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I do not believe that social science will ‘save the world’ although I see nothing
at all wrong with ‘trying to save the world’ — a phrase which I take here to mean
the avoidance of war and the re-arrangement of human affairs in accordance
with the ideals of human freedom and reason.

Such knowledge as I have leads me to embrace rather pessimistic estimates
of the chances.

But even if that is where we now stand, still we must ask: If there are any
ways out of the crises of our period by means of intellect, is it not up to
the social scientist to state them?

Charles Wright Mills, The Sociological Imagination ([1959] 2000: 193).

Many theories of knowledge are morality plays set in a Manichaean cosmos.
The source of light is experience; its agent ‘reason’. The source of darkness is
culture; its agent authority. The remaining dramatis personae are garbed
according to their origins. Truth, validity, rationality, objectivity are to be seen
among the many white-apparelled children of the light; error and irrationality,
custom, convention, dogma and many others are dressed in black.

The moving principle of the drama is the unremitting conflict of the two
opposed and irreconcilable forces. There is nothing to be said in favour of this
Manichaean mythology.

Barry Barnes, T. S. Kuhn and Social Science (1982: 22).
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Preface: saving climate science

Climate science has long been in trouble and I wish to help it with this book. As
the climate scientist Michael E. Mann (2012) vividly recounts in his autobiography,
the ‘climate wars’ and heated public disputes about the accuracy of climate science
originated in the early 1990s when the United Nations Intergovernmental Panel
on Climate Change (IPCC) published its first report summarising the scientific
evidence of climate change for policy-makers. As Mann also narrates in first person,
the most malicious personal attack on climate science occurred in November 2009,
when thousands of private emails and documents sent and received by prominent
climate scientists (including Mann himself) were stolen and published online. The
anonymous hackers justified this ominous attack by saying, ‘We feel the climate
science is, in the current situation, too important to be kept under wraps. We
hereby release a random selection of correspondence, codes and documents.
Hopefully, it will give some insights into the science and the people behind it
(Pearce, 2010: 166). The hackers indeed succeeded in opening the workings of
climate science to the public. For months, the climate scientists whose emails had
been stolen were the focus of media attention and were investigated by multiple
university and parliamentary inquiries under allegations of obstruction to open
access to scientific data and failures of objectivity in peer-review and research
assessment. The hacking and its aftermath, as the House of Commons admitted
in its inquiry report, were a ‘traumatic and challenging experience for all involved
and to the wider world of science’ (House of Commons Science and Technology
Committee, 2010: 33).

The authority of climate scientists has been eroded since the turn of the twenty-
first century by what seems to be a more general phenomenon: what happens
inside many sciences has become visible to a highly educated and self-confident
citizenry, as television and the Internet have opened up once exclusive and hidden
spaces to public scrutiny (Collins, 2014; Gregory and Miller, 1998). The challenge
faced by climate scientists is depicted in a cartoon published in The Economist
shortly after the hacking (Figure P.1): the robust stock of knowledge that has been
privately generated and validated by thousands of climate scientists for years
(represented by a fortified tower of IPCC reports in the cartoon) is now under
direct assault and surveillance from outside experts (as seen by the fact that these
outsiders wear laboratory coats in the cartoon).
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Xii Preface

P.1 Climate scientists and their work have been under intense public scrutiny.

I am of the opinion that there is little that climate scientists, individually or
collectively, can do to reverse a broader secular trend affecting the credibility of
technical and scientific experts and traditional authorities (Barnes, 2005). The
growing ‘culture of suspicion’ towards climate scientists has to do with: i) broader
social changes caused by the expansion of formal education and the increasing
accessibility of information, which have given rise to the so-called ‘climate sceptical
blogosphere’ (Sharman, 2014); and ii) the actual changes that have occurred within
climate science throughout the twentieth century, the professionalisation of climate
science and its increased associations with political institutions, which have meant
that climate scientists are not perceived as independent experts (Lahsen, 2013a;
Agar, 2012: 397; Edwards, 2010). Consequently, these ‘uninvited guests, who
continuously show up on the doorsteps of the fortified house of climate science
and who cause some inconvenience to its inhabitants, are not likely to disappear
in the future. Strategically, I suggest, climate scientists should acclimatise to this
new context by making themselves and their work accountable to their sceptical
audiences and demonstrating why they are virtuous and competent and why climate
science is worthy of public trust and money (O’Neill, 2013, 2002; Jasanoft, 2010;
Hulme and Ravetz, 2009; Shapin, 1994).

I have written this book because I worry that climate scientists might not be
well equipped to survive future public examinations of their work, not because
climate science is not robust enough but because the source of its robustness — the
fact that climate science is made by humans - is publicly condemned and dismissed
by scientists themselves. I came to this conclusion after analysing the way individual
scientists and scientific institutions publicly responded to the allegations made
against them after the hacking episode in November 2009 (Ramirez-i-Oll¢, 2015a).
To my surprise, I discovered that scientists agreed with their critics that the stolen
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emails were embarrassing. Rather than providing more context for the electronic
correspondence — by explaining that scientific facts are a product of human labour
and negotiation and that disciplinary commitments, politics and personal relation-
ships have a bearing on scientists’ handling, interpretation and reporting of data
- some scientists criticised the very social processes and influences that constitute
the practical reliability of all sciences. As one physics professor put it, ‘Science
often falls short of its ideals, and the climate debate has exposed some shortcomings.
Science is done by people, who need grants, who have professional rivalries, limited
time, and passionately held beliefs. All these things can prevent us from finding
out what works’ (Butterworth, 2010: emphasis added). By upholding a conventional
and very false image of the procedures of science, scientists might have inadvertently
given weaponry to the critics of climate science who - because of bad faith or
genuine ignorance — uphold scientific standards that no science will ever reach.
If climate scientists continue romanticising their work (or allow others to do so),
they will likely generate further public distrust and cynicism. After all, we should
not be surprised that educated and well-informed people look for alternative
explanations and experts when things do not turn out to be quite as they were
always told.

The story of how things have got to a point at which scientists have surrounded
themselves by walls of hype, myth and denial is too long to be told here (see
Sarewitz, 2016 and Shapin, 2001 for explanations); I instead aim to bring these
walls down and make the now fairly open house of climate science more compre-
hensible to outsiders. Climate science needs neither heroes nor Public Relations
agents to regain its credibility; rather, it needs sociologists, historians, anthropologists
and philosophers of science (in short, Science and Technology Studies scholars)
who can challenge damaging mythologies about climate science with what I call
‘epistemographies of climate change, or empirically rich and contextualised accounts
of climate knowledge in the making. This book draws on a long tradition of
epistemographic studies in order to tell the story of how, with what confidence
and on what grounds, a small group of climate scientists — ‘dendroclimatologists’
specifically — were able to generate knowledge of climate change in Scotland from
the study of the Caledonian forests and to link their specific data to broader trends
of global climate change. Ultimately, I hope that, by offering a detailed account of
the social life of climate science, readers will grant authority to climate science
not because it justifies itself as a self-sufficient worldview or substitute of God, but
because, as shown in this book, it is a fine human achievement and our most
reliable source of available expertise.
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Series editor’s foreword

When the New Ethnographies series was launched in 2011, its aim was to publish
the best new ethnographic monographs that promoted interdisciplinary debate
and methodological innovation in the qualitative social sciences. Manchester
University Press was the logical home for such a series, given the historical role
it played in securing the ethnographic legacy of the famous ‘Manchester School’
of anthropological and interdisciplinary ethnographic research, pioneered by Max
Gluckman in the years following the Second World War.

New Ethnographies has now established an enviable critical and commercial
reputation. We have published titles on a wide variety of ethnographic subjects,
including English football fans, Scottish Conservatives, Chagos islanders, international
seafarers, African migrants in Ireland, post-civil war Sri Lanka, Iraqi women in
Denmark and the British in rural France, among others. Our list of forthcoming
titles, which continues to grow, reflects some of the best scholarship based on fresh
ethnographic research carried out all around the world. Our authors are both
established and emerging scholars, including some of the most exciting and innovative
up-and-coming ethnographers of the next generation. New Ethnographies continues
to provide a platform for social scientists and others engaging with ethnographic
methods in new and imaginative ways. We also publish the work of those grappling
with the ‘new’ ethnographic objects to which globalisation, geopolitical instability,
transnational migration and the growth of neoliberal markets have given rise in
the twenty-first century. We will continue to promote interdisciplinary debate
about ethnographic methods as the series grows. Most importantly, we will continue
to champion ethnography as a valuable tool for apprehending a world in flux.

Alexander Thomas T. Smith
Department of Sociology, University of Warwick
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Introduction: epistemography

This book presents an epistemography. While ‘-graphy’ means ‘description’ or
‘study;, ‘episteme’ refers to ‘knowledge’ or ‘skill’ Epistemography, therefore, can be
defined as the empirical study of expertise. More specifically, this book is an
epistemography of climate change, which means that it is a detailed description
and analysis of the production of scientific knowledge of climate change. In the
following chapters, I outline the process by which a group of scientists created a
graph showing the evolution of temperatures in Scotland over the last 800 years
from the analysis of tree growth (Figure 0.1). In their own words (Rydval et al.,
2017: 2970), this graph shows that ‘Within the context of reconstruction uncertainty,
recent summertime warming is not significantly more pronounced than past
reconstructed warm periods (e.g. around 1300 and 1500)’ In other words, these
scientists concluded that while the Scottish climate has changed substantially over
the last 800 years, it was impossible to know for certain from the available data
whether the recent warming in Scotland is exceptional. This chapter reviews the
tradition of epistemographic studies spanning the fields of history, sociology,
anthropology and philosophy of science that have inspired the present epistemog-
raphy. To a certain extent, the chapter is a reinterpretation of the eclectic and relatively
new field of Science and Technology Studies (STS). While being aware of the
dangers of essentialising STS, my purpose is to synthesise the existing modes of
inquiry in the field (Felt et al., 2017; Sismondo, 2009) into a set of methodological
precepts that could be used by scholars from within and beyond STS to study
contemporary and historical forms of expertise.

Situated impartiality

The historian of science Peter Dear (2001) coined the neologism ‘epistemography’
to refer to the descriptive and non-normative approach shared by STS scholars
who study what science and technology, as human activities, actually are and have
been, rather than what they should be. Significantly, Dear defined epistemo-graphy
in opposition to epistemo-Jlogy: while the former seeks to make empirical statements
about knowledge (what counts as credible knowledge in specific circumstances),
the latter aspires to make normative statements (what ought to count as valid
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0.1 This epistemography examines the process whereby scientific knowledge of climatic
change in Scotland (the graph) was collectively created and approved.

knowledge). In other words, while epistemographers study the bases of credibility,
epistemologists are concerned about the grounds of validity. Dear (2001: 130-131)
explained it in this way:

Epistemography is the endeavor that attempts to investigate science ‘in the field,
as it were, asking such questions as these: What counts as scientific knowledge?
How is that knowledge made and certified? In what ways is it used or valued?
‘Epistemography’ as a term signals that descriptive focus, much like ‘biography’
or ‘geography’. It designates an enterprise centrally concerned with developing
an empirical understanding of scientific knowledge, in contrast to epistermology,
which is a prescriptive study of how knowledge can or should be made.

Epistemographers are professionally expected to develop a certain discipline and
to avoid taking sides in disputes about what counts as ‘knowledge’. This is why the
reader will not find in this book any discussion from me trying to establish whether
Figure 0.1 is true or false. These sorts of claims and debates are the domain of
expertise of climate scientists, and are precisely the focus of study of this episte-
mography. As an epistemographer, my only concern is to offer socio-historical
explanations of why Figure 0.1 became accepted by some people at a certain point
in time. I have no credited expertise and no interest in contributing to the expert
discussions of climate scientists, and I simply accept the scientific consensus on
climate science (including Figure 0.1) and seek to explain its formation. The
epistemographer’s personal opinion on the merits of the ideas under study is not
only irrelevant for the epistemographic analysis but will likely be unoriginal as it
will reflect ‘common-sense’ opinions already existing in her or his society. What
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Introduction: epistemography 3

matters for understanding what a given society comes to ‘know’ as reality - the
purpose of any epistemography - is to analyse the context, and the processes by
which ideas emerge and come to be shared collectively in certain circumstances.

The epistemographic approach to the study of whatever passes for ‘knowledge’
in a society (including the epistemographer’s own society) is inspired by the perspec-
tive traditionally espoused by sociologists of knowledge. In The Social Construction
of Reality, Peter Berger and Thomas Luckmann (1966: 15) famously stated, “The
sociology of knowledge must concern itself with whatever passes for “knowledge”
in a society, regardless of the ultimate validity and invalidity (by whatever criteria)
of such knowledge. As Barnes has noted (2016: 116), Berger and Luckmann’s
famous words are strikingly similar to David Bloor’s ([1976] 1991: 7) later formulation
of the postulates of ‘impartiality” and ‘symmetry’ in the sociological study of scientific
knowledge: ‘It [SSK] would be impartial with respect to truth and falsity, rationality
or irrationality, success or failure. Both sides of these dichotomies will require
explanation. It would be symmetrical in its style of explanation. The same types
of cause would explain, say, true and false beliefs’

Importantly, the impartiality principle does not imply any disbelief in the
knowledge under study. In other words, my epistemography does not deny that
climate science offers reliable knowledge and evidence. Doing so would confuse
‘methodological relativism, espoused here, with ‘epistemic relativism’ As Barry
Barnes and David Bloor (1982: 23) clarify, ‘Our equivalence postulate [methodological
relativism] is that all beliefs are on a par with one another with respect to the
causes of their credibility. It is not that all beliefs are equally true or equally false,
but that regardless of truth and falsity the fact of their credibility is to be seen as
equally problematic. Precisely, my epistemography acknowledges the greater
credibility that climate science currently enjoys over other sources of knowledge
of climate change such as, for instance, quotidian experiences of daily weather by
analysing the former rather than the latter.

To show that climate science is socially constructed does not imply to conclude
that climate change does not exist (Latour, 2004); in fact, social constructivism,
as a theory of knowledge, leads to quite the opposite conclusion: climate change
is perceived as a real and dangerous phenomenon partly thanks to the work done
by scientists. As the sociologist Ulrich Beck (1992: 27) explains, environmental
hazards ‘require the “sensory organs” of science - theories, experiments, measuring
instruments — in order to become visible or interpretable as hazards at all. Con-
sequently, the impartiality principle allows the epistemographer to accept given
facts (in my case, acknowledging that scientific accounts of climate change are
true and that climate change is a genuine threat) while also offering sociological
explanations for their acceptance.

The impartiality principle is neither a suggestion to adopt a ‘view from nowhere’
nor for being personally and politically detached from the subjects or the object
of study. Conceiving the positionality of epistemographers in terms of the dichotomy
‘objectivity’ vs ‘engagement’ is, using Casper Bruun Jensen and Peter Lauritsen’s
(2005: 60) words, a ‘badly posed problem’ All forms of objective knowledge -
including epistemographies — result from ‘people with bodies, situated in time,
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space, culture, and society, and struggling for credibility and authority’ (Shapin,
2010). The feminist philosopher Donna Haraway (1988: 582) coined the concept
of ‘situated knowledges’ to argue that ‘objectivity turns out to be about particular
and specific embodiment, and definitely not about the false vision promising
transcendence of all limits and responsibility. Haraway (1988: 583, 590) presents
a seeming paradox: ‘Only partial perspective promises objective vision’ and ‘the
only way to find a larger vision is to be somewhere in particular’ Paraphrasing
Haraway, I would argue that the only way to study knowledge-claims impartially
and to bypass validity debates is to be a partial insider; only situatedness and
partaking promise more accurate accounts of people’s beliefs, and, hence, more
acceptable and objective epistemographies (see Box 10, p. 108). As I illustrate
throughout the book, I was allowed by my subjects to conduct and publish the
research for this book precisely because I became intensely involved in their work
and lives.

Remaining impartial with regards to the validity of certain knowledge-claims
does not prevent epistemographers from contributing to credibility debates if they
wish to do so. In my case, as stated in the preface, I have written this book to
reassure climate scientists that their practices are justified and to help them to
respond to, what I think are, unfair accusations. Crucially, I decided to write this
book and adopt a denunciatory stance after doing the research for this book and
learning, first hand, how climate science is done in practice (the reader should
not be confused by the fact that I start this book with a critique in the introduction).
In this sense, I agree with the sociologist Harry Collins (1996: 240), who argues
that epistemographers’ activism (to which he refers as ‘analytical critique of science’)
grows from, and must be informed by, their scholarly analysis rather than preceding
it because “The thing to notice about analytic critique of science is that, as I have
argued above, the commitments which one might finish with are not predictable
prior to the analysis’ In this way, the epistemographers’ contribution to the practices
or community under study cannot be predicted beforehand, as it develops throughout
the research as the actors involved negotiate the meaning and future uses of
epistemographic analysis (Zuiderent-Jerak, 2015; Box 10).

Knowledge as collective practice

‘Epistemography’ and ‘ethnography’ are interrelated endeavours, as the consti-
tution of the community (ethnos) that creates and sustains certain knowledge
(episteme) occurs simultaneously. Epistemographers insist that knowledge is not
an individual possession, but a collective achievement (Kusch, 2002). Individuals
arrive in the world possessing little or nothing in the way of knowledge, and they
acquire and develop new knowledge through interactions with relatives, friends
and other significant people and institutions implicated throughout the life of a
human being, from birth to death (see Berger and Berger, 1972 for an excellent
introduction to sociology through the analysis of the main stages of social experience
in the biography of individuals). The fact that knowledge only exists and persists
as long as it is shared by a group does not mean that epistemographers cannot
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study the work of single individuals (an epistemography can share aspects of a
‘biography’). In fact, the present epistemography is centred around two scientists
in particular: Professor Rob Wilson, the principal investigator of a research project
called the ‘Scottish Pine Project, and Rob’s doctoral student, now Dr Milo§ Rydval.
Epistemographers must keep in mind that scientists and experts who work solo
must be sensitive to what colleagues are doing and must coordinate with them if
their ideas and skills are to be collectively accepted as expert knowledge (Barnes,
2001: 33). Epistemographers’ task is, therefore, to show how knowledge and society
are simultaneously created and maintained. In the language employed by many
epistemographers, the task is to explain how ‘cognitive order’ and ‘social order’ are
co-produced (Mazzotti, 2008; Shapin and Schaffer, [1985] 2011). The sociologist
Barry Barnes (1985: 82) exemplifies this anti-individualist idea with an example from
mathematics:

If an individual knows Euclid’s geometry up to the twentieth theorem we can
straightforwardly say that he is in a position to prove the twenty-first theorem:
he knows all it is necessary to know. But imagine that this knowledge is spread
over the members of a society, some known by some individuals, some by others.
We cannot say of this society that it knows enough to prove the twenty-first
theorem. To think of the society as individual writ large in this way would be
quite misconceived. Suppose that the different individuals, with the different
necessary bits of knowledge, did not know each other, or how to find each other.
Or suppose they did not trust each other, or know how to check on each other’s
trustworthiness. In both cases, the twenty-first theorem would remain unproven.
The technical knowledge would have been present in the society, but not the
necessary internal ordering — the necessary social relationships - for the proof
to be executed. Individuals would have known enough mathematics, but not
enough about themselves.

Epistemographers have typically focused on the study of historical and contemporary
‘practices’ as a way to have empirical access to the formation of knowledge. In this
respect, the ‘Actor-Network Theory” approach (Michael, 2017; Latour, 2005) and
the literature on ‘praxiography’ (Bea, 2017; Mol, 2002) offer two important insights
for the study of practices. First, an emphasis on the generative aspects of knowledge
and representational practices — in the sense that practices ‘enact’ stable associations
of actors (Law, 2008) or ‘perform’ social and cognitive order (MacKenzie et al.,
2007). Secondly, an insistence on the decentralisation of the knowing subject (Mialet,
2017, 2012) and on the role of bodies, tools and beings in the making of knowledge.
As the philosopher and anthropologist Annemarie Mol (2002: 48) explains, “The
knowledge incorporated in practices does not reside in subjects alone, but also in
buildings, knives, dyes, desks. And in technologies like patient records’ Consequently,
the core of this book consists of five chapters, each being about one ‘socio-material’
practice involved in the creation of Figure 0.1. In their study of practices, episte-
mographers should be wary of the perils of both behaviouralism, which consists
of focusing on observable behaviour and ignoring the implicit assumptions
underlying the enactment of practices and the meanings that people ascribe to
them (Geertz, 1973), and idealism, which conceives knowledge as resulting from
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individual or collective states of mind rather than socio-material configurations
and embodiments (Lawrence and Shapin, 1998; Shapin, 1991).

Epistemographers, like ethnographers, have long employed methods of observa-
tion and participation to generate data of scientific and technical practices (Hess,
2001). This book is precisely the result of observing the life and work of a group
of scientists while being alongside them for four years (as I explain in Box 5,
p. 65, this co-presence varied throughout the research). I generated observations
and fieldnotes of the work of these scientists by participating in their daily routines,
and in this way they came to treat me as one of their own and I acquired a
near-native understanding of their collective practices. More specifically, I partici-
pated in three fieldwork expeditions (August 2012, August 2013 and August 2015);
from April 2012 until April 2013, I also worked one day per week as a voluntary
technician for Milo§, Rob’s PhD student; in 2013 I audited a course that Rob taught
at St Andrews University; I attended a workshop in St Andrews in April 2013, a
one-week training course or ‘fieldweek’ in Tasmania in January 2014, a conference
in Melbourne in January 2014 and another one in Aviemore in May 2014. Until
December 2014, I visited Milo$ at his house almost every week to observe how
he worked and I attended all the meetings between Rob and Milo$ that took place
in St Andrews and in Rob’s house in Penicuik. Finally, I accessed Rob and Milo§’s
presentation slides and article drafts and I have copies of the email interactions
where I was ‘ccd’ Unless otherwise stated, all the quotes in this book are from the
expeditions, conferences and meetings I attended at the time.

While the enactment of practices always includes both ‘doing’ and ‘thinking’
with others, it also involves both routine and change. Practices are repetitive,
automated and habitualised patterns of action, but they are also dynamic and
mutate over time as people negotiate their correct execution in specific contexts.
Precisely, the sociologist Harold Garfinkel (1967: 35) sought to illustrate the ongoing
(re)constitution of social norms and practices by devising a series of ‘experiments’
that disrupted such norms and generated conflict (e.g. a student was told as part
of an experiment to distrust the bus driver about the route that would be taken
and to record the driver’s reaction (Garfinkel, 1967: 35). Epistemographers (myself
included, see Box 4, p. 50) have followed a similar methodological strategy and
focused on the study of ‘scientific controversies’ whereby existing practices are
challenged and redefined (Collins and Pinch, [2002] 2014; [1993] 2012; 2005). In
this sense, while the practices described in this book might seem stable and
unproblematic, they are not really so. As I shall show throughout the book, and
particularly in the last chapter, these practices have undergone, and are presumably
still undergoing, profound changes and have resulted from intense scrutiny from
practitioners and outsiders alike.

Formation stories

An epistemography is typically a study of a given ‘epistemic object’ or representation
of knowledge. Experts commonly create maps, diagrams, concepts, theories and
numbers, among other objects, to represent previously unknown phenomena
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through texts and images (Coopmans et al., 2014). Representations abound in our
lives, and epistemographers should identify and analyse those privileged epistemic
objects towards which experts and the wider society are orientated. The main
general question motivating an epistemography is: ‘How do certain experts come
to know whatever is known about the world, and how do they represent this
knowledge and reality?’ I myself started out the research that led to the present
epistemography by asking a related question: ‘How are scientists able to know
whether the Earth’s temperature has increased over time, and how do they represent
historical changes in climate?’

While the epistemographer must defer to subjects any judgement regarding the
accuracy of their representations, he or she should consider the extent to which
epistemic objects relate to the reality that they are taken to represent (in this sense,
an epistemography might share aspects of an ‘ontography, as defined by Michael
Lynch (2013)). Determining the empirical grounding of epistemic objects is
important, not only to give a proper account of knowledge formation but also to
dispel charges of ‘idealisimy’ Epistemographers generally espouse a ‘materialist’ theory
of knowledge, which suggests that the environment and the material world sur-
rounding us (including our body and the tools and techniques that render a
phenomenon problematic) partake in the knowledge that collectives generate
(Monteiro et al., 2012; Osterlie et al., 2012; Bloor, 2008). As Barry Barnes (2013:
119) explains, “The material world affects us much as it affects animals, through
our perceptual apparatus, and thereby modifies our memories and our inductively
based inclinations, causally’ Crucially, epistemographers do not assume that epistemic
objects are the direct result of the sensory experience of the reality ‘out there’
Individuals would not be able to describe and interpret reality in ways collectively
judged as competent unless they relied on a tradition of concepts, theories and
instruments of observation.

Unlike everyday objects, epistemic objects are never complete and fixed. To an
outsider, epistemic objects might look like definitive and solid objects. For instance,
Figure 0.1, which was published in 2017, could be seen as the most up-to-date
representation of past climate changes in Scotland. However, for the scientists who
produced it, Figure 0.1 is already outdated, as they are generating new data and a
newer version of such a graph. As the sociologist Karin Knorr Cetina (2008: 89)
explains, ‘Objects of knowledge appear to have the capacity to unfold indefinitely.
They are more like open drawers filled with folders extending indefinitely into the
depth of a dark closet. Since epistemic objects are always in the process of being
materially defined, they continually acquire new properties and change the ones
they have’

If epistemic objects are seen as ‘processes’ rather than ‘things, the task of
epistemographers becomes the study of ‘knowledge in action’ or the making of
knowledge. This anti-essentialist view is rooted in ‘process philosophy’ more generally
(Seibt, 2018; Whitehead, 1929), and on a tradition of social constructivist accounts
of ‘scientific facts’ specifically (Barnes, 2013; Latour and Woolgar, [1979] 1986;
Knorr Cetina, 1981; Fleck, [1920] 1981). In his book Science in Action: How to
Follow Scientists and Engineers Through Society, the philosopher Bruno Latour
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(1987) famously equated ‘scientific facts’ with ‘black-boxes, whose inner workings
are no longer visible once they are ‘black-boxed” and accepted. From Latour’s
perspective (2005; 1987: 13), epistemographers should describe the constitution
of networks of humans and other entities and beings (machines, materials, animals)
through which ‘scientific facts” achieve the solidity, stability and durability associated
with black-boxes:

We will enter facts and machines while they are in the making; we will carry with
us no preconceptions of what constitutes knowledge; we will watch the closure
of the black-boxes and be careful to distinguish between two contradictory
explanations of this closure, one uttered when it is finished, the other while it is
being attempted. This will constitute our first rule of method and will make our
voyage possible. (Latour, 1987: 13)

Epistemographies should therefore be explanations of the way historical or con-
temporary epistemic objects temporally ‘stabilise€’ and ‘solidify’ as convincing
accounts and representations of reality. The sociologists Daniel Hirschman and
Isaac Ariail Reed (2014: 268) usefully characterise this form of causal explanation
as formation stories. They clarify, ‘When we speak of formation stories, we refer
to explanatory accounts of how social kinds are shaped, reshaped, or brought into
being; in contrast to forcing causes, these stories take as their points of reference
the nonfixedness of social entities, the eventfulness of social life, the emergence
of social entities from processes of assemblage, and the dependence of such
assemblage and nonfixedness on representation’ Merging description and explana-
tion, as formation stories should do, and transitioning from the narrative of the
way people do things to the interpretation of why they do so, are also characteristic
of ethnographic reasoning more generally (Katz, 2002, 2001).

A formation story would retrospectively show the sequence of events and practices
that have led to an epistemic object. In this way, I suggest, an epistemography
should provide a ‘wide’ and ‘slow’ description that traces the unfolding of epistemic
objects over an extended period of time (see Neyland, 2008: 90 for a discussion
of time in ethnographic research, which also applies to issues regarding the
‘epistemographic time’). Accordingly, the present epistemography is organised into
five chapters, each outlining a stage/practice involved in the creation of Figure 0.1.
I have been faithful to the scientists’ sense of order (they orientated their work
towards the last stage) and I have titled each empirical chapter using their own
vocabulary. Chapter 1 is called ‘Fieldwork’ and discusses the creation of samples
from Scots Pine trees during fieldwork expeditions in the Scottish Highlands.
Chapter 2 is titled ‘Dendrochronology’ and describes the production of carefully
dated tree-ring data from those wood samples in the form of a long tree-ring
chronology. Chapter 3 is titled ‘Standardisation, which refers to the creation of
tree-ring indices by removing perturbing non-climatic factors from tree-ring
chronologies. Chapter 4 sets out the stage of ‘Reconstruction’ and the establishment
of extrapolations of unknown past climates from cleaned tree-ring data. Chapter
5 describes a scientific ‘controversy’ in which Figure 0.1 was mobilised to refute
the hypothesis proposed by one of the parties involved.
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To be clear, a formation story is an artefactual chronology of the cycle of epistemic
work. The stages that I outlined above did not occur linearly, but simultaneously
and iteratively. The linear structure of formation stories is, as I see it, a necessary
compromise for achieving legibility. Paul Atkinson (1992: 6) explains the dilemma
encountered by all social scientists: “The more readable the account, the more it
corresponds to the arbitrary conventions of literary form: the more “faithful” the
representation (conventional though it still must be), the less comprehensive it
must become. I have tried to convey a sense of disunity throughout the book by
starting each chapter with a presentation of what I call ‘epistemic conundrums’
These conundrums are problems that the scientists under study faced at each stage
of the process and that they resolved, partly and temporarily, by enacting each
specific practice. The resolution of each conundrum involved specific communities
and developed in distinct ‘epistemic geographies’ (Mahony and Hulme, 2018);
moving from the field site, the laboratory and the private home of the researcher
to the blogosphere, conference rooms and peer-reviewed journals.

While writing a formation story it is important to spell out the broader public
relevance of the detailed descriptions and analyses of the epistemic work. Accordingly,
in the conclusion sections of each chapter, I have analysed the empirical material
in a way that the resulting analysis addresses some of the public concerns about
climate science that were formulated after the hacking episode in November 2009
(see preface). In Chapter 1 I conclude that the production of credible samples was
simultaneous with the constitution of an expert and exclusive community of
fieldworkers who maintained their trust relations through participation and
examination of each other’s work, year after year, in the rituals of labour and recrea-
tion in the field and at home, and I bring to bear this conclusion on public debates
about secrecy and openness in climate science. In Chapter 2 I conclude that the
creation of an accurately dated tree-ring chronology was possible because the
scientists involved initially accepted a mainstream dendrochronological practice
(the ‘principle of crossdating’), and then critically examined the applicability of
such principle to the Scottish context; I draw on this conclusion to respond to
public discussions about tribalism, dogmatism and ‘groupthink’ in climate science.
In Chapter 3 I conclude that the removal of non-climatic factors from the tree-ring
chronology of Scotland was achieved through the strategic and goal-orientated
use of communicative channels in the community under study (laboratory visits
and workshops), and in this way I criticise public demands for a ‘disinterested’
pursuit of climate science that isolates scientists from the social and political context
in which they work. In Chapter 4 I conclude that the accuracy of the Scottish
reconstruction was established by relying on an accepted precedent and comparing
its similarity to canonical temperature reconstructions; I use this conclusion to
contribute to public debates about the nature of scientific consensus. Finally, in
Chapter 5 I show that a scientific controversy was temporally and partially foreclosed
by the mobilisation of a small group of expert colleagues and friends and the
participation of the blogosphere, which I see as evidence for the need to reconsider
the analytical value of the vernacular label of ‘climate sceptic’ and to acknowledge
the social preconditions of scientifically productive ‘civil’ scepticism.
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Meta-epistemography

Epistemographers should aim to explain the formation of epistemographic knowledge
itself. I do not mean that we should communicate our methods and explain how we
go about doing our research (why we chose an epistemic object, years of observation,
number of interviews, written sources, observation, transcription and analytical
practices). With more or less success, such methodological accounts are already
part of most social science texts (including the present epistemography) and should
continue to be so. I do not propose either that epistemographers include narrative
accounts of fieldwork or ‘fieldwork tales; even though these texts could become a
primary form of evidence (as in Tsing, 1993; Rabinow, [1977] 2007). Instead, what
I suggest is that epistemographers should foreground the everyday practices that
are often made invisible in accounts of how social scientific knowledge is made
(Latimer and Lépez, 2019; Lamont et al., 2011) and interrogate the bases and sources
of credibility of their own claims. We should ask: What makes an epistemography
(perhaps our own) look credible to subjects, colleagues and other audiences? How
does an individual’s epistemographic research become part of collectively accepted
sociological, anthropological and historiographical knowledge?

A ‘meta-epistemography’ or an epistemography of epistemography would make
epistemographic knowledge amenable to empirical analysis in fundamentally the
same way as any other form of knowledge. Epistemographers should spell out the
social processes involved in the elaboration and evaluation of an epistemography:
the socialisation stages through which epistemographers have been educated in
certain academic communities and become part of selected traditions of thought
and research practice; the circumstances of production, reception and usage of
an epistemography; the interactions established with the subjects and objects
implicated by the research; and the distribution of taken-for-granted beliefs and
practices according to status and membership of those involved in their research
(e.g. ‘male or female’; ‘PhD student/advisor’; ‘outsider/insider’; ‘subject/object’;
‘publisher /author’).

Interrogating the grounds of credibility of epistemographic knowledge is important
for two reasons. First, it helps us to understand better systems of expert knowledge.
Epistemographers who do not use their own research experience as ‘data’ are losing
an opportunity to refine theories and concepts that explain the constitution of
epistemic objects. As I see it, epistemographers should aspire to generate theory
that is ‘self-exemplifying’ (Merton, 1978) or applicable or ‘reflexive’ to itself (Bloor,
[1976] 1991) in order to generate more systematic and explanatory knowledge of
our societies. The second reason why we should carry out a meta-epistemography
is to make sociological, historiographical and anthropological knowledge more
credible. While I agree with Michael Lynchs (2000: 36) warning that ‘[w]hat
reflexivity does, what it threatens to expose, what it reveals and who it empowers
depends upon who does it and how they go about it, developing a heightened
awareness of the conditions of our mode of knowledge production might give
epistemographers an (ad)vantage point for producing more convincing accounts.
The reason for this is exactly the same one that I offered in the preface when I
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justified the importance of explaining the internal workings of climate science.
Epistemographers, like any other expert, are expected by the broader public who
often fund our research to provide evidence of our trustworthiness; hence, we
should spell out our collective forms of reasoning and validation of epistemographic
evidence. As the sociologist Michael Duneier (2011: 10) suggests:

We can best improve our methods by engaging in practices that reassure our
readers that they can trust they know how they have been convinced. It is a lack
of transparency that results in a sense that the wool is being pulled over a reader’s
eyes. Our goal should be to institutionalize methods that make it normative for
us to be as up front as possible about how we have achieved our effects.

My contribution to the institutionalisation of epistemographic reflexivity and
increased public awareness of the making of social scientific knowledge is exemplified
in this book with an account of the development of the present epistemography.
In doing so, I was inspired by Malcolm Ashmore’s (1989) strategy of using a
double-text and Annemarie Mol’s (2002) strategy of spreading out a subtext on
the bottom of the pages of her book reflecting on the relationship between her
research and various scholarly traditions in sociology, philosophy and anthropology.
Unlike Mol, however, I shall specify the connections, both in time and in content,
between the main text (the epistemography of climate science) and the subtext
(the context and process of production of such epistemographic analysis) by offering
a series of numbered boxes of ‘epistemographic vignettes’ throughout the book.

Conclusion

This chapter has developed the concept of ‘epistemography’ as a shorthand for
referring to a set of standard methodological practices in the STS field aimed at
researching and writing about technical and scientific objects and systems of
expertise of relevance in contemporary and past societies. I have also used the
presentation of, what I suggest are, the four main rules of method establishing the
appropriate conduct of sociological, anthropological and historical epistemographies
to introduce the features of the present epistemography of climate change.

The first principle of ‘situated impartiality’ requires epistemographers to refrain
from resolving disputes about what ‘knowledge’ is and, instead, offer socio-historical
explanations for the ways certain claims are simply accepted as ‘known, which are
sensitive to the working life of the epistemic community studied. This is why this
book is an epistemography of climate change as opposed to in climate change: I
have neither the interest nor the competence to tell climate scientists what they
should know or how they should go about studying climate change. As an ordinary
citizen, I defer these questions to climate scientists and I accept whatever they tell
me as truthful. Instead, my aim is to tell interested audiences how a group of
climate scientists have come to know about climate change. To do so, I have explored
the scientific community in question from the inside, unafraid to get involved in
their working lives and struggles for public credibility. Unlike traditional views of
scientific impartiality that privilege detachment from the object/subjects of study

printed on 2/13/2023 7:33 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

12 Into the woods

as a requirement for knowing, the notion of ‘situated impartiality’ regards the
unexpected interventions and contributions that derive from the practice of social
research to be normal constituents of social scientific knowledge.

The second principle stipulates that the epistemographer must regard ‘knowledge
as collective practice’ and generate first-hand observations or historical evidence
of the way experts conduct their work in alignment with their relevant socio-natural
environment. This book has resulted from conducting a three-year-long participant
observation of the work of a small group of dendroclimatologists (Professor Rob
Wilson and the team participating in the Scottish Pine Project, particularly his
then PhD student Milo$ Rydval) who wanted to learn how Scotland’s climate has
changed throughout the last 2,000 years from the analysis of Scots pine tree growth.
In my analysis of the socio-material practices of dendroclimatology, I shall seek
to ascertain the extent to which Figure 0.1 results from the specific arrangements
and features of the academic community to which Rob and Milo$ belonged and
the Scottish environment in which they worked.

The third principle of providing formation stories’ requires the provision of
explanatory descriptions of the coming into existence of representations of knowledge.
The present epistemography should not be read as tracing the development of a
pre-existing epistemic object (for a retrospective analysis of ‘climate knowledge in
action’ see Howe, 2014, as it outlines the historical constitution of the ‘Keeling
curve’ in the second half of the twentieth century used to monitor the concentration
of carbon dioxide in the Earth’s atmosphere). Instead, this epistemography results
from a synchronic investigation of the creation of Figure 0.1. As I believe that
epistemographers should strategically conduct analyses of popular and widely
accepted epistemic objects, formation stories should be written for a wide readership.
In this way, in each chapter I have sought to connect the specific local problems
and ‘epistemological conundrums’ experienced by Rob and Milo$ (in Wright Mills’s
terms ‘private troubles’) to broader concerns and social problems in contemporary
Western societies (in Wright Mills’s terms ‘public issues’; Box 10).

The fourth principle, an ‘epistemography of epistemography,, specifies the need
to write a formation story about epistemographic knowledge in order to further
the scholarly understanding of knowledge-making processes and the public credibility
of epistemographers. The links between the two epistemographies in this book
— about the making of scientific knowledge of climate change and about the making
of sociological knowledge of climate science - are illustrated within each chapter
through non-lineal analyses of research events (Boxes).

Besides introducing the present epistemography of climate change, the main
purpose of this chapter has been to provide the interested reader with the necessary
tools for expanding the range of objects of epistemographic study to include new
forms of expertise proliferating in our increasingly specialised societies. We are
surrounded by ‘analysts), ‘specialists’ and ‘experts’ who influence the way we live our
lives through their representations. A few examples of existing epistemographies of
ubiquitous epistemic objects are: ‘nutrition labels’ that hugely affect food choices
and health habits (Frohlich, 2017); the ‘Body Mass Index’ used to measure body
fat and establish the extent of the obesity pandemic (Fletcher, 2014); ‘fire safety
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regulation and evacuation plans’ prevalent in all public and private buildings (Spinardi
et al., 2017); the ‘Mindfulness-Based Stress Reduction Programme’ very popular in
business circles (Arat, 2017; Braun, 2017); ‘wine-tasting quality standards” used as
formalised methodologies for establishing expensive classifications of wine (Phillips,
2016; Shapin, 2016); the ‘Gartner’s Magic Quadrant’ widely employed in market
research (Pollock and Williams, 2016); the ‘Gaussian copula model’ used to price
financial products (MacKenzie and Spears, 2014a, 2014b); and ‘DNA fingerprint-
ing, one of the most important forensic techniques in criminal investigations
(Lynch, 2008).

As I see it, epistemographers should prioritise the analysis of epistemic objects
that, like those listed above, are used for structuring markets and governing societies
globally (Miller, 2007). I envisage new epistemographies of global epistemic objects
whose local constitution and deployment, as far as I know, remain unexplored.
New epistemographies could examine the ‘Strengths, Weaknesses, Opportunities,
and Threats (SWOT) matrix; a very popular strategic planning technique; the
‘Myers-Briggs Type Indicator Personality Test, a human resources test widely used
for selecting candidates in many public and private sector institutions; the ‘GROW
model of coaching’ that has gained considerable influence in the corporate world;
the ‘terrorist threat levels’ globally used by governments to inform on the terrorist
danger facing their nations; and the ‘Programme for International Student Assessment
(PISA) intended to evaluate educational systems worldwide. The possibilities of
epistemography are endless because the creativity of humans and their desire for
knowledge and power have no limit (Foucault, 1980).
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Every year at the beginning of August, since 2006, Professor Rob Wilson has been
busy putting the finishing touches to an annual fieldwork expedition in the Scottish
Highlands. Rob is the leader of the ‘Scottish Pine Project, a dendroclimatological
project aiming to use Scots pine trees (Pinus Sylvestris L.) to reconstruct the climatic
history of Scotland over the last two millennia. During fieldwork, the members
of the Scottish Pine Project and other occasional participants like me collect pieces
of Scots pine wood from forests, buildings and lakes across the Scottish Highlands.
Rob and his colleagues referred to these pieces of wood as ‘samples’ To count as
a sample in the Scottish Pine Project and in most dendroclimatological projects,
the wood has to yield useful information about changes in temperature or precipita-
tion from year to year, as reflected in the variation in the width of the layers of
tree growth or so-called ‘tree-rings. Samples that have variable patterns of tree-rings
are described as being ‘sensitive’ to climate, as opposed to ‘complacent’ samples
that show a uniform sequence of growth.

Whether a sample is a good source of climatic information depends on the tree
species and its location. Trees growing in extreme environments are known to
have more variable tree-ring patterns, because changes in weather (more rain or
warmer temperatures) affect their growth more distinctively. In Alpine climates
like the Scottish Highlands, trees are incapable of growing because it is too cold
and wet. The authors of one of the first dendroclimatology textbooks, Marvin
Stokes and Terah Smiley (1968), illustrated the relationship between growing
conditions and tree-ring patterns with a drawing of one tree growing on water-
saturated ground (which produced ‘complacent’ tree-rings) and another tree on a
rocky, dry slope (which produced ‘sensitive’ tree-rings). Dendroclimatologists
commonly sample those areas or ‘sites; like the rocky slopes of the Scottish Highlands
(Figure 1.1), where trees are most likely to be affected by changes in precipitation
or temperature and hence produce sensitive tree-rings. This sampling practice is
referred to as the ‘principle of site selection; which has the purpose, as one textbook
author explains (Speer, 2010: 21), ‘to maximize the [climate] signal recorded in
the trees.

Initially, the Scottish Pine Project team only sampled Caledonian forests growing
on the high-elevation areas of the Scottish Highlands because Rob knew that Scots
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1.1 The fieldwork practice of purposively sampling trees that grow on rocky slopes (‘the
principle of site location’) is based on the assumption that their rings will provide better
climatic information because they are more ‘sensitive’ to changes in climate.

pine trees growing at such locations were very sensitive to changes in temperature.
In 1984, the dendroclimatologist Malcolm Hughes published the first temperature
reconstruction for Scotland from this tree species (Hughes et al., 1984); thirty
years later, Rob sought to build upon Hughes’s work by expanding the number of
samples and their geographical extension. Building on previous studies of past
ecologies, Rob had learnt that, due to deforestation, only about 1 per cent of the
ancient pine woodlands in the Scottish Highlands remains. Rob’s aim was to conduct
an exhaustive sampling of this 1 per cent of remnant pines. As Rob wrote, optimisti-
cally, on the website of the Scottish Pine Project, ‘Long term plan is to sample ALL
remaining semi-natural pine woodlands in Scotland. We are almost there’ (Wilson,
2019).

In order to generate more samples from places other than pinewood forests,
Rob assembled a team of colleagues who helped him to identify and extract partially
fossilised wood preserved in lakes (which they called ‘subfossil’) and historical
buildings across the Scottish Highlands. With these three types of samples (living,
subfossil and historical), they had built up what they called a ‘network of sites’ In
May 2014, Rob sent me an email with two maps saying, “This is where we were in
May 2006 and this is where we are now’ (Figure 1.2). One map had only seven
dots, representing the areas that Hughes had sampled in the 1980s. Rob used these
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1.2 Rob and Milo§ created these two maps to illustrate the growth in the number and
geographical scope of the sampling sites since the start of the Scottish Pine Project in 2006.
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sites as a starting point in 2006, when he initiated the Scottish Pine Project. The
other map had forty-four dots, and included the names of all the new areas that
Rob and his team had sampled up to 2014. This second map has kept growing
since I finished the research for this book, as Rob and his team have continued
sampling new areas and generating new data, which is why Figure 0.1 should be
seen as an incomplete epistemic object (see Introduction).

The sampling design of the Scottish Pine Project was not only purposive and
geographically extensive but also iterative. The three expeditions in which I par-
ticipated (2012, 2013 and 2015) were concentrated around two lakes in the
Cairngorms - Loch an Eilein and Loch Gamhna - in the eastern part of the Scottish
Highlands. Every year, we sampled a few metres of the lake banks. Likewise, we
always extracted two or three wooden cores from each living tree and a couple of
subfossil disks from each submerged log. Rob defended the decision to take multiple
samples by saying that he was a ‘great believer in the principle of replication. This
principle states that the climate signal and information that is assumed to exist in
trees can be enhanced by averaging the data from replicate samples. Rob and his
dendroclimatology colleagues believe that the ‘noisy’ factors affecting tree growth
will be minimised if data from more and more samples are averaged (Chapter 3).
The fieldwork practice of generating as many samples as possible explains why
Rob welcomed students, partners and amateurs like me who, if properly trained,
could become useful workforce.

Dendroclimatologists have historically been criticised for their sampling strategy
by those who uphold random sampling as the standard of scientificity as it sup-
posedly eliminates the risk that samples reflect the researcher’s point of view. In
his textbook, Harold Fritts (1976: 17) dismissed ‘Critics in the past who have
questioned the validity of selecting the most drought-sensitive trees for sampling
rather than selecting trees randomly (Glock, 1955). Such judgement fails to recognise
that the dendrochronologist has a particular strategy in mind which requires that
his samples be affected similarly by a given set of growth-limiting factors’ In one
interview I conducted with a reputed dendroclimatologist, he told me about an
‘incident’ that happened to him in the early stages of his career in a conference
talk, when a member of the audience criticised his results for not ‘having degrees
of freedom?’ This dendroclimatologist explained to me, “You see? This is the type
of pure statistician response as classically considered with an experiment design
with random sampling and control; that was the way she was educated. But if you
are doing a climate reconstruction, and time matters, we must try to select the
oldest and most sensitive trees. There’s no way around it!” When I once asked Rob
his opinion about this matter, he was equally convinced that purposive sampling
in dendroclimatology was justified. He expressed his opinion with an eloquent
analogy: “You would not go to the tropics to study glaciers!’

While Rob and the other dendroclimatologists to whom I talked were convinced
that purposive sampling was the most appropriate strategy for dendroclimatological
projects (‘There’s no way around it’), they have also been examining the possibility
that their sampling strategy has some limitations. In particular, a group of den-
drochronologists have recently identified the ‘Modern-Sample Bias, which is seen

printed on 2/13/2023 7:33 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

18 Into the woods

to arise from sampling only the oldest trees (Melvin et al., 2013). Similarly, at an
international dendrochronology conference I attended in Melbourne in January
2014, one of the most commented on presentations among the attendees to whom
I talked was about the biases and effects of different sampling strategies on the
resulting data (this presentation was eventually published in a paper; Nehrbass-Ahles
et al,, 2014).

The ‘epistemological conundrum’ that Rob and the members of the Scottish Pine
Project faced at this stage of the making of Figure 0.1 was to satisfy themselves and
their critics that, despite the known limitations of purposive sampling, the samples
they had generated during fieldwork were untainted by personal or systematic
bias and were a reliable starting point for producing knowledge of past climate in
Scotland. In this chapter, I explain how they sought to resolve this challenge by
detailing the work involved in producing credible samples; such work is narrated
around a typical day of fieldwork in the Scottish Pine Project expeditions that I
attended.

Labour of fieldwork divisions

The setting up and running of the Scottish Pine Project fieldwork expedition
depended on substantial coordination in establishing divisions of expertise,
responsibilities and tasks, and distributing the appropriate materials among par-
ticipants. The philosopher Rolland Munro (1997) coined the expression ‘labour
of division’ - as distinct from the traditional notion of ‘division of labour’ - to
refer to the work of creating and upholding divisions that characterise the functioning
of complex organisations and societies, including scientific ones. As the leader of
the fieldwork expedition, Rob was in charge of arranging people in terms of their
associated duties and skills, and the success of the expedition essentially lay in
fieldworkers’” accepting such arrangements.

The labour of divisions involved in the Scottish Pine Project fieldwork expedition
was clearly reflected in the timetable that Rob sent to participants in the weeks
leading up to the expedition in August 2013, where we were distributed by days,
sub-teams and ‘number of beds needed’ (Figure 1.3). Timetabling took more than
six months of preparation: we needed to agree on the exact dates of the expedition;
Rob had to apply for and secure funding to cover the trips expenses; he had to
prepare and check all the necessary equipment, request access to the sampling
areas from landowners and from government agencies, and fill in the safety and
insurance forms; and he had to find accommodation and transportation for all
fieldworkers.

Rob created sub-teams that worked independently of each other, each under
the supervision of a different leader. ‘Stewart’ was responsible for the ‘lake sonar
survey teamy, while ‘Leal’ was in charge of the ‘historical sampling team’ with
‘Anne, Rob’s technician (their identities have been anonymised). I was in the lake
subfossil sampling’ and the ‘10mm tree coring’ teams led by Rob and his friend
Dr Bjoérn Gunnarson, the head of a dendroclimatology laboratory in Sweden. Rob’s
undergraduate and doctoral students were also part of the ‘lake subfossil sampling’
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Wednesday | Thursday | Friday Saturday Sunday Monday | Tuesday | Wednesday| Thursday [ Friday Saturday Sunday Monday | Tuesday
Participants 28/08/2013 |29/08/2013 [ 30/08/2013 | 31/08/2013 | 01/09/2013 | 02/09/2013 | 03/09/2013 | 04/09/2013 | 05/09/2013 | 06/09/2013 | 07/09/2013 | 08/09/2013 | 09/09/2013 | 10/09/2013
Rob Wilson X X X X X X X X
X X X X X X X X
X X X
Milos Rydval
Bjiorn Gunnarson
Hans Linderholm
Meritxell Ramirez Olle
54&
———————————
No. of beds needed 3 6 2 4 8 8 8 8 8 6 2 2 2 0

X

night in aviemore
Driving up

Driving back
Sonar survey work
Historical sampling
Lake scouting
10mm tree coring

Lake sub-fossil sampling

1.3 As seen in this timetable, fieldwork required substantive labour of division of time, people, tasks and equipment (including beds and cars). For
those wanting to remain anonymous, I have blanked out their names.
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and the ‘10mm tree coring’ teams. Notably, Milo$ had been Rob’s undergraduate
student at St Andrews and, in Rob’s words, was ‘one of the best undergraduate
students I have ever supervised’ After Milo$ graduated in 2008, Rob hired him as
a technician, and later, in 2011, supported him in a (successful) application for a
doctoral scholarship that allowed Milos to produce Figure 0.1 as part of his thesis.
Bjorn’s Master’s student, ‘Emily” was also part of these two teams in the expedition
of 2013.

Robss ability as the leader and coordinator of the Scottish Pine Project fieldwork
expedition lay in making sure that fieldworkers contributed to the common goal
of producing samples while they also achieved their own respective interests. Rob
described to me his role as ‘making sure that nobody steps onto someone’s shoes.
Each fieldworker had a specific interest in producing samples: Stewart wanted to
find subfossil wood in order to refine his sonar survey system; Leah sought to use
the archaeological wood to continue her exploration of the cultural heritage of
Scotland; Bjorn hoped to use the Scottish data to verify his climate reconstruction
for Scandinavia and for other research purposes; and Milo$ and I wanted to complete
our respective PhD theses (Box 1).

Box 1
Why doing fieldwork about fieldwork mattered

Joining the fieldwork expedition in the Scottish Highlands early on in my
research was, retrospectively, the best decision I ever made. Rob asked me
if I wanted to join the expedition in May 2012, a month after I had agreed
with him and Milos that I would conduct my study while working for them
as a voluntary technician. I accepted Rob’s invitation because I sensed that
doing fieldwork was important to him. ‘All the [Scottish Pine Project] team
is going to be there, and you’ll meet them. You’ll have fun!” Rob assured
me. I certainly had plenty of fun on the three expeditions (2012, 2013 and
2015) in which I took part. However, joining the fieldwork expedition was
much more than an enjoyable experience. Doing (ethnographic) fieldwork
about (dendroclimatological) fieldwork meant that I not only observed how
Rob and his team produced samples as an outsider but also participated in
their production as an insider. My involvement was possible because of the
nature of dendroclimatological fieldwork expeditions. Unlike that in other
paleoclimatological disciplines, such as ice-core analysis in Antarctica
(Skrydstrup, 2012), the equipment used to sample trees is relatively simple
and affordable, which facilitates the training and participation of amateurs
like me. The first day Rob taught me how to use the sampling equipment,
I felt relieved and said to myself, ‘I think I can do it’

As doing fieldwork is part of the ite of passage’ into the dendroclimatology
profession, Rob and colleagues came to see me as if I were one of their own.
They sometimes referred to me as a ‘dendro-sociologist’ and Rob often
introduced me to his colleagues as ‘a sociologist who is studying us and has
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done fieldwork with us. On the website of his laboratory, Rob included me
as one of his ‘students’ and emphasised that I was ‘helping both with lab and
fieldwork’ Being part of the fieldwork expedition also gave Rob and his team
the necessary time and face-to-face clues (Goffman, 1967) to get to know
me and to trust me. During the hiking trips, the long sampling hours around
the lakes and the sharing of the evening meal, Rob and his team asked me
plenty of questions about my work such as: ‘So, coming on fieldwork with
us is your way of doing fieldwork?” We became aware that we shared many
research methods and ideals; not least we were united in the defence of
fieldwork as the best method for generating scientific knowledge of the world,
whether dendroclimatological or sociological.

Doing fieldwork about fieldwork also made me realise that my own friendly
relations with Rob and Milos, as well as the friendships they maintained

1.4 Friendship as a scientific method.
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with their colleagues, were generative of scientific knowledge, both social
and natural (Ramirez-i-Oll¢, 2019a). I first saw this point more clearly when
Rob circulated the fieldwork pictures at the end of my first expedition. There
were many pictures where I appeared as an integrated and happy member
of the expedition, sometimes taking notes for my own epistemography, and
other times taking notes for them and sampling trees. There is one picture
(the one included here) where I appear in the middle, Rob on the left of the
picture and Milo$ on the right, that symbolises the mutuality that formed
between us: their interests and work came to matter to me, and, as a result,
my research and concerns also became important to them.

The moral economy of fieldwork

The production of samples for the Scottish Pine Project, unlike a market economy,
was not an explicit and anonymous exchange of samples for money or another
commodity; instead, it resembled a ‘gift-giving” exchange between peers who shared
the implicit understanding that their individual efforts during fieldwork would be
rewarded and reciprocated later on (Hagstrom, 1982; Knorr Cetina, 1982). The
historians of science Robert Kohler (1991) and Lorraine Daston (1995) proposed
the concept of ‘moral economy’ to describe the informal, honorific and tacit rules
governing academic science (the rules of conduct in ‘applied’ or ‘industrial’ science
might not be distinctively different; see Shapin, 2008; Dennis, 1987).

In the moral economy of the Scottish Pine Project fieldwork, participants produced
samples in exchange for trust and friendship, which, in turn, were used to gain
access to research networks, data, metadata and information on the basis of a
series of tacit rules over what constituted good and bad behaviour in the field site.
Rob implicitly referred to the morality of these exchanges when I asked him to
explain his decision of sharing data with colleagues prior to publishing them into
a public archive of tree-ring data (the so-called ‘International Tree-Ring Data Bank’
or ITRDB). Rob responded, ‘Basically, I share the [pre-publication] data with those
who deserve them. As the leader of the expedition, Rob was in charge of defining
the rules governing the moral economy of fieldwork and the exchange of samples.
These exchanges differed in accordance with the three distinct groups involved in
the expedition.

With dendroclimatology colleagues who were interested in the climatic value
of samples, Rob employed ‘priority access to data’ as a form of reward for their
participation in fieldwork. This idea became clear to me when I asked Rob why
Dr Hans Linderholm - Bjorn’s friend and the head of another Swedish dendro-
climatology laboratory — was taking part in the 2013 expedition. Rob said, ‘Hans
is interested in using the Scottish data to study the Summer North Atlantic Oscil-
lation, a large-scale pattern of climate variability’ Rob also told me that he had to
be ‘fair’ to another researcher who had similar interests to Hans, and who had
also done fieldwork a few years before him. Prompted by my questioning, Rob
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specified that ‘being fair’ in this context meant giving simultaneous access to the
data to both Hans and the other researcher. Rob also clarified, however, that he
would wait for Milos to publish articles from his thesis before ‘releasing’ the Scottish
data to the wider scientific community. As Milo§ was the main person in charge
of generating data from samples (Chapter 2), Rob offered him ‘temporary monopoly
rights’ and the possibility of exploiting the data prior to allowing other senior
colleagues to use them.

Money also played an important role in regulating the interactions among Rob
and his colleagues. The expedition was like a ‘financial union, in the sense that it
was supported by a common budget. At the time of my participation, Rob had
obtained two different grants (from a private foundation, The Carnegie Trust, and
from a public research body, the UK’s Natural Environment Research Council) to
cover fieldwork costs, Anne’s (a part-time technician) salary and Milo§’s doctoral
stipend and fees. While Rob did not pay fieldworkers for their work, he used the
‘fieldwork budget’ to cover the costs of food and accommodation for everybody,
including me. Rob also paid the travel costs of the official partners in the funding
application (Hans, Bjorn and Milo$) but not for Bjorn’s PhD student or for me;
hence establishing a distinction between ‘core’ and ‘occasional’ fieldworkers.

Rob also had a reward system in place for undergraduate students who participated
in fieldwork expeditions in order to complete their dissertations. Rob assigned
and supervised dissertation projects that were related to the Scottish Pine Project.
Rob insisted that all his students should do fieldwork: ‘It is important that they
see for themselves where the data they’ll generate comes from. Rob rewarded
students who had done particularly good dissertations with article co-authorships.
One of these students told me that she was pleased by ‘Rob’s generosity’ The fact
that this student qualified Rob’s gesture as ‘generous’ indicates that being a co-author
was beyond her expectations. For another of Rob’s students, becoming involved
in the production of samples during fieldwork was an incentive to work harder.
If it hadn’t been for the effort I put in collecting these samples, she said, ‘T think
I would have lost interest in the project altogether’

Finally, Rob established a system of exchange with forestry officials and landown-
ers, who allowed the team to have access to the protected areas and private estates
where the selected sampling sites were located. In the three expeditions in which
I participated, we worked around the forests and lakes in Rothiemurchus, an Estate
in the Northern Cairngorms located five kilometres south of Aviemore. In exchange
for unrestricted access to this area, Rob wrote an annual report on the conditions
of the woodlands and participated in talks organised by the Rothiemurchus Estate.
The relationship of courtesy that Rob had established with the landowners endowed
him with a sense of responsibility and ownership towards the sampling sites. In
one of the many conversations we had while walking towards the sampling site,
Rob told me about a group of dendroclimatologists who had gone on a fieldwork
expedition to a foreign country and did not contact the local scientific team. ‘I
would have felt offended if other dendroclimatologists did the same in Scotland;
Rob noted. “While everybody is free to come and leave Scotland, I think it would
be discourteous not to tell me anything’

printed on 2/13/2023 7:33 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

24 Into the woods

The ethos of the heroic fieldworker

Fieldwork involved hard physical labour, and embracing the repetitive and demanding
conditions of producing samples in the field was valued as a professional virtue
among participants in the Scottish Pine Project fieldwork expedition, particularly
by Rob. What I call the ‘ethos of the heroic fieldworker’ - after Bruce Hevly’s (1996)
description of nineteenth-century glaciology expeditions as ‘heroic science’ -
describes the spirit of adventure, direct experience of nature and personal sacrifices
that I observed and learned from Rob and his team. Unlike nineteenth-century
glacier physics expeditions — which, as Hevly points out, were ‘gendered’ in the
sense that women were excluded from expeditions, and ideas about appropriate
conduct in the field were essentially related to manly experience — gender equality
was a characteristic of the Scottish Pine Project expedition. The two female den-
drochronologists in the team carried out the same arduous activities as their male
counterparts and conformed to the same values of effort and sacrifice; in turn, the
men routinely executed the domestic labour of fieldwork (shopping, cooking and
washing) typically associated with women.

I quickly learnt that it was important to bear the hardships of fieldwork in high
spirits during my first breakfast with the team. I was about to eat the usual low-
calorie breakfast I had every morning, when Rob shouted at me, ‘Hey, I don’t want
your supervisors to accuse me of mistreating you. Eat something more substantial
or your energies will drain in the field” He offered me porridge, bread, chocolate,
jam and biscuits. After breakfast, we prepared a lunch box with a couple of sandwiches
and cereal bars to ingest as fast as possible in the forest while avoiding being bitten
by the Highland midges (small flies that are characteristic of the Scottish Highlands
from late spring to late summer). These insects made our fieldwork very unpleasant.
We had to wear nets to avoid their bites on our faces, but doing so was uncomfortable
and reduced our field of vision. While the weather was mostly pleasant (this is
why Rob scheduled the expedition for late summer, when the Scottish weather is
often milder), it sometimes rained, making fieldwork even more miserable.

Adverse weather conditions and midges were only collateral elements of the
main strenuous activities of the day: getting to the site; extracting the wood from
the trees or logs; and returning the samples, boxes and equipment to the pickup
truck. On my first day of fieldwork — as I sat comfortably in the car that Rob was
driving to Loch Gamhna and Loch an Eilein on the Rothiemurchus Estate — I
learned that we were lucky to have car access to the lakes. Before Rob had established
good relations with the estate owners, the team had to walk a minimum of one
hour a day to get to the site and then had to carry back the heavy equipment and
samples. In the three expeditions in which I took part, we did not walk more than
ten minutes from the place where we parked the pickup truck.

Sampling living trees growing on high elevation slopes required some trekking
skills, and those in the team who struggled to hike up mountains often joked that
‘they should have gone to the gym’ prior to fieldwork. Sampling living trees was
easier than sampling subfossil trees in lakes because the samples and the equipment
were lighter. The equipment needed for sampling living trees was: a ‘corer’ used
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for making a hole in the tree and extracting cores of wood; masking tape used to
attach a label to a plastic straw; wide plastic straws in which cores were stored;
and a marker to write the sample number and code. The corer is the most idiosyn-
cratic tool of fieldwork, and it is also used symbolically as a reward (Box 2). As
the corer is inserted into the tree, it becomes harder to turn the handle (Figure
1.5a). Because of Rob’s insistence that samples should be replicated, we repeated
this procedure twice for each tree for a minimum of twenty trees per sampling
site. As a result, our arms felt quite sore at the end of the day.

Box 2
Receiving a ‘prize’ from subijects: thank you, but why?

I realised that the corer was a symbol for dendroclimatologists when they
gave me one as a ‘prize’ for a talk I gave in January 2014 at an international
dendrochronology conference in Melbourne. I came up with the idea of
submitting an abstract to this conference when I was trying to justify (to
founders and to my supervisors) the time and money spent travelling to the
other side of the world to attend the conference where Rob and Milo$ had
planned to present Figure 0.1 for the first time. After two years of fieldwork,
I was also very keen to share some of my ideas with subjects. In my conference
talk I essentially argued that trust among dendroclimatologists remained
important despite all the technical developments that had occurred. In my
own words to them: “Trust still serves as the social glue needed for your
work’ From my conversations with Rob and Milos, I expected that my talk
would provoke some discussion. After a stimulating and intense Q&A, I
had the sense that the audience had largely accepted my argument, but I
never imagined that the scientific committee of the conference would be so
convinced as to give me a prize.

I was both pleased and concerned about receiving a prize from my subjects.
I interpreted the prize as a welcoming gesture to their community, and I
was obviously very happy and grateful. However, I was also worried because
I had conceived my talk as an opportunity to do what the sociologist Pierre
Bourdieu referred to as an ‘epistemological rupture. Bourdieu argued that
the quality of sociological ideas should be evaluated in accordance with
their degree of ‘rupture with modes of thinking, concepts, and methods that
have every appearance of common sense, of ordinary sense, and of good
scientific sense’ (Bourdieu and Wacquant, 1992: 251). While I did not want
to offend my audience, I hoped that my talk would be perceived as provocative
and provide some counter-intuitive ideas about the making of dendroclimatol-
ogy. Using Bourdieu and Wacquants own words (1992: 251), I sought ‘to
produce, if not a “new person’, then at least “a new gaze”, a sociological eye’
into dendroclimatologists. After accepting the prize, I wondered: Is the act
of receiving a prize from subjects a “bad sign” in the sense that I have
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1.5e

1.5 Generating samples by coring living trees with a corer and by cutting wood slices of
submerged logs was a physically hard and exhausting team effort.
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confirmed their common-sense rather than challenged it?” ‘Have I failed to
produce a “new gaze”, a “sociological eye” into my subjects, and to convert
them, if you wish, into “dendro-sociologists”?” After the award ceremony, I
emailed my supervisors and shared my puzzlement: T am not sure what this
prize means’

As I did not know how to interpret their ‘gift, I sought to resolve my
doubts in the only way I could think of; which was approaching problems
and doubts as empirical questions, and asking two members of the scientific
committee why they had given me the prize. One of them said that my talk
was ‘Trefreshing, which I took as an indication that it had produced some of
the ‘epistemological rupture’ I had hoped to achieve. The other one said,
‘We appreciated that you had the courage to present your work in front of
us. It seemed that the committee valued the fact that I had created an
opportunity to discuss my work with their community and the prize was a
way of reciprocating my gesture. After this first experience, I gave three
more talks at dendrochronology conferences because I understood that this
form of interaction was in line with the code of behaviour of my subjects
and allowed me to discuss and refine my ideas and potentially challenge
some stereotypes without hurting their feelings and being perceived as
offensive.

Dragging and extracting pieces of submerged wood out of the water was a
much more time-consuming and elaborate activity than extracting pieces of wood
from living trees. Sampling one forest could take us half a day, while sampling the
banks of Loch Gamhna and Loch an Eilein had taken Rob and his team three
years. Sampling submerged logs required a huge team effort. Rob was often inside
the lake scouting in search of submerged wood with snorkels and masks (Figure
1.5b-c). Once he identified a tree, he fastened the submerged log with a grabber,
which was in turn tied to a rope. Those of us waiting on the banks pulled the log
out of the water with a winch and a pulley. Bjorn gave instructions to Rob, Hans,
Milos and myself on how to position the log so that it was safer for him to cut a
slice of wood with the chainsaw. Chain-sawing was seen as the riskiest activity of
all and the reason why Rob had bought ‘insurance’ He often finished the day by
joking, ‘Another day and no deaths!”

Despite all the hardships associated with fieldwork, we all valued the fact that
the walks to and from the sampling sites and the time spent together sampling
trees were an opportunity to socialise and to have fun together in natural sur-
roundings that we all agreed were stunning. Stereotyped comments about the
Scottish scenery and history were commonly heard during these walks, especially
when Rob mentioned that the seventeenth-century Scottish literary hero, Rob Roy
McGregor, lived somewhere near Loch an Eilein where we did most of our lake
sampling. Rob and Bj6rn also commonly used these walks to tell us aspects of the
environmental history of the areas where we worked or where they had previously
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worked. To me, these daily walks and conversations did not feel very different
from the ones I thoroughly enjoy with friends.

The calibrated body of the fieldworker

Fieldwork was a very stimulating sensory activity that depended on the bodily
perception of objects and their surroundings. Like any other instrument, the body
of the fieldworker needed to be ‘calibrated’ and adjusted to communal standards
of fieldwork practice (for an extended discussion about the body as a scientific
instrument, see Golinski, 1998: 183-185). The ‘calibrated body of the fieldworker’
was constituted during the daily sampling routines and walks to and from the
sites, when Rob and the other fieldworkers trained us to sample and offered snippets
of information about the area, the layout of the forest and the characteristics of
the trees that surrounded us. When one day in the field site I asked Rob to articulate
the importance of doing fieldwork, he succinctly said, ‘We've been in the sites,
we've done the data, and we know them so well’ The connection that Rob established
between the verbs ‘being, ‘doing’ and ‘knowing’ is crucial to understanding how
the active body of the fieldworker, and more specifically the senses of sight, touch
and smell, if properly calibrated, were employed to produce knowledge.

Crucial to the production of samples was the visual identification of the relevant
tree species; this was a skill that experienced fieldworkers deployed automatically,
but it had to be explicitly formulated to neophytes like me. On my first fieldwork
expedition, Rob showed me how to identify what trees to sample. As I recall from
my field notes, I was standing under the crown of a tall tree, swatting midges,
while Rob was getting all the necessary equipment ready:

“This is [pointing to a tree] a Scots pine tree, which is the tree species that we
want. You don’t need to worry about the tree species, because I will bring you to
forests that only have Scots pine trees. But in case of doubt, check two things:
the leaves are like needles [he gets one needle from the ground and shows it to
me]. And secondly, look for pine cones [he gets one cone from the ground and
shows it to me]. Then, the next thing you should do is to place the corer into the
tree at breast height. Do not sample the tree near the base, because the rings at
that level are less concentric and are not representative of the actual growth of
the tree’

[Rob inserts the corer into the tree, turning the handle clockwise. As the friction
with the wood increases, we can hear a louder noise as if the tree is crying. Once
Rob has inserted more than half of the corer into the tree, he turns the handle
one-half anti-clockwise and pulls out from inside a long, thin piece of wood].

5

‘Here we have the “core™, Rob says triumphantly. [He inspects the core for three
seconds]. “This is a good sample because it has, approximately, one hundred rings’
[He puts the core inside a plastic straw and with a marker writes ‘GLF, which
stands for the name of the sampling site, ‘Glen Falloch, and ‘1; the number.]

‘It’s your turn now. I will sample ten trees from here to the right, and you will
sample another ten from here to the left. You will keep the numbers from 2 to
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10. T will do from 11 to 21. We will meet at that fence over there in one hour.
Agreed?’

[There is a silence of three or four seconds. I feel daunted by the imprecision and
openness of Rob’s instructions. In front of me, there is an unquantifiable number
of trees that look very much alike to me].

I ask somewhat embarrassed, ‘But how do I know which trees to sample?” Rob
says, ‘Just sample any tree ... but be careful not to sample dead trees. You need
to sample trees that look healthy and alive! I insist and ask, ‘And, what does a
healthy tree look like?” Rob continues slightly impatient, “Trees without scars,
without resin and with a large green canopy. Off you go!’

One of the key aspects of the instruction detailed above is that my ability to learn
how to sample trees adequately (including the skill of pre-empting future problems
like measuring distorted rings from samples taken too low in the tree) was based
upon my acceptance of Rob’s authority as an expert teacher and the fact that I
imitated his movements. A similar procedure occurred when I learnt to identify
pieces of submerged wood in the lake. My entire body and, crucially, my sense
of touch, were calibrated in accordance with Rob’s as he was the fieldworker who
was inside the water almost every day. When I asked him to describe his skill to
me, he replied that ‘you have to feel the wood, and prompted me to imitate his
movements and identify the presence of submerged stumps with my feet. Once we
identified a log, and managed to drag it out, it was crucial to identify whether the
log was a Scots pine tree, and, if it was the right tree species, agree on the quality
of the sample. There was huge expectation at this stage because dragging out a
log could take us more than an hour. Rob, Bjérn and Milo§ made such a decision
by looking at the sample (see Figure 1.5d). They made comments such as ‘this is
a very sexy sample’ (which meant that this was a good sample), ‘this is worth 200
years’ (which meant that this sample had 100 tree-rings) or ‘this is shit birch, let’s
get rid of it’ (which meant that it was a tree species that was not of interest). The
selected samples were then labelled using masking tape (see Figure 1.5e).

The sharing of olfactory experiences also contributed to our training and to a
sense of community among fieldworkers. On one occasion when I was sampling
living trees with Milos, I mentioned the amazing fragrance of fresh pine that came
out of the tree. Milo§ noticed my delight and said, ‘Only people who spend time
in pine forests and work with trees would recognise this smell” Another example
of the role of smell happened at the end of my first fieldwork day when we were
all tired, looked pretty miserable and smelt quite badly. When we jumped into the
car I noticed a distinctive stink of algae and sweat coming off mine and the others’
bodies. I rolled down the windows to let in some fresh air, and Bjorn looked at
me amused and said, laughing, ‘You just need a bit more time to get used to the
smell of doing fieldwork!

Domestic rituals

Around 5pm, like in most office jobs, we finished our work in the forest and our
attention shifted to preparing the evening meal at home’ (the rented cottage where
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we slept, ate and socialised) and the associated rituals of domestic intimacy. One
of the distinctive aspects of science done in the field, as noted by the historian
Robert Kohler (2006: 67), is the combination of occupational and recreational
activities. During the evening meal, the distinctions between ‘home” and ‘work,
‘friends” and ‘colleagues’ became particularly blurry. The evening meal was the
time of day when we returned to the rented cottage and shared a meal that one
of us (either Bjorn or I, who gladly became the official chefs of the expedition)
had prepared. Rob gave special priority to this socialising event. In fact, he told
me that his main criteria in renting accommodation was to have a big dining table
next to or inside the kitchen. The kitchen and the dining table were the main
spaces where we ate, chatted, drank and played games.

The pivotal role of the evening meal was preceded by a series of activities. On
our way to the cottage, we stopped at a supermarket to buy food for the evening
meal and the next day’s breakfast and lunch. We coordinated in the supermarket
to find all the products we needed, and in an astonishing time of less than ten
minutes, we met at the till where Rob was waiting to pay. When we arrived at the
cottage, in turns, we took showers. As I was often the cook, I had priority for the
shower. Those waiting for their turn gathered around the dining table, grabbed a
drink and recapitulated the events of the day. The topic of conversation was often
the number of samples we had produced (on a good day, we had between thirty
and forty slices of wood from lakes and up to a hundred cores from living trees).
The duration of the pre-dinner conversation depended on the time that the cook
needed to prepare the meal. During this time, Rob and the rest of the team also
cleaned and prepared the equipment for the following day and conversed about
research.

The evening meal also developed according to a set of routines. The meal generally
consisted of a high-calorie main course (pasta, rice or meat with vegetables) and
a dessert with generous amounts of wine and beer. The cook received a public
appreciation from the group at the beginning of the meal (“Thank you very
much’ or “This is delicious!’), and a lively chat, steered by Rob who always sat
at one end of the table, developed throughout the meal. The evening meal was a
space where gossip circulated and fieldworkers shared opinions about colleagues.
During or after the meal was also a time when we recalled the daily arduous
experiences in the field and transformed them into adventurous stories at which
we all laughed. One particular evening, I was the focus of collective laughing
because Rob circulated a picture of me inside the lake where I looked visibly
distressed (‘It was freezing cold, I said in my defence). After dinner, during the
final hours of the fieldwork day, we often played cards and drank whisky. Before
we all went to sleep around 11pm, Rob reminded us of the objectives and distribu-
tion of tasks for the following day. In this way, he made sure that everybody was
ready to go back to work after a few hours of recreation around the dining table.
We all went to sleep in gendered bedrooms. We had been together for twenty-
four hours. Such was the intensity that fieldwork imprinted on me that every
single night of the fieldwork expedition, I dreamt about the day’s events in the
field.
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Conclusion

This chapter has detailed the fieldwork practices involved in producing samples
for a dendroclimatological project. Rather than removing themselves from the
process of deciding where to sample and what samples to use, generations of
dendroclimatologists have sought to vindicate their professional judgement as an
alternative strategy to ‘random sampling’ for achieving scientific objectivity (Daston
and Galison, 2007: 309). It is a truism in dendroclimatology that ‘purposive sampling,
while not being free of biases, is the most appropriate strategy for generating good
samples that show ‘sensitive’ tree-ring patterns and convey useful climatic informa-
tion. This is why one dendroclimatologist told me that, “There’s no way around it’
and Rob thought that no dendroclimatologist in his or her right mind ‘would go
to the tropics to study glaciers. As shown in the two maps of the network of sites
in the Scottish Highlands, the Scottish Pine Project was also based on, and in turn
confirmed, the premise that the strategic choice of Scots pine trees, as previously
demonstrated by Malcolm Hughes, was a valid and justified sampling strategy.

Precisely because dendroclimatologists uphold their professional judgement as
a standard of scientificity and objective sampling, the production of credible samples
in the Scottish Pine Project was simultaneous with the constitution of a cohesive
community of expert fieldworkers. In dendroclimatology, pieces of wood become
‘scientific’ because they are produced by ‘experts. Being an ‘expert’ fieldworker is
not an attribute that one acquires alone, but an ascribed status that other experts
recognise and attribute while engaged in the actual doings in the field (see Coopmans
and Button, 2014 for a discussion of how ‘expertise’ is constituted). As the leader
of the Scottish Pine Project, Rob was responsible for ensuring that the fieldwork
team learnt and exhibited the right skills and moral character necessary to be
acknowledged as experts by himself and by the broader community of dendrocli-
matologists that recognised Rob as one of their own.

Fieldwork effectively served to guarantee the trustworthiness of the wood samples
within Rob’s team in that it generated a culture of trust, which confirmed and
valorised Rob’s personal and professional judgement - his decisions about which
areas and trees to sample, which samples to retain and which to reject - and
formed an important basis for group cohesion. Through participation in the rituals
of labour and recreation in the field and at home, Rob was able to inculcate his
skills, values and reasoning. More specifically, with the timetable and assignation of
fieldwork tasks and budget, Rob conveyed his expectation that participants should
take their fair share of hard work and bear this labour of division with goodwill if
they wanted to be part of the moral economy regulating the exchange of tree-ring
data. During our daily walks, Rob transmitted the importance of developing a deep
personal knowledge and perceptual intimacy of the area and the surrounding trees
(for a fictional and highly acclaimed account of the close relationships established
between people and trees read Richard Power’s (2018) The Overstory). In each hiking
trip and tireless hour spent in the lake banks surrounded by midges, we learnt
that fieldwork involved personal sacrifices. Through Rob’s instructions, students
like myself learnt to calibrate their senses (including one’s reaction to the odour
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of sweat). Finally, through the rituals of preparation and sharing of the evening
meal, participants created a shared memory of fieldwork.

Being and working physically in the field and at home was an opportunity for
Rob to observe and confirm his students’ and colleagues’ acquisition of background
knowledge about the ecological and historical features of the sampling sites and
the growing conditions of sampled trees. In other words, Rob expected the members
of his fieldwork team to generate ‘metadata’ While metadata are commonly regarded
as static and well-codified products, in routine scientific practice like fieldwork
metadata are manifested as ephemeral, informal and incomplete objects (see Edwards
etal., 2011: 684). This is why, when I asked Rob about the importance he attributed
to fieldwork, he established a connection between fieldwork and the tree-ring data
generated at later stages (‘We've been in the sites, we've done the data, and we
know them so well’). This is also why Rob insisted that his undergraduate students
participated in fieldwork as he thought it is important that they see for themselves
where the data they’ll generate come from. The fact that Rob conditioned the
sharing of tree-ring data on participating in fieldwork (‘basically, I share the samples
with those who deserve theny) is also indicative of the morality he associated with
the development of first-hand experience of the local context of production of
samples.

The creation of a group of fieldworkers who valued their empirically grounded
and fieldwork-based expertise was crucial to the efforts of creating Figure 0.1, as
will be shown in the following chapters. At later stages of their epistemic work,
Rob and Milo$ would refer to the knowledge or ‘metadata’ developed in the field
site to interpret tree-ring data in a process akin to what Bruno Latour (1999: 24)
calls ‘circulating reference’ (the word ‘reference’ comes from the Latin ‘referre,
which means ‘to bring back’). For instance, when Rob and Milos had difficulties
crossdating some samples from the Alladale site, they initially relied on the knowledge
of the logging history of the Scottish Highlands passed on by their field relations
(estate owners and government officials) to interpret such an anomaly (they later
concluded that logging had nothing to do with it). Similarly, Milo$ justified the
adjustments he made to a tree-ring model by appealing to his field experience of
the wet conditions in the West of Scotland. In the controversy chapter, Rob refused
the hypothesis formulated by a colleague as ‘unrealistic’ on the grounds that this
colleague likely did not have sampling experience. Ultimately, all these examples
show that the ‘lab-field border’ — as Robert Kohler (2002) refers to the cultural
differences between indoor or laboratory science and outdoor or fieldwork science
- is particularly fluid in dendroclimatology, as the background knowledge or
‘metadata’ generated during fieldwork cuts across the laboratory work done at later
stages.

The strategy of invoking the experience gained in the field site as a means to
justify subsequent interpretations of data seems to be characteristic of fieldwork-
based sciences more generally (Kohler and Vetter, 2016; Kuklick and Kohler, 1996).
In their study of petroleum geophysicists, Petter Almklov and Vidar Hepso (2011:
552) argue that these scientists used their field trips to offshore reservoirs to create
‘analogues’ that informed their interpretations of remote data sources later in the
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office. The authors ask the very pertinent question, ‘What comes back?” when these
geologists have left the field site, to which Almklov and Hepse give an answer that
could also apply to dendroclimatology: “The data are the objects of attention, both
on field trips and in the office, but the answer to the question of what comes back
from the logging trips is not primarily a set of immutable mobiles (Latour, 1987),
but instead a group of professionals with an increased understanding of the context
from which geological data are extracted. In other words, what comes back after
fieldwork is a community of experts. Crucially, individual geophysicists and
dendroclimatologists are able to mobilise their field experience successfully because
their respective communities accept such experience as a sound basis for establishing
extrapolations.

The existence of an exclusive community of peers that willingly gave assent to
the quality of Rob’s scientific judgement and granted him exclusivity over the
relations, sampling sites and data produced bears some relevance to public debates
about openness and secrecy in climate science. After the hacking of the climate
science emails in November 2009, many inquiry reports, individual scientists and
scientific institutions lamented that the stolen emails had shown failures to abide
by Freedom of Information legislation that requires all publicly funded institutions
to provide access to their data and results, and defended openness as the basis for
science’s capacity for self-correction and peer-review (Ramirez-i-Oll¢, 2015a: 398).
The then president of the US National Academy of Sciences insisted that ‘Clarity
and transparency must be reinforced to build and maintain trust - internal and
external - in science’ (Cicerone, 2010: 221).

Scientists and their representative institutions commonly present openness and
transparency, no matter how qualified, as ideal scientific norms, and secrecy and
intimacy as unjustified and deviant. Yet, given the meticulous work and personal
investment and sacrifice required to produce samples like those of the Scottish
Pine Project, how can we be surprised that some scientists develop a sense of
attachment and moral ownership towards the objects, places and people involved
in their production? If one understands that restricting access to data or allowing
temporary monopoly rights over the exploitation of samples are the means by
which scientists like Rob protect junior researchers and incentivise good team
work, why do we, as a society, still expect that scientists will share their precious
goods with strangers and abide by Freedom of Information legislation? How can
it be easy to trust people who have not developed an embodied and intimate
knowledge of the sampling areas or ‘metadata’ to make appropriate use of the
resulting data? To be clear, I am not making a case against transparency laws (even
though I think there are good reasons for opposing auditing measures that generate
wasteful games of compliance and undermine public trust; Power, 2005: 10; O'Neill,
2002). Instead, I hope the reader will conclude from this chapter that it is not
surprising that climate scientists might actively oppose or find it difficult to comply
with transparency laws, as secrecy and exclusivity have a prominent, and sometimes
functional, role in their work.

While science is commonly seen as being about ‘unveiling’ secrets about nature
and doing so in the open, the reality is that, for better or for worse, reliable scientific
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knowledge is mundanely done in private. Large parts of science are kept behind
closed doors for military or industrial reasons, because of everyday competition
between scientists or, as shown in this chapter, because temporary exclusivity is
part of an internal reward system that guarantees quality work within a scientific
group. The more normalised, protective practice of ‘peer-review’ is also paradigmatic
of the existence of a culture of secrecy in contemporary science (as Rostvik and
Fyfe, 2018 have shown in their historical analysis of the journals of the Royal
Society, women have been particularly affected by such form of exclusivity). More
generally, concealment and openness have co-existed throughout the history of
science and within the individual careers of prominent scientists. For instance,
Isaac Newton kept his alchemical work, which he valued greatly, secret, and only
made it available to an elite (Golinski, 1988). Likewise, Galileo sent his telescopes
to cardinals and princesses who supported his work, but refused to show them to
competitors like Kepler (Biaglioli, 2006). More generally, the sociologist Georg
Simmel (1906: 441) explained long ago the inevitable existence of ‘secret societies,
as ‘in all relationships of a personally differentiated sort there develop, as we may
affirm with obvious reservations, intensity and shading in the degree in which
each unit reveals himself [sic] to the other through word and deed.

Therefore, I hope to have demonstrated that the widespread idea that secrecy
and privacy are pathological practices and inherently bad for the conduct of climate
science should be qualified. Openness and secrecy are not absolute goals, but
instead, as Brian Balmer suggests (2012: 17), we should think of them as context-
specific, as ‘degrees of openness and secrecy, choices over what to reveal or conceal,
point to a geographical analogy, that openness exists as a zone between two others:
the initial secret, then what is revealed about that secret, but also what is held back
and remains out of sight. The fact that secrecy is not essentially bad does not mean
that it should be applauded. Given the emergence of a ‘culture of transparency’ in
many Western countries (Schudson, 2015), it is likely that demands for scientific
openness will keep growing. The challenge for policy-makers is, as Sheila Jasanoff
(2006: 22) foresees, to develop legislation that ‘maintains a desired balance between
openness and secrecy’. To achieve this goal, legislators should attend to epistemo-
graphic evidence, such as that provided in this chapter, that foregrounds the practices
and reasons that constitute the secretive work that they intend to open up to public
scrutiny.
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Dendrochronology

After finishing fieldwork — while driving back to Edinburgh where Rob, Milos and
I lived and where Bjérn and Hans caught their planes to return to Sweden — we
always stopped at the University of St Andrews to leave the samples we had
painstakingly produced the week before. Since Rob had accepted the position of
Lecturer at St Andrews University in 2007, he had been negotiating to have an
exclusive room to store and work with the samples. Much to his regret at the time,
all he had achieved was a bigger office room that he also used as a storage room
for the samples (Figure 2.1). ‘Here, we have the entire Scottish Highlands, Rob
announced triumphantly, pointing to the drawers full of cores and the piles of
slices of subfossil wood.

From the moment we left the samples in Rob’s office, Milos became responsible
for creating data from them in a procedure known as ‘dendrochronology’ From
each tree sample, dendrochronologists generate a series of tree-ring measurements
and then combine several of these series to produce what is known as a ‘tree-ring
chronology’. Essentially, dendrochronologists aim to identify the precise year of
formation of each measured tree-ring in order to produce carefully dated tree-ring
chronologies. The sequence of dated tree-rings results from the fact that trees
generally grow one layer of wood every year (as I explain below, it is possible that, in
some years, trees produce no ring at all or that they produce more than one ring).

Overlapping successively older tree-ring measurement series into an averaged
‘master chronology’ - a procedure known as ‘crossdating’ — is considered the
foundational practice of dendrochronology (see Rob’s PowerPoint slide, Figure
2.2). As I describe in Chapter 4, creating long tree-ring chronologies is crucial for
dendroclimatologists because the longer the chronology, the longer the climate
reconstruction. Precisely, Rob and Milo§’s goal at this stage was to create a master
tree-ring chronology from all the different types of sample across the Scottish
Highlands (from lakes, historical buildings and living trees) that extended further
back in time than the climate reconstruction for Scotland created by Hughes in
the 1980s (Hughes et al., 1984), which reached the eighteenth century.

Textbook authors employ various metaphors to explain how dendrochronologists
use tree-rings as a source of climatic data (dendroclimatology is only one of the
possible applications of dendrochronology; hence, while all dendroclimatologists
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2.1 Rob’s office stored the wood samples from which Milo§ generated data in the form
of series of dated tree-rings or ‘tree-ring chronologies.
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2.2 Dendrochronology consists in creating accurately dated and longer
tree-ring chronologies by cross-matching ring patterns and dated tree-rings across
different samples.
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are also dendrochronologists, not all dendrochronologists are dendroclimatologists;
see Chapter 3). Tree-ring measurement series are compared to a ‘bar code with
varying widths of lines representing each year’ (Speer, 2010: 12). Andrew Douglass
— described as ‘the undisputed father of dendrochronology’ (Speer, 2010: 37) -
compared the pattern of narrow and wide tree-rings to the Morse telegraph code
of dots and dashes. Harold Fritts (1976: 19) followed up this metaphor: ‘In much
the same way, the sequence of narrow (dots) and wide (dashes) rings in a sensitive
ring series conveys messages about the life of the tree’

Rob, Milo$ and the dendrochronologists I talked to about this matter were
adamant that doing dendrochronology did not involve counting tree-rings. The
website of one of the oldest dendrochronology laboratories ~founded by Andrew
Douglass in Tucson, Arizona — precisely introduces dendrochronology by asking
the question, “‘Why not just count the rings?’ I asked a similar question to Rob
when I was training as a laboratory technician: ‘Could we not create tree-ring
chronologies by counting the total number of rings in each sample, and then
assigning the calendar year to each tree-ring by counting backwards from the
outermost ring, laid down in the year when the tree was sampled?” Rob categorically
responded to me, ‘Dendrochronologists don’t count; foresters count. Rob was not
unique in characterising foresters’ ring-counting practices as improper and unsci-
entific. In a lecture I attended in Tasmania (January 2014), a local forester gave a
presentation about a few chronologies he had created with local timber. When I
asked one of the attendees, a dendrochronologist, his opinion about the talk, he
said, ‘It was interesting because he knows these forests very well, but clearly, he is
not doing the same thing that we do. I don't think he did any crossdating’

Dendrochronologists insist that ring-counting is not a valid procedure for creating
accurate tree-ring chronologies because it cannot account for the potential existence
of tree-growth anomalies referred to as ‘false’ and ‘missing’ rings. In dendrochronol-
ogy textbooks, false and missing rings are given a physiological and ecological
explanation. As described by Fritz Hans Schweingruber (1988: 47), ‘trees and
shrubs in temperate and boreal regions generally form one ring a year. The occur-
rence of clearly marked seasons in these regions means that very little variation
in growth occurs within any given year. There can, by contrast, be enormous vari-
ations in growth in trees and shrubs in arid and semi-arid regions. This is the
result of the unevenly distributed precipitation. A ring may be formed every year,
or there may be no growth whatsoever [missing ring], or the tree may even appear
to form two or three rings in a year [false rings]. For samples in these regions age
can be determined only by cross-dating’

The ‘epistemological conundrum’ that Milo§ and Rob, and all dendrochronologists,
face at this stage of the production of dendroclimatological knowledge is to produce
accurately dated tree-ring data, given all the uncertainties related to the potential
presence of missing and false tree-rings. An added challenge specific to the Scottish
Pine Project was that, as seen in the previous chapter, Rob’s team worked with
samples from lakes and buildings. Determining the exact year in which submerged
trees or archaeological beams ceased growing and the year in which the last ring
was laid down - the starting point for dendrochronology - is particularly difficult,
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if not impossible. In this chapter, I shall describe how Milos, Rob and myself as a
voluntary technician resolved these challenges and eventually created an 800-year-
long tree-ring chronology from Scotland by reading and representing tree-rings
and synchronising tree-ring data.

Reading tree-rings

The first time Milo$ asked me if I were able to see a specific tree-ring that he was
showing to me, I did not know what to look at. I was still in shock after opening
the plastic bag with the samples from fieldwork: I did not expect the strong smell
of rotten eggs coming out from the samples after being bagged for weeks. I was
also in shock because, when looking at the code attached to each sample, I had
flashback memories of fieldwork. I could remember the exact time and place of
origin of almost every sample. In my first day as a voluntary technician in the
laboratory, Milo$ and I spent considerable time remembering anecdotes from
fieldwork.

It quickly became clear to me that seeing tree-rings was not a simple task; I had
to develop the ‘professional vision’ of the dendrochronologist (Goodwin, 1994) or
a ‘dendrochronologist’s eye, which essentially involved learning to interpret and
read the dark bands that I perceived on the wood. The process of interpretation
or reading of tree-rings is double-sided. On the one hand, it is ‘theoretically-culturally
laden’ by the concepts (e.g. a ‘tree-ring’) and laboratory practices of generations
of dendrochronologists that enable the perception of the wood. On the other hand,
it is ‘empirically-materially laden’ by the specific tree-ring structure under study.
As the sociologists of science Barry Barnes, David Bloor and John Henry (1996:
28) explain, “The mind of the individual is the point of contact between our physical
environment and social environment. Interpretation is where nature and culture
come together’

Once samples arrived at the laboratory, our main goal was to enhance the
visibility of tree-rings. As the sociologist of science Michael Lynch (1985) has
shown, when scientists bring natural specimens into the laboratory for study, they
have to transform them into ‘docile objects’ In the case of the dendroclimatological
work conducted in Scotland, this ‘domestication’ started at the field site when
fieldworkers tagged samples and cut wood pieces of a certain size in order to fit
them in Rob’s office. When these samples arrived in the laboratory, we sought to
tame them even more. In order to remove wood resins and to measure rings from
wooden cores, we submerged the cores in jars of acetone and glued them onto
prefabricated wooden mounts (Figure 2.3a). Sometimes we had to break the core
into small pieces so that the tree-rings would look ‘straight’ and have the correct
orientation on the wooden mounts (Figure 2.3b). As Milo§ explained to me, tree-
rings could come out ‘twisted’ from using poorly sharpened corers. With regards
to subfossil samples, we tried to stop the deterioration of wood and the appearance
of mould by air-drying the slices of wood and using a small blade to remove
part of the rotten surface, and adding chalk to further enhance the contrast and
visibility of rings (Figure 2.3c). Throughout this process it was very important,
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2.3 Being able to read tree-rings involved a series of laboratory practices that
‘domesticated’ samples and made tree-rings more visible and amenable to interpretation.
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Milo$ insisted, to keep track of the identity of samples and to assign the correct
sample code by attaching each core to a numbered metal wire and writing the
code on the wooden mounts. In this way, we would not lose the connection
of the samples with the place they would be taken to represent at later stages
(Latour, 1999).

After preparing samples for visual examination with the microscope or with
the computer, reading rings still involved many uncertainties with regards to the
exact boundaries of a ring. On an ordinary day in the laboratory, one of the most
frequent questions I asked Milos was: Ts this a ring?, while pointing to the ring
in question. If I was measuring rings in subfossil wood with a microscope, I used
a pointer to mark the exact ring that I was doubtful of. Neophytes were asked to
count tree-rings in groups of 10 following an established code (one dot every 10
rings, two dots every 50 rings and three dots every 100 rings). I found it much
easier to discuss my doubts with Milos in front of the computer screen rather than
in front of the microscope because we could use our hands and body to indicate
the boundaries of the ring on the digitised image of the sample (see Vertesi, 2012,
for an account of the importance of bodily communication in science). In this
way, I learnt to read tree-rings through verbal and bodily interactions like the
following:

Meritxell: Is this [pointing to the computer screen] a ring?

Milo$: Mm, let me see

Meritxell: [I stand up to let Milo$ sit in front of the screen]

Milos: [sits down] (pause of 3 seconds) [slight turn of the head] [zoom in and
out of the picture]

Milos: This is very tight [he leans towards the screen]

Meritxell: Yes, I know
(pause of 6 seconds)

Milos: I would say this [pointing to the screen] is a ring

Meritxell: Really?

Milos: Yes, you can see the dark band of the ring here [moving the finger in circles
in front of the screen]

Meritxell: Okay

Another way in which I learned how to read rings was through the use of
diagrams and exemplary images in Rob’s lectures. He typically used images that
highlighted the distinct boundaries of a ring (Figure 2.4). Rob employed these
images to re-create in the minds of students the act of identification of tree-rings
that took place in the laboratory — like the conversation between myself and
Milo$ described above — which undergraduate students could not directly witness
in the classroom (the sociologist and historian of science Steven Shapin, 1984
refers to this process as ‘virtual witnessing’). All the verbal, bodily and written
demonstrations and instructions that we, as students, accepted from authoritative
teachers such as Milo§ and Rob organised our perception of the ring patterns
on the wood and constituted the professional and competent vision of future
dendrochronologists who could see and classify a dark band as a ‘tree-ring’ or a
‘non-tree-ring’
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Locally absent (missing) ring in ponderosa pine

2.4 Rob used this picture in class to re-enact in the students’ minds the bodily gestures
and conversations taking place in the laboratory that enabled the interpretation of
tree-rings.

Representing tree-rings

Once I learnt to read tree-rings, Milo§ also taught me to generate accurate measure-
ments of two physical properties or ‘parameters’ of a tree-ring: its width and
reflectance. Traditionally, tree-ring chronologies have been created by measuring
the width of annual rings. The emergence of newer technologies and the geographical
expansion of dendroclimatology around the world have meant that additional
information from tree-rings is now also measured. Newer tree-ring parameters
include the measurement of ring density and the reflectance or brightness of wood.
As Rob could not afford the workforce or the technology to generate density data
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(instead, he relied on his Swedish colleague Bjorn to produce density), he refined
a cheaper parameter or proxy called ‘Blue Intensity’ with the help of colleagues
around the world (Ramirez-i-Oll¢, 2018).

Ring-width and blue intensity measurements ‘represented’ — in the sense of
acting as substitutes of — the wooden samples at later stages of the work. As I shall
explain in the next section, Milo§ would only go back to the physical samples (or
their scanned images) if he struggled to crossdate. Scanned images had the advantage
of being easier to store than samples. In fact, keeping physical samples was often
a problem for dendrochronologists. While Rob did not yet have storage problems
(as he still had space in his office), he travelled to Canada in March 2015 to help
his doctoral supervisor with this problem. Rob told me that despite the fact that
his supervisor’s samples are among the oldest, and hence most valuable, in the
world, his supervisor had not been able to convince the university officials to keep
the samples after he retired. As a result, Rob ‘inherited” his supervisor’s samples
and travelled to Canada to collect them and archive them in a dendrochronology
laboratory in New York (the ‘Lamont-Doherty Earth Observatory, commonly
called ‘Lamont’) where Rob had worked as post-doctoral researcher and maintained
an affiliation.

The key aspect to consider when generating accurate measurements or representa-
tions of tree-rings was to not overrule the experienced human eye. Milo$ and I
used two machines for generating measurements (Figure 2.5). First, we employed
a measuring stage that worked in conjunction with a microscope, cross-hairs and
a digitising recording device. As we moved the stage with a little handle and the
cross-hair coincided perpendicularly with the ring boundary, we pressed a button
and a device recorded the distance travelled by the measuring stage in millimetres,
which was later recorded by a computer. Secondly, we employed computer software
that detected the ring boundaries and placed measurement points automatically
on the scanned image. With a mouse, we identified one ring boundary, and with
the use of coordinates the programme detected and measured the subsequent
rings automatically.

Milo$ insisted that I should take into consideration different criteria for generating
tree-ring measurements. If I were generating ring-width data, I had to measure
the ring at the point where it looked more ‘proportional’; that is, the area where
the width of the ring looked equally wide or narrow (as trees do not grow uniformly
and tree-rings are not perfect concentric circles). If I generated blue intensity data,
I had to be careful in delineating the darkest parts of the rings and avoid measuring
sections that appeared anomalously bright or dark. Using the words of the renowned
dendrochronologist Michael Baillie — author of one of the longest tree-ring chronolo-
gies (Box 3) - one could say that the tree-ring measurements we produced with
Milos carried out our ‘intellectual fingerprint’ insofar as our goals (the measurement
of specific parameters) and experience (as a student or as an expert) made a mark
on the resulting data. As Bailie explains it:

When a dendrochronologist measures the widths of growth rings in a sample,
he or she has to make multiple decisions with respect to the starts and ends of
the rings, problem rings, and so on. Repeated measurement of the same sample,

printed on 2/13/2023 7:33 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

44 Into the woods

2.5 The measuring machines used for generating tree-ring width and blue intensity
data, which represented and substituted the physical samples at later stages.

will not give exactly the same measurements. The number of rings must be the
same, but the actual measured widths will not be. This means that the ring pattern
of a tree-ring sample carries the ‘intellectual fingerprint” of the dendrochronologist
who measured it, every bit as much as this text carries my intellectual fingerprint.
(Baillie, 2010).

Establishing the accuracy of tree-ring measurements was not about upholding an
absolute standard. Milos never expected my measurements to be exactly the same
as his, but if he deemed the difference to be too large (on whatever grounds), he
asked me to measure the tree-rings again. On one occasion, Milo§ made explicit
this criterion of ‘relative accuracy, when he congratulated me by saying, “Well
done! This almost looks like I had done it myself!” Assessing the quality of measure-
ments in relation to the measurements of experts seems to be a common practice
in dendrochronology. Harold Fritts (1976: 251) explains in his textbook that he
devised a ‘test of measurement accuracy, which can be made ‘by comparing
measurements of particular operators to those of experts. Rob told me of the
existence of a more recent software (‘Verify5’) that was also designed to do such
tests, but he had never used it because, as he explained, ‘one must have some faith
in students’ (however, Rob often used the measurement software package used by
his students, ‘CooRecorder’, to check their measurements). Neither Rob nor Milo§
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used an ‘accuracy league’ displayed on the wall to compare the students’ measure-

ments, as some laboratories seemed to do in the 1990s (Pilcher, 1990: 45).

Box 3
How much knowledge do I take for granted?

In March 2015, I published an article in a new and relatively unknown
open-access journal where I made a claim about Michael Baillie’s work
that, to my surprise, became slightly controversial. More specifically, I said
that ‘the longest tree-ring chronology created anywhere in the world was
built by European researchers using Irish oak trees, currently reaching back
about 10,000 years’ (Ramirez-i-Oll¢, 2015b). I made this claim using Baillie’s
published work (1995), quoted in all dendrochronology textbooks. As usual,
prior to publication, Rob and Milo$ had read my article but did not amend
my claim about Baillie’s chronology. All dendrochronologists seemed to
accept that Baillie’s chronology was the longest in the world, and so did I
without being aware of it.

A few days after my article was published, Rob included me in an email
conversation with Douglas Keenan — who describes himself in his website
as ‘an independent mathematical scientist— who questioned the accuracy
of Baillie’s chronology. Keenan’s email included a detailed examination of
the potential dating problems in Baillie’s chronology and finished by asking
Rob, ‘How confident are you that the statement is true?’ in reference to my
claim about Baillie’s chronology being the longest in the world. Rob replied
by summarising some uncertainties of Baillie’s chronology and responding
amicably to ‘Doug’: ‘So - to answer your question — I don’t honestly know,
but as I am sure Meri [me] would be happy to hear - I have faith in my
colleagues to get it right. If there is disagreement, then both parties should
work together and try and resolve the issue’ I followed up this conversation
by sending an email to both ‘Doug and Rob’ and thanking them because
Tve learnt a few more things about tree-ring dating in these exchanges’

This incident made me aware of an existing, if marginal, criticism of a
dendroclimatological fact and forced me to consider how, if at all, I should
foreground it in my work. How can I write an epistemography of a scientific
object without falsely making it appear more factual and credible given
the existence of disagreements? The way I tried to resolve this problem is
by adopting a well-known epistemographic claim. Bruno Latour and Steve
Woolgar ([1979] 1986: 75) claimed that scientific objects go through various
stages of facticity, linguistically expressed in the way a statement is gradually
transformed from an issue of hotly contested discussion into a well-known,
unconventional remark freed from the circumstances of production. While
some statements comprise conjectures (‘It should not be forgotten that..;
“These results are temporary’), others are unequivocal and factual (X and
X have reported that...; ‘It is largely known that..’; ‘A has a relationship
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with B’). Latour and Woolgar studied the process of fact-making over time,
but their argument, I suggest, also applies to extant claims. In this way, my
claim about Baillie’s work could be situated in a continuum that progressively
includes more contextual information:

The longest tree-ring chronology reaches back about 10,000 years. [This is
the factual language that dendrochronologists would use, which omits
contextual information such as the subject, the sources and the ‘created’
nature of the chronology. I obviously avoided this formulation.]

The longest tree-ring chronology created anywhere in the world was built by
European researchers using Irish oak trees, currently reaching back about
10,000 years. [This is the actual sentence that I included in my article. It
includes references to human agency (‘created’ and ‘built’) and it accurately
attributes the production of this chronology to a collective (‘European
researchers’) rather than to Michael Baillie alone.]

The longest tree-ring chronology created anywhere in the world was built by
European researchers using Irish oak trees, currently reaching back about
10,000 years (there is some debate about its exact length; Keenan and Wilson
2015, personal communication; Baillie 1995). [This formulation is better
than the previous one because it shows the ongoing making of a dendro-
chronological fact or epistemic object. It includes a reference to Baillie’s
work so that the reader can check the original source where some of the
uncertainties discussed by Rob and Doug appear].

If epistemographers are aware of existing challenges to the epistemic object
and practices under study — no matter how irrelevant these challenges might
seem to our subjects — we should document them. Our goal is to offer an
accurate analysis of knowledge-making, and this includes, as Latour and
Woolgar ([1979] 1986: 80) argue, showing that ‘changes in the type of statement
provide the possibility of changes in the fact-like status of statements’ In this
book I have sought to indicate the sources of potential changes in Figure
0.1 by presenting ‘epistemic conundrums’ at the start of each chapter. Some
of these conundrums and limitations were identified externally — by outsiders
to the Scottish Pine Project or to the community of dendroclimatologists
more broadly — whereas other conundrums originated internally. As I illustrate
in the conclusion section of Chapter 5, the interplay of influences coming
from the ‘inside’ and the ‘outside’ of the scientific community in question
explains the dynamism of epistemic objects and should be a primary focus
of epistemographic analysis (Shapin, 1992).

Synchronising tree-ring data

When I finished measuring my first sample I was exultant because I (wrongly)
assumed that I had created my first chronology. My confusion stemmed from the
fact that the computer automatically attributed calendar years to each measured
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tree-ring. For instance, if I had measured fifty-five rings in a core from a tree
sampled in 2015, the machine assigned a year (2014, 2013, 2012 ...) to each measured
ring counting backwards from the bark. When I finished measuring, I proudly
announced to Milos, Tm done with my first chronology!, to which he replied
ironically, ‘No, you're not! You can't just accept the dates that the machine assigns
to tree-ring measurements. We've got to crossdate’

Milo$ crossdated tree-ring data with the help of the computer and ‘correlation
coefficients’ that measured the similarity between ring-width or blue intensity
measurements from different samples. Milo$ used both a Microsoft Disk Operating
System (MS-DOS) software commonly used in dendrochronology called ‘COFECHA
and a more recent program called ‘CDendro. The difference between the two
packages was, essentially, that CDendro could graphically represent series of tree-ring
measurements and correlation coeflicients (Figure 2.6), which, as Milo$ said, ‘makes
it easier to compare the data’ Milo§ used these two packages from his home and,
in this way, his place of residence also became his (and my) place of scientific
research in addition to the laboratory in St Andrews (for the importance of the
household in early seventeenth-century science in England see Werret, 2019; Shapin,
1988). Once per week, for a year, I went to Milo§’s house, sat next to him, observed
and took notes.

The iterative cross-checking of calendar dates and tree-ring measurements is a
process that dendrochronologists call ‘chronology-building; as they progressively
create an averaged master chronology by building up a dataset of similarly correlated
measured samples. With samples from living trees, Milo§ started by comparing
measurements of pairs of replicated samples from the same tree (1A against 1B;
2A against 2B, etc.) and then proceeded by comparing measurements of different
trees from the same site. With all these comparisons, Milo$ would ‘get a feel’ for
the correlation coeflicient he could expect in a sampling site; what he often found
was that correlations between measurements from the same tree were higher and
better than those from different trees. Milo$ then used this benchmark to distribute
individual datasets into ‘good’ and ‘bad’ computer folders. The ‘good” folder included
individual measurement series that Milo$ thought were sufficiently similar to the
master chronology-in-the-making, whereas the ‘bad’ folder included poorly correlated
measurement series. As I detail below, crossdating subfossil samples was far more
challenging, and Milo$ and Rob created a system for validating such chronologies.

While Milo§ was open to the possibility of not finding any cross-matching
between tree-ring measurements, his work was driven by the expectation that
rings from trees grown in similar environments should crossdate, and in case they
did not, tree-ring measurements would have to be synchronised. Milo§ actively
looked for ‘mismatches, which he identified, both visually and statistically, as weakly
correlated segments in CDendro and COFECHA (see vertical line in Figure 2.6).
When this happened, Milo§ went back to the digitised image of the sample and
identified those sections of rings where the statistical correlations ‘broke down’ or
the mismatching occurred. He then started looking for explanations for this
asynchrony: ‘Perhaps I missed a ring or the measurements of the rings are not
perfect’ Only after visually re-examining the sample or its scanned image, or
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2.6 Crossdating tree-ring chronologies involved inferring and interpreting the presence of false rings or missing rings and then synchronising
measurements across datasets.
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sometimes even re-measuring and noting no improvement in the correlations, did
Milo$ consider the possibility of the existence of false or missing rings: ‘If you see
a compressed section of rings or a section of the scanned image with very narrow
or diffuse rings, it is plausible to consider that there could be an extra missing
ring that we can’t see’ Milos then right-clicked twice with the mouse at the section
of one of the graph lines where there was a low correlation, and in this way he
added two extra measurements or ‘missing’ tree-rings. Milo$ then pointed to a
little box on the screen that showed that the correlations were now significantly
higher and the measured series lines matched.

Milos always insisted that “You cannot allow statistics to manipulate you. What
he meant is that one cannot accept the ‘offset years’ recommended by the software
as the real number of missing or false rings, which, if included or subtracted,
increased the synchrony among measured series of tree-rings and the correlation
coeficients. Milo$ told me that he was not content to accept the default correlation
coefficient threshold arbitrarily established by the software programs (in COFECHA
the threshold was 0.33 and in CDendro it was 0.4) as evidence of accurate tree-ring
dating. “You cannot just go with what the program tells you to include or to remove,
Milo$ explained. ‘You need to understand how reasonable the recommendation
made by the computer programs is In appealing to the need to develop an informed
opinion about statistical matches, Milo§ was in line with what the acknowledged
founder of dendrochronology, Andrew Douglass, argued dendrochronologists
should do: “There is no mechanical process, no rule of thumb, no formula, no
correlation coefficient, to take the place of this personal comparison between
different ring records; the operator does not dare to seek relief from his responsibility’
(cited in Pilcher, 1990: 43).

If Milo$ found samples that required ‘too many tweaks’ or too many adjustments
for false and missing rings that he deemed unjustifiable, he considered these samples
‘uncrossdatable’ This was the case with 50 per cent of the samples from the ‘Alladale’
site in the North-West of Scotland; in this exceptional case, Milo$ found that the
pairs from the same trees (1A-1B) did not even crossdate (as I explain in Chapter
4, Milo$ and Rob initially interpreted the anomalies in the Alladale site in relation
to a broader anomaly they called ‘disturbance’). With subfossil samples, Milo§
warned me of the higher possibility that the ‘offset years” and statistical matches
offered by the computer were ‘spurious’ and did not reflect a real crossdating.
Milos$ used the metaphor of a jigsaw’ to explain the difficulties in creating tree-ring
chronologies from subfossil wood:

Imagine that you've a jigsaw of 10,000 pieces, but the picture you're creating only
involves some of those pieces, which are the subfossil samples that we have from
Loch Gamhna. You might only be able to create a little part of the jigsaw out of
the thousands of pieces. But you don’t know which pieces you have; you don’t
know how they fit together or if they actually fit together because the subfossil
samples do not necessarily come from the same forest — some of the logs could
have originated in other areas and ended up in the lake. You don't even know
what the total number of jigsaw pieces is. In fact, every year, this number gets
bigger and bigger as we collect more samples.
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Milo$ partly resolved the uncertainties regarding the dating of sub-fossil samples
by relying on an established technique called ‘radiocarbon-dating} which offers a
probable age range of the wood based on the analysis of the concentration and
decay of radioactive carbon isotopes ("*C). The calculation of these date estimates
requires expensive machinery and specialised skills that Rob and Milo$ did not
possess. Therefore, Rob occasionally sent a selection of samples to an external
laboratory and paid a considerable amount of money (£300 per sample) to obtain
a radiocarbon date. Prompted by my questioning (Box 4), Milo$ told me that he
had no concerns about the method itself and the professionalism of the experts
involved in calculating the radiocarbon dates. Even though Milo$ was aware that
the radiocarbon dates could be inaccurate in some cases, he was certain that ‘the
rea] radiocarbon date would actually be within the 95 per cent confidence range]
and therefore he used these radiocarbon-dating estimates as the basis for crossdating
subfossil wood and cross-checking his chronologies with Rob.

Box 4
How ‘breaching experiments’ turned against me

Throughout my research I employed a research method inspired by Harold
Garfinkel’s (1967: 35) ‘breaching experiments. Essentially, Garfinkel asked
his students to document the ‘breaching’ or disruptive effects of social
experiments that consisted of systematically distrusting people. For instance,
one student questioned whether a bus driver would follow the assigned
route and the bus driver became, quite understandably, upset with her. A
married student, meanwhile, doubted her husband’s account of why he had
arrived home late the night before, which generated resentment between
the couple long after she admitted the experiment. Garfinkel designed these
experiments to show students the trust-dependency of interactions and the
risks associated with distrusting the shared assumptions sustaining everyday
life. Similarly, my intention in adopting Garfinkel's approach was to foreground
the role of trust relations and background expectations in Rob and Milo§’s
work by temporally questioning them.

At the start of my research, I was often wrong in predicting the breach-
ing effects of my interventions because I had not yet developed a good
understanding of Rob and Milo§’s culture and what they took for granted.
On one occasion, after two months of working as a laboratory technician,
I asked Milo§ a question that I did not think would be controversial, but
it turned out to be so. More specifically, I asked him whether he trusted
carbon estimates; he looked at me, very surprised, and replied, ‘Of course!’
He continued, “The methodology involved is pretty robust; it’s a whole area
of science. We don’t do it ourselves. It’s not part of our job. We just need
to know what it is and how to interpret it As I was listening to Milo$’s
response, I realised that his reliance on the carbon-dating method was a perfect
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example of the routine trust that I sought to make visible with my breaching
questions. As I initially did not want to reveal my experimental strategy to
Milo$, I memorised his response rather than taking notes in front of him.
Despite my best efforts, I must have looked very interested in his reaction
because, without any further prompting from me, Milo$ gave me a five-minute
explanation of the limitations of carbon-dating. As I was surprised by the
length of his explanation, I asked Milos: ‘Why do you think it is important
for me to know all this?’ Milo$ responded, now looking slightly irritated,
‘Because you asked me before whether I trusted these carbon dates, and I
think it's important to show you the methodology to obtain them and all the
uncertainties’

Milo§’s reaction to my questioning, and specifically his efforts to show
me his competence and reasoning by articulating his scepticism of carbon-
dating, led me to rethink my research entirely. In other words, my breaching
experiments, initially aimed at disrupting, if only slightly, Rob and Milo§’s
assumptions, eventually disrupted my own. I wrote in my research diary,
‘Why does Milo$ use carbon estimates, despite knowing that they have some
limitations? Can trust and scepticism exist together? Is Milo§’s attitude towards
carbon-dating an exception or normal practice?’ From that moment, I
reoriented my research and sought to answer these questions. I used breaching
questions to force Milos to articulate his background assumptions, particularly
his doubts about the accuracy of accepted methods, technologies, ideas or
people. At this stage, my research strategy became so obvious that Milo§
often anticipated my questions (‘I knew youd ask me about this!”), but he
went along with my experiment and answered my questions.

After prompting and documenting similar reactions to Milo§’s regarding
the use of carbon-dating, I shifted my analysis from being exclusively on
trust to the relationship between trust and scepticism in science. I realised
that Milo§’s seemingly ambivalent use of carbon-dating was not so. I re-read
the STS literature that had inspired me to focus initially on the role of
trust in science, thinking: ‘All these very clever people can’t have missed
the role of scepticism in science, can they?!"” After doing a second review
of the literature, I concluded that while early STS scholars conceded that
scepticism is part of ordinary practice in science, they also insisted that it
is fundamentally dependent on existing trust relationships and background
expectations (Ramirez-i-Oll¢, 2019b). For instance, in the carbon-dating
example, I interpreted that Milos relied on carbon estimates — even if he
knew their limitations -because doing so allowed him to examine and
to be sceptical of more important aspects of his work, like crossdating
subfossil wood.

At the time I experienced this research turn as an embarrassing realisa-
tion that I had not read the literature ‘properly’ nor had asked the ‘right’
questions from it. If only I had known that such research turns are perfectly
normal in social research! As the anthropologist George Marcus (2009: 22)
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admits, “There is not only a tolerance for, but even an expectation of, a shift in
plans in fieldwork. This has the standing of a trope in ethnographic writing,
a story of “correction” as I call it” Knowing about the conventions of my
academic community in advance - in this case, knowing that my doctoral
supervisors expected my research questions to change throughout — would
have certainly made the last stages of my research more enjoyable.

At the stage of crossdating measurement series from sub-fossil and living tree
samples, Milo§ and Rob decided to work together to validate such matches. Up
until then, Milo$ had worked on his own as he had been Rob’s laboratory technician
prior to starting his PhD and Rob considered him competent enough to carry out
most of the crossdating work alone. At this stage, however, Rob and Milo$ worked
together because crossdating subfossil chronologies was seen as particularly uncertain
and difficult. Rob and Milos crossdated the chronologies separately, using the same
radiocarbon-dating estimates and datasets, and compared the resulting chronologies.
Rob had created a web-based spreadsheet where he and Milo$ could simultaneously
upload and compare the dates of their series (see right-hand column ‘Agreement
with Milos?), Figure 2.7). Rob and Milo§’s purpose was to find a long and strongly
correlated overlap between the so-called ‘floating chronologies’ from subfossil
samples in the Cairngorms (Western part of the Scottish Highlands). Suggestively,
the subfossil chronologies are called ‘floating’ because their dates remained uncertain
until more samples were measured and the resulting measurement series were
included in the master chronology.

In January 2015, Rob sent an email to the members of the Scottish Pine Project
team, announcing that he had finally created an 800-year-long chronology from
Scotland. In the last few months of 2014, while Milo$ had been finishing his thesis
and working on other aspects of the climate reconstruction for Scotland, Rob had
tried to crossdate the subfossil samples that had remained undated. For months,
Rob had been unable to find a satisfactory overlap between chronologies in the
period from the 1440s to the 1540s. “This is the period of weakest replication and
has been a headache for me over the past few months, Rob explained in the email.
In order to ‘fill the gap’ with more samples from the period between the 1440s
and 1540s (expressed above as ‘weak replication’) Rob had decided to focus the
2014 fieldwork expedition on generating more subfossil samples. Rob also explained
in the email that the process has been facilitated by the fact that reasonably replicated
Scottish BI chronologies ‘crossdate’ with Jaemtland MXD and Rogen BI data in
central Sweden. That is, Rob had interpreted the synchronicity between the pro-
visional 800-year-long chronology of Scotland and two chronologies from Scandinavia
created by two members of the team, Bjorn and Hans, as a confirmation of the
dating of the Scottish one (these comparisons are ‘Scot-Jaenmy’ and ‘Scot-Rogen’ in
Figure 2.8).

Opverall, the creation of the Scottish chronology had taken seven years of immense
team work and personal investment from Rob and Milo$ in particular. Tree-ring
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2.7 Rob and Milo§ negotiating online the accuracy of crossdating subfossil data.

EBSCChost - printed on 2/13/2023 7:33 AMvia . All use subject to https://wwm. ebsco. conlterns-of -use

ABojououyooipus(

€S



EBSCChost -

06 -

0.5

04 -

0.3

s Scot-Jaem = Scot-Rogen

0.2

0.1

1200

2.8 Rob validated the accuracy of the 800-year-long chronology of Scotland by noting its similarity with two chronologies from Sweden created by
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chronologies are often colloquially named after the region and the individual
dendrochronologist who presumably undertakes the largest share of work (for
instance, ‘Douglass’s Aztec-Pueblo Bonito chronology, ‘Baillies Irish oak chronology’
and the ‘Schweingruber network’). In conferences, I occasionally heard dendro-
chronologists talking about ‘[Rob] Wilson’s Scottish chronology, which means
that the 800-year-long chronology (officially named in publications as ‘N-Cairn’
- Northern Cairngorms) was considered to be part of the shared resources upon
which others could draw to validate their chronologies (in the same way that Rob
relied on Bjérn and Hans’s Scandinavian chronologies).

Conclusion

This chapter has described the work of producing tree-ring data from the
wood samples generated during fieldwork. The creation of the 800-year-long
tree-ring chronology from Scotland was a huge achievement for Rob and the
Scottish Pine Project team because they managed to extend further back in time
the existing chronology created by Malcolm Hughes in the 1980s that started
in 1721. Dendrochronologists base part of their reputation on creating new
tree-ring chronologies and updating and extending old ones, and their profes-
sional identity is intimately tied to such epistemic objects. For this reason, when
Rob met his colleagues in conferences, one of the most recurrent questions he
received was ‘How far are you back now?; in reference to the exact length of
the chronology. For dendroclimatologists like Rob and Milos, the length of the
chronology is also of immediate importance because, as we shall see in Chapter
4, it determines the temporal scope of their claims about historical climate
change.

The three stages that I have identified as characteristic of the work of dendro-
chronology carried out in Scotland (reading and representing tree-rings and
synchronising tree-ring data) were driven by the firm belief that the dating of
tree-rings, and specifically the matching of ring patterns across different tree samples,
was possible (but not certain) to achieve. Milo§’s work of detection and correction
of ‘mismatches’ between tree-ring measurements — by inferring the existence of
missing and false rings — was based on the assumption that pattern-matching was
the normal and expected outcome given that the sampled trees had been affected
by similar environmental conditions. Of course, dendrochronologists also encounter
cases of ‘uncrossdatable’ samples, as is the case with some of the Alladale samples
in Scotland or samples from tropical trees that have very indistinct ring boundaries
(significantly, the exceptionality of the crossdating work done with tropical samples
is qualified as ‘frontiers of dendrochronology’ in the most recent textbook; Speer,
2010: 253). In this way, dendrochronologists routinely adjust their expectation of
finding common tree-ring patterns to the specific empirical qualities and the
structure of the wood under study.

Dendrochronologists’ expectation of achieving crossdating has grown over time
as they have documented consistently similar ring patterns across tree species
around the world. The acknowledged founder of dendrochronology, Andrew
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Douglass, explained how he first identified in the early 1900s the phenomenon of
crossdating in Northern Arizonian forests:

Our first experience is so symbolical of later application that it is recounted
here. In January 1904 the uniformity around the circuit of a tree was observed
and recorded. A few months later five sections newly cut near Flagstaff were
carefully measured and a group of small rings was noted some 21 years in from
the bark. While this was fresh in mind, curiosity raised the question whether
this same group could be found near the outside of a slightly weathered stump
whose date of cutting was unknown. On examining the rings in the stump the
group was found at once but was only 11 rings in from the outside. So that
tree must have been cut in 1894. The owner of the land was sought and asked
when his timber was cut and he answered, in 1894. This incident supplied the
mechanical key by which many tree-ring problems have been solved’ (Douglass,
1937: 3)

More than seventy years after Douglass’s discovery, two reputed dendrochronologists
claimed that

Admittedly, crossdating is not universal among all tree species. However, its
occurrence over a broad range of taxa [tree species] growing in extremely diverse
habitats worldwide indicates that crossdating is a property of tree growth that
frequently emerges from the radial growth increments of trees being subjected to
a highly variable set of microenvironmental conditions. (Cook and Pederson,
2011: 83-84)

In other words: while in the early twentieth century crossdating was thought to
be geographically circumscribed to one forest, by the early twenty-first century, it
was known to be an almost universal feature of all trees.

Dendrochronologists’ empirical confirmation and continued success in developing
longer and more heavily corroborated chronologies has reinforced their trust not
only in the predictive value of crossdating (hence, why it is described as a ‘principle’s
Speer, 2010: 11; Fritts, 1976: 20), but also in the fundamental assumption upon
which dendroclimatology is based, namely that trees are appropriate sources of
climatic information. As stated by Harold Fritts (1976: 21), ‘the fact that crossdating
can be obtained itself is evidence that there is some climatic or environmental
information common to the sampled trees. Similarly, Malcolm Hughes argued
(2011: 31) that ‘So far as a cause for these common patterns is concerned, the
prime suspect is climate variability. So, in turn, where tree-ring samples “cross-date”
(share massively replicated patterns of variability), a prima facie case for their
containing a climate signal has been made’

The robustness of the ‘principle of crossdating’ as a foundational practice of
dendrochronology stems from the fact that it is continuously and collectively verified
every time dendrochronologists create or update existing tree-ring chronologies.
Milos’s initial work of ‘chronology-building’ among the individual datasets from
Scotland (including the online work with Rob) and Rob’s later comparison of the
800-year-long chronology from Scotland against the chronologies from Sweden
are illustrative of the way the evidence of the principle of crossdating grows from
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the entanglement of peers who borrow and validate each other’s chronologies, and
in this way reinforce ties of personal trust and shared knowledge.

The ‘principle of crossdating, I suggest, should be regarded as a ‘social institution’
We often think of institutions as something physical like a building or an organisation
but they can also be an intangible idea or social norm like the institution of ‘marriage;
‘slavery” or ‘freedom of speech’ that result from the referential and normative
activities of a collective (see Brisset, 2017; Muniesa, 2014; Bloor, 2013; Rafanell,
2009; Schyfter, 2009; MacKenzie et al., 2007; MacKenzie, 2006; Callon, 1998; Barnes,
1983 for an extended account of the ‘performative theory of social institutions’).
On the one hand, the principle of crossdating results from referential activities in
the sense that its existence depends upon individuals like Andrew Douglass first
referring to an external and observable reality (trees in Northern Arizona) as
‘crossdated, and subsequent generations of dendrochronologists invoking such
authoritative references as models for their work of recognising an unknown
empirical reality (new tree species in new sites) as ‘crossdated. On the other hand,
the principle of crossdating is the result of normative activities in the sense that
the work of crossdating is subject to collective standards and evaluations of correct
and incorrect application. For instance, as we have seen, Andrew Douglass warned
that ‘the operator does not dare to seek relief from his responsibility’ and Milo§
insisted that ‘you cannot allow statistics to manipulate you. More generally,
dendrochronologists’ insistence on differentiating their work from the improper
ring-counting work of foresters is also indicative of the normative aspects that
characterise crossdating as a social institution, which in turn serve the larger
purpose of establishing the professional identity and the methods of dendrochronolo-
gists as ‘scientific.

The practice of crossdating — institutionalised through collective processes of
reference and correction among dendrochronologists — has changed over time
due to the changing needs of dendrochronologists and the greater diversity of the
tree-ring patterns studied. I cannot emphasise enough the idea that the dendro-
chronology work described in this chapter is specific to Rob and Milo§’s working
environment. This obvious point became clear to me after reading in the main
dendrochronology textbooks (written by dendrochronologists from the United
States) that ‘skeleton-plotting’ was a common crossdating technique. This method
consists of plotting by hand the relative length of the rings of each tree sample
onto graph paper and comparing measurements by sliding one graph paper past
another (Speer, 2010: 11). Shortly after starting work as a technician, I realised
that the work we did in Scotland did not resemble what I had read about skeleton-
plotting and I, confused, asked Milo§ when we would start crossdating. He looked
at me, surprised, and said: ‘We are already crossdating!” Milo§ explained that,
unlike in the Southern USA where skeleton-plotting had been developed, trees in
Scotland did not produce as sensitive tree-rings. ‘As you know, we need to use
microscopes to see some of the narrow rings that trees produce here because it is
cold and wet Milo$ added, laughing, ‘Also, if I had to draw a plot for all the samples
we have, I would not be able to finish my PhD in three years!” In this way, the use
of computerised and statistical methods for crossdating allowed Milo§ to work
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with the Scottish samples and to produce the amount of new tree-ring data required
to obtain a doctorate.

My conclusion that dendrochronology is sustained through local acts of rein-
terpretation and empirical examination of an institutionalised practice speaks to
public criticism of climate science as being the result of tribalism, groupthink and
dogmatism. In the aftermath of the hacking of climate science emails, newspapers
from the whole ideological spectrum published editorials warning climate scientists
against any further ‘temptation to fall into tribalism’ A Guardian editorial called
“Truth and tribalism’ argued that ‘it is true that many of the specific sins involved,
such as partial peer-reviewing and overly zealous defence of one’s own research, are
and always have been found in all manner of science departments. With climate,
though, the stakes are higher — and so the standards must be too’ (The Guardian,
2010b). An editorial from the Wall Street Journal (2009) criticised climate scientists
by quoting Professor of Human Geography Mike Hulme saying, “The tribalism
that some of the leaked emails display is something more usually associated with
social organization within primitive cultures; it is not attractive when we find it at
work inside science! Many bloggers used religious metaphors to criticise climate
scientists as ‘believers’ and to characterise climate science as ‘dogma’ (Nerlich, 2010).
In response, a group of 255 scientists, all members of the US National Academy
of Sciences, also employed the language of ‘dogma’ to rebuff their critics as ‘Many
recent assaults on climate science and, more disturbingly, on climate scientists by
climate change deniers, are typically driven by special interests or dogma, not by
an honest effort to provide an alternative theory that credibly satisfies the evidence’
(Ramirez-i-Oll¢é, 2015a: 393; The Guardian, 2010a).

Anti-authoritarianism is an ideal firmly established in the minds and hearts of
scientists, as seen in the fact that the Royal Society’s motto is ‘Nullius in verba,
which means ‘“Take nobody’s word for it. The ideal that scientists do not obey any
authority also underlies popular perceptions of historical conflicts between science
and religion (Numbers, 2009 shows why such a ‘conflict myth’ is false). While
scientific practice is depicted as driven by unconditional adversarialism and untainted
scepticism, religious practice is portrayed as inherently dogmatic and fanatical
(see Berger and Zijderveld, 2009 on why the latter is incorrect). This false dichotomy
is echoed by the physicist Richard Feynman (1998: 43), who argued that “The
uncertainty that is necessary in order to appreciate nature is not easily correlated
with the feeling of certainty in faith, which is usually associated with deep religious
belief. I do not believe that the scientist can have that same certainty of faith that
very deeply religious people have’

In response to those who criticise climate scientists for conforming to the
traditional beliefs and practices upheld by their community, I offer this chapter
as counter-evidence. If dendrochronologists seek to identify dating errors and false
and missing rings in a chronology, how can they not expect the rings to match
and the principle of crossdating, empirically verified by hundreds of colleagues
before them, to apply to the case at hand? Given that Rob and Milos did not have
the resources or the expertise to carbon date all the samples, is it not perfectly
rational to defer to other experts and their established methods? If Rob sought to
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confirm the dating of the 800-year-long chronology against reliable chronologies,
why would he dispense with the work of two trusted team members? More generally,
if a scientist seeks to critically examine the result of an experiment, how can he
or she do so if not by taking certain aspects of the experimental set-up (e.g. the
reliability of instruments, the measurement system) for granted (Collins, 1985
describes the problems that scientists potentially face when distrusting all the
aspects of a replication as ‘experimenters’s regress’)? Why do we expect scientists
to be more disloyal to their ‘tribe’ of peers than other social groups? How can
someone aspire to have his or her work recognised by relevant colleagues if he or
she systematically distrusts them to offer sound advice?

The historian of science Thomas Kuhn famously argued in an article called “The
function of dogma in scientific research’ that received culture, rather than hindering
the progress of science, provides its basis. Kuhn (1963: 348) started with the historical
observation that

From Galileo’s reception of Kepler’s research to Négeli’s reception of Mendels,
from Dalton’s rejection of Gay Lussac’s results to Kelvin's rejection of Maxwell’s,
unexpected novelties of fact and theory have characteristically been resisted and
have often been rejected by many of the most creative members of the professional
scientific community [...] Preconception and resistance seem the rule rather than
the exception in mature scientific development.

For Kuhn (1963: 359), the function of dogma is to facilitate a focused investigation:

The practitioners of a mature scientific specialty are deeply committed to some
one paradigm-based way of regarding and investigating nature. Their paradigm
tells them about the sorts of entities with which the universe is populated and
about the way the members of that population behave; in addition, it informs
them of the questions that may legitimately be asked about nature and of the
techniques that can properly be used in the search for answers to them.

As Barry Barnes (1982: 19) also expressed it, dogma has both a cognitive and
social function in the sense that ‘dogmatic training effectively and beneficially
binds the scientist to his fellows, so it effectively and beneficially relates him to
nature. Nature is too complex for random, unsystematic, diffuse investigation’

Given that research in a scientific field can only proceed - as exemplified in
this chapter with the creation of a longer tree-ring chronology — because its members
share a particular viewpoint of the world, and such standardised cognition facilitates
communication and mutual examinations of labour, I find it profoundly unfair to
criticise climate scientists for being dogmatic on certain issues. As I illustrate in
Chapter 5, climate scientists from across different subfields share some dogmas
but they also disagree on fundamental issues; in this way, while dendroclimatologists
regard the principle of crossdating as incontrovertibly true, some paleo-modellers
think it is utterly inadequate.
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Standardisation

As it was, the 800-year-long chronology from Scotland that Rob and Milo§ had
painstakingly created did not yet serve their interests as dendroclimatologists. Rob
and Milo$ were well aware that other factors besides climate could affect tree-ring
growth, and that these confounding factors were reflected in the ring-width and
blue intensity chronologies. Identifying such non-climatic factors and removing
their trend from tree-ring chronologies is a practice described in textbooks as
‘standardisation’ or ‘detrending. This practice takes its name from the act of
transforming series of tree-growth measurements into ‘standard’ tree-growth indices,
calculated as deviations from a mathematical model of expected tree-ring growth
called a ‘standardisation curve’ The residuals from this curve are taken to represent
the effects of climate on tree growth.

Since the 1980s, dendrochronologists have employed a conceptual model called
the ‘linear aggregate tree-growth model’ in order to standardise tree-ring data and
to distinguish between the different factors affecting tree-growth. I first learned
about this model while attending Rob’s dendroclimatology class, suggestively called
‘Seeing through the forests - teasing out climatic information from trees (see
power point slide, Figure 3.1). The creator of the linear aggregate tree-growth
model, Dr Edward Cook, developed it as part of his doctorate (Cook, 1985) building
upon the so-called ‘Liebig’s law of the minimum. This law is used in dendroclimatol-
ogy as a first approximation of the environmental factor that is most likely to be
recorded in a given tree-ring chronology’ (Speer, 2010: 15). Besides the effects of
‘climate’ (C), Cook also identified three other factors that were recorded in any
given tree-ring chronology: the ‘age’ (A) of trees, measurement errors (E) and two
types of ‘disturbance’ (D); one form originating within the forest itself, like a
blowdown of trees (D1), and another originating outside the forest often related
to fires, pollution or logging (D2).

Dendrochronologists describe the practice of standardisation using the engineer-
ing metaphor of ‘noise reduction. The concept of ‘noise’ is used to refer to any
kind of undesired interference in the transmission of valuable information or a
‘signal” (this metaphor has also been used to analyse other social activities such
as sports, finance and card games; see Silver, 2012). For dendroclimatologists like
Milo$ and Rob, ‘Treducing noise’ means eliminating those tree-growth trends
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The Linear Aggregate Model

Trees aggregate many differing signals

A conceptual model of tree-growth

R,=A,+C,+D1,+ D2, +E,
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« /85 Cook 1985

3.1 A conceptual tool for distinguishing the ‘climatic signal’ in tree-ring data.

conceptualised as distinct from the climatic signal. However, as Cook (1987: 38)
explains himself, what counts as ‘signal’ and ‘noise’ in his model is a matter of
perspective, as ‘one researcher’s “signal” would frequently be another researcher’s
“noise”. While for a dendroclimatologist, ‘climate’ is the signal and ‘disturbance’
is the noise, for a dendroecologist who is interested in the study of forest dynamics
and ecology, ‘disturbance’ may be instead the signal of interest and ‘climate’ is not
as relevant.

Despite the fact that ‘noise’ and ‘signal’ are not fixed attributes of tree-ring data,
but rather their attribution depends on the user, all dendrochronologists agree
that the biological age trend is a noisy factor that needs to be ‘cleaned’ off from
the dataset. Consequently, standardisation has traditionally been associated with
the process of eliminating the ageing trend from the tree-ring chronologies. The
most used statistical package, called ‘AutoRegressive Standardisation’ (ARSTAN),
used for modelling and removing the effect of ageing (also created by Edward
Cook) includes two types of ‘standardisation curve or standardisation approaches.
The first group consists of deterministic mathematical functions or ‘negative
exponential curves’ that assume that ring width normally decreases from pith to
bark over the life of a tree, as older trees cannot produce rings as wide as when
they were young. The second group consists of non-deterministic statistical functions
known as ‘smoothing splines’ that do not entail any a priori assumption about the
ageing trend (either downward, upward or linear).

The practice of standardisation essentially involves developing the necessary
judgement to distinguish which aspects of the trend in the tree-ring chronology
reflect the effect of ‘noise’ (age) and the resulting desired ‘signal’” (either climate
or disturbance). The risk for dendroclimatologists is choosing a standardisation
curve that not only removes the ageing trend but, inadvertently, also eliminates
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the long-term growth trend related to changes in precipitation or temperature
(climate). All dendroclimatologists I talked to experienced standardisation as one
of the most challenging aspects of their work. At an international conference in
Melbourne, many presenters consistently finished their talks with references to
the uncertainties of choosing a particular standardisation approach. In one plenary
session, the speaker was asked ‘how to resolve the problem of choosing one
standardisation curve. In one textbook, Edward Cook and another reputed den-
droclimatologist, Dr Keith Briffa, acknowledged that the choice of standardisation
curve is a difficult one, which has consequences for the resulting chronology and
climate reconstruction. However, they refused to propose any guidelines for choosing
a standardisation curve, because ‘this decision is likely to be completely data and
application dependent’ (Cook and Briffa, 1990: 161). Cook and Briffa also insisted
that dendroclimatologists should ‘never use any tree-ring standardization method
or computer program as a black box’ (1990: 161).

The perceived arbitrariness in choosing a standardisation curve has been the
focus of public criticism. One blogger criticised Cook and Dr Briffa ‘because in few
if any of [their] papers is it made clear why this choice was made, and there is no
set of agreed-upon rules or guidelines anywhere that clearly defend and delineate
under what conditions the ICS [Individual Curve Standardization] method should
and should not be used to detrend tree ring series’ (Bouldin, 2012). Another
blogger called Steve Mclntyre — the creator of the popular blog ‘Climate Audit,
which, as its name indicates, is set to audit climate research (Sharman, 2014) - has
conducted extensive and detailed analyses of the standardisation procedures of
dendroclimatologists, particularly of Cook and Briffa’s work (McIntyre, 2016,
2009).

Throughout my entire research, Milo§ and Rob always insisted that deriving
climatic information from trees growing in Scotland was particularly difficult due
to the effects of past human disturbance on tree growth. ‘If we manage to do
dendroclimatology in Scotland, Rob stated in front of an audience of a hundred
colleagues at the conference in Melbourne, ‘We will make a case for our field’ Rob
still nowadays considers the Scottish Pine Project the most challenging dendro-
climatological project of his career: “The behaviour of trees in British Columbia,
where I did my Masters, was pretty crystal clear’ Milo§ also regarded the experience
he was gaining while working in Scotland as an advantage: ‘Everything else I find
in the future can only be easier!” Rob and Milo§ complained that doing dendro-
climatology in Scotland was ‘complicated’ because they found it difficult to interpret
the patterns of some tree-ring chronologies. Over time, they came to suspect that
the dataset from Scotland contained ‘noisy” factors (other than age), which they
had to identify and remove.

The ‘epistemological conundrum’ that Rob and Milos faced at this stage was,
therefore, to identify and minimise, as far as possible, unwanted non-climatic
influences, and to bring to the fore those changes in tree-ring growth that could
be attributed to changes in temperature alone. I characterise Rob and Milo§’s work
of standardisation as involving two stages: sorting out and eliminating noise. As
I describe below, and largely as a result of the specificities of the Scottish environment
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and tree-ring patterns, Rob and Milos faced difficulties in applying traditional
standardisation techniques. As a result, they had to find new ways of standardising
the Scottish data and rendering these new methods and choices credible to colleagues
and outsiders.

Sorting out noises

In 2007, Rob noticed that ‘something was off” with the ring-width data from
Scotland. What Rob meant is that the ring-width chronologies from Glen Aftric,
a site in the North-Western region of the Scottish Highlands, did not show the
declining trend that he expected to find due to the ageing of trees. Instead, the
ring-width chronologies showed irregular peaks of growth around the decade
1820-1830, which were not related to any documented increase of temperature
in Scotland. Rob did not have any reason to suspect that the irregular fluctuations
in the ring-width data were due to any measurement errors, as he thought of the
student who generated the data as an ‘excellent lab worker’. Rob also knew that
the tree-ring data that Malcolm Hughes had used to create the first temperature
reconstruction in Scotland also showed the same growth peaks. Therefore, Rob
suspected that the abnormal ring-width patterns from Glen Affric were related to
‘disturbance’ events, but he did not know exactly what these were.

From 2008 to 2012, Rob and the members of the Scottish Pine Project fieldwork
expedition sampled other locations throughout the Scottish Highlands with the
aim of investigating, among other issues, the spatial extent of the disturbance first
identified in the chronologies from Glen Aftric. In one report that Rob prepared
in 2008 for the landowners of the Rothiemurchus Estate in exchange for being
granted easier access to the sites (Chapter 1), Rob explained that ‘tree-ring data
were also utilised from various other sites throughout the Highlands to determine
the applicability of the results from Glen Affric to the remainder of the country’
(Wilson, 2008). Rob soon discovered that many of the new ring-width chronologies,
especially from the West of the Scottish Highlands, showed similar irregular patterns
for the years 1820-1830.

Rob sought to explain the disturbances by familiarising himself with the ecological
and social history of Scotland. He talked to the government foresters who had
facilitated access to the fieldwork site (Chapter 1) and read books written by
historians and ecologists that documented the occurrence of severe storms and
logging events in the Scottish Highlands for the period 1820-1830, exactly the
period when Rob had observed disturbances in the Scottish data. These sources
also reported that pine woodlands in the Scottish Highlands had suffered consecutive
thinning and clear-cutting from the sixteenth century onwards; and the period of
greatest activity was the nineteenth century, due to the Napoleonic Wars (1803-1815),
when timber was extracted for economic and war efforts. On this basis, Rob named
the disturbances he observed in the Scottish data as ‘Napoleonic Impact Bias.

Leah, the dendroarchaeologist of the Scottish Pine Project, also assisted
Rob in further identifying the nature of this disturbance. Leah provided Rob
with information about changes in the timber supply and woodland resources
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in Scotland through the analysis of historical documents such as diaries and
official documents. Like Rob, Leah was interested in locating all the remaining
Scots pine-grown pinewoods of Scotland and generating a tree-ring chronology
with material from archaeological buildings. However, their collaboration was
established upon a different definition of the noisy aspects of tree-ring data. In
fact, Rob often dismissed jokingly as ‘shite’ the effect of wars and population
changes on ring-width data, which was Leah’s interest as a dendroarchaeologist.
Leah was well aware of the divergence of interests with Rob, which she thought
suited both parties. T am happy to work with Rob’s “leftovers™, Leah told me,
laughing.

In early 2012, Rob started investigating the potential wider presence of human
disturbance in the Scottish dataset. He analysed two datasets from the Cairngorms,
the Eastern area of the Scottish Highlands. He wanted to compare ring-width
chronologies from relatively lightly managed woodland sites (Loch an Eilein and
Creag Fhiaclach) against chronologies from a more highly impacted woodland
(Loch Gamhna). Rob hypothesised that, if disturbance and the effects of logging
and forestry management indeed existed in the Loch Gamhna dataset, he would
observe distinctively wider ring-width patterns. This is because, he reasoned, the
removal of trees in a forest decreases competition between trees for light and
nutrients and allows the remaining trees to grow faster. Rob delegated the execution
of this experiment to an undergraduate student who conducted this work as part
of her dissertation. This student created a graph that showed how the ring-width
chronologies from Loch Gamhna deviated from the disturbance-free chronologies
(Loch an Eilein and Creag Fhiaclach) in three periods, which coincided with forest
management events in the Rothiemurchus Estate that Leah had previously identified
(Figure 3.2).
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3.2 The first confirmation of disturbance in the Scottish dataset.
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After confirming the presence of human disturbance at one sampling area in
the Cairngorms, Milo$ proposed employing a tree-ring model to investigate the
existence of disturbance in the wider dataset. Modelling was, and still is, a relatively
recent method used in dendroclimatology to explore tree-ring data. In particular,
Milo$ employed a model of tree-ring-width formation called “VS-Lite’ to generate
a hypothetical picture of what a ring-width chronology would look like if only the
effects of climate in Scotland affected tree growth. Milo§’s aim was to generate ‘ideal’
modelled chronologies against which to compare the ‘real’ Scottish data, so as to
confirm the presence of disturbance. ‘Any differences between the modelled and
observed ring-width data, Milo$ explained, ‘can only be attributed to disturbance’

In August 2012, Rob arranged for Milos to visit the Lamont laboratory in New
York, where one of the main creators of the VS-Lite model, Dr Kevin Anchukaitis,
was working. Rob personally knew Kevin and had worked with him (in 2012, Rob
and Kevin were working together on an article published as Anchukaitis et al.,
2012; see Chapter 5). In addition, Rob had been a postdoctoral researcher at
Lamont and maintained an affiliation as an adjunct scientist (this is the same
laboratory where Rob stored his supervisor’s samples; Chapter 2). At the time of
writing this text, Edward Cook was still the director of Lamont; an institution with
long reaches into the climate research community as it had become a ‘centre of
pilgrimage’ for many dendroclimatologists (including myself, see Box 5).

Box 5

How well do | need to understand an epistemic object to explain its
formation?

By the end of my first year of fieldwork (April 2013), Edward Cook’s reputation
as a researcher and teacher had reached my ears and I was keen to meet
him. I also wanted to learn more about the standardisation techniques that
Cook had developed, which Rob and Milo$ used extensively. At this stage
of my research, I could barely observe how Milo$ standardised the data
because he often worked very late at night from his house, and was, at times,
away from Edinburgh. Consequently, my three-year-long fieldwork evolved
from intense physical ‘co-location’ — working in the laboratory in St Andrews
once per week, joining the yearly expeditions in the Scottish Highlands, and
attending weekly lectures, workshops and conferences — to various forms
of ‘co-presence’ (Beaulieu, 2010), which included keeping in touch by email
and, whenever we could, meeting in St Andrews and Edinburgh.

Partly as a result of the changing nature of my fieldwork, and partly
because of my own perceived lack of training in statistics, I felt I had an
insufficient understanding of the ‘nitty-gritty’ of standardisation. I could
have adopted, as Latour and Woolgar ([1979] 1986: 43) propose, a ‘naive
approach’ in the study of cultures, which would have meant remaining ignorant
of standardisation. While I played the role of the ‘stranger’ throughout my
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fieldwork (with the use of breaching experiments; Box 4), it became obvious
that it would be impossible, and possibly detrimental to my own research
relations with Rob and Milos, not to seek to understand, as an ‘insider’, the
technical vocabulary and practices of dendroclimatologists. As a result, in
January 2014 I joined a course on ‘statistical dendroclimatology’ in Tasmania
led by Cook himself, which took place before a major dendrochronology
conference in Melbourne (Australia) that I was also attending (Box 2). This
statistics course was part of a broader training space called ‘fieldweek] whereby
experienced dendrochronologists taught different aspects of dendrochronology
and cohabited with students for a week in a remote location. Quite understand-
ably, these fieldweeks were very popular among dendrochronology students
(can you imagine spending a week with your favourite sociologist, anthropolo-
gist or historian?), and I wanted to study these spaces of socialisation. As
an overt epistemographer, I worked with my colleagues in the statistics group
on completing assignments and presentations while also conducting interviews
with many of the fieldweek participants, particularly Cook, my teacher.

After participating in the fieldweek on statistical dendroclimatology, I
had certainly learnt a great deal about standardising tree-ring data and I
could even perform a few basic calculations, but what exactly had changed
in terms of my improved ability to conduct my epistemography? First, I
realised how innovative Rob and Milos’s standardisation work was, and how
specific their challenges were, in comparison with past and existing work
done by their colleagues. Secondly, through conversations with Cook, I learnt
about the history of the different standardisation curves and programmes
used by Rob and Milos. While this background knowledge has not been
directly relevant for writing this chapter, it has provided me with a greater
awareness of the potential open-endedness of Rob and Milo§’s standardisation
practices. Lastly, and perhaps more importantly, after participating in the
fieldweek, I gained acceptance from many expert dendroclimatologists, as
in their opinion I had achieved sufficient skills in standardisation. Overall,
throughout the fieldweek, I and my relations with my subjects of study
experienced a transformation that is perfectly described by the sociologist
Harry Collins below:

As a sociologist of science you essay research on a new specialism and you
initially understand neither the banter nor the technical terms. After a
painful period, if you are lucky you begin to pick up on the inferences in
others’ conversations and eventually you begin to be able to join in. One
day a respondent might say in response to one of your technical queries
T had not thought about that, and pause before giving you an answer.
When this stage is reached respondents will start to be happy to talk to
you about physics and even respond generously and with consideration to
your critical comments. Eventually people will become interested in what
you know, not as a scientist in your own right, but as a person who is able
to convey the scientific thoughts and activities of others. If you've just come
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from visiting scientist X you may be able to tell scientist Y something of
the science that X is doing ... What were once ‘interviews’ then become
‘conversations’ that can be interesting and occasionally even useful to both
parties. What also happens in a conversation is that by occasionally
anticipating a point your partner is about to make you can speed things
along. You might also verbally fill in some gaps that might otherwise be
forgotten. You can recognize jokes, irony and when you are having your
leg pulled (though, in the nature of things, interactional competence does
not allow you to recognize lies). When you get good at it you can even
take the devil's advocate position in respect of some scientific controversy
and maintain it well enough to make your conversational partner think
hard. (Collins, 2004a: 104)

I stopped worrying about ‘how much’ I needed to know about standardisation
when, as a result of participating in the fieldweek course, my subjects rec-
ognised me as a ‘quasi-expert. Examples of such moments of recognition
resemble those recounted above by Harry Collins: when Rob, Milo§ and
other fieldweek participants occasionally told me, in response to one of my
questions, ‘I had not thought about that’; when they insisted on talking to
me about their work; when, upon Rob and Milo§’s request, I was able to tell
them something of the science I had learnt in the fieldweek; and when I
made everybody laugh during a fieldweek presentation when I joked about
the innumerable times that I and colleagues in the statistics group had pressed
the button ‘ENTER’ in the ARSTAN programme. Overall, my ‘expertise’ as
an epistemographer resulted from assimilating and displaying specific skills,
vocabulary and conduct that my subjects recognised as relevant for under-
standing standardisation (see Coopmans and Button, 2014).

As Laudel and Glaser (2007) argue, each research encounter implies a
negotiation of the appropriate level of knowledge and technical depth shared
between the researcher and subjects, which often involves the co-construction
of a simplified language or ‘ad hoc-pidgin’. Needless to say, it takes a huge
amount of time and effort to develop the necessary field relations and
vocabulary to understand and write about the formation of any epistemic
object. As Laudel and Gléser (2007: 108) put it, “There are limits to a scientific
preparation when one has to interview a molecular biologist on Monday, a
solid state physicist on Tuesday, an electrical engineer on Wednesday and
a physical chemist on Thursday’ One solution to the problem of developing
a sufficient understanding of any given culture is that a member of such a
culture conducts the epistemography itself. There are multiple cases of natural
scientists and engineers becoming epistemographers (see Laudel and Gléser,
2007: 96). The challenge for these epistemographers is not a lack of recognition
from subjects — as is the case with epistemographers like myself turning into
‘quasi’ natural scientists — but an excess of it. Subjects might not share their
ideas with the epistemographer precisely because they think their ex-colleague
already knows them.
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Upon his return from Lamont, Milo§ was able to modify the source code and
the parameters of the VS-Lite model. Essentially, the VS-Lite simulates the effects
that input precipitation and temperature data might have on tree-ring growth
given a set of twelve adjustable parameters. For instance, one of the default parameters
of the VS-Lite model was that trees do not grow below freezing temperatures and
reach an optimal rate of growth at a defined temperature such as 20 degrees
centigrade. Milo§ insisted that a competent use of VS-Lite involves adjusting the
parameters in a way that makes sense in terms of what the researcher knows about
the specific ecology of an area and the general physiology of trees. T use the
parameters as a starting point; he said. “You can experiment, but you have to have
a justification for the values you use. I mean, I can't set the upper temperature
limit to 50 degrees or this lower limit to minus 22 degrees, because it does not
make any sense on how trees grow anywhere’

On the basis of the background knowledge of the ecology of the Scottish Highlands
he had gained during fieldwork (see Conclusions in Chapter 1), Milo$ decided to
experiment with the parameters regarding soil moisture in order to accurately
reflect the particularly wet conditions in which trees grow in Scotland, especially
in the West. In particular, he included an ‘upper soil moisture’ threshold to simulate
how high amounts of water in the soil might limit tree growth. When I asked
Milo$ how he had come up with the idea of including a new parameter in the
model, he told me that T just imagined that the wetness we saw in the field could
have an effect on how trees grow in Scotland’ With his VS-Lite model adjusted to
the environmental conditions in Scotland, Milo$ created two averaged ring-width
chronologies for the West and the East of Scotland and compared them against
the respective ‘real’ chronologies. The results indicated that the simulated and the
real chronology from the West were more different than those from the East, which
Milo$ interpreted as an indication that disturbance was more prevalent in the
Western sites like Glen Affric, which could be due to high levels of precipitation
and the effect of logging. Both Rob and Milo$ regarded these results (as well as
the crossdating problems that Milo$ had encountered with chronologies from the
Western site of Alladale; Chapter 2) as a confirmation that noise was present in
the broader Scottish dataset. By the end of summer 2012, Rob and Milo§ had
decided to spend some time working with a new method that they hoped could
help them to eliminate the disturbance trends in the Scottish data.

Cleaning out noises

In June 2012 (two months before Milos visited the Lamont laboratory) Rob attended
a workshop where he explained to his colleagues the problem of disturbance they
experienced in Scotland. Edward Cook, who was also attending the workshop,
mentioned that he was working on a paper with a dendroecologist (Dr Daniel
Druckenbrod) about a method that Cook described, as Rob remembered it, as
‘magic’ The method, originally called the ‘Combined Curve and Trend intervention
approach;, or ‘CCT’, (in recent publications, this method is referred to as ‘CID’ or
‘Curve Intervention Detection’; see Rydval et al., 2018) was partly based upon
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Cook’s ARSTAN standardisation software and it sought to estimate the effect of
disturbance on ring growth. As a dendroecologist, Dan’s interest was opposite that
of Rob and Milos in the sense that he was interested in disturbance and forest
ecology as a ‘signal’ However, Cook encouraged Rob to contact Dan and experiment
with the CCT method as Cook thought it could be used to identify and later
remove series of disturbance indices.

When Milos visited Lamont in August 2012 to learn about VS-Lite from Kevin,
he fortuitously met Dan, who was preparing the article about CCT with Cook.
Milo$ explained to Dan the disturbance problem in Scotland and they agreed to
collaborate. Milo$ told me that Dan was pleased to start exploring ‘new applications’
for CCT and to develop a ‘more refined” version with Milo§’s help. When I asked
Milo$ how important the meeting with Dan was, he said, “The good thing about
it was that I had a chance to talk to Dan face to face, which is always helpful if
you want to start working with someone’ Milo§ clarified that, at the time, there
were no published articles about CCT, and he learned how to use it with some
guidance from Dan.

After returning from his visit to the Lamont laboratory, Milos did a few tests
that compared the corrected or ‘cleaned’ chronologies with CCT against the modelled
chronologies produced by VS-Lite, which simulated how chronologies would look
without disturbance. Milos reported that the tree-ring chronologies from the West
of Scotland needed to be more corrected with CCT than those from the East in
order to agree with the VS-Lite chronologies, which he interpreted as an indication
that the Western dataset was more extensively affected by disturbance. In an email
conversation with Milo§ I asked him whether he was satisfied with the results and
he responded that “The reason I didn’t expect the post-CCT [corrected chronologies]
results to be better than they were is because the method is not perfect and actually
any improvement at all is a good sign’ In fact, Milo§ suspected that CCT could
be ‘over-correcting’ the chronologies and removing part of the climatic signal.
Milos was planning to collaborate further with Dan to resolve this issue but ‘for
the purpose of cleaning the chronologies from disturbance, Milo$ concluded, ‘CCT
is good enough for me now.

Milos first presented the results with CCT on the Scottish data at the international
conference in Melbourne in January 2014, for which he received a prize from the
scientific committee. A couple of conference attendees I talked to praised the fact
that the CCT method ‘bridged the gap’ between dendroecology and dendroclimatol-
ogy, and brought together the perspectives from these two subfields of dendro-
chronology. Understandably, Rob was very pleased with Milos’s prize and told me
that he considered the CCT methodology to be ‘the most innovative’ element of
Milo§’s PhD thesis and speculated that the CCT could become a potentially revo-
lutionary method as for a very long time, we assumed that our chronologies were
disturbance-free, but this methodology might reveal that we've been wrong all
along’ Rob imagined a situation in which all published tree-ring chronologies
could be re-analysed with CCT and encouraged Milos to start writing a paper
about this method with Dan (eventually published as Rydval et al., 2016), in which
Rob was included as a co-author (Box 6).
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Box 6

How does the style of supervision affect the content of
an epistemography?

“You have never co-authored a paper with your supervisors?” Milo$ asked
me in shock. This question made me think, for the first time, about our
different supervision arrangements. As the sociologist Michael Buroway
(2005) suggests, the production of dissertations in the natural sciences
resembles the ‘apprenticeship’ model in which students work on and elaborate
the research of their supervisor and, hence, jointly authored articles are the
norm. In the social sciences, on the other hand, the dissertation labour
process can be characterised as the ‘independent scholar’ model in which
students obtain their own funding, choose their own research topic (often
biographically related) and typically produce solo-authored publications.
As Buroway (2005: 44) explains, Independent scholars take themselves as
point of departure, whereas the apprentice looks to the master to initiate
and then direct his or her research ... In the former the focus is first on
producing the product and second on producing the producer, whereas in
the latter the order is reversed, training the sociologist comes first.

The present epistemography has resulted from the two distinct styles or
cultures of supervision broadly existing in the natural and the social sciences.
As a social scientist, I was trained within the independent scholar model,
but as a social scientist studying natural scientists I also underwent some
training in the apprenticeship model. Because I worked as a ‘voluntary
technician’ for Rob and Milo$, my research effectively became an extension
of the Scottish Pine Project. So much so that Rob included me in the laboratory
website as one of his students, and nowadays I appear as a defended post-
graduate student (see picture) and my project became part of Rob’s ‘outreach
activities’ portfolio.

Throughout my research, I envied certain aspects of the apprenticeship
model, as I saw it practised by Rob and Milos. I was envious of the fact that
Rob and Milo$ saw each other every week, and that Rob was always available
to Milo$ for discussing his research (in contrast, I saw my supervisors roughly
for an hour each month). I also admired the fact that Milo§’s project was so
evidently related to a bigger research question, and that the scholarly tradition
to which he expected to contribute was so familiar to him, as he got to meet
people like Malcolm Hughes and Edward Cook (instead, I had a virtual
dialogue, through texts, with an invisible community of scholars, many of
whom were dead or unknown to me). My unease with the independent
scholar model, as I experienced it, was that I had fewer opportunities than
Milos for learning from my supervisors and reputed scholars in my field
about the ‘crafty’ aspects of doing research and theorising (I always wished
there was a ‘fieldweek’ in STS, which was equivalent to the dendrochronological
fieldweeks described in Box 5!).
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3.3 The author became included in the Scottish Pine Project as a student.

Becoming an independent scholar through the conduct of this episte-
mography did not mean learning in isolation or in a social vacuum. Mentoring
always takes place in the broader institutional and political context of a
country, university and department, which define the duties and responsibilities
of the mentors and the mentee. In my case, I conducted my research at the
University of Edinburgh in the period 2009-2015 with a scholarship from
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the UK’s largest public funding body of social research (the Economic and
Social Research Council) to which European Union citizens like myself
were, at the time, eligible to apply (this might change after the 2016 ‘Brexit’
referendum and subsequent negotiations) and that only covered tuition fees.
Consequently, I had to work as a teaching assistant throughout my PhD,
which meant, among other things, that I chose to conduct an epistemography
of a scientific community located near where I lived and worked (Edinburgh).
Even though my research coincided with the most recent global economic
crisis, in my department there was a relative abundance of state-sponsored
PhD scholarships (including my own) from the UK, Colombia and South
Korean governments. We had to comply with strict requirements related to
fees, curriculum, deadlines and progression/examination stages determined
by the university and the respective national funding bodies. In turn, academic
staff in my department absorbed this considerable mass of PhD students
more or less evenly; my supervisors mentored between two and three students,
which meant that they had limited supervision time.

My two supervisors had equal and yet different roles in the supervision
of this epistemography, which, I believe, were mainly related to their training.
One supervisor (a male professor and a historian of science) always insisted
on the ‘bigger picture’ and on creating an overall narrative throughout my
thesis, which influenced the final structure of this book about the process
of knowledge-making. The other supervisor (a female lecturer, a biochemist
turned STS scholar) insisted on the ‘smaller picture’ and gave me extensive
feedback on specific aspects of the data, often resulting from comparisons
with her own past experience as a biochemist and her current research,
which forced me to develop a coherent argument within each chapter. Neither
of my supervisors had any prior knowledge of climate science or dendro-
climatology so I had to write in as clear and detailed a way as possible about
my case study. Both supervisors were knowledgeable and participants in the
local sociological tradition (the ‘Edinburgh School’; Mazanderani et al., 2018)
in which I was also being trained, which meant that our monthly discussions
developed under the tacit assumption that my research was part of a common
theoretical lineage, and, as such, my research would seek to improve it rather
than to reject it (see Ramirez-i-Ollé, 2019b).

Having identified and partially eliminated the effect of disturbance on the
tree-ring data, Rob and Milos still faced the difficulty of choosing a standardisation
curve to remove the ageing trend. Rob had reached the conclusion, after years of
research, that ‘there is no right or wrong way to detrend the data In all his previous
work, Rob had used more than one standardisation curve to detrend chronologies.
Rob explained, ‘One colleague used to make fun of me that I could not decide
which was the best version, but I always argued that they all had strengths and
weaknesses’
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Rob proposed Milo$ apply a relatively standard method in dendroclimatology
called the ‘ensemble approach’ to resolve the indeterminacy of choosing one
standardisation curve. Essentially, the ensemble approach consisted of generating
variations of standardised chronologies with different standardisation curves (what
Rob called flavours’) and evaluating their adequacy in terms of their similarity
(judged with correlation coefficients and other statistics) to temperature data. Milos
eventually experimented with four standardisation curves: two deterministic curves
(the ‘classic negative exponential’ and ‘Hugershoft” curve) and two non-deterministic
curves (‘Regional Curve Standardisation” and ‘Signal Free’).

The fact that the chronologies generated with the most recent standardisation
method (‘Signal Free’) offered better results posed a problem for Rob and Milos.
As Rob explained it, “The mantra is that Signal Free is a better method, but many
people, including myself, don’t fully understand how it works’ Signal Free was
developed in the late 2000s by the dendroclimatologist Dr Thomas Melvin as part
of his doctoral research, and it had the reputation of being a highly intricate
method. In a lecture that Cook gave about Signal Free during the fieldweek I
attended in Tasmania, he introduced Melvin’s work as ‘one of the most original
and intriguing PhD dissertations ever done in the history of dendroclimatology’
Because of the apparent unintelligibility of Signal Free, Cook had collaborated
with Melvin to develop a more accessible version, which became the version that
Rob and Milo$ used. In a conversation, Rob and Milo$ discussed their concerns
about obtaining better results with Signal Free because they could not defend such
results to potential critical outsiders of dendroclimatology, whom they referred to
as ‘sceptics’

Milo$ [talking to Rob and pointing to the computer screen]: You see, these results
are really interesting because, for some reason, with standard negative detrending
there is not much of an improvement in the chronologies, but if you do it
with Signal Free there is an improvement after cleaning them with CCT. But
if you use the raw data [without CCT correction] and then apply Signal Free,
then the results are much worse. I am not quite sure why and how to interpret
these results ...

Rob: Well, I don’t quite know Signal Free either. I've just toyed with it.

Milos: So, you know, I am a little cautious about these results.

Rob: Yeah, yeah. No one really knows how it [Signal Free] works. I mean, people
are black boxing it ...

Milos: Well, I guess we will need to experiment with it then?

Rob: Yes, I know how it works conceptually, but I don’t think I truly understand
how it works. [Three seconds of silence]. Yes, Signal Free is certainly going
to be an issue. We can make subjective and objective decisions with regards
to standardisation; I am not too concerned about this. But we've just got to
rationalise every step.

Milos: Yes, yes [nodding].

Rob: T am just thinking about the sceptics. We are actually in an interesting
position because I know that Montford is very interested to see what comes
out of Scotland. So we have to be clear about everything we do. I have actually
agreed to write a blog post, but he will also keep an eye on our papers.
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Milos: Oh, yes [nervous laughing].
Meritxell: No pressure!
Milos: Yeah [laugh], sure, no pressure at all!

As the dialogue above illustrates, Rob and Milo§’s main concern was to understand
Signal Free better and to make the various methods they had used to standardise
the data publicly justifiable. Rob complained about the fact that colleagues, and even
himself, were ‘black boxing’ Signal Free and regarded this attitude as problematic
because it opened the door to criticism from ‘sceptics’ like ‘Montford, as mentioned
explicitly by Rob. Andrew Montford, who conducted a private investigation about
the hacked climate science emails and published a book about it (Montford, 2010), is
the owner of the ‘Bishop Hill’ blog and had met Rob a few times at the University of
St Andrews, as he lived near Rob’s workplace. Rob valued positively his interactions
with Montford and some of his blog readers because, as Rob explained to me, ‘these
individuals have some faith issues with regards to the science but they are generally
willing to learn, and their minds are not closed. In this way, on Rob’ invitation,
Montford had once participated in a university panel about climate change and had
agreed to publish a blog entry from Rob’s undergraduate students where they had
to respond to questions and criticism formulated by blog readers. The purpose of
all these interactions was as Rob explained to me, ‘to get students thinking about
how to deal with sceptics’; much in the same way, Rob had encouraged Milo$ in the
conversation above to consider how ‘sceptics’ would react to their standardisation
choices, and try to pre-empt their criticisms as much as possible.

Conclusion

This chapter has detailed the process of analysing tree-ring data and, specifically,
discerning which growth trends in tree-ring chronologies are (ir)relevant for
reconstructing past climate in Scotland. Standardisation, I suggest, is essentially
an act of classification. As we have seen in this chapter, standardisation has involved
the ordering of data using the categories of ‘noise’ and ‘signal, which seem to be
a form of classification commonly used by natural and social scientists alike (Silver,
2012; Collins, 2004b: 277; Knorr Cetina, 1999: 46-78; Smith, 1997: 11).

To classify between unwanted, polluting, dirty ‘noise’ and desirable, clean,
meaningful ‘signal’ is not only a scientific practice but also a human constant. The
‘signal/noise’ boundary is akin to the ‘cleanliness/dirt’ distinction that the anthro-
pologist Mary Douglas argued to be constitutive of mundane social life. For Douglas,
the human aversion to dirt is universal because we are all intolerant of disorder,
but the exact definition of dirt is variable according to different historical and
social contexts: “There is no such thing as absolute dirt: it exists in the eye of the
beholder ... In chasing dirt, in papering, decorating, tidying we are not governed
by anxiety to escape disease, but are positively re-ordering our environment, making
it conform to an idea. There is nothing fearful or unreasoning in our dirt-avoidance:
it is a creative movement, an attempt to relate form to function, to make unity of
experience’ (Douglas, [1966] 2001: 2). Similarly, the meaning of ‘noise’ and ‘signal’
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with regards to tree-ring data is contextual and depends upon the researcher’s
goals. As Cook expressed: ‘one researcher’s “signal” would frequently be another
researcher’s “noise”. While disturbance was a ‘leftover’ for Rob, for the dendroar-
chaeologist Anne and the dendroecologist Dan, disturbance was the desired clean
signal. Overall, Cook’s conceptual model of tree growth is the main classificatory
system that dendroclimatologists like Rob and Milo§ employ to understand and
to impose a certain order on the tree-ring data that they seek to interpret.

If we were to look at standardisation as classificatory work, as I suggest, we
would be able to discern more clearly the efforts and social dynamics sustaining
such work. Once they become accepted, classifications often become reified and the
motivations and procedures behind their creation become invisible. For this reason,
as Geoffrey C. Bowker and Susan Leigh Star (1999: 34) propose, the investigation
of classification systems (they call them ‘infrastructures’) should follow the method
of ‘infrastructural inversion, which they define as ‘a struggle against the tendency of
infrastructure to disappear (except when breaking down)” and it ‘means recognizing
the depths of interdependence of technical networks and standards, on the one
hand, and the real work of politics and knowledge production on the other’ Bowker
and Leigh Star (1999: 5) exemplify this method: ‘Much as a city planner or urban
historian would leaf back through highway permits and zoning decisions to tell
a city’s story, we delve the dusty archives of classification design to understand
better how wide-scale classification decisions have been made’

In foregrounding the socio-material practices involved in sorting out and
eliminating noisy trends from the Scottish dataset, the importance of familiarity,
personal reputation and access to relatively private communication spaces in
academia such as workshops and laboratory visits becomes evident (Collins, 2001,
pointed out long ago that workshops and laboratory visits are a key mechanism
for establishing bonds of trust between scientists). As shown in this chapter,, the
standardisation work that Rob and Milo$ conducted was based on the trust that
generations of dendroclimatologists have placed on Cook himself and his conceptual
model (hence why the model has become included as a ‘principle’ in the most
recent textbook; see Speer, 2010: 17). Rob and Milo$ specifically benefited from
Cook’s brokering role in order to eliminate the disturbance and the ageing trends:
Cook recommended CCT to Rob in a workshop and, as a director of the tree-ring
lab at Lamont, Cook indirectly facilitated Milo§’s meeting with Dan and Kevin.
Likewise, Cook also created a more accessible version of Signal Free, which Rob,
Milos and many others currently use.

This chapter has also shown the personal and professional interests sustaining
the work of standardisation that Rob and Milo§ carried out in Scotland. Their
decision to employ the CCT method and the ensemble approach could be likened
to an ‘investment, intended to yield recognition from peers and outsiders (or,
using Pierre Bourdieu’s terms, to yield ‘social and cultural capital’; 1986) which,
in turn, could bring about more ‘economic capital’ (i.e. publications, grants, students,
funds and a bigger laboratory) not only to themselves but also to the broader
community of dendroclimatology. To think of scientific work as a series of interlinked
investment strategies (Latour and Woolgar, [1979] 1986: 187 talked about ‘cycles
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of credit’) is appropriate if one is careful not to think of the individual scientist as
an independent goal-seeker or investor. A ‘good’ scientist, as valued by his or her
peers, is someone who takes into consideration and seeks to address common
goals and challenges. In this way, Rob and Milo§’s interest in employing the CCT
method was not restricted to the elimination of disturbance from the Scottish
dataset, but, as Rob made explicit, he hoped that CCT could revolutionise the
entire field, as he imagined a situation in which colleagues could also benefit from
discovering that their chronologies contained disturbance. Similarly, Rob’s suggestion
to use the ensemble approach sought to resolve an important problem faced by
all dendroclimatologists.

If we look at standardisation as a form of classification, we will also be able to
unveil the ways in which the work of eliminating noise disturbance from the
Scottish data was used for organising people and acting upon the world. Classifica-
tions are not only used for describing the world, but also for arranging it. For
instance, we wake up at 7am and not 8pm and we organise our daily schedule
accordingly; we think it is best to eat ‘healthy” instead of junk’ food and our
lifestyles are based upon this distinction; and the ‘British’ are, of course, taken to
be different from the ‘Lithuanians’ in passport control. Such mundane classifications
have profound political and moral consequences, which only become visible to us
when we transgress them. Bowker and Leigh Star (1999: 3) again usefully illustrate
the coercive power of classifications: “Try the simple experiment of ignoring your
gender classification and use instead whichever toilets are the nearest; try to locate
a library book shelved under the wrong Library of Congress catalogue number;
stand in the immigration queue at a busy foreign airport without the right passport
or arrive without the transformer and the adaptor that translates between electrical
standards. The material force of categories appears always and instantly’

The work of standardisation described in this chapter effectively valorised the
point of view of dendroclimatologists and silenced, to a certain extent, the interests
of other tree-ring data users. Tree-ring data can be used for different purposes
and each application has developed into subfields of dendrochronology: dendro-
climatology (the study of past climates); dendroarchaeology (the study of past
societies); dendroecology (the study of woodland ecosystems); dendromorphology
(the study of land movements); dendrochemistry (the study of pollution among
other topics). In the two dendrochronology conferences I attended in 2014, talks
were arranged into streams that corresponded to each of the subfields, and plenary
sessions always included a speaker from each specialised area. Despite all attempts
at equitability, a few attendants to whom I talked at these conferences expressed
their resentment of what they perceived as the predominant position of dendro-
climatology. One dendroarchaeologist said that he was ‘bored’ of going to conferences
and just listening to colleagues talking about low and high frequency, which are
terms that only dendroclimatologists would use. Another dendroarchaeologist
also complained that ‘now it seems that chronologies are worth nothing unless
you use them for climate reconstructions. A junior dendroecologist also complained
that ordinary people associate the use of trees with climate reconstructions, and
insisted that ‘there is much more to learn from trees than just climate’
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Precisely, I interpret the perceived originality and success of Milo§’s work on
the CCT method - as seen by the fact that the scientific committee at the conference
awarded him a prize - as an indication that this method was seen as an opportunity
to combine perspectives in the analysis of tree-ring data and to equalise relationships
between dendroecologists and dendroclimatologists. In short: the CCT method,
as a socio-material technology of classification, was seen as the means for re-ordering
human interactions among specialists, or, as one dendroecologist put it, ‘to bridge
the gap’ between dendroclimatologists and dendroecologists.

With this discussion of the social nature and consequences of the classificatory
work of standardisation I would like to question the image of climate science as
an impersonal, disinterested and contemplative endeavour. In the weeks and months
after the hacking of climate science emails in November 2009, many scientists
referred to the social factors and dynamics present in science as corrupting factors;
as one physicist put it: professional rivalries, limited time and passionately held
beliefs are ‘things [that] can prevent us from finding out what works’ (Butterworth,
2010, emphasis added). The existence of political and professional interests was
presented as a criterion for identifying illegitimate criticism of climate science
(Ramirez-i-Oll¢, 2015a). The email hacking itself was interpreted by one prominent
climate scientist as the result of a ‘campaign run by economic, political, and ideologi-
cal interests opposed to many proposed policies that might deal meaningfully with
the threat of climate disruption’ (Sommerville, in Yale Forum on Climate Change
& The Media, 2010). ‘Good’ climate science was defined as being developed
autonomously from society: the climate scientist Michael E. Mann published an
article defending that ‘Science must be unpolluted by politics’ (Mann, 2009), and
another climate modeller argued that ‘For me, good science means generating
knowledge through a superior method, the scientific method. The merits of a
scientifically constructed result do not depend on its utility for any politician’s
agenda ... As a scientist, I strive for independence from vested interests. I am in
the pocket of neither Exxon nor Greenpeace’ (Von Storch, 2009).

The common prejudice that regards social processes and influences as only
distortions to the production of knowledge (this preconceived opinion has been
called the ‘sociology of error’; see Kamwendo, 2017; Bloor, [1976] 1991: 13) is false
insofar as it is one-sided and does not consider the beneficial and necessary influences
of the scientific community and the wider society on scientists and their work.
How could Rob and Milo$ have successfully eliminated noise from the Scottish
dataset and contributed to the development of CCT if not by trusting Cook’s
conceptual model and using their relations with him to facilitate a meeting with
Kevin and Dan at Lamont? How could a scientist more generally dispense with
the recourse to familiarity without ruining their working relations and becoming
an isolated and unproductive individual? After months and years spent refining
theories, experiments and techniques like CCT, why do we expect scientists like
Dan, Milos and Rob to be dispassionate about their creations and not use them
to address personal, professional and social problems? If one ignores the reputation
and past productivity of an individual or research group, on what efficient grounds
can someone evaluate their claims? In a world of overload of information, how
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are scientists expected to limit irrelevant data and discriminate on which aspects
are worth investigating if not by relying on trustworthy advice? Why would we
deprive scientists of the very useful qualities of being part of a community of
practitioners that gives them access to communication channels that filter reliable
judgement and advice? Why do we not simply accept that scientists, like any other
professional group, have a collective interest (note the etymological derivation of
‘interest’ from ‘inter-esse; which means ‘what lies in between actors and their goals;
Latour, 1987: 108) in actively defending their credibility as shown in the recent
global Marches for Science (Niiler, 2017)? Overall, why do we not regard the social/
emotional and the rational/cognitive dimensions of science as mutual constituents
rather than in opposition?

I think it would be counter-productive for scientists to ask them to be unconcerned
by whatever happens to their fellow citizens and peers. As Daniel Sarewitz (2016)
argues, the ideal that ‘scientific progress on a broad front results from the free play
of free intellects, working on subjects of their own choice, in the manner dictated
by their curiosity for exploration of the unknown is a bald-faced but beautiful lie
upon which rests the political and cultural power of science’ Sarewitz continues,
‘Scientific knowledge advances most rapidly, and is of most value to society, not
when its course is determined by the “free play of free intellects” but when it is
steered to solve problems. In other words, successful science is not curiosity-driven
but goal- and problem-solving-driven. In relation to this chapter, for instance, Rob
and Milo$ sought to address two goals and problems. First, they had the immediate
goal of standardising tree-ring data. Secondly, they had the longer-term goal of
learning about regional climate change in Scotland. In turn, Rob and Milo§’s aim
of reconstructing the Scottish climate is part of a broader epistemico-political-social
goal: making global environmental science and politics (Beck et al., 2016). As the
historian of science Jon Agar (2012: 397) has shown, the monitoring and maintenance
of global order and environmental stability was (and perhaps still is) one of the
key social problems of the twentieth century, to which many contemporary sciences,
including dendroclimatology, are orientated. Social and political concerns are,
therefore, one of the multiple causes of formation of scientific knowledge about
climate change, and without them climate science as we know it would not exist.
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After having sampled trees, dated tree-rings and cleaned tree-ring data, Rob and
Milos were finally at the stage where they could discover how the climate in Scotland
was before the early 1700s, when methodical thermometer-based records began.
Dendroclimatologists refer to the work of re-enacting past climate from tree-ring
data as ‘reconstructing’ and the resulting graph a ‘climate reconstruction’ As told
in previous chapters, Rob and Milos built upon Hughes’s pioneering reconstruction
of past temperatures in Scotland, which reached the eighteenth century (Figure
4.1). They hoped to use the 800-year-long chronology from the Cairngorms (Chapter
2) to extend Hughes’s temperature reconstruction back to the thirteenth century.
On the website of the Scottish Pine Project, Rob wrote, in reference to Figure 4.1,
“The original Hughes reconstruction is shown below showing the excellent calibration
potential of this species [Scots pine trees] in the Scottish Highlands. Although
some success has already been made in finding older living sites, the truly exciting
work will be related to extension of the living material with either historical or
sub-fossil material’ (Scottish Pine Project, 2019).

The work of reconstructing climate, as described in all dendroclimatology
textbooks and in Rob’s classes, involves the stages of ‘calibration’ and ‘verification’
The stage of calibration consists of using the first half of the available local mete-
orological dataset (precipitation or temperature) and to compare it with or ‘calibrate’
it to tree-ring data. The stage of ‘verification’ involves comparing the tree-ring
based climate reconstruction against the other half of local meteorological data
withheld from calibration. In its simplest form, both stages are computerised using
a statistical technique called ‘linear regression analysis. The computer creates a
‘response function’ or a mathematical equation that models how the tree ‘responds’
to temperature/precipitation data during the calibration period. Using the technique
of linear regression analysis, the computer reconstructs past climates by inverting
the calibration equation and using tree-ring data as the predictor and instrumental
data as the predictand. The resulting equation is called the ‘transfer function’ as
the tree-ring data are ‘transferred’ into estimates of past temperature or precipitation.
Dendroclimatologists use correlation coefficients and other statistics to verify the
‘skill” or the ability of the climate reconstruction to resemble the instrumental data
used for the verification period.
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4.1 Rob and Milo§’s work built upon an existing reconstruction of the Scottish
temperature.

The work of reconstructing past climates from tree-ring data is based on the
supposition that meteorological records are the ‘golden standard’ against which
to calibrate and validate a climate reconstruction. While the possibility of measuring
temperature accurately was a contested scientific issue throughout the eighteenth
and nineteenth centuries (Chang, 2004), nowadays the reliability of meteorological
data for measuring twentieth-century global warming is largely undisputed (experts,
of course, still investigate problems with global temperature datasets; see Jones,
2016). In paleoclimatology, thermometers are regarded as the best source for
generating direct evidence of past and present climate in the form of so-called
‘instrumental data’; in contrast, trees, ice cores and marine sediments, among
others, are described as ‘proxies, ‘natural archives’ or ‘paleothermometers’ from
which to generate indirect evidence of climate (Bradley, 1999).

The second supposition necessary for generating tree-ring-based climate
reconstructions is that the present-day relation between climate and tree growth
will extend backwards beyond meteorological data. This assumption, shared with
paleoclimatologists and other natural scientists studying past phenomena, receives
the name of the ‘principle of uniformitarianism. The definition and authorship of
this principle have long been a source of dispute in geology (Shea, 1982; Gould
1965). Dendroclimatology textbooks, however, offer a simplified definition of
uniformitarianism as ‘the present is the key to the past, a sentence attributed to
the eighteenth-century Scottish geologist James Hutton (Speer, 2010: 10). The
dendroclimatologist Harold Fritts (1976: 14-15) clarifies that ‘Applied to dendro-
chronology, the uniformitarian principle implies that the physical and biological
processes which link today’s environment with today’s variations in tree growth
must have been in operation in the past’ He insists that uniformitarianism does
not imply that the paleoclimate was the same as the climate of the present. However,
‘it does imply that the same kinds of limiting [environmental] conditions affected
the same kinds of [physical and biological tree growth] processes in the same ways
in the past as in the present.

printed on 2/13/2023 7:33 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

Reconstruction 81

Over the years, dendroclimatologists have realised that the uniformitarian
principle does not always hold true. The constitution of the ‘divergence problem’
as a research topic in dendroclimatology exemplifies this collective acknowledgement.
The divergence problem refers to the observation that, in some sites in the Northern
Hemisphere, tree-ring data and temperature trends appear to have diverged since
the 1960s. While temperature has been recorded by thermometers as steadily
rising, some tree-ring data show a declining trend. Consequently, trees might not
seem to record recent warmth. Dendroclimatologists — Rob included, as his still
most cited paper is a review of this research problem (D’Arrigo et al., 2008) - have
proposed numerous theories to explain the phenomenon of divergence. Divergence
is still a topic of concern and study for dendroclimatologists and, as Rob stated in
a plenary talk at a conference in Melbourne in January 2014, ‘I think we do know
much more now than we did in 2008’

The identification of a divergent trend between temperature and certain tree-ring
datasets since the 1950s has led some commentators outside the dendroclimatology
community to question uniformitarianism and dendroclimatology altogether. Steven
McIntyre, the owner of the blog ‘Climate Audit, has focused, among other topics,
on the ‘divergence probleny’ (https://climateaudit.org/category/proxies/divergence/).
Other bloggers criticise the assumption of linearity, as ‘[dendroclimatological]
studies universally assume a linear relationship between climate and ring response
and then invert this relationship in order to predict past climate states. The point
is that this assumption/practice is not justified, either empirically or theoretically;
it constitutes a serious conceptual mistake in tree ring analysis’ (Bouldin, 2012).

While dendroclimatologists do not regard the phenomenon of divergence as a
complete refutation of uniformitarianism and dendroclimatology, they admit that
it raises some doubts about the development of tree-ring-based climate reconstruc-
tions. The author of the most recent dendrochronology textbook acknowledges
that the climate has indeed changed over time as a result of unusually elevated
levels of carbon dioxide and other greenhouse gases in the atmosphere, and that
this change might alter the way trees respond to climate change (and hence violate
the principle of uniformitarianism), but he defends the uniformitarianism principle
as a ‘productive starting point’ In his own words, ‘We know that our assumptions
that present processes have not changed through time is not always correct, but
uniformitarianism is a productive starting point in the analysis of past climates and
environmental variability’ (Speer, 2010: 11: emphasis added). In their review article,
Rob and colleagues (D’Arrigo et al., 2008: 296) restrict the problem of divergence
in ring-width and density-based chronologies from certain Northern forests, and
concede, “The principal difficulty is that the divergence disallows the direct calibration
of tree growth indices with instrumental temperature data over recent decades
(the period of greatest warmth over the last 150 years), impeding the use of such
data in climatic reconstructions. Consequently, when such data are included, a
bias is imparted during the calibration period in the generation of the regression
coefficients!

Dendroclimatologists hope that the development of new tree-ring data will allow
them to determine with more certainty the reliability of their reconstructions. For
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this reason, Rob and colleagues (D’Arrigo et al., 2008: 302) finished their review
article about the divergence problem by stating, ‘As existing records are updated
and new ones developed, we will improve our ability to make more defined, direct
evaluations of the climate of recent decades relative to the past. Similarly, all the
dendroclimatologists I saw presenting their reconstructions at conferences ended
their talks by saying something like ‘more data are needed to draw more definitive
conclusions’. For this reason, Milos also kept generating new tree-ring chronologies
until the very last few months of his PhD. The reason why Milo§ submitted his
thesis later than he expected was that he waited for Rob to crossdate the “floating’
subfossil chronologies from the Cairngorms (Chapter 2). Rob and Milos saw the
constant flow of ‘more data coming in’ as a requirement for building up a cleaner
climate signal that offered better calibration and verification statistics. The better
the statistics, the more certain they could be that the reconstructed temperature
values beyond the calibration and verification periods were accurate.

The epistemological conundrum that Rob and Milos$ faced at this stage of the
production of dendroclimatic knowledge was, as they assembled more data, to
decide whether the finite and limited evidence they had about the present relationship
between climate and tree growth could be extrapolated into the past beyond the
calibration and verification periods, and ultimately to convince themselves, colleagues
and the broader public that their temperature reconstruction was a truthful rep-
resentation of past climates in Scotland. Rob and Milo§ sought to reduce the
uncertainty inherently involved in reconstructing past climates, I suggest, using a
double strategy: ‘trained variation and natural selection’ and ‘comparability work’

Trained variation and natural selection

I characterised Rob and Milos’s initial work of reconstruction as ‘trained variation
and natural selection’ after reading a sociological study of the work of molecular
biologists (Box 7). The author of that study, the sociologist Karin Knorr Cetina
(1999: 91), explains: ‘If there is a general strategy molecular biologists adopt in the
face of open problems, it is a strategy of blind variation combined with a reliance
on natural selection. They vary the procedure that produced the problem, and let
something like its fitness — its success in yielding effective results — decide the fate
of the experimental reaction’ Later on Knorr Cetina (1999: 109) clarifies that rather
than deploying ‘blind variation; these molecular biologists draw upon their trained
expertise to generate variations that they think will be more likely to be selected
by nature: “Variation in molecular biology, however, is by no means as sightless
and undiscerning as the random genetic mutations from which the term blind
variation is borrowed. For example, the experienced body of the scientist, when
it operates, naturally brings its experience to bear on the variations it concocts for
selection by success. The retries scientists perform are never just any odd random
alterations. Instead, they are based on what a scientist “senses” to be a promising
strategy in a problem case’ Similarly, I show below that Rob and Milo$ produced
multiple versions of the reconstruction with the aim of finding the one that had
the best fit’ and resembled more closely ‘nature’ (i.e. instrumental temperature
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data). However, rather than selecting themselves the ‘best’ reconstruction, Rob and
Milo$ delegated this decision to proxy ‘nature’ (i.e. the climatic signal assumed to
exist within tree-ring chronologies).

Box 7

Creating epistemographic knowledge by way of analogy and
induction

I read epistemographies for inspiration throughout my research. A book
that I found particularly inspiring was Karin Knorr Cetina’s Episternic Cultures:
How the Sciences Make Knowledge, which is the first ever comparative study
of two scientific cultures (molecular biology and high energy physics) and
their organisational strategies for making knowledge. I came to use this
book as a ‘template; following the author’s own advice. In a dialogue with
a fictional reader, Knorr Cetina suggests (1999: 252), T would use the results
- not by generalizing them, but by using the patterns I illustrate as templates
against which to explore the distinctive aspects of other expert domains,
and as pointers to possible dimensions in other areas. For instance, the
notion of ‘trained variation and natural selection’ that I took from Knorr
Cetina ‘can be used as sensitizing concepts in any other study of epistemic
cultures to determine how these cultures are configured, what similarities
might exist, and how to account for them’ (1999: 252).

I employed epistemographic knowledge as ‘sensitizing concepts or
interpretative devices that helped me to make sense of both the specificities
and similarities of my epistemic object of study in comparison with other
objects. The sociologist Herbert Blumer (1954: 7) defined the function of
‘sensitizing concepts’ as ‘it gives the user a general sense of reference and
guidance in approaching empirical instances. As I understand it, sensitising
concepts that are used as a starting point in one research context can then
be developed into more or less ‘definitive concepts’ or theories about similar
research objects. Blumer (1954: 7: emphasis added) defined ‘definitive concepts’
as ‘refer[ring] precisely to what is common to a class of objects. One of
Blumer’s students, the sociologist Howard Becker, further developed the
idea that theorising essentially depends upon exploring the differences and
the commonalities between social phenomena. Becker (1998: 126-127) starts
by recounting the advice that one of his colleagues gave to students (“Tell
me what you've found out, but without using any of the identifying char-
acteristics of the actual case’) and employing this advice to theorise about
two social activities, banking and baseball:

I would have to choose words more general than the specifics of my case,
but not so general as to lose the specificity of what I found [...] That's how I
made the move from the fact that banking executives steal to the statement
I made about the clarity or ambiguity of an action’s criminality. I restated

EBSCChost - printed on 2/13/2023 7:33 AMvia . All use subject to https://ww. ebsco.coniterms-of -use



EBSCOhost -

84 Into the woods

the assertion that ‘the executives of savings and loan associations sometimes
steal money by manipulating banking regulations whose complexity makes
it difficult for prosecutors to decide whether what they indisputably did
is a ‘crime’ without using any of the specifics. I didn’t say ‘executives’ or
‘savings and loans’ or any of the other specifics. I said what class each
of those belonged to and so ended up talking about the ambiguity of an
action’s criminality, a dimension that could be useful in the study of any
criminal activity. And I could take another step and talk about something
less specific than criminal law — rules in general - and that would let me
introduce such interesting cases as whether the ball the pitcher throws is
a ‘ball’ or a ‘strike, the rules for deciding that being as ambiguous as any
in the criminal law. You could argue that, after all, baseball and banking
don’t have much in common ... Both the similarity and the difference give
us general categories to think about and use in our analyses. The similarity
says, by way of generalizing, ‘Every set of rules is clear to some degree and
ambiguous to another degree. The difference says, by way of a different kind
of generalization, ‘Within the organizations (like baseball and banking)
in which rules are made and enforced, there are other things going on,
such that those rules will vary along a dimension running from clarity to
ambiguity Making such comparisons reveals further complexities in the
creation and application of rules, complexities that can be attended to in
future research. The immediate consequence of that result is that every
study can make a theoretical contribution, by contributing something new
that needs to be thought about as a dimension of that class of phenomena.

Like Becker above, when I compared Rob and Milo§’s reconstruction
work to the molecular biology work studied by Knorr Cetina I concluded
that, despite their significant differences, they both represented the epistemic
strategy of ‘trained variation and natural selection’ I also developed the other
concepts and epistemic strategies presented in this book (i.e. the chapter
sub-headings) by way of analogy and induction from other empirical studies
and scholarly ideas (as indicated in the in-text references). These concepts
are what the sociologist Robert K. Merton (1968: 39) referred to as ‘middle-
range theories, which seek to explain delimitated aspects of the data rather
than offering catch-all explanations of social phenomena (I have offered
elsewhere a general theory of epistemic-making, which I have called the
‘theory of the externalisation of trust relations’; Ramirez-i-Oll¢, 2018).

The strategy of natural selection and trained variation used by Rob and Milos
initially consisted in choosing the appropriate climate variable to reconstruct, either
rainfall or temperature. Dendroclimatologists only reconstruct one climatic variable
for a region because they believe that only the most limiting, climatic variable
affecting the growth of trees in a certain area can be reconstructed (this assumption
is known as the ‘principle of limiting factors’; Speer, 2010: 15). Dendroclimatolo-
gists know that some tree species growing in certain locations are not suitable
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for reconstructions precisely because they have a ‘mixed climate signal” and it is
difficult to know if their growth is limited by either temperature or precipitation.
For instance, as late as the 1980s, dendroclimatologists thought it was impossible
to carry out dendroclimatology in the United Kingdom and the Republic of Ireland
because trees, particularly oaks, showed a mixed signal (Briffa, 1984). This vision
changed when Malcolm Hughes published the temperature reconstruction for
Scotland in 1984, demonstrating that Scots pine trees growing at high elevations
are limited by temperature and could be used for dendroclimatological purposes
(Hughes et al., 1984). As part of their attempt to build upon Hughes’s work, Milo$
and Rob also reconstructed the climate variable of temperature.

While choosing ‘temperature’ as the climate variable to reconstruct was not
problematic, Rob and Milo$ struggled to choose the ‘target season’ or specific
monthly meteorological data against which to calibrate tree-ring data. Their aim
was to select the season in which tree-ring growth was most clearly limited by
temperature. Rob and Milos referred to this selection as ‘maximising’ the climate
signal. The difficulty that Rob and Milo$ faced was that each tree-ring parameter
was affected differently by temperature. To illustrate this problem in a conference
presentation, Milo§ created a graph that showed the different responses of each
tree-ring parameter to temperature data (Figure 4.2: ‘RW’ refers to ring width; ‘BI’
is blue intensity; and ‘MXD’ is maximum latewood density). While ring-width
data correlated more or less uniformly throughout the year, blue intensity and
density correlations were distinctly higher in July and August. Milo§ rationalised
this result in terms of the different physiological basis of parameters: whereas ring
width is based on the cell growth of trees that can be triggered by favourable
conditions throughout the year, blue intensity and density data are an expression
of cell thickness and lignin content, laid down at the end of the growing summer
season. Milo$ eventually chose ‘July-August’ as the target season based on Rob’s
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4.2 Dr Hughes’s work was a useful precedent for choosing the season and climate
variable.

EBSCChost - printed on 2/13/2023 7:33 AMvia . All use subject to https://ww. ebsco.coniterms-of -use



EBSCOhost -

86 Into the woods

recommendation: ‘For the sake of coherence with Hughes’s work I think it’s best
to choose the same months he used’

The method of linear regression employed to reconstruct climate requires working
with averaged series of meteorological and tree-ring data. With regards to tree-ring
data, Rob and Milos employed the 800-year-long chronology from the Cairngorms
(Chapter 2). With regards to temperature or instrumental data, Milo$ and Rob
employed a 200+-year-long record of average monthly temperature data series
from different weather stations in mainland Scotland. Rob and Milo§ were very
pleased to have at their disposal the second-longest temperature series in the UK
(starting in 1800) because the longer the instrumental data, the more evidence
they could obtain about the extrapolations outside the calibration and verification
periods.

Rob and Milos§ discovered a divergence in the early nineteenth century between
the tree-ring data and the monthly temperature record from Scotland. As Rob
knew one of the scientists in charge of curating the temperature dataset, Rob wrote
him an email asking for any explanation he could offer about this divergence. The
other scientist pointed out that, in one of his published papers, he had suggested
the possibility that the temperature measurements from 1800 to 1866 might have
been inflated because the weather stations of the time were not properly insulated
from the sun. Rob responded, “Your paper [Jones and Lister, 2004] is perfect as
we actually have found a misfit between the TR [ring width] based reconstructions
(too cold) and the instrumental data prior to about 1857 and your paper says that
there are homogeneity problems prior to 1866. This is great as it was a real worry
for us! Rob reported to Milos by email the discovery of the warming bias in the
temperature series as ‘great news for us’ as he saw the anomaly in the temperature
dataset as an indication that ‘the divergent trends we get in the calibration period
are not due to problems with the tree-ring data and validate the issues raised in
the Jones and Lister [2004] paper.

With regards to the averaged tree-ring data, Rob and Milos faced the difficulty
of choosing one standardised chronology. As we have seen in the previous chapter,
rather than choosing one single standardisation method, Rob proposed to use the
‘ensemble approach’ in order to generate multiple standardised chronologies. In
total, Milo§ created seven variants of the Cairngorms chronology and they pondered
whether to generate seven different reconstructions (from each chronology variant)
or generate a single one. Eventually, Rob decided to generate a single reconstruction
using a relatively new method that he called the ‘combo approach’ Essentially, the
combo approach consisted of creating an averaged reconstruction from a weighted
combination of all the temperature reconstructions derived from the ‘ensemble
approach. The procedure started by ranking the seven standardised chronologies in
terms of their similarity to temperature data. Rob and Milo§ evaluated this similarity
with a statistic called ‘root mean square error’ The chronology with the smallest
square error was weighted most heavily in the average of all the reconstructions.

Effectively, the combo approach epitomises the strategy of ‘natural selection,
as the weighting procedure spared Rob and Milo$ from making a decision about
which reconstruction version to accept as more truthful. Instead, the decision on
the ‘best’ representation of climate was left to ‘nature’ (the climate signal within
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the tree-ring chronology that would correlate more strongly against temperature
data). The reviewer of the article where Rob first presented the combo approach
also implicitly recognised this feature when they said: ‘For this reviewer this is a
new and important concept that encourages experimentation and thinking about a
range of reconstruction techniques and not having to pick the “best” reconstruction’

As Rob described it to me, the combo approach was his attempt to develop a
more ‘objective’ method for choosing the final reconstruction. In my COMBO
games, Rob explained in an email, T derive multiple versions of the reconstructions
and an objective way (hopefully) to combine them’ Rob was critical of the approach
used by his colleague and friend Dr Jan Esper, which he informally referred to as
‘Esperism. When I asked Rob to clarify his disagreement with Jan, Rob told me
that, while Jan had also created multiple reconstructions from multiple standardisa-
tion methods in one of his papers (Esper et al., 2007), he had picked one reconstruc-
tion on the basis of his ‘expert judgement’ Rob criticised this choice because “There
was no statistical reason to choose this over other versions as far as I can tell. Jan
feels he knows a “best” option which I feel we cannot do’ (see Phillips, 2019 for a
recent study of the supposed tension between ‘human judgement’ vs ‘statistics’ as
evaluation tools). Rob was openly critical about Jan’s approach, and the first time
I heard Rob voicing his criticism was in one of his talks at the conference in
Melbourne:

I want to talk about the strategy that I am slowly starting to put together about
how to go about the choice of the best reconstruction. With every record, whether
it is a single site record or a regional composite, we need to be very careful in
our local calibration and screening. We need to come up with the most robust
calibration and verification statistics for a particular region. We can easily identify
divergence empirically. We look carefully at residual analysis and through stringent
verification we can say how robust a particular series is. We must use the ‘best’
chronology variant for a particular region.

There are several approaches to this. We can use what I call ‘Esperism’ or the
‘Esper approach’ and his terminology of ‘expert judgement’. Jan would say ‘this
is my best record’ or whatever ... [giggles from the audience]. I would much
rather go for the statistical approach. Maybe we can use some sort of fusion using
regression-based methods where you can combine ring width and density. We
can maybe weight all the different variants as a function of their r* (correlation
coefficients) against the target season, even weakly correlated chronologies can
be still included, but they will be weighted very weakly. There are a few groups
that are playing around with the band-pass approach; you might want to use the
high frequency of density or blue intensity and the low frequency from ring width.
[3 seconds of silence] These are all valid methods.

Whatever you choose, you want to come up with the best explained variance
that can be rationalised and is well defendable. I always put my Steve McIntyre’s
cap on when I do any analysis: ‘Can I defend this in a public venue?” ‘Is this a
good choice? Do we have good reasons for doing it?’

In his speech above, Rob mentioned the blogger Steve McIntyre, and, more specifi-
cally, Rob said he always put ‘my Steve McIntyre’s cap on’ when evaluating the
adequacy of the final reconstruction. In this way, even though Rob thought that
the final choice of a reconstruction should be left to ‘nature, he considered his
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expertise to be necessary to explain ‘nature’s choice’ to sceptical audiences like
Andrew Montford and Steve McIntyre.

Comparability work

In the final stage of their reconstruction work, Rob and Milos looked for additional
evidence of climate change in Scotland against which to compare and evaluate the
‘best’ temperature reconstruction they had obtained with the combo approach. I
follow Willem Schinkel (2016) in describing these comparative practices — which
he argues are characteristic of paleoclimatology more generally - as ‘comparability
work. The purpose of the comparisons carried out by Rob and Milo§, as Rob
described it to me, was: “‘We are not trying to use the other datasets to validate
ours. We are more interested in the similarities and differences, like if we were
comparing thermometers: is your thermometer seeing the Little Ice Age here?’

At the conference in Melbourne in January 2014, Milos$ first presented some
of the evidence resulting from comparability work. This was also the time when
Milos first presented a ‘very provisional’ 600-year-long temperature reconstruction
for Scotland. At that point, the Cairngorms reconstruction only reached back to
1450 AD (this was before Rob managed to crossdate the floating chronology,
Chapter 2). The graph that Milo§ showed included two reconstructions: one was
the ‘Abernethy/Rothiemurchus’ that Milos had generated from the subfossil samples
and living trees from two areas of the Cairngorms (Abernethy and Rothiemurchus);
the other reconstruction included data from all the sites in the Cairngorms except
Abernethy and Rothiemurchus (Figure 4.3). The graph was accompanied by a
table that quantified the similarity between reconstructions and against the tem-
perature dataset with correlation coefficients (r*) and an associated statistic
(Durbin-Watson or DW).

By excluding the Abernethy and Rothiemurchus chronologies from the broader
Cairngorms dataset, Milo§ and Rob created what they called an ‘independent’
reconstruction. Milo$ interpreted this comparison positively because the two
reconstructions showed very similar statistics as they were both from the same
area in the East of Scotland, where trees had supposedly been affected by the same
environmental conditions. In the question and answer session following Milo§’s
presentation in Melbourne, Malcolm Hughes, the author of the first Scottish
reconstruction, asked him a question. Rob had ironically warned Milo$ of this
possibility as T am sure that Malcolm will ask you about his baby. As a result,
Milos was very excited to meet Hughes and to discuss his work with him in the
conference (Box 8).

Box 8
What conferences have done for this epistemography

Like Milo$, I met experienced and young colleagues at conferences. From
the start of my PhD, in September 2010, up to the time of finishing writing
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4.3 Comparing the Cairngorms temperature reconstruction against an ‘independent’
climate reconstruction from Scotland.

this book in September 2018, I attended nine national (British) and international
conferences (I exclude smaller academic meetings like workshops and
seminars). These conferences were in the fields of sociology (broadly), history
of science, STS, anthropology (broadly), anthropology of climate change
and science policy. Attending conferences across such fields in the social
sciences forced me to develop an overarching methodology - ‘epistemography’
— which would be familiar to my diverse group of colleagues, and which
would make me feel entitled, if only a little, to speak on behalf of their/our
disciplines. In conference talks and Q&A sessions, in corridors, at the bar,
and also on the dance floor, I met colleagues with whom I have become
emotionally and intellectually close (see Gonzalez-Santos and Diamond,
2015 for a review of the broader communicative and community-binding
functions of conferences). While writing this book, I have imagined the
faces of some of these conference-goers and have sought to pre-empt their
imagined criticism.

Besides serving the purpose of defining the methodology and the academic
audiences of this book, attending conferences allowed me to meet the com-
missioning editor of this book and to negotiate its content with him. I met
the acquisition editor for the subject areas of ‘Sociology, Business and
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Economics’ at Manchester University Press, through a personal contact. I
contacted the editor by email prior to the conference (following the advice
I read in books about academic publishing) and we agreed to meet in between
conference sessions. Back then, I did not have a book proposal, but I prepared
a brief one-minute presentation on the book I wanted to write (again, I
followed ‘self-help’ academic books). The editor apparently liked my pitch
and invited me to contact him again when I was ready to send him a book
proposal. A year later, we met at another conference to discuss the book
proposal I had sent him a couple of months earlier. A month after this
second meeting, I was offered a book contract. In this way, as Gross and
Fleming (2011) argue, academic conferences serve to concretise ideas and
move projects forward, as scholars enmesh themselves in webs of interpersonal
obligations like agreeing to write a book.

As transcribed below, Hughes’s question to Milo$ at the conference was about
what he called ‘the potential self-delusion associated with multiplicity, which Hughes
introduced as ‘it’s probably the kind of thing that we kindly don’t mention to
our neighbour statisticians because it will be bad for their blood pressure. The
‘multiplicity” or ‘multiple comparisons probleny is a typical problem emerging from
doing comparability work. As is known in statistics, the multiplicity problem refers
to situations when two or more groups are compared using multiple variables (age,
education level ...). As the number of comparisons increases, it becomes more likely
that the objects or groups compared will differ and will render the comparison
and the establishment of similarities more difficult. As Hughes made clear, his
question about the problems of multiplicity was not only intended for Milos,
which means that comparability work was characteristic of dendroclimatology more
generally:

Malcolm Hughes: I have a comment as Hughes et al. 1984 [this is the reference
of the paper where Hughes presented the first reconstruction for Scotland.
Milos laughs].

I have a general question that is not aimed exclusively at your presentation.
It’s something we all get involved in. We try all these different variables;
we change this step of the process and that step, and so on. And it’s probably
the kind of thing that we kindly dont mention to our neighbour statisticians
because it will be bad for their blood pressure.

[The entire audience laughs]

Have you got any thoughts about how to deal with the problem of [2-3 seconds’
silence] potential self-delusion associated with multiplicity?

[2 seconds’ silence]

Milo§: Um, if I understand your question correctly I would say that really ...
[2 seconds’ silence] including many variants and combinations is necessary. It’s
not possible to derive a single result, an ultimate definitive answer. In that sense,
it might be difficult to choose a different approach to develop a reconstruction.
[3 seconds’ silence]. I am not sure if I've answered your question ...
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Malcolm Hughes: Can I come back and say that you have come the nearest to
answering my question by actually bringing on independent datasets and
seeing the same pattern?

Milos: OK, yes ...

Malcolm Hughes: It seems to me that to the extent that they are really independent
datasets, that’s the way to cut through these issues.

Milos: I think so too. That’s definitely true. You know ... Here I have shown that
using two different datasets you can achieve more or less the same results or
very similar. Yeah, I agree that this is one way ... one way to solve this problem.
[5 seconds’ silence]

Moderator: any other questions?

[A third person in the audience stands up and says]

Attendee: Well, if it was me, if I was talking to a statistician, I'd tell him to go and
have a look at the tree physiology library, and to read through all the hundreds
and hundreds of studies that relate climate to tree growth. You might get the
question [from statisticians] of ‘how many observations do you have?’ But,
you know ... it gets a little bit harder when you get six hundred observations
to actually go out of the line.

Milos: Well, yes, what I would say here is that if you want to be sure that the data
are showing something real, a real representation of climate, it is necessary
to compare it to other regions or areas. In this case, I don’t think it is so much
of a problem because the instrumental record in the UK or Scotland is quite
long and it has been looked at in quite a lot of detail in terms of the quality
and so there are different approaches towards how you can validate the data
that you've generated and the reconstructions that are coming out of this.

Moderator: Thanks very much. Hopefully, this is the sort of conversation that we
can continue over a beer in just one more session.

As Milo$ pointed out at the conference another source of evidence that Rob
and Milo$ employed to evaluate the Cairngorms reconstruction was temperature
records and climate reconstructions from other regions in the UK and Europe.
More specifically, Milo§ compared the Cairngorms reconstruction against the
longest temperature record in the world (the Central England Temperature record);
Hughes’s 1984 Scottish reconstruction; a semi-qualitative temperature reconstruction
of Central England based on historical records and created by Hubert Lamb in
the 1960s; a Central European temperature reconstruction; an Alpine temperature
reconstruction; a Northern Scandinavia temperature reconstruction; a Central
Scandinavia temperature reconstruction, and a Pyrenees temperature reconstruction.
In the published paper (Rydval et al., 2017: 2962), Milo$ represented some of these
comparisons in a series of graphs and a table that summarised the intercorrelations
between all reconstructions (Figure 4.4).

The last form of comparability work carried out by Milo$ and Rob consisted
of comparing and triangulating the Cairngorms reconstruction against historical
and documentary evidence about extreme weather events in Scotland and major
global volcanic eruptions. They interpreted the similarities and differences in relation
to broader paleoclimatological debates about twentieth-century climatic change
trends. Specifically, paleoclimatologists are trying to ascertain the timing and
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Table 3 Correlation matrix of NCAIRN reconstruction and other
UK temperature records

NCAIRN ROC CET Luterbacher
1721-1969
ROC r=0.867 - - -
p<0.001
CET r=0.400 r=0418 - -

p<0001  P<0001

Luterbacher r=0.479 r=0.509 r=0.740 -
p<0001 p<0001 p<0.001

Hughes r=0.489 r=0.546 r=0.363 r=0.467
p<0001 p<0001 p<0.001 p<0.001

1659-2002

ROC r=0.786 - - -
p<0.001

CET r=0.367 r=0.400 - -

p<0001  p<0.001

Luterbacher r=0.441 r=0.519 r=0.760 =
p<0001 p<0.001 p<0.001

Gordon castle

1781-1827 r=0704 r=0.641 - -
p<0001  p<0.001

1879-1974 r=0.722 r=0.690 - -
p<0001  p<0.001

4.4b

4.4 Comparing the Cairngorms reconstruction against UK and European
reconstructions.

magnitude of two past climatic periods at various locations around the Northern
Hemisphere, which are used to contextualise recent global warming: a warm period
called ‘Medieval Warm Period’ (MWP), known to have lasted approximately from
950 to 1250 AD, and a cold period called the ‘Little Ice Age’ (LIA) spanning from
the sixteenth to the nineteenth century. In the article where they first published
the temperature reconstruction of Scotland (Rydval et al., 2017: 2957, 2960), Rob
and Milo$ listed the ten coldest and warmest reconstructed years and the five
warmest and coldest reconstructed decades in Scotland (referred to as “Table 2’
in the text below), and noted their coincidences with the MWP and the LIA periods
and volcanic eruptions by including in-text citations to published paleoclimate
literature that employed tree-rings, documents and instrumental data as sources
of evidence:

Considering the range of uncertainty, the recent warming is not unique with
2001-2010 representing the third warmest decade in the record (Table 2). Other
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notably warm reconstructed periods include two shorter periods (1280-1290 and
1300-1320) in the early part of the record, suggesting the possibility of previous
warmer conditions during the late Medieval. Other warm decadal periods, similar
to the present, are 1490-1510, 1370-1380 and 1730-1740. Despite containing
two of the warmest decades (Table 2), the interval around 1300 is associated with
considerable uncertainty and reduced replication. Furthermore, representation
of this period in the RCS [Regional Curve Standardisation] reconstruction versions
may potentially be biased by a concentrated period of recruitment around 1300.
However, historical records indicate that the 1280s were marked by climatically
favourable conditions with hot, dry summers, though the early 1300s were
characterised by deteriorating climate with poor harvests, famine and wet conditions
(Dawson 2009; Lamb 1964). It is therefore not clear to what extent this reconstructed
early fourteenth century warm period reflects actual climate and this period must
therefore be interpreted cautiously at this time.

The most evident extended cold period is centred on the seventeenth century
and extends from the late sixteenth until the early eighteenth century (although
this is also one of the periods of greatest uncertainty in the reconstruction). This
cold period coincides with the so-called Little Ice Age (LIA — Matthews and Briffa
2005) reported in historical and various proxy records from both the Northern
and Southern Hemispheres (Biintgen and Hellmann 2014; Neukom et al. 2014)
and described as a period of deteriorating climate in Scotland after ~1550 (Lamb
1964). Three of the five coldest reconstructed decades (1631-1640, 1661-1670
and 1691-1700) occurred in the seventeenth century with the 1690s representing
the coldest decade in the record (Table 2).The period (~1693-1700) was marked
by exceptionally cold and wet summers with widespread famine in Scotland,
failed or delayed harvests and southward expansion of sea ice in the northern
North Atlantic, coinciding with the effects of volcanic eruptions including the
Mt Hekla eruption in 1693 and an unidentified event in 1695 (Dawson 2009;
Lamb 1964; Plummer et al. 2012).

In January 2017, Rob and Milo§ eventually published the North Cairngorms
(NCAIRN) reconstruction in an article called ‘Reconstructing 800 years of summer
temperatures in Scotland from tree rings’ (Rydval et al., 2017) in the journal Climate
Dynamics (the impact factor of which in 2019 was 3.774 and, according to Journal
Citation Reports, 2009, ranked eighth in the list of top 20 journals on climate
change). The final temperature reconstruction (Figure 0.1) included two versions.
Version ‘A’ was the ‘unfiltered’ version of the reconstruction containing all types of
climatic trends and frequencies. Version ‘B’ was a ‘low-pass filtered’ version, which
excluded inter-annual and decadal trends (high-frequency temperature changes)
and kept centennial, longer-term temperature changes related to climatic trends.
As the article abstract below explains, the final reconstruction had good calibration
and verification statistics (the reconstructed temperature values resembled 56.4 per
cent of the instrumental data), which were complemented by generally positive
results from all the comparability work that Rob and Milo$ had carried out:

This study presents a summer temperature reconstruction using Scots pine tree-ring
chronologies for Scotland allowing the placement of current regional temperature
changes in a longer-term context. ‘Living tree’ chronologies were extended using
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‘subfossil’ samples extracted from near shore lake sediments resulting in a composite
chronology >800 years in length. The North Cairngorms (NCAIRN) reconstruction
was developed from a set of composite blue intensity high-pass and ring-width
low-pass filtered chronologies with a range of detrending and disturbance correction
procedures. Calibration against July-August mean temperature explains 56.4%
of the instrumental data variance over 1866-2009 and is well verified. Spatial
correlations reveal strong coherence with temperatures over the British Isles, parts
of western Europe, southern Scandinavia and northern parts of the Iberian
Peninsula. NCAIRN suggests that the recent summer-time warming in Scotland
is likely not unique when compared to multi-decadal warm periods observed in
the 1300s, 1500s, and 1730s, although trends before the mid-sixteenth century
should be interpreted with some caution due to greater uncertainty. Prominent
cold periods were identified from the sixteenth century until the early 1800s -
agreeing with the so-called Little Ice Age observed in other tree-ring reconstructions
from Europe - with the 1690s identified as the coldest decade in the record. The
reconstruction shows a significant cooling response 1 year following volcanic
eruptions although this result is sensitive to the datasets used to identify such
events. In fact, the extreme cold (and warm) years observed in NCAIRN appear
more related to internal forcing of the summer North Atlantic Oscillation.

Conclusion

This chapter has detailed the practice of deriving information about past temperature
in Scotland from cleaned tree-ring data. The reconstruction of past climates, as I see
it, is analogous to the restoration of buildings, mosaics, paintings, manuscripts, old
languages and past events. As the social historian Peter Burke (2012: 58) explains,
in such cases of restoration, ‘much information comes in fragments, and part of the
process of the production of knowledge consists in fitting those fragments together
as if in a jigsaw puzzle. Such reconstruction or restoration requires knowledge, but it
also provides knowledge’ In this way, Burke exemplifies his argument with the case
of the German philologist August Schleicher who examined words in present-day
Indo-European languages (Germanic, Romanic, Celtic, Slavic, etc.) in order to
arrive at their common ancestor, which Schleicher called ‘Proto-Indo European’ The
fitting together of fragments of the Assyrian tablets and the restoration of mosaics
from ancient Roman villas are also reminiscent of the jigsaw metaphor used by
Burke. Similarly, as shown in this chapter, the reconstruction of the past climate
of Scotland involved working backwards, as in a regress, generating knowledge
of a past phenomenon (climate) from the assemblage of present-day evidence
(tree-ring data).

The metaphorical description of the work of reconstructing past temperature
as a puzzle-solving activity is fitting insofar as, like the assemblage of jigsaws,
climate reconstructions are recognised to operate within a system of rules. To solve
a jigsaw puzzle is not, for example, to assemble any pieces together and create a
random picture. The rules of piecing together a jigsaw puzzle involve interlocking
all the pieces, without forcing them, in order to reproduce the cover picture on
the puzzle’s box. Similarly, reconstructing climate, as shown in this chapter, was
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not about randomly choosing any climate variable and months of reconstruction.
Instead, the rules of reconstructing climate in Scotland involved choosing the most
‘limiting’ climate variable to tree growth and the target season that ‘maximises’
the climate signal.

Importantly, the ‘rules of play’ establishing the adequate resolution of a puzzle
or a tree-ring-based climate reconstruction also provide widely admissible problem-
solutions or ‘moves. For instance, the puzzle-solver is allowed to group the jigsaw
pieces by colour, and Rob and Milo$ could take into account useful precedents
like Hughes’s reconstruction in order to choose the climate variable (temperature)
and the target season (July—August). The historian of science Thomas Kuhn (1970
[1962]: 42) - who also used the analogy with puzzles to describe ordinary scientific
practice — referred to these accepted solutions as ‘paradigms’ or ‘strong network
of commitments, which one acquires by virtue of being a member of a community.
He explained:

The existence of this strong network of commitments - conceptual, theoretical,
instrumental, and methodological - is a principal source of the metaphor that
relates normal science to puzzle-solving. Because it provides rules that tell the
practitioner of a mature specialty what both the world and his science are like,
he can concentrate with assurance upon the esoteric problems that these rules
and existing knowledge define for him. What then personally challenges him is
how to bring the residual puzzle to a solution. In these and other respects, a discus-
sion of puzzles and of rules illuminates the nature of normal scientific practice.

Another revealing aspect of the parallelism between resolving puzzles and
reconstructing past climates is that the resolution of such tasks is modelled on
available solutions but is not resolved entirely by them. To resolve a puzzle for
the first time, the neophyte might draw upon his or her knowledge of similar
games like chess, but this familiarity will not suffice because puzzle-solutions are
different from chess-solutions. The more experienced puzzle-solver will draw on
conventional ‘moves’ such as grouping the pieces by colour, starting the puzzle
from the edges and so on, but resolving a new puzzle of 3,000 pieces will always
require some ingenuity. Likewise, the strategy of trained variation and natural
selection that Rob and Milo§ employed to resolve the problem of reconstruct-
ing the climate in Scotland partly drew upon an accepted precedent (Hughes’s
reconstruction) but also required an ingenious solution for choosing the ‘best’
reconstruction (the combo approach). The existing approach (‘Esperism’) did not
automatically resolve, in Rob’s eyes, the challenge of having a more ‘objective’ selective
method. Rob’s role, as an experienced dendroclimatologist or puzzle-solver, was
precisely to point out the inadequacies of existing solutions and suggest a new way
forward.

The analogy with puzzles is misleading, however, if we think that the temperature
reconstruction of Scotland was independently validated by calibration and verification
statistics, like when a puzzle is completed by comparing it with the cover picture
on the box. Precisely, Hughes’s question to Milo$ during the Melbourne conference
about the problem of multiplicity, as I interpret it, was a warning against naively

printed on 2/13/2023 7:33 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

Reconstruction 97

accepting a certain quantitative threshold as sufficient evidence of the accuracy of
climate reconstructions. Hughes’s insistence on using ‘independent’ datasets, and
the multiple forms of comparability work carried out by Milo$ and Rob, point to
the importance they gave to forms of evidence and reasoning other than statistical
in interpreting the validity of reconstructions. By triangulating different paleoclimate
data about extreme climatic years and periods (from tree-rings, documents and
instrumental data), Rob and Milo§ effectively mobilised different bodies of pale-
oclimatological knowledge for the purpose of validating the reconstruction from
Scotland (see Sturdy, 2007 for an example of triangulating practices in medicine).
In a way, the broader community of paleoclimatology to which Milo$ and Rob
belonged became implicated in the verification of the climate reconstruction of
Scotland.

The work of reconstruction described in this chapter illustrates, more broadly,
how new scientific knowledge (including epistemographic knowledge; see Box 7)
develops from existing knowledge by way of analogy and induction. In the words
of the sociologist Barry Barnes (1982: 52), ‘By seeing the unknown in terms of a
known problem-solution, inductive inference is possible: variables in the unknown
situation are calculated by assuming that it behaves analogously to a known one.
Thus science proceeds by analogy and induction, with the former licensing the
latter. Where analogy is perceived, expectation is projected. This view of knowledge
formation is called ‘finitism; the core perception of which, as Barnes (1982: 30)
explains, is that ‘proper usage [of a concept] is developed step by step, in processes
involving successions of on-the-spot judgements. Every instance of use, or of proper
use, of a concept must in the last analysis be accounted for separately, by reference
to specific, local, contingent determinants. According to finitism, the meaning of
concepts is open-ended because concepts have been employed a finite number of
times (hence its name), and when individuals encounter a new item they have to
negotiate whether this item is sufficiently similar to the previous items classified
using that concept. For instance, consider the term ‘murder, and how existing
cases defined as ‘murder’ do not suffice for all possible applications of the term in
the present, which is why there are still debates about whether ‘murder’ includes
the killing of enemy soldiers, human foetuses, animals or terminally ill people
who have expressed a wish to be helped to die (Hatherly et al., 2008: 7).

Analogously, climate reconstructions are finite epistemic objects, because, as
dendroclimatologists know very well, they are likely to be revised as new tree-ring
data are generated. In dendroclimatology, the cognitive and material framework
that enables analogies between known present climate (in the calibration/verification
periods) and unknown past climate (beyond meteorological records) is the statistical
method of linear regression and the ‘principle of uniformitarianism, which, as one
textbook author admits, is a necessary ‘productive starting point’ in creating tree-ring
based climate reconstructions. The role of imaginings, aspirations and expectations
in science should, therefore, not be underestimated. Scholars from so-called
‘expectation studies’ (Borup et al., 2006: 293) have argued that ‘expectations play
a central role in science and technology not least because they mediate across
boundaries between different scales, levels, times and communities.
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Precisely, the way dendroclimatologists employ uniformitarianism as a hopeful
‘productive starting point’ serves the purpose of binding claims about present,
past and future climate change. As Skrydstrup (2017) argues, paleoclimatology is
also concerned with foretelling the future, as it seeks to reconstruct past climates
in order to anticipate future climate scenarios (a form of reasoning that he aptly
calls ‘analogue anticipation’). In this way, historical reconstructions of climate
become analogues or puzzle-solutions against which model simulations of future
climate are evaluated. As the author of one of the main paleoclimatology textbook
explains (Bradley, 1999: 1), ‘Paleoclimate data provides the basis for testing hypotheses
about the causes of climate change. Only when the causes of past climatic fluctuations
are understood will it be possible to fully anticipate or forecast climatic variations
in the future’ As a twist to the uniformitarianism slogan attributed to James Hutton
(‘the present is the key to the past’), I would argue that the work of climate recon-
structions is, therefore, sustained on the hope that ‘the past is the key to the present
and the future’

The conclusion that knowledge about historical climates proceeds analogically
and creatively is important for public debates about the formation and nature of
scientific consensus. The public’s notion of scientific consensus (including scientists’
own views) can be characterised with the metaphor of the ‘wall of bricks, which
suggests that scientific knowledge (the wall or the whole building) is built up in
small incremental additions of new truths to the stock of old truths (new bricks
on old bricks) by many individuals and groups over time (Altman, 2012). The
metaphor of the wall of bricks was behind many of the responses of climate scientists
after the hacking of the climate science emails. For example, some of the authors
of the 2008 IPCC report rebuffed the allegations of misconduct in the IPCC peer-
review process by depicting consensus-building as a matter of piling up results:
“The body of evidence is the result of the careful and painstaking work of hundreds
of scientists worldwide. The internal consistency from multiple lines of evidence
strongly supports the work of the scientific community, including those individuals
singled out in these email exchanges’ (Revkin, 2009).

At the core of the wall of bricks metaphor there is the assumption that scientific
consensus results from the accumulation of papers, datasets and multiple forms
of evidence. Surveys attempting to measure the level of scientific consensus concern-
ing climate change from the analysis of article abstracts typically espouse this
accumulative view of knowledge (see Bray, 2010 for a review of such studies).
According to the ‘wall of bricks metaphor’, once the consensus has been painstakingly
built, only very ingenious and brave scientists can tear it down. This is why in a
letter signed by 225 climate scientists after the hacking of climate science emails,
the theory of global warming was equated to ‘well established’ theories and ‘facts’
such as the theory of evolution, the Big Bang theory and the theory of the origin
of Earth: ‘Even as these [theories] are overwhelmingly accepted by the scientific
community, fame still awaits anyone who could show these theories to be wrong.
Climate change now falls into this category’ (The Guardian, 2010a).

In contrast to the popular view of scientific consensus as a solid and progressive
approximation to an ultimate truth, this chapter suggests an alternative view of
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consensus as an elusive achievement, always in process of formation in talk, labour
and sociality spaces participated in by relatively small communities of experts who
tentatively agree that existing problem-solutions (theories, methods, datasets)
resolve, partially or totally, new problems. We should accept that scientific facts
have a transient rather than an absolute character, otherwise we will reach the
self-defeating sceptical conclusion that scientists cannot know at all, as many past
scientific theories have now been dismissed and present theories will likely be
abandoned or reformulated in the future. How can we explain the emergence and
potential resolution of a research problem like the ‘divergence problemy’ or the
abandonment of the theory of global cooling — which predicted a twentieth-century
cooling of the Earth’s surface - if not by accepting the dynamic nature of scientific
knowledge? If Rob and Milos were uncertain about the magnitude of recent climate
change in Scotland given all the paleoclimate evidence, why would we ask them
to provide more definitive conclusions? If one misunderstands scientific consensus
as a matter of progressively achieving unanimity in a group, how can one not
perceive the normal to and fro between scientists like Rob and Jan Esper with
regards to the choice of the ‘best’ temperature reconstruction as a challenge to
knowledge? If we lump climate scientists into two polarised groups (those who
agree with the ‘consensus position’ of the IPCC and those who disagree), where
do Rob and Milo§s nuanced findings fit in? Given the specialisation and fragmenta-
tion in climate research (Weart, 2018), why are we surprised about the existence
of conflicting perspectives in the study of climate?

Some might legitimately worry that the alternative image I propose of scientific
consensus might hinder political action on climate change. The relevant literature,
however, shows that the degree of scientific consensus about an issue often has
little influence on policy action (Pearce et al., 2017; Sarewitz, 2004). If we understand
that the relationship between science and policy is not linear, it will be easier to
accept that scientific disagreements and uncertainties do not inherently harm the
authority of science and policy (in fact, as Shackley and Wynne, 1996 show, it can
lead to quite the contrary).
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Rob and Milo$ produced the temperature reconstruction of Scotland against the
background of a scientific controversy. This discussion originated when Michael
E. Mann (mentioned in the preface), Jose D. Fuentes and Scott D. Rutherford
(hereafter ‘Mann et al. (2012)’) published an article in February 2012 in the journal
Nature Geoscience formulating the ‘missing-ring hypothesis. Essentially, this
hypothesis explained the supposed problems that Mann et al. (2012) had identified
in a Northern Hemisphere temperature reconstruction that Rob had co-authored
with Professor Rosanne D’Arrigo and Professor Gordon Jacoby (this reconstruction
is abbreviated using the initials of the authors’ surnames and the year of publication:
‘DWJ06’; D'Arrigo et al., 2006).

Throughout my fieldwork, Rob and Milo$ implicitly referred to this controversy
by naming, often sarcastically, the lead author of Mann et al. (2012) (see Box 9).
For instance, while sampling a lake during my first fieldwork expedition in August
2012, Rob told me, “You see? This is the difference between people like Mann who
sit at a desk and use archived tree-ring data to formulate stupid hypotheses, and
those like us who create the data’ Likewise, Rob occasionally mocked the fact that
Mann posed in his university website with wood samples, ‘I doubt Mann has ever
done any sampling or crossdating’ As a lead author of DWJ06, Rob became the
corresponding author in responding to Mann et al. (2012). However, because Rob
had employed tree-ring data from other colleagues to generate DWJ06 (see Chapter
2 on the dendrochronological practice of creating tree-ring chronologies) the
controversy eventually involved the broader community of dendroclimatology.

Box 9
Dealing with ‘missing out’ syndrome

As Rob kept mentioning Mann’s name at different times during my fieldwork
I slowly realised that I was ‘missing out’ on the opportunity of generating
data on something important that was happening while I was busy investigating
something else (see Reynolds, 2017 for further reflection on the feelings of
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‘missing out’ widely shared among ethnographers). When I first heard Rob
talking about Mann in August 2012, I had just started my research and I
did not know who Mann was. I wrote down Rob’s ironic comment in my
field notes nonetheless, because I realised it was important to him, and I
placed a question mark next to Rob’s words. At the time, I was struggling
to understand what was going on in the fieldwork expeditions at the Scottish
Highlands, and I did not follow up Robs comment about Mann. As my
research progressed, I heard Rob and Milo§ occasionally referring to Mann,
but, again, I was studying other aspects of their work and I just made a note
of it. As I could not follow the controversy as it was happening, I asked Rob
to ‘keep me updated. For instance, I learnt about Montford’s incendiary blog
post because Rob told me about it. Similarly, I was able to keep up with the
numerous articles that dendroclimatologists published in response to Mann
et al. (2012) thanks to Rob’s help and my own follow-up research of journal
articles, online forums and blogs.

My approach to the reconstruction of the ‘missing ring’ controversy is
exemplary of the way I dealt with the difficulty of researching simultaneous
phenomena. ‘Fieldwork] ‘dendrochronology;, ‘standardisation’ and ‘reconstruc-
tion’ were concurrent epistemic practices, in the sense that the decisions
that Rob and Milo$ made at certain stages were conditioned by their knowledge
of problems at later stages. For instance, Rob’s decision to focus the 2014
fieldwork expedition on producing more subfossil samples was driven by
the problem of ‘low replication” he had encountered earlier while crossdating
chronologies. Likewise, Rob and Milos’s decision to use the tree-ring data
from the East of Scotland (the Cairngorms) for the reconstruction was
motivated by their previous discovery of disturbance in the broader dataset.
My realisation of the interlinkages between practices emerged over time, as
I researched and wrote about such practices linearly and fragmentally, and
I managed to get a sense of the overall circle of epistemic work.

I organised my fieldwork akin to what Jeffrey and Troman (2004: 538)
describe as ‘a compressed time mode, which in my case involved generating
successive and time-limited observations of practices and feeding back ideas
which, only in retrospect, became intelligible. For instance, when I spent a
few months studying the work of dendrochronology (because I saw that
Milos was focused on doing such work), I was able to understand, and wrote
down, comments that Milo§ made about fieldwork, which was the only
practice I had previously studied (for instance, I noted that Milo$ often
complained of twisted cores that came out of bad fieldwork). Similarly, when
I attended the conference in Melbourne to generate data about the last stage
of the reconstruction (Rob and Milo$ had attended this conference specifically
to present the reconstruction), I was also attentive to any supplementary
observations I could generate about the previous practices (for instance, that
Milos won the prize for his standardisation work).
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Michael E. Mann is currently a Distinguished Professor of Atmospheric Sciences
at Pennsylvania State University, and is well known in paleoclimatology and broader
circles of science as the creator of the so-called ‘hockey-stick graph; a reconstruction
of the average Northern Hemisphere temperature over the past 1,000 years that
shows a slow cooling trend to 1900 (the hockey-sticK’s ‘shaft’) followed by a sharp
increase of temperatures in the late twentieth century (the ‘blade’ portion of the
stick). Mann co-authored the paper about the hockey-stick graph with Raymond
Bradley, the author of the main paleoclimatology textbook, and Malcolm Hughes,
the creator of the first Scottish reconstruction (Mann et al., 1998).

The hockey-stick graph became an icon of twentieth-century global warming
when the IPCC included it in the 2001 Summary for Policy-makers, and Mann
became a highly popular and prolific scientist. Besides publishing more than 200
peer-reviewed papers, he has written four books on climate science, the latest of
which is a children’s book. He has also been awarded numerous prizes; most
significantly, the 2007 Nobel Peace Prize, which was jointly awarded to the former
US vice-president Al Gore Jr and to thousands of experts that had participated in
the IPCC reports (including Mann himself). Mann is also an influential public
figure, both in the US and around the world: he has been asked to testify twice in
the US Congress; has written numerous op-eds and commentaries; has been invited
to give various ‘public outreach’ talks’; is the co-creator of a popular science blog
(‘Real Climate’), and, at the time of writing this text (September 2018), has more
than 70,000 Twitter followers. As a result of his popularity, Mann’s work has also
been the focus of intense public criticism, as he recounts in his autobiographical
book The Hockey Stick and the Climate Wars: Dispatches from the Front Lines
(Mann, 2012).

In their controversial article ‘Underestimation of volcanic cooling in tree-ring
based reconstructions of hemispheric temperatures, Mann et al. (2012) inferred
the existence of missing rings in the tree-ring chronologies that Rob had used to
create DWJ06 by noting a ‘glaring inconsistency’ between DWJ06 and a model-based
climate prediction of past volcanic cooling. Mann et al. (2012) had used two climate
models (a coupled ocean-atmosphere general circulation model and an energy-
balance climate model) to simulate the temperatures after four volcanic eruptions
known to have occurred in 1258, 1452, 1809 and 1815. Mann et al. (2012: 203)
reported that ‘Both models predict a drop of 2° Celsius following the 1258/1259
eruption, whereas the reconstruction [DWJ06] shows a decrease of only 0.6° Celsius.
A similar pattern holds for the two other largest eruptions’

Crucially, Mann et al. (2012) attributed the mismatch to a deficiency in
DW]J06 rather than in the climate models. They explained, ‘Given their success
in reproducing volcanic cooling events of the historical era, we might expect
the models’ predictions for previous centuries to be similarly reliable’ (Mann et
al., 2012: 202). In other words, as climate models were deemed to simulate the
Krakatau 1883 volcanic cooling recorded by thermometers better than DWJ06,
Mann et al. (2012) assumed that DWJ06 had also ‘underestimated” the previous
past volcanic coolings in 1258 and 1452. Crucially, this conclusion relied entirely
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on two assumptions (that instrumental data are the ‘golden standard’ and that
the principle of uniformitarianism upholds) which, as seen in Chapter 4, also
underlined the creation of the tree-ring-based temperature reconstructions of
Scotland.

Mann et al. (2012) employed a variant of the same tree-growth model (VS) that
Rob and Milo$ had previously used to confirm the existence of disturbance in the
Scottish dataset (Chapter 3). Mann et al. (2012) used the VS model to generate
hypothetical evidence of missing rings in DWJ06; they generated modelled chronolo-
gies that represented the effect of volcanic cooling on trees growing at Northern
latitudes. Mann et al. (2012) offered a physiological explanation of their hypothesis:
the volcanic particles released into the air blocked some sunlight, causing cooling
and a diffuse light at the surface, which in turn caused trees at the Northern
Hemisphere to stop growing and to produce missing rings for the years after the
volcanic eruptions. Accordingly, Mann et al. (2012) adjusted the original parameters
to the growth conditions after a volcanic eruption in the same way that Milo$ had
adjusted the VS-Lite parameters to the wet conditions in Scotland. For instance,
Mann et al. (2012) established that any tree-ring that the VS produced for periods
of growth below 26 days could be interpreted as a missing ring. Yet, Mann et al.
(2012: 202) claimed, rather controversially, ‘Our findings are insensitive to the
precise details of the growth model’

The epistemological conundrum that dendroclimatologists, and Rob in particular,
faced was to deal with a relatively close colleague who challenged fundamental
claims and practices of their community. Specifically, Mann et al. (2012) raised
doubts about the practice of purposively sampling certain areas and about the
possibility that samples from the Northern Hemisphere could be systematically
biased as they could underestimate volcanic cooling. Likewise, Mann et al. (2012)
suggested that dendrochronologists could not detect missing tree-rings with the
method of crossdating, and hence could not produce properly dated tree-ring
chronologies. Finally, the missing-ring hypothesis also raised questions about the
reliability of extrapolating information about past climate from tree-ring data given
that certain tree-ring chronologies would not reflect volcanic cooling as estimated
by climate models. In this chapter I explain Rob’s active role in publicly defending
and securing support and acceptance - first from his close community of colleagues
and later from members of the blogosphere - of tree-ring-based climate reconstruc-
tions (including the Scottish one) as accurate accounts of historical changes in
climate.

The ‘community’ responds

Rob became particularly implicated in galvanising his colleagues to write what he
referred to as the ‘community response’. From Rob’s perspective, the missing-rings
hypothesis did not only challenge his work but also all Northern Hemisphere
reconstructions and the entire field of dendrochronology. Shortly after Mann wrote
a post in his blog ‘Real Climate’ announcing the publication of Mann et al. (2012),
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Rob wrote a comment (Wilson, 2012b) on behalf of twelve people whose forenames
he included (possibly indicating that Mann knew them personally):

Dear Mike,
Your paper has certainly generated a lot of discussion over the last few days
between some dendroclimatologists.

You would appreciate that we are somewhat sceptical of your hypothesis and
analyses and are drafting an appropriate measured response to your work.

With kind regards,
Rob, Rosanne, Ed, Kevin, Keith, Tom, Jan, Dave, Ulf, Brian, Hakan and Paul

After a few email exchanges, Rob eventually gathered a total of twenty-three
signatories, most of whom he knew personally and had previously worked with
on tree-ring-based climate reconstructions from the Northern Hemisphere. More
specifically, Rob had co-authored papers with twelve out of the total twenty-three
signatories (Kevin J. Anchukaitis, Keith Briffa, Ulf Biintgen, Edward Cook, Rosanne
D’Arrigo, Jan Esper, David Frank, Bjérn E. Gunnarson, Malcolm Hughes, Paul
Krusié, Brian Luckman and Thomas M. Melvin), and four of them were involved,
directly or indirectly, in the Scottish Pine Project (Kevin Anchukaitis, Edward
Cook, Bjorn Gunnarson and Malcolm Hughes). The twenty-three co-authors were
all based at universities in North America and Europe (the United States, the
United Kingdom, Canada, Germany, Austria and Russia). The list included four
women (see Copenheaver et al., 2010 for an analysis of the gender co-authoring
practices in dendroclimatology) and three of the five most cited dendroclimatologists
(Edward Cook, Kevin Anchukaitis and Eugene Vaganov) according to Google
Scholar (2019). After a peer-review process that Rob qualified as ‘unduly long,
their response was published online on 25 November 2012 - nine months after
Mann et al. (2012) - in Nature Geoscience, with the title “Tree rings and volcanic
cooling’ (hereafter ‘Anchukaitis et al. (2012)’).

Anchukaitis et al. (2012) disputed the missing-ring hypothesis on three grounds.
First, Anchukaitis et al. (2012) accused Mann et al. (2012) of selecting ‘arbitrary’ and
‘unrealistic’ parameters in the VS model. Among other problems, they emphasised,
‘Mann and colleagues arbitrarily and without justification require 26 days with
temperatures above their unrealistic threshold for ring formation ... These assump-
tions all bias Mann and colleagues’ tree-growth model results towards erroneously
producing missing tree rings’ (Anchukaitis et al., 2012: 836). As Milo$ pointed
out to me, this criticism was invested with extraordinary authority as the crea-
tors of the VS model (Vaganov-Shashkin) were among the co-authors and ‘they
know what they are talking about’ Secondly, Anchukaitis et al. (2012) criticised
Mann et al. (2012) for not considering the possibility that climate models were
to blame for the mismatch with instrumental data. They cited a few uncertainties
of climate models, noting that ‘the timing and magnitude of cooling in climate
model simulations is uncertain; which they regarded as evidence that ‘an alternative
hypothesis of an overestimation of volcanically induced cooling in the simulations
cannot be ruled out’ (Anchukaitis et al., 2012: 837). Finally, Anchukaitis et al.
(2012: 836) criticised Mann et al. (2012) for ‘a lack of any empirical evidence
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of misdating errors in tree-ring chronologies. Instead, Anchukaitis et al. (2012)
provided ‘empirical evidence’ that tree-ring data were accurately dated by creat-
ing a graph that showed a synchronicity between an ‘independently-produced’
tree-ring density chronology for the Northern Hemisphere — which had not been
used in DWJ06 - and the timing of explosive volcanic eruptions as recorded by
thermometers (see Chapter 4 for a similar credibility strategy of comparing against
‘independent’ tree-ring chronologies).

On the same day that Anchukaitis et al. (2012) was published online, Rob sent
a message to the members of a public online forum, the ‘International Dendro-
chronology Discussion list (ITRDBFOR), announcing its publication. Rob presented
the implications of the missing-tree-rings hypothesis as a matter of concern not
only to dendroclimatologists, but also to the entire community of dendrochronolo-
gists as “Their main hypothesis was that there was a temporary cessation of tree
growth (i.e. missing rings for all trees) at some sites near the temperature limit
for growth. This implies Dendrochronology’s inability to detect missing rings’
(Wilson, 2012c¢). In response, a member of the online forum ironically asked, “A
temporary cessation of tree growth” resulting in no rings for all trees? Now this
is a hypothesis that I am willing to bet good money has no empirical support since
studies of trees began 200 years or so ago. Speculation this bold could give den-
drochronologists a bad name’ (Lanner, 2012). In response to this latter message,
Malcolm Hughes added that ‘No dendrochronologists were involved in the offending
Mann et al 2012 paper. What Rob described was the response of a number of us
to some of the multiple flaws in the original paper’ (Hughes, 2012).

As the online dendrochronology forum was and still is publicly accessible,
bloggers immediately reported on the publication of Anchukaitis et al. (2012) and
speculated about the nature of such controversy. The creator of the blog “Watts
Up With That?” wrote the post ‘Dendros stick it to the Mann’ and noted that a
couple of dendroclimatologists who had previously worked with Mann were now
among the twenty-three signatories: ‘What is most interesting is that Hughes and
Briffa are co-authors of the response to Mann’ (Watts, 2012). Similarly, Andrew
Montford, the blogger with whom Rob had occasionally collaborated (Chapter
3) also wrote a post with the title ‘Lonely Old Mann’ and commented, “The list of
authors of the new paper is very long. Almost looks like they are ganging up on
him.;-)” (Montford, 2012).

In response to Montford’s post, Rob wrote a blog comment where he sought
to clarify his disagreement with Mann. He lamented that Mann had ‘wasted a lot
of time for many people’ as Mann had not discussed his hypothesis with some
of his dendrochronology colleagues nor looked at ‘some real tree-ring data to
learn what “crossdating” is’ In Rob’s own words: ‘Mann’s major flaw was to see
something in his model which did not agree with “nature” and assumed that there
must be something wrong with nature. Alas, if he had taken the trouble either
(1) to speak to some of his dendrochronological colleagues or (2) look at some
real tree-ring data to learn what “crossdating” is, he would have quickly realised
that his hypothesis was wrong and would not have wasted a lot of time for many
people’ (Wilson, 2012a).
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The online controversy

In October 2013, almost a year after Anchukaitis et al. (2012) was published, Rob
became embroiled in an online discussion that started after Montford reported in
his blog ‘Bishop Hill’ on Rob’s lecture on millennial temperature reconstructions
to which Montford had been invited. Montford started his post published on the
21" of October by introducing Rob: As readers here know, Rob is no kind of a
sceptic (a point he repeated over lunch), but on the northern hemisphere paleo
studies his position is not a million miles away from mine. In places our positions
are identical, as you will see! Montford followed by describing Rob’s lecture as a
dire criticism of Mann’s work: “The real fireworks came when Mann’s latest papers,
which hypothesise that tree ring proxies have large numbers of missing rings after
major volcanic eruptions, were described as “a crock of xxxx [shit]” (Montford,
2013). In a few hours, Montford’s blog post triggered dozens of comments. Mann
also reported on it in Twitter (Figure 5.1), first seemingly accusing Rob of being
a ‘climate denier’ (Mann deleted this tweet) and then accusing him instead of ‘not
be[ing] a climate denier but play[ing] a contrarian role in debate’ (Mann, 2013a)
and asking him to ‘disavow’ Montford’s blog post (Mann, 2013b).

Mann’s tweets about Rob triggered some reactions in social media, particularly
from ‘Bishop Hill’ readers, who largely praised Rob. One blog reader expressed
‘Huge Respect to Rob’ (flaxdoctor, 21 October 2013, 9.40am); another reader stated
that ‘My own view is that you [Rob] have done climate science a major service,
as have Curry and few others, by being prepared to take an independent line and
consider critically the meanings and implications of the research that has been
done and probably is still in train’ (mikejackson, 21 October, 5.07pm); another
one thanked Rob ‘“for being willing to vet this post for our host, taking the time
to comment here and especially for making the relevant literature more accessible’
(frank, 21 October 2013, 0.07pm); and one last criticised Mann’s characterisation
of Rob as a ‘climate change denier’ as ‘Mann’s tweet just reveals openly what has
long been his working assumption. To Mann, a “skeptic” is anyone who doesn’t
accept his work uncritically, and a “denier” is anyone who actually disagrees with
him’ (McKitrick, 2013). Among those who tweeted in support of Rob there was
a British computer modeller and a popular climate science communicator who,
in reference to Mann’s deleted tweet, asked him: ‘[Y]ou are seriously calling Rob
a denier for criticising your work, M? That’s pretty strong to call a prof climate
colleague’ (Edwards, 2013) and a dendrochronologist who tweeted ‘Rob Wilson
(U St. Andrew’s) is a fine dendrochronologist and paleoclimatologist, a thoughtful
scientist, and 100% not a “climate denier” (St George, 2013).

Rob’s participation in Montford’s blog also raised some concerns by participants
in social media. The author of the blog ‘...and Then There’s Physics’ (2013) criticised
Rob for ‘engaging in contrarian sites’ and ‘doing so in a way that ultimately just
seems to provide more ammunition for them to then use to undermine the scientific
evidence, and one blog reader asked Rob ‘to disassociate himself with the BH
[Bishop Hill] blog, unless it clarifies its position’ (toby52, 26 October 2013, 1:44pm).
In Twitter, the director of the NASA Goddard Institute for Space Studies and
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5.1 Mann’s online response to Rob entrenched the controversy even more.

co-editor with Mann of the blog ‘RealClimate;, implicitly criticised Rob when he
wrote, ‘Science is not linear. Interesting ideas can be proposed & challenged (w/o
anyone’s work being a “crock”). Leads to deeper understanding’ (Schmidt, 2013).

On the same day that Montford’s blog was posted, Rob wrote a comment where
he clarified that ‘my 2hour lecture was ... not focussed entirely on Michael Mann’s

EBSCChost - printed on 2/13/2023 7:33 AMvia . All use subject to https://ww. ebsco.coniterms-of -use



108 Into the woods

work’ and insisted that ‘[although] the “crock of xxxx” statement was ... rather
flippant, I stand by it The comment also included a list of thirteen open-source
articles thematically classified by ‘Northern Hemisphere-related papers’ and ‘Missing
tree-rings and major volcanic events’ (Wilson, 2013):

Although I vetted Andrew’s post, I want to clarify that my 2 hour lecture was, I
hope, a critical look at all of the northern hemispheric reconstructions of past
temperature to date. It was not focussed entirely on Michael Mann’s work. I
described each of the major studies and tried to highlight both their strengths
and weaknesses - they all have some useful information but it is important to
understand the limitations of the studies as well. Of course Mann’s work was
mentioned as several of his papers have been so prominent over the last 15 years
but I actually spent substantially more time taking apart the D’Arrigo et al. (2006)
study on which I did much of the analysis.

This was a session where I wanted the students to critically look at the different
studies and specifically address what we can learn from them and how the science
can move on over the next decade. Such large scale reconstructions are critically
important for understanding the controls on large climate variability, but as yet,
due to great uncertainties and large differences in reconstructed amplitude, they
are not yet very useful at constraining modelled estimates of future temperature
change.

Bar some personal comments, much of what I said is published (see papers
below) and is in the public domain.

Lastly, the ‘crock of xxxx” statement was focussed entirely on recent work by
Michael Mann w.r.t. hypothesised missing rings in tree-ring records (a whole
bunch of papers listed below). Although a rather flippant statement, I stand by
it and Mann is well aware of my criticisms (privately and through the peer reviewed
literature) of his recent work.

The twitter and blog spats continued for a few days (the last comment on Montford’s
blog was on 26 October). A cartoonist, who published regularly on Montford’s
blog and is the creator of the ‘Climate Skeptics Calendar’ created a cartoon that
drew upon Rob’s ‘crock of xxxx’ statement to criticise Mann’s previous work on
the ‘hockey-stick graph’ (Josh 241 (2013)). Rob followed the online exchanges
closely and told me he felt somewhat ‘anxious’ about the possibility that Mann
could ostracise him from the community of climate scientists, as ‘Mann is a very
influential scientist’ (at that point I was also worried that my research could also
make this conflict worse, see Box 10). Rob was also disappointed about the fact
that he had received one email from Mann saying that he considered his professional
and personal relationship with Rob finished. “The sad thing is that I've never got
to meet Mike and talk about all this with him} Rob lamented.

Box 10
Is this epistemography objective and useful?

I was and I am still concerned that my analysis of the controversy over the
missing-ring hypothesis could be discredited for being biased and supportive
of Rob and dendroclimatologists (this concern is well founded, as other
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epistemographers have become ‘captives’ in controversies; see Collins, 1996;
Scott et al., 1990). My analysis of the controversy is inevitably partial because
my sources of data have been filtered by Rob (Box 9). Likewise, my analysis
is certainly one-sided, as I portray this controversy from the point of view
of Rob and his colleagues. Portraying Mann's or Montford’s positions accurately
would have required conducting an in-depth study of paleomodelling or the
blogosphere similar to the one I did about dendroclimatology (an option
that I discarded not only because I lacked time, but also because, given my
friendship with Rob, I doubt I could have ever gained Mann’s trust).

As I see it, the unavoidable partiality of my research can hardly be criticised.
Analysing the controversy from a ‘view from nowhere’ — which does not
report on any particular position — or a ‘view from everywhere’ - which
reports on all the positions — was impossible, and therefore I believe it is
unfair to assess the objectivity of my analysis on such unviable standards.
As an alternative, I offer a new criterion for evaluating the objectivity of my
epistemographic analysis. In this way, rather than discussing whether my
epistemography is objective and useful (on someone else’s terms and condi-
tions), I seek to demonstrate that it is indeed objective and useful given my
own definition (here I draw upon Daniel Neyland’s considerations of eth-
nographic utility, 2008: 166-174).

As I see it, producing an objective analysis of any given controversy would
imply showing the achievement of inter-subjectivity and agreement within
the parties of the dispute in a way that coherently accounts for the reality
of the subjects’ experience and for comparable controversies studied by
disciplinary colleagues (in defining objectivity in such terms I partly draw
upon Alan Fine and Hallett, 2014). In other words, epistemographers have
to consider the expectations of objectivity and utility upheld by their two
main audiences: academic peers and subjects (‘funding bodies’ and ‘society’
are increasingly important audiences). On the one hand, my epistemography
colleagues value the creation of theory. New theory should resonate not only
with my field observations, but also with existing theories that colleagues
have developed from other epistemic cultures and controversies (Box 7).
On the other hand, my subjects value their credibility and reputation. Rob
and Milos still do not know if this book will help them to become more
credible to sceptical audiences, but they hope it will. This is why, when
I once asked Rob to publicly reflect upon the value of my work for him,
he responded in the form of a question, ‘Does being a sociologist’s “case
study” provide a new avenue of science communication and outreach?’
(Ramirez-i-Oll¢, 2019a: 308).

With this book I seek to reconcile the demands of objectivity and utility
from my subjects and academic peers. In the conclusion section of this
chapter, for instance, I have outlined the broader socio-political significance
of the missing-ring controversy — by drawing upon and thus validating the
research and theories developed by my peers — and have brought this analysis
to bear on public discussions about the nature of scientific scepticism, which
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are of relevance to climate scientists. More generally, in the conclusion sections
of this book, I have used epistemographic knowledge to draw the ‘public
issues’ from the ‘personal troubles’ experienced by Rob and Milo$; much in
the same way that Charles Wright Mills characterised the social analyst’s
skill as ‘the capacity to shift from one perspective to another - from the
political to the psychological; from examination of a single family to compara-
tive assessment of the national budgets of the world; from considerations
of an oil industry to studies of contemporary poetry. It is the capacity to
range from the most impersonal and remote transformations to the most
intimate features of the human self — and to see the relations between the
two’ ([1959] 2000: 7).

Like Wright Mills, I am convinced that the ‘sociological imagination’ that
epistemographers display in their work can become useful to their subjects
and readers. Wright Mills explains, ‘It is by means of the sociological imagina-
tion that men now hope to grasp what is going on in the world, and to
understand what is happening in themselves as minute points of the intersec-
tions between biography and history within society’ ([1959] 2000: 7). In
other words, Wright Mills believed that an awareness of on€’s position in
history and society can ease one’s personal troubles and transform the course
of public issues. As stated in the introduction, I also wish to challenge
damaging myths about climate science (‘public issues’) and to ease climate
scientists’ anxiety about their credibility (‘personal troubles’).

The (temporary) closure of the controversy

While Anchukaitis et al. (2012) was being reviewed in Nature Geoscience, dendro-
chronologists (many of whom were also co-authors of the ‘community response’)
were writing up other studies for specialised journals of dendrochronology, vol-
canology and geophysics in which they tried to finally disprove the claims made
by Mann et al. (2012). The choice of specialised journals is significant insofar as,
in the opinion of the dendroclimatologists and dendrochronologists I talked to,
the controversy had been publicised too widely. One dendroclimatologist told me
that Mann has been ‘disrespectful towards the [dendrochronology] community
in airing his damaging hypothesis in a widely read journal like Nature Geosci-
ence where other scientists might get a wrong impression from our work’ In his
opinion, it would have been more appropriate if Mann had published his hypothesis
in a dendrochronology journal so that ‘we would have dealt with it first. One
dendrochronologist reckoned that the publication of Mann et al. (2012) had had an
overall positive effect on dendrochronology because ‘If there’s something we have
to thank Mann for, it’s to force us to demonstrate the good work we’ve done for
decades!

In their follow-up articles, dendrochronologists re-examined tree-ring data in
the light of the missing-rings hypothesis. In May and June 2013, a group of German
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and Swiss dendrochronologists reported the results of their re-examination of the
longest density chronology from Northern and Central Europe and concluded
that ‘the MAN12 hypothesis [Mann et al., 2012] on post-volcanic missing rings
can be rejected based on simple comparisons of tree-ring, instrumental and docu-
mentary data over the past 300-500 years from Central and Northern Europe’
(Esper et al., 2013a). In another paper, these same researchers disregarded Mann
et al. (2012)’s suggestion that volcanic cooling could have an effect on long-term
climatic trends (Esper et al., 2013b). In July 2013, three North American dendro-
chronologists published the analysis of thousands of ring-width chronologies from
the Northern Hemisphere archived in the International Tree-Ring Data Bank and
calculated a ‘percentage of the frequency of missing rings’ They concluded that
the missing-rings hypothesis ‘is not consistent with the pattern of absent-ring
formation outlined by more than 17 million tree rings. Locally absent rings are
extremely rare in tree-ring records from high latitudes and high elevations’ (St
George et al., 2013: 3730).

With two other colleagues, Rob co-authored a paper (D’Arrigo et al., 2013) that
examined recent dendroclimatological reconstructions from the Northern Hemi-
sphere where they brought to bear the temperature reconstruction from Scotland,
among other datasets. In particular, they employed the tree-ring chronology from
the Cairngorms to refute Mann’s hypothesis that 90 per cent of the tree-ring
chronologies from the Northern Hemisphere would have a missing ring in 1815,
the year of a volcanic eruption. They created a graph that showed the agreement
between ring-width and density datasets from Scotland against the long monthly
temperature series for Scotland over a long period, including the 1815 volcanic
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5.2 Rob mobilised the climate reconstruction for Scotland to refute Mann’s hypothesis.
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year. This synchrony was interpreted by Rob and colleagues as evidence of the
inexistence of a missing tree-ring because ‘if the 1816 tree ring was missing from
all Scottish trees then the correlation would break down. For the 52 year period
from 1816 to 1867, MXD [density] correlates with JJA [July-August] mean tem-
peratures at 0.60. Prior to 1816 (1764-1815), the correlation is 0.34" (D’Arrigo
et al., 2013: 7).

Co-authors in D’Arrigo et al. (2013) also drew on Rob’s knowledge of the
‘disturbance’ and environmental history of Scotland to explain that the density
chronologies from the Cairngorms showed a lower correlation response than
ring-width data (0.34 compared with 0.60) prior to the 1815 volcanic eruption.
‘Although the correlation between MXD [density] and growing season climate is
weaker for this earlier period, this likely reflects both the markedly weaker replication
in the MXD [density] records in the 18th century as well as management related
disturbance in these woodlands through the 18th and early nineteenth-century
(Wilson et al., 2012)’ (D’Arrigo et al., 2013: 7). They concluded by restating the
value of the method of crossdating over the modelling techniques used in Mann
et al. (2012): ‘Given the past century of the proven methodology of crossdating in
dendrochronology, the MFR12a theory [Mann et al. (2012)] can only be validated
by using evidence from real tree ring data rather than model simulations (which
have been shown to not accurately reflect tree biology or the actual distribution
of the DWJ06 network’ (D’Arrigo et al,, 2013: 9).

In May 2014, a group of European dendrochronologists (‘Biintgen et al., 2014")
claimed in the generalist journal Nature Climate Change to have found a potentially
conclusive refutation of the missing-ring hypothesis. More specifically, Biintgen
et al. (2014) used the radiocarbon dates of a ring-width chronology from the Alps
(also included in DWJ06) as an ‘independent’ confirmation of the dating of all
the remaining tree-ring chronologies from the Northern Hemisphere (see Chapter
2 for the radiocarbon-dating method). The authors reported that the Alpine
chronology showed an increase in concentration of carbon isotopes from the year
774 to the year 775, which coincided in time with a peak in carbon isotopes in
two ring-width chronologies from Japan and Germany respectively. They concluded
that the fact that the carbon date AD 775 coincided in three chronologies from
different continents offered ‘an independent, geochemical age determination for
dendrochronologically dated tree-ring chronologies’ (Biintgen et al., 2014: 404),
and thus a confirmation that the chronologies used in DWJ06 were accurately
dated. They concluded the article by suggesting the possibility that a reassessment
of existing carbon-dated tree-ring chronologies around the year 775 would definitely
foreclose the controversy (the results of this study were eventually published in a
2018 article co-authored by forty-seven people which had the telling title “Tree
rings reveal globally coherent signature of cosmogenic radiocarbon events in 774
and 993 CE’; Biintgen et al., 2018).

In a response published in July 2014, Michael Mann and Scott Rutherford
(hereafter ‘Rutherford and Mann, 2014°) accepted radiocarbon-dating ‘as an
independent time-marker necessary to directly test our hypothesis’ (Rutherford
and Mann, 2014: 649). Rutherford and Mann (2014) used the 774-775 radiocarbon
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date analysed by Biintgen et al. (2014) as a standard against which to test a new
simulated chronology they had generated with their VS model, adjusted to simulate
the effects of Alpine cold conditions on tree growth. They reported that their
simulated chronology and the Alpine chronology were similar, which was interpreted
as a confirmation of both the hypothesis of missing rings and the claim made by
Biintgen et al. (2014) that the Alpine chronology was well dated. For Rutherford
and Mann, however, the ultimate way of refuting their hypothesis was to simulate
all the ring-width chronologies used in DWJ06 that reached back to AD 774, and
compare them against carbon-dated chronologies. In this way, they agreed with
Biintgen et al. (2014) that further (carbon-dating) analyses of tree-ring data would
confirm if the missing-ring hypothesis was correct.

The controversy continued in peer-review journals for a couple of years as
dendroclimatologists published new studies where they sought to refute further
the missing-ring hypothesis (Anchukaitis et al., 2017; Wilson et al., 2016; Schneider
et al., 2015; Stoffel et al., 2015). The two protagonists of the controversy, Rob
Wilson and Michael Mann, seemed to have lost interest in engaging further in the
debate. After mounting a ‘community response’ and publishing multiple ‘revisionist’
studies, including the Biintgen et al. (2018) paper, Rob felt that there was sufficient
evidence to foreclose the controversy. While Mann regarded the controversy open
until new radiocarbon-dating evidence was made available, Rob perceived Mann’s
latest work (Mann et al., 2013) as ‘awful” and advised me to ‘ignore it. To this date,
Mann has not published any reply to the latest dendroclimatological papers (including
Biintgen et al., 2018); a silence that Rob interprets as indicative that ‘Mann knows
he is wrong - just will not admit it.

Conclusion

This last empirical chapter has described a debate within contemporary climate
research over the accuracy of tree-ring-based reconstructions of the Earth’s changing
climate. The dynamics of the controversy over the missing-ring hypothesis exemplify
some of the characteristics of scientific disputes occurring in the twenty-first century.
While the official responses were published in standard forums of scientific discussion
such as peer-reviewed journals, the development of the controversy on blogs,
Twitter and email correspondence illustrates the existence of new places for debate
in science and the effects that the Internet, the blogosphere and the instantaneous
transmission of news and opinion might have on entrenching disagreements (this
conclusion is in line with recent social research that has examined the role of social
media in political and social conflicts; Zeitzoft, 2017). At the same time, I suggest,
the controversy on the missing-ring hypothesis is also typical of past controversies
within climate science.

Historiographical and anthropological research on climate science has shown
the deep socio-cultural roots of ongoing tensions between two broad scientific
approaches to studying climate (Heymann et al., 2017; Edwards, 2010; Heymann,
2010). On one hand, there is an older, empirical-descriptive, fieldwork-based
approach based on geology, geography, archaeology and cognate qualitative-orientated
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disciplines, which seeks to understand climate change in its historical, geographical
and cultural context. On the other hand, there is a more recent, deductive, quantita-
tive, computerised and model-based approach developing from the mid-twentieth-
century convergence of the disciplines of atmospheric sciences, statistics and
mathematics, which regards climate change as a physical and law-regulated phe-
nomenon. The epistemic conflict between the ‘empirical’ and ‘modelling” approaches
is reflected in the professional careers of distinguished climate scientists such as
Gordon Manley (Endfield et al., 2015); Hubert Lamb (Martin-Nielsen, 2015) and
Frederick Seitz (Lahsen, 2013a: 739), who were dissatisfied with the way numerical
modelling grew to dominate climate research and who lost professional relationships,
funding and jobs as a result of the diminished credibility of their empirical approach.
As Demeritt (2001: 315) points out, these historical conflicts were ‘not simply a
case of petty in-fighting; it was also about what kind of science would be practiced
and how knowledge would be evaluated’

As I see it, the controversy over a relatively minor technical issue such as the
missing-ring hypothesis represents a major socio-political conflict between two
cultures within climate research (the ‘empirical’ and ‘modelling’) over what constitutes
the best way of knowing about historical climate change, and which applications
of that knowledge are politically more useful and worth investing in by society.
On the one hand, dendroclimatologists like Rob, with their emphasis on observations
generated from proxy sources, represent the empirical approach. On the other
hand, paleomodellers like Mann give greater prominence to the evidence generated
by computer and deductive simulations in line with the modelling approach. The
three types of criticism formulated in the ‘community response’ encapsulate the
fundamental disagreements between dendroclimatologists and paleomodellers.
For the twenty-three signatories, Mann et al. (2012) had proposed a hypothesis
with no biological and theoretical soundness as their simulated tree-ring data
were, in the words of Mann et al. (2012: 204), ‘insensitive to the precise details of
the growth model’ As Mann et al. (2012) did not have experience working with
‘real tree-ring data, dendroclimatologists believed that Mann et al. had chosen
‘arbitrary’ and ‘unrealistic’ parameters, and wrongly disregarded crossdating as a
method for generating appropriate ‘empirical’ evidence.

It is important to recognise that participants in the controversy shared some
assumptions and language that enabled their disagreements and conversation in
the first place. For instance, they all regarded meteorological data as the most
credible source of evidence against which to evaluate their simulations and recon-
structions of past temperatures, and they also both effectively accepted uniformi-
tarianism as a valid assumption in the study of past climate. Similarly, the fact that
Mann et al. (2012) and Biintgen et al. (2014) trusted the carbon-dating method
as an indisputable source of verification of tree-ring-dating might be a way of
potentially closing the controversy for all sides. Therefore, I must insist that cultural
differences between dendroclimatologists and paleomodellers do not necessarily
lead to conflict. As Ribeiro Duarte (2017) has shown, these differences are routinely
managed through everyday interaction. My own ethnographic observations confirm
this latter point. In September 2016, just before the latest phase of the project
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funding of the Scottish Pine Project expired, Rob organised a meeting with close
collaborators to discuss the results of the project. Among the small group of fourteen
colleagues, Rob invited two paleomodellers whom he casually referred to as ‘outsiders’
and ‘end-users. In his presentation, Rob insisted that these two modellers should
not ‘black box’ the Scottish data, and extensively discussed the uncertainties of
the reconstruction from Scotland (focusing on the disturbance problem; see Chapter
3). In turn, these two modellers asked questions about how the tree-ring data had
been produced and standardised, and joked that ‘We don’t even know what a tree
is because we always sit in front of the computer’

An important factor that explains, I think, why there was a clash between
‘epistemic cultures’ (Knorr Cetina, 1999) in the case of the controversy over the
missing-ring hypothesis is that participants had different visions of what experts
were competent to evaluate the hypothesis. In other words, dendroclimatologists
and dendrochronologists more broadly saw Mann et al. (2012) as not only inaccurate
but also offensive as, in the words of one of them, Mann had been ‘disrespectful
towards the community’ because he had not allowed the appropriate experts
(dendrochronologists) to examine his hypothesis. As Rob expressed on Montford’s
blog, Mann had not spoken to ‘some of his dendrochronological colleagues’ and
had wasted their time. On the online forum, Hughes also related his offence to
the fact that ‘No dendrochronologists were involved in the offending Mann et al
2012 paper’. By publishing their ‘revisionist’ articles in the specialised journals of
dendrochronology, volcanology and geophysics, dendroclimatologists exemplified
the kind of audiences and experts to whom they thought Mann should have addressed
his hypothesis. As a result of their own appraisal, dendrochronologists reaffirmed
not only their own sceptical practices, but, crucially, their shared body of knowledge;
as one put it, ‘If there’s something we have to thank Mann for, it’s to force us to
demonstrate the good work we’ve done for decades.

By offering his hypothesis to the sceptical examination of an audience beyond
the dendroclimatology and dendrochronology community, Mann strained, if not
totally jeopardised, the trusted position in which he was held by its members and,
as bloggers were quick to point out (‘the Dendros stick it to the Mann’ and ‘Lonely
Old Manr), dendroclimatologists readjusted Mann’s membership of their community
of trusted peers. For many dendroclimatologists, Mann evolved from being seen
as a trusted colleague with whom to produce relatively accurate paleoclimatological
knowledge like the ‘hockey stick’ to being considered an unreliable collaborator,
and even an outsider, whose hypothesis had to be responded to collectively.

The group of twenty-three signatories constitute, I suggest, an example of the
importance of collegial and friendship relationships in the arts and sciences. The
sociologist Michael P. Farrell (2003) calls ‘collaborative circles’ the intertwinement
of creative and friendship dynamics he observed, among others, in the French
Impressionists, Sigmund Freud and his friends, C. S. Lewis, J. R. R. Tolkien and
the Inklings. In turn, the sociologist of science Harry Collins (1988; 1981) identified
the key role of ‘core-sets, or small groups of experts who function on the basis of
interpersonal trust and familiarity, in foreclosing any given scientific controversy.
As Collins (1981: 8) insists members of core-sets do not need to be friends and
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often disagree with each other to the extent that ‘some members may be enemies,
and this can lead to complete lack of communication between them, except via
third parties, in formal settings’ For instance, as we know from Chapter 4, Rob
and Jan Esper (two of the signatories of the ‘community response’) disagreed over
the best way of choosing a reconstruction. Collins (1981: 12) also insists that
core-sets are ephemeral and ‘transient hot-spots in science’ as scientists are often
engaged in other types of work at the same time as participating in a core-set, as
is the case with Rob and the Scottish Pine Project. Finally, Collins (1988: 740-741)
also suggests that the boundaries of core-sets change as a result of processes of
‘over-restrictiveness’ — when access into a scientific debate is controlled and restricted
- and ‘over-extension, when relatively untrained and inexperienced individuals
are included in expert discussions.

The controversy over the missing-ring hypothesis illustrates the specific dynamics
and consequences associated with the tightening and extension of the boundaries
of an elite group of experts. Because they thought he displayed incompetent forms
of reasoning and evaluation, the twenty-three signatories restricted Mann’s access
to dendroclimatological matters. Importantly, Mann’s exclusion from the narrow
circle of Rob’s close friends and collaborators might be temporary, and under
different circumstances Mann might collaborate again with them. More evidently,
Mann is trusted by broader circles of science, as he has received many scientific
awards since the start of the controversy in 2012. At the same time, the extension
of the core-set to members of the blogosphere effectively closed the controversy
for Rob and Mann who broke relations and stopped conversing. By engaging with
outsiders whom Mann considered to be unreliable, Rob became seen as, if not a
climate denier, at least ‘play[ing] a contrarian role in debate’ Rob’s anxiety about
being ostracised from the broader circles of science where Mann was seen to be
influential also shows that a single person can simultaneously be an ‘insider’ and
an ‘outsider, depending on one’s membership of different ‘core-sets’ or communities
of trust and knowledge (Merton, 1972).

Rob’s relationship with Montford and his blog readers and the participation of
the blogosphere in the controversy demonstrate that dendroclimatology, and climate
science more generally, are more permeable to the scepticism of outsiders than
some of these outsiders themselves might imagine. In the aftermath of the hacking
of climate science emails, some bloggers and journalists criticised climate scientists
for being an exclusive and close-minded group. For instance, Mosher and Fuller
(2010: 8) lamented that “We are tough on the scientists we call The Team, and we
think deservedly so. But we want to stress from the outset that we do not for one
minute believe there is any evidence of a long term conspiracy to defraud the
public about global warming, by the Team or anyone else. What we find evidence
of on a much smaller scale is a small group of scientists too close to each other,
protecting themselves and their careers, and unintentionally having a dramatic, if
unintended effect on a global debate’ Likewise, a Guardian (2010b) editorial
complained that the stolen emails showed how some climate scientists manoeuvred
to prevent critics whom they did not trust from publishing in journals: “The settled
core of our knowledge on climate - the fact of increasing atmospheric carbon, the
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rising temperature trend, and the heat-trapping mechanism linking the two - has
acquired the terrific authority it now possesses precisely because it has been forced
to withstand so many challenges in the past. The moment climatology is sheltered
from dispute, its force begins to wane. So the sort of closing of intellectual ranks
witnessed at UEA [University of East Anglia] was serious and, in the end,
self-defeating’

Admittedly, Rob is exceptional in the extent to which he was willing to establish
relationships with outsiders to the community of climate science (including myself),
as some of his colleagues qualified Rob’s interactions as ‘crazy’ and ‘risky, and
one of them even recognised Rob’s exceptionality in terms of ‘Rob is kinda our
representative in the sceptical world’ Rob is well aware of the perception of his
peers, ‘as they think I'm nuts] but he rationalised his behaviour as: ‘My motivation
comes down to frustration that individuals don’t get what I think is obvious so I
try to interact and persuade’ In this way, Rob’s self-reported motivation to interact
with sceptical outsiders was to re-educate them on the issues that he considered
important.

The fact that Rob’s trusting attitude might be unusual among climate scientists
is even more important for appreciating that his attempts to persuade people whom
his colleagues would generally consider ‘outsiders’ effectively resulted in Rob adopting
the outsiders’ scepticism and integrating it as an internal evaluative standard in
the community, like a ‘boomerang-effect’ process (Hovland et al., 1953) that I call
‘inside-out scepticism. Unlike most members of his community, Rob trusted outsiders
like McIntyre and Montford because he thought that, for the most part, they
provided useful scepticism and could contribute to making dendroclimatology
more robust. Besides the controversy analysed in this chapter, other examples of
inside-out scepticism throughout the book refer to situations when Rob invoked
McIntyre, Montford or the ‘sceptics’ as an imagined public in lectures, conferences
and conversations with students and colleagues. In Chapter 3, I recounted how
Rob advised Milos to think about how he could ‘rationalise’ their standardisation
choices to ‘sceptics’ like Montford. Similarly, Rob asked his undergraduate students
to respond to the criticism of Montford’s blog readers as part of one of their
assignments. In Chapter 4, we saw that Rob’s ‘combo approach’ was motivated, as
he explained at the Melbourne conference, by the fact that he wore ‘McIntyre’s
hat” and sought to pre-empt McIntyre’s criticism with regards to an ‘objective’
method for choosing the ‘best’ reconstruction. One last example of inside-out
scepticism was Hughes’s ‘devil’s advocate’ type of question to Milo§ during the
Melbourne conference, where he mentioned the ‘problem of multiplicity’ as a
potential criticism from outsiders (statisticians). All these examples indicate how
in the interest of making dendroclimatological knowledge more credible to critical
outsiders, Rob and some of his colleagues integrated the outsiders’ scepticism and
used it to examine each other’s claims and practices.

The paradox that therefore emerges from this book is that people who are
commonly considered to be ‘outsiders’ to climate science might be much more
involved, if indirectly, in the making of dendroclimatological knowledge than
supposed ‘insiders’ like Mann, whose expertise and potential contribution to
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dendroclimatology, as it stands, is perceived critically by many dendroclimatologists.
This conclusion is important for public and academic debates that conceive debates
about climate change as fitting into homogeneous and stereotyped groups of ‘climate
sceptics, ‘deniers’ or ‘contrarians. Such labels are not simply descriptive but are
also performative categories that individuals use to structure their relations with
others (as argued by labellist theorists such as Spector and Kitsuse, [1977] 2001;
Becker, 1963). For instance, Mann used the labels of ‘climate denier’ or ‘contrarian’
to delegitimise and exclude Rob from the community of people whom he thought
could be regarded as reliable colleagues (and this is why Rob felt that he was being
ostracised). Similarly, bloggers and their readers diverged over whether Rob was
‘no kind of sceptic’ or if, instead, Rob had ‘to disassociate himself with the BH
blog} and such labelling served to create boundaries among themselves and within
the blogosphere. Unfortunately, a few social scientists still use the labels of ‘climate
sceptics, ‘deniers’ or ‘contrarians’ unreflexively, as an explanation or description
of existing behaviour rather than as a starting point for analysis, and hence have
contributed to polarising public debates about global warming (see Howarth and
Sharman, 2015 and Lahsen, 2013b: 550 for a similar critique).

I have argued elsewhere (Ramirez-i-Oll¢é, 2018) and insist again here, backed
up with new evidence from this book, that the identity of a ‘climate sceptic’ or any
‘uncivil sceptic’ - that is, someone whose scepticism is perceived as inappropriate
— is relative to the eye of the beholder and to the sceptic’s contingent trust relations
with the members of a community of peers who trust each other as decorous
experts.
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