cant biodiversity, which is already endangered by human practices and is therefore
becoming less resilient to changing climate conditions. Finally, vital infrastructure
and containment facilities are highly exposed to weather-related hazards, including
rising sea levels. Relevant impact on other sectors, such as fishing, energy provision
and tourism, has also been projected and are currently under study.

Consequently, efforts have been made since the 1990s both to study the causes
and effects of the phenomenon and enact policies directed towards its mitigation
and adaptation (Environment Ministry 2015). However, this has remained, until
recently, a peripheral aspect in the Chilean scientific production, especially regard-
ing its social dimensions. Scientific research on climate change in Chile has mostly
come from earth, atmospheric or environmental sciences, such as ecology, geology,
physical geography meteorology and marine or terrestrial biology. Social sciences,
in contrast, have only had a limited and recent presence in the field.

Research funding mostly comes from the National Commission for Scientific
and Technological Research (CONICYT, in Spanish), whose grants are conceded
based on peer appraisal of research proposals. Since the said peers are organized
in committees on a disciplinary basis, interdisciplinary collaboration is not strongly
promoted outside of the few existing explicitly interdisciplinary research centres.
Although this situation has been gradually improving, a variety of barriers still exist,
especially when attempting to cross the natural-social sciences divide. Moreover,
although research on the physical, meteorological and biological aspects of climate
change has been performed in several areas of the country, the assessment of human
vulnerabilities and other social dimensions of the phenomenon are mostly focused
on the central and more densely inhabited areas (CR2 2018).

Chile is also an emerging country, having recently entered the Organisation for
Economic Co-operation and Development [OECD] and featuring one of the most
market-based (neoliberal) institutional frameworks of all Latin America (Harvey
2005). These characteristics may also influence the way ‘the social’ is understood.
In fact, we think it is important to contrast the common interpretations on the pro-
cess of scientific construction of climate change (previous section) with the specific
modes by which scientists in peripheral countries, such as Chile, give content and
meaning to the phenomenon whilst embedding its manifestations within national
boundaries.

Only two systematic reviews of the scientific literature on climate change are
available for the country: Victoria Team and Lenore Manderson (2011) have exam-
ined the health sector, not specifically focusing on Chile, but rather on the ‘40°
South’ (Argentina, Australia, Chile, New Zealand, and South Africa). Pablo Mon-
salves-Gavilan et al. (2013) review research from natural and social disciplines on
the effects of climate change in urban spaces. None of these texts make an exhaustive
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review of the literature related to the understanding of the social dimensions' of cli-
mate change. In contrast, we provide a systematic review coupled with a quantita-
tive meta-analysis of the research objects and analytical approaches favoured by the
literature.

Methods

To answer our research questions, we first reviewed the scientific literature on the
social dimensions of climate change in Chile, published in peer-reviewed journals
between 2010 and 2016, through a mixed qualitative and quantitative analysis, cat-
egorizing the texts in terms of topic, methodological approach and argumentative
style. For more information on our sampling procedure, please refer to Electronic
Supplementary Material 1. In total, we reviewed 122 papers, each of which was
assigned a univocal ID code. From here on we will reference the analysed texts only
through their respective ID?; a full list, complete with bibliographic information of
each paper, is available in Electronic Supplementary Material II.

During our analysis, we pinpointed 6 distinct analytical axes along which the lit-
erature differentiated itself. Three of these concerned the content or object of analy-
sis: the relative importance given to the determinants of climate or environmental
change, or to its effects on specific territories, individuals and groups (topic); the
relative saliency and precision assigned to the idea of climate change (centrality)
and the definition and role of social processes within the research (perspective). The
first variable was inspired from the [IPCC-backed distinction between mitigation and
adaptation, as discussed in the previous section. The early dominance of mitiga-
tion within both scientific and political communications was as important in creat-
ing climate change’s black box as adaptation was in rupturing the said black box
and allowing new actors into the field (including the social sciences). The other two
categories were included to identify the degree of fragmentation which may have
emerged due to the complex and blurred nature of both the concept of ‘climate’ and
‘social’, and their concomitant popularity as catch-all keywords.

Besides the object of research, we were also interested in studying the methodo-
logical angle from which the research was initiated and how it was represented to
the reader. Social and natural sciences do not always approach their research object
or their audience in the same way, so we were interested in looking at the configura-
tion of these aspects at the intersection between social sciences and a research object
emerging from the natural sciences. Our basic assumption was that some of the most
controversial distinctions within the social sciences may be reflected in the literature
we were studying. Two such distinctions are the choice of qualitative or quantita-
tive tools for analysis (methods) and the priority granted to societal macro-structures
or micro-realities (approach). A pervasive division remains between those scholars
that praise the rigor and replicability of quantitative methods, especially in creating

! Both of these were included in the literature review presented in the “Results” section.

2 However, please consider that two of the analyzed papers—being themselves analytical reviews of the
scientific literature—were already cited in full in the first section and will therefore appear both in Elec-
tronic Supplementary Material II and in the reference list at the end of this manuscript.
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Causes Both Effects
Topic eSS
Top-down Balanced Bottom-up
Approach —_
Peripheral Intermediate Central
Centrality —_—
Social processes Social and natural Natural processes
Perspective S —
Quantitative Mixed Qualitative
Methods ¢ 0
Descriptive Reflexive Prescriptive
Normativity

Fig. 1 Analytical axes

relatively generalizable findings, and those that defend the flexibility and detail of
qualitative models for describing the whole complexity and contingency of social
phenomena (Ragin 2000; Driscoll et al. 2007).

Further controversy surrounds the degree to which social disciplines should
mimic natural sciences in trying to produce value-free objectivity, with the risk of
hiding the normative positions implicit in the analysist’s view behind an alleged
objectivity. Alternatively, social scientists may accept that value-based judgments
are a constitutive part of both the researcher’s perspective and the social processes
they observe, with the risk of being unable to distinguish between analysis and pre-
scription. In this context, reflexivity may require a delicate balance between self-
oblivious description and self-assured prescription (Chernilo 2011, 2017b): that is
the approach we employed in building our last variable, normativity.

Each of these variables was first explored qualitatively, and then codified in the
form of a continuum between two opposite and extreme positions (Fig. 1).

While we believe that the ‘social’ of climate change research could only be fully
captured through an in-depth, qualitatively oriented semiotic analysis of scientific
literature, we also believe that this analysis could be enhanced—particularly by con-
sidering the sample size—through quantitative organization and classification of the
data, provided both methods could yield feedback to each other. As we will show
in the next section, this approach allowed us to provide a general characterization
of the field along the different analytical axes; and to observe how such axes relate
to each other. Furthermore, we were able to appreciate the emergence of distinct
clusters of research, featuring different ways of delving into the ‘social’ of climate
change. For more details on the analytical procedure we used, see Electronic Sup-
plementary Material 1.
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Topic Approach Centrality
60% 60% 60%
40% 40% 40%
20% I 20% 20%
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60% 40% 60%
40% 40%
20%
20%

20%

. L o
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natural processes Qualitative Mixed Quantitative Descriptive Reflexive Prescriptive

Fig. 2 Descriptive analysis of the analytical axes

Results

This section describes our results, organized according to their specific objectives:
characterizing the main contents and forms of Chilean literature on the topic, and
searching for latent patterns and divisions within this literature.

Contents and Forms of the Literature

The distribution of the analyzed literature along the various analytical axes is shown
in Fig. 2.

As displayed in the figure (panel a), a significant part of the literature focused on
effects and adaptation, while fewer papers covered causes and mitigation as their
object. Most of the latter come from economics or interdisciplinary environmental
studies (e.g. Life Cycle Analysis). Interestingly, about a third of the publications
seemed to account for both aspects at once. Sometimes, this involved evaluating
the general perceptions and imaginaries of certain actors or communities regarding
the changes they are experiencing, including their causes and effects. Other papers
tackled the suitability of the Chilean institutional framework at facing both mitiga-
tion and adaptation challenges brought about by climate change. Paper R2015-20
tries to contextualize efforts to clean up the energy matrix by eliminating wood as
a heating source, with a social analysis of the distribution of social vulnerabilities
and capabilities in terms of energy access and supply. R2015-27 explores the pos-
sible emancipatory effects connected to global change as a space in which an equal-
izing metamorphosis may be enacted. R2015-17 follows Chile’s progress, over the
last 30 years, in terms of environmental health. R2013-14 reviews the imaginaries
and agential self-attribution of Chilean elites in terms of global climate changes.
R2016-27 explores the synergies of urban green architecture, both in terms of car-
bon sequestration, and of enhancement or urban resilience. Finally, R2012-5 consid-
ers the way Chilean mass media views climate change and its causes and effects.
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Through our analysis, we also noticed that some papers, while assuming the cli-
mate change label -by using it in their titles or keywords- did not actually grant the
phenomenon a key role within their research. Examples may be found in R2015-
16 and R2012-8, where climate change only appears in the abstract, as a source of
concern granting further urgency and relevance to what the paper discussed, but it
is never mentioned again in the document. The same goes for R2013-1, only men-
tioning it twice outside the abstract, first in the introduction and then in the conclu-
sions. While other papers are less extreme, they also show a tendency to discuss cli-
mate change only as a general context of meaning, which assigns more relevance to
threats such as water stress (R2014-11; R2015-2) or extreme climate events (R2016-
16; R2016-28). Similarly, some authors see it as one aspect within the quest for a
more secure and cleaner energy provision (R2015-7; R2015-9) and a more sustain-
able governance of local socio-ecological environments (R2012-4). Of course, this
should not be of surprise given the popularity that the notion of climate change has
been gaining within a wide variety of scientific communities. As automated search
tools gain popularity as a way of accessing scientific research, it becomes more of
a common practice for authors to insert a catchy concept within their abstract or
keywords, in the hope of maximizing their paper’s visibility. Fortunately, this super-
ficial use of the concept of climate change is not the norm: panel b shows that over
42% of the analyzed papers do have climate change as a main topic. Another 45.6%
address it as an especially relevant aspect within the analysis, while stressing the
need to study it in connection with other problems, such as pollution, risk manage-
ment, urban management, water or energy policy, global environmental change,
socio-ecological resilience etc.

Similar considerations apply to ‘the social’. Various papers, most of them from
the environmental sciences (R2010-4; R2011-3; R2012-12; R2013-4; R2016-10),
tackle ‘social’ aspects of the issue only in terms of a broad -and usually quite super-
ficial- critical review of the legal and institutional framework for the management
of natural resources in the country. Often this is coupled with a strong demand for
better and more environmentally-responsible initiatives. Again, it is unsurprising
that authors untrained in the social sciences do not appear particularly prone to deep
theoretical or empirical refinement about what the ‘social’ means when studying cli-
mate change. Nevertheless, such a peripherical position for ‘the social’ was found to
be quite rare. While roughly 4 out of 10 papers focus on social aspects (panel c), it
exceeded our expectations, given the recent entrance of social sciences into the field.
Most of the papers granting a central role to ‘the social’ come from core social sci-
ence disciplines, especially from sociology, anthropology, psychology, or even phi-
losophy and ethics (R2015-22). Other papers try to bridge the gap between social
and ‘natural’ aspects of the problem. Often, this occurs through the collaboration
of social scientists with scholars from earth, atmospheric and environmental sci-
ences. In fact, engineering and economics appear to be the most prone to this kind
of collaboration. Alternatively, these papers may come from disciplines which are
themselves on the boundary between social and natural sciences: geography being a
paradigmatic example of this.

Geographical publications are among the most likely to combine quantitative
and qualitative methods. For instance, they often link the history of institutions and
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legislation with the analysis of economic trends, and the mapping of geo-physical
features (R2010-1). Likewise, they articulate climate models with political ecology
(R2013-18), surveys and in-depth interviews (R2016-16), satellite imagining and
census data (R2014-5), biogeographical and socio-economical time series with the
analysis of public policies (R2013-7) and local perceptions (R2012-11), as well as
climate projections and ethnographic methods (R2010-7). In other instances, they
adopt mixed-method designs, such as geometrical mapping (R2015-8), or interdisci-
plinary case studies (R2012-9; R2016-1).

Other papers, especially those situated in the ‘social processes’ panel, tend to
focus on qualitative approaches, including ethnography (R2011-2), genealogical
analysis (R2013-24; R2016-3), critical review of public policies (R2016-18), com-
parative case studies (R2016-12; R2016-20; R2016-25), theoretical-methodolog-
ical reflections (R2016-5), or argumentative essays (R2012-2; R2015-22). On the
other hand, the main quantitative methods included statistical regressions (R2012-
10), simulations (R2015-28), Life Cycle Analysis (R2015-3) and the construction
of numerical indexes of climatic risk (R2016-11). Models were also found to be
very common, either regarding agent behaviour (R2016-23), hydrographical pro-
cesses (R2014-1), macro-economic trends (R2011-1), or a mixture of the latter two
(R2016-8). Overall, the literature is evenly divided between qualitative and quantita-
tive methods, with a somewhat lower (27.6%) presence of the former (Fig. 2, panel
d). This was unexpected, since we had assumed qualitative approaches would domi-
nate the study of ‘the social’. As we will discuss below, however, both methods fea-
ture different ways of formulating the problem.

Likewise, it is worth noting that almost half (49.2%) of the papers employ a bot-
tom-up approach: that is, they centre on actors’ perceptions, attitudes, behaviours,
practices and imaginaries, rather than observing or modelling structural and macro-
processes (Fig. 2, panel e). This was expected, since it is consistent with the pre-
ferred viewpoint of various disciplines of the social sciences (psychology, anthro-
pology, and partly economics). The tension between the top-down and bottom-up
perspectives is particularly strong within the study of climate vulnerabilities and
governance mechanisms, where it is associated with political tension between cen-
tralized steering and local autonomy. In this sub-field, bottom-up approaches tend
to be particularly active in deliberately criticizing top-down ones, for their alleg-
edly reductionist understanding of social processes (R2010-7; R2015-15). Also, we
frequently observed (35.2%) attempts to balance the attention of macro-processes
and micro-realities, combining models, maps, literature analysis or theoretical dis-
cussion with participatory methods, interviews, ethnographies and surveys. Often,
papers following this approach explicitly state their intention of connecting these
two extreme positions, in order to acknowledge the diversity and complexity of the
climate phenomena (R2014-2; R2014-12; R2015-18; R2015-19).

Our final distinction concerns the degree of normativity in how the research is
communicated to its audience. In this sense, we could classify a relatively small
number of papers as properly reflexive (Fig.2, panel f). Of course, that might be
due to us putting too high a standard for reflexivity, but it is worth mentioning that
many publications explicitly classified themselves in either extremity of this axis.
Some stated their intent of offering a purely descriptive and instrumental depiction
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of reality as-is, in order to generate more information for external and independ-
ent decision-making processes (R2013-13; R2013-6; R2016-7; R2016-9). Other
papers endeavoured to provide a prescriptive and deeply normative affirmation of
how reality should -or should not- be (R2011-2; R2012-2; R2015-22). In the middle,
we found a variety of approaches attempting to introduce reflection in their descrip-
tion, or to self-reflect on the normative assumptions of their positions. Approaches
calling for more transdisciplinary work to improve sustainability, adaptation, and
equal inclusion in decision-making (R2013-19; R2014-5; R2015-4; R2016-5) are
interesting. However, they often do not provide an explicit argumentation of the nor-
mative position contained in their very subscription of sustainability, adaptation, or
equality.

Aside their direct value as a form of characterizing the existing literature on
the topic in Chile, the previous observations induced a few preliminary hypothe-
ses regarding the emerging structure of the field. First, that there is a correlation
between the choice of topics, approaches and normative orientations. Secondly, that
based on this correlation, a useful and grounded classification of the literature may
be possible. This seemed relevant given our initial research questions, since it would
provide an outlook on latent patterns and divisions structuring the field beyond the
IPCC-backed distinction between causes and mitigation on the one hand, and effects
and adaptation on the other. To test these hypotheses, we proceeded to the quantita-
tive meta-analysis of the sample literature described in the following section.

Visualizing Latent Patterns in the Literature
To explore the interrelations between the previously mentioned variables, we first

used Correspondence Analysis, a statistical technique which allows us to visual-
ize the association between distinct categories of different variables (see Electronic
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Table 1 Cluster profiles

Cl. # Topic  Approach Centrality Perspective Methods Normativity

1 23 Causes Top-down  Central Social processes Quantitative Descriptive

2 25 Effects Top-down/  Central/ Social and natural ~ Quantitative Reflexive/
Balanced Intermediate Descriptive”

3 42  Effects Balanced/ Intermediate  Social processes Qualitative  Prescriptive
Bottom-up

4 23 Effects/ Top-down  Intermediate  Social processes/ Qualitative/  Reflexive/

Both Social and natural ~ Mixed Prescriptive”
5 5 Effects Bottom-up  Peripheral Interdisciplinary Quantitative Descriptive
6 4 Causes Top-down  Peripheral n.a. n.a. Prescriptive

“Only a few papers could be properly considered ‘reflexive’; however, since the category was placed
roughly in the middle of a descriptive-prescriptive continuum, we could identify partly reflexive papers
both on the descriptive and the prescriptive side

Supplementary Material I). The analysis shows a strong association between four
variables: Approach, Perspective, Methods and Normativity (Fig. 3).

In Fig. 3, we may appreciate three distinct constellations, each representing a dif-
ferent way of framing research on ‘the social’ of climate change. For easier compre-
hension, we suggest a distinctive label for each of them. However, one must keep in
mind that these are not clear-cut and mutually-excluding typologies, but rather pos-
sible constellations through which ‘the social’ of climate change can be represented.

Studies trying to build a bridge across natural and social processes tend to be
quantitative, from a top-down approach, and strongly descriptive in character (we
will label this constellation ‘objectively-oriented’). On the other hand, studies fea-
turing a dominant prominence of social processes can follow two different strate-
gies: the first is eminently qualitative, usually adopting a bottom-up approach and
tendentially more reflexive (‘subjectively-oriented’). Other papers follow a second
strategy, which tends to balance bottom-up and top-down approaches and to present
results in a more prescriptive fashion (‘normatively-oriented’). The latter two cat-
egories (balanced approach and prescriptive normativity) can also be employed in
studies using a mixed, rather than qualitative, approach. In that case, however, it is
also more likely that the paper will have a stronger focus on natural processes than
on social ones. The category ‘natural processes’ appears rather isolated, which is a
joint consequence of its being less associated with other categories and of the rela-
tively reduced number of articles that were classified within it.

Having confirmed the association between the variables, we tested their use in
classifying the papers included in the sample. Although the previous analysis proved
a significant association between only 4 out of the 6 variables, there was no reason
to exclude the other 2 from the classification attempt, so we decided to include them.
For these effects, we used a Cluster Analysis (see Electronic Supplementary Mate-
rial I), which allowed us to divide the sample into 6 distinct clusters. Table 1 shows
the profile of each cluster along the 6 variables.
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Except for the last 2 clusters (very peripheral, and with more emphasis on the
natural sciences), we observe 3 clusters whose main topics are the effects of climate
change, while only one is dedicated to its causes. This is consistent with the greater
role that effects play in the sample topics. Cluster 4 also concentrates most of the
studies which cut across the cause-effect dichotomy.

In the following sections, we examine each cluster in order to describe in further
detail the type of papers it includes. We discard the last two clusters since the papers
they include are few and peripheral with respect to climate change and its social
dimensions. For this characterization, we used the results of our previous qualitative
and quantitative analysis, but we also performed a new in-depth qualitative content
analysis of the full text of the paper when that was needed. Bracketed numbers indi-
cate frequency of the cluster or sub-cluster in the sample. The results confirm that
the papers tend to group along the lines of traditional social science divisions (e.g.
approach, perspective, methods and normativity). However, while clusters 1 and 2
are visibly dominated by the objectively-oriented constellation, the subjectively- and
normatively-oriented articles appear more interchangeable (especially within clus-
ters 3 and 4). This is consistent with the latter constellations appearing relatively
close one to the other in Fig. 3, if compared with the objectively-oriented one.

Cluster 1: Causes and Mitigation of Climate Change [23]

The main feature of this cluster is its primary focus on causes and mitigation; it can
be divided into 3 sub-clusters:

¢ Quantification of pollutant emissions and other environmental impacts of human
activities [9]: mainly energy, but also waste management, construction and agri-
cultural production; methods include Life Cycle Analysis, econometrics and
environmental accounting.

e Macroeconomic modelling [8] of the effectiveness and secondary impacts of
economic policy instruments (e.g. carbon taxes) aimed at reducing GHG emis-
sions, including general equilibrium models and econometrics, as well as the
review of existing methods and approaches on the subject.

e Evaluation of public policies related to the mitigation of climate change [6],
including the description and assessment of existing instruments in Chile -some-
times in comparison with other countries- and quantitative evaluation of oppor-
tunities and barriers to such policies —e.g. propensity to pay for NCRE, represen-
tations of climate change in student elites, and consumer preferences regarding
carbon footprint information.

Most of these papers view causes and mitigation with an almost exclusive atten-
tion to social processes, quantitatively and with a top-down approach, and usually
adopt a descriptive orientation (objectively-oriented). Also note that most of the
cluster is dominated by economics.
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Cluster 2: Responsive Capacity to Climate Threats [25]

As opposed to causes and mitigation, effects and adaptation can be studied in three
different ways: papers in Cluster 2 resemble those of Cluster 1, and thus are mark-
edly quantitative and descriptive. However, they are more prone to balancing top-
down and bottom-up approaches in the form of strongly locally-oriented models and
maps, which also makes them tendentially more reflexive. Papers within this cluster
also tend to mix more than one discipline, from both social disciplines (primarily
geography, sociology, economics, engineering and psychology) and natural ones
(hydrography and engineering). 2 sub-clusters can be distinguished:

e Quantitative assessment of vulnerability [16], primarily of water resources -com-
bining hydrographic models with economic supply-demand ones- or urban set-
tlements -comparing satellite maps with census data and urban fragmentation,
sometimes adding surveys or participatory tools to account for perceptions and
effective responses.

e Rational-agent-based modelling [7] of farmers and other agents to climate
threats, primarily water scarcity, sometimes also using surveys to gather informa-
tion on perceptions and climate awareness of actors.

To these we must add one study based on a survey on the experiential effects of
climate change, and one on its coverage in Chilean mass media.

Cluster 3: Climate Change Effects and Adaptation [42]

This third cluster—and largest—includes research on the effects of climate change,
vulnerabilities and possibilities for adaptation, agglutinating both the subjectively-
and normatively-oriented constellations, with a stronger emphasis on the latter.
These papers tend to focus on perceptions and bottom-up imaginaries, or to balance
them with top-down modelling. The analysis is qualitative and often prescriptive.
This is also one of the clusters with the largest presence of papers focusing on ‘pure’
social processes. Specifically, 3 sub-clusters can be identified:

e Risk, vulnerability and climate resilience conditions of different groups, com-
munities or social systems [18], distinguishing between urban areas -focused
mainly on health problems, extreme events and green infrastructure- and rural
ones -where the relationships between water resources, agriculture and commu-
nity self-organization are the main topics.

e Strategies and instruments for adapting to climate change [18], primarily in
terms of urban planning, water management, coastal systems, and technology; a
markedly interdisciplinary and participatory focus is common.

e Perceptions and representations regarding climate change and its effects [6],
including ethnographies, qualitative interviews with local actors and stakehold-
ers and genealogical analysis.
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Conceptually, these studies tend to adopt perspectives from sociological criti-
cal theory, social anthropology and political ecology: among the most commonly
emphasized topics are the promotion of participatory approaches, a critique of the
existing institutional framework and an emphasis on situations of double exposure
to both environmental and social changes, the latter being often identified with mod-
ernization, globalization and capitalism.

Cluster 4: Reflections on Society, Policy, and the Climate [23]

This last cluster is quite peculiar, as it is the only one displaying purely top-down
approaches: secondary and/or documental analysis is common (sometimes from an
historical perspective), along with theoretical reflections and literature reviews. This
research tends to integrate both social and natural processes, using either qualita-
tive or mixed methods: this is the cluster with the highest concentration of reflexive
papers, although it also gives some space to prescription and recommendations. In
our Correspondence Analysis, Cluster 4 would have been placed somewhere near
the intersection of the axes of Fig. 3. 3 sub-groups can be identified:

e Assessment of public policies [11], with a strong focus on adaptation, either
from a sectorial standpoint -focusing on water and health- or from an allegedly
‘integrated’ point of view -which, however, tends to substitute such distinctions
with another, between urban and rural spaces.

e Theoretical-methodological reflections on vulnerability [7], reviewing the state
of the art and often proposing improved frameworks, indicators or indexes.

e C(ritical reflections on recent trends in national and regional policy [5], mostly
coming from non-social disciplines such as ecology, marine biology or atmos-
pheric sciences.

Discussion and Conclusions

As we established in “The Social Sciences in the Construction of Climate Change”
section, the scientific trajectory of climate change underwent a careful and complex
process of complexity-reduction aimed to transform it into a ‘black box’, particularly
revolving around the idea of ‘mitigating’ GHG emissions. Lately, however, the con-
vergence of three processes -the growing importance of adaptation and transforma-
tion, the engagement of the social sciences, and the extension of the field to a wider
variety of actors- may be in fact triggering a centrifugal trend within climate change
research that tends to multiply and fragmentate it into different disciplinary and epis-
temological communities. These communities rarely interact; while climate change
itself becomes more of a ‘boundary object’ (Star and Griesemer 1989) bridging said
communities rather than an actual researchable object, at least in its ‘social’ dimen-
sions. As the very idea of ‘boundary object’ suggests (Star 2010), this might result
in opening the black box to a broader discussion, or it might just end up in the rhe-
torical inflation (and thus emptying) of the concept of climate change. Which alter-
native prevails mainly depends on the ability of research communities to reconstruct
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some relatively robust local representation of both ‘climate change’ and ‘the social’
in a way that may serve their specific research interests while also maintaining -and
slowly transforming- the key elements that support the popularity of such notions as
shared references for the whole research arena.

To understand the form taken by the scientific representation of the intersec-
tion between ‘climate change’ and ‘the social’, we examined the Chilean case and
reviewed, both qualitatively and quantitatively, the scientific literature on the topic.
Our goal was double: characterizing the main contents and forms of such literature;
and searching for latent patterns and divisions.

Our first result shows that a relatively low number of papers focus on the causes
and mitigation of climate change. Moreover, the area is almost totally monopo-
lized by economics and environmental sciences, other social sciences being mostly
absent. This may partly be explained by Chile’s low contribution to climate change-
related emissions and high vulnerability to its effects (“The Chilean Context” sec-
tion). In any case, it is an interesting result since causes and mitigation configure
precisely the research area where, as shown in “The Social Sciences in the Con-
struction of Climate Change” section, the black box of climate change is most firmly
established. Thus, ‘the social’ of climate change seems to develop in the investi-
gation of effects, vulnerabilities and responsive capacities, or even in destabilizing
the IPCC-led separation of tasks between mitigation and adaptation. This can either
occur by noting the synergies and interdependencies between the two aims; or it
may involve explicitly reflecting on the need to tackle the problem -and its manage-
ment- as a whole.

Thus, while the distinction mitigation/adaptation plays a role in structuring the
field, it is clearly not the only important attribute. The methodological approach and
framing of results appear to be equally important in understanding the scientific rep-
resentation of ‘the social’ of climate change, at least in Chile.

Interestingly, papers focusing on causes or mitigation tend to be more homog-
enous in this respect, and adopt a tendentially quantitative, descriptive and top-down
form (what we called objectively-oriented constellation). The dominance of eco-
nomics within the cluster must play a role in this.

Consistent with the historical pattern discussed in “The Social Sciences in the
Construction of Climate Change” section, most social sciences only limit their pres-
ence to the area of effects or adaptation, and that is also where the most heterog-
enous framing of ‘the social’ is observed. Three major divisions are evident, all rep-
resenting highly disputed tensions within the social sciences: the primacy given to
modelling and observing general patterns from above (top-down approach), or to
highlight the complexity and idiosyncrasy of specific societal processes and contexts
(bottom-up approach) and the choice of method (qualitative or quantitative), as well
as the tendency to produce purely-descriptive and value-free data, or prescriptively-
oriented assessments (normativity).

At least three constellations of ‘the social’ of climate change are manifested
along these axes: Cluster 3 is focused on the social impacts, meanings and practices
adopted by different actors and communities when confronted with issues related
to climate change. Moreover, it is tendentially bottom-up, qualitative and prescrip-
tive. Cluster 2, while having similar aims, tends to be top-down, quantitative and
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descriptive, centred in modelling coupled socio-ecological vulnerabilities and
human responses to climate change. Cluster 4 stands somewhat in the middle, adopt-
ing a more reflexive stance and mixed methods, although solely from a top-down
perspective (usually employing secondary or documental data). This cluster, in fact,
is also the one which tends to cut across the cause-effect dichotomy more often,
although this was also observed within Cluster 3.

It is interesting to compare our typology with previous attempts at classifying the
‘social’ of climate change. Zehr (2015) and Blanco and Fuenzalida (2013), by focus-
ing mainly on the explicit topic of research papers, proposed four ways by which
‘the social’ and ‘the climate’ could be linked: how society causes climate change;
how the latter impacts society; associativity and responses; and semiotic represen-
tations of climate change. While we also observe some separation between causes
and effects, this is far from being as clear-cut as it may be expected given the impor-
tance the IPCC places on such distinction. Moreover, when the lens is moved from
the contents of the research and publications to their form, quantitative, top-down
and descriptive studies tend to cluster together regardless of whether they focus on
cause-mitigation, or effect-adaptation. Conversely, a very large group of papers,
almost all of which are focused on effects-adaptation, are qualitative, bottom-up and
prescriptive. Finally, we observed an emerging attempt at reflecting upon the very
relationship between society and climate.

Moreover, we also noted that qualitative and bottom-up papers tend to have a
stronger focus on social processes. On the contrary, top-down and quantitative
works are mostly used in conjunction with attempts to bridge the natural-social
divide. Similarly, quantitative and top-down approaches appear to be more open to
insert qualitative and bottom-up considerations in the analysis than the other way
around. More in-depth analysis showed this to be related to a persisting disciplinary
division: despite the interdisciplinarity of the subject, economics is one of the dis-
ciplines with a stronger presence in the field, especially in the mitigation and mod-
elling sub-fields, and is most prone towards quantitative, top-down analysis. It is
also one of the disciplines open to cooperating with non-social sciences. Geography
papers residing on the border between the social and natural science and seem com-
fortable with quantitative and top-down approaches, but they tend to be more prone
to combining it with more bottom-up and qualitative assessments. Anthropology, a
good part of sociology and psychology are characteristically bottom-up and qualita-
tive, and the least prone to delve outside the field of pure social processes. Another
segment of sociological research, history and law tend to perform the most reflexive
approaches, but from a birds-eye view.

Furthermore, studies with similar theoretical backgrounds tend to fall into the
same cluster. For example, within the social sciences, papers adopting tools from
sociological critical theory are often more prescriptive and bottom-up. Those that
endorse Ulrich Beck’s notion of Risk Society often balance top down and bottom
up and are more reflexive -although, all in all, they still show a general tendency
towards prescriptiveness. Finally, papers assuming individualist or rational actor
theories are generally descriptive (but they can be top down or bottom up, although
often quantitative-based etc.). This grants plausibility to the existence of ‘epistemic
communities’ (Adler and Haas 1992), composed of authors who work together,
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share institutional affiliations and/or use similar theoretical frameworks within their
studies. A deeper enquiry on how these epistemic communities are built and operate
within the literature on climate change will be needed in the future.

In summary, in the Chilean case, the literature on ‘the social’ of climate change
displays two competing trends: on the one hand, it is inclined to become fragmented
outside the scope of the cause-mitigation black box (or when attempting to over-
come the mitigation-adaptation dichotomy); on the other, it tends to cluster along
the lines of methodological distinctions traditionally contested within the social sci-
ences. This, in turn, brings about the persistence of a disciplinary (and epistemic)
division of work within what would otherwise be an interdisciplinary research field,
hampering the potential for collaboration and exchange of knowledge. Also, reflex-
ivity is quite scarce, with most of the work either focusing on purely instrumental
description, or poorly grounded prescription. However, some work on more theoreti-
cally and normatively-informed issues has recently started to appear, both in qualita-
tive and quantitative studies.

Based on such insights, it seems to us that the Chilean research community would
benefit from more reflection on the conceptions, imaginaries and hypotheses that
support the current division of work, and the epistemic and normative premises they
entail. We argue that one initial, but fundamental step in such a path is to critically
observe how social scientists (including the insights presented in this very paper!)
construct ‘the social’ of climate change. This may permit, for starters, the identifica-
tion of new research gaps and opportunities. Moreover, it would later help to delve
into the question of how such a construction influences decision-making and climate
policy.

Finally, it is important to point out the necessary limitations of a paper of this
nature: since we are social scientists constructing a representation about how other
social scientists construct representations of climate change, we could not avoid self-
implicating ourselves in the analysis. This also means that many of the choices we
had to make in this study are, to some degree, arbitrary and depend on the stance we
ourselves assume in relation to them. This cannot be avoided, but at least, we tried to
make our choices as transparent as possible, in the hope of fostering a more reflexive
understanding of the nature-society interdependency, and of the role (social) science
plays both in observing and in reproducing such relations.
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