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There is now no shortage of popular and scholarly books, films, websites,
and even works of art that promote the “understanding” of climate change.
But what, in fact, would it mean to understand climate change? Would it
mean the same thing to concerned citizens as it would to natural scientists,
or humanities scholars, or policymakers?
In posing this question, I have in mind the claim frequently made today that
climate change is a phenomenon that pushes up against the limits of human
understanding. The literary scholar Timothy Morton calls global warming
a “hyperobject” that remains just beyond the grasp of human knowledge.1
There, at that farthest edge of reason’s empire, Morton implies, we fall back
on the interpretive work of the philosopher, the cultural critic, the artist. And
indeed, work in all these fields has helped to bridge the gap between climate
change as an intangible, theoretical construct and as an object of everyday
perception and experience. I am fascinated by these efforts to develop an
intuition for climate change. What concerns me, however, is the dichotomy
they presume between scientific explanation and humanistic understanding.
My research into the nineteenth-century origins of modern climate science
has shown me that any simple opposition between explanation and
understanding obscures the historical roots of the science of climate.2
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I therefore propose to consider here how knowledge of climate has been
implicated in past efforts to tease apart the work of explanation and
understanding. As I will show, climate knowledge has persistently frustrated
attempts to define the autonomy of the human sciences on methodological
grounds. This is not a merely academic point. Acknowledging the multiplicity
of goals that “understanding climate change” has signified in the past might
be a step toward improving crosscultural and expert-lay dialogues and
finding common ground for transdisciplinary collaboration.

EXPLANATION AND UNDERSTANDING
It was in the period from roughly 1860 to 1930 that the human sciences
first set out to define themselves as autonomous disciplines—that is, as
sciences whose methods were distinct from those of the natural sciences
and whose achievements could not necessarily be judged by the reigning
criteria of positivism. My aim here is not to narrate the development of
this debate chronologically, but rather to offer a few examples of the main
points of view, as far as they carried implications for the study of climate.
The period in question saw the institutionalization at European universities
of relatively new disciplines that aspired to be empirical sciences of the
human, fields like history, anthropology, archaeology, sociology, economics,
and human geography. These fields were hard to categorize according to
the old division between the natural and the moral or human sciences.
In some ways, their predicament resembles that of the “environmental
humanities” today. Were today’s humanists transported to a seminar room
at the philosophy faculty of the University of Berlin or Baden in the 1890s, the
conversation might likewise concern the relationship of the humanities to
the increasingly dominant natural sciences, and the mood might be almost
as anxious for the future of humanistic scholarship. The scene would not be
all that different—that is, if today’s humanists all sported white beards and
smoked pipes.
Geography was the field most immediately threatened by these fin-desiècle efforts to distinguish between the methods of the natural and human
sciences. It’s not hard to see why geography became so hotly contested. It
had only recently, in the 1870s and ’80s, become a common feature of the
curriculum at European universities. Many of its practitioners had trained as
historians, but they studied aspects of the living and non-living environment
that were also the purview of the natural sciences.3 Meanwhile, geography
had risen to prominence as an instrument of empire-building, but by 1900
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the formerly “blank spaces” on the map of the world had been filled in. For
geographers, then, the question of the relationship of the natural to the
human sciences was not abstract; it was a matter of disciplinary survival.4
In 1887, for example, two radically opposed visions for the future of
geography were proposed. In the first issue of the journal Contributions
to Geophysics, Georg Gerland, an anthropologist turned geophysicist,
redefined geography in strictly physicalist terms. Geography was the science
of “the continuous mutual action between the interior and the surface of
the earth.”5 Gerland’s immediate goal was to establish geography as an
autonomous scientific discipline, unified by its own methods and laws.
“For only through such a conception will geography [Erdkunde] stop being
a vague field of miscellaneous knowledge. . . only through this conception,
as a dynamics of the earth as a whole, will geography become a strictly
methodologically unified science.”6 In this way, Gerland firmly excluded
humanity from the domain of geography and identified its methods as
those of positive science, or what would soon be termed a nomothetic or
generalizing science.
A vigorous response came from Franz Boas, whose career path took him in
precisely the opposite direction as Gerland’s: from a training in physics and
geography, Boas had moved toward human geography and was on his way
to a pioneering career in anthropology. His ultimate goal was no different
than Gerland’s: to defend the autonomy and coherence of geography as its
own discipline over and against the natural science fields that it abutted.
But his definition of geography was diametrically opposed to Gerland’s.
Boas argued for the coherence of geography as a science jointly of the
human and the physical. This was a coherence that originated, however,
not in the phenomena themselves but in the mind of the observer. In its
methods, geography was not, in fact, a physical science, but rather a form
of “cosmography.” Geography studied phenomena “for their own sake,” not
in order to reduce them to laws. Where physics sought to impose aesthetic
unity on the phenomena by discovering their causal connection, the unity
identified by cosmography was “affective,” meaning that it derived from the
cosmographer’s love for his home country. Anticipating later definitions of
geography as a science of the region, Boas pointed out that to generalize
beyond that scale was to reduce geography to one of its “auxiliary sciences,”
such as meteorology or geology. Geography’s goal was thus closer to that
of the arts than the physical sciences; motivated by love of country, the
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geographer “must describe the results of his study” “in an artistic way in
order to satisfy the feeling in which it originated.”7
While Gerland was trying to establish the autonomy of geography as a
physical science, Boas hoped to show that geography’s methods aligned
it with the moral sciences against the physical sciences. What marked
geography off from the physical sciences, according to Boas, was its interest
in describing specific places for the sake of their affective value, rather than
as a means of discovering universal laws.8
The distinctions that Boas drew between physics and cosmography
anticipated those codified in the following decade by neo-Kantian thinkers
like Wilhelm Windelband, Heinrich Rickert, and Wilhelm Dilthey. These
men argued, contra positivism, that the deduction of laws was not the only
possible goal that an empirical science could set for itself. The goal of the
human or moral sciences was not “explanation” but “understanding.”9
Dilthey is most famous for putting the divide in these terms. In the natural
sciences, he argued, we only have indirect access to the phenomena under
study, and our knowledge of them remains an abstract, intellectualized
form of cognition. By contrast, we have direct, experiential access to
the phenomena with which the human sciences are concerned; in those
fields, the process of interpretation can reach the more profound form of
knowledge that Dilthey called understanding.10 A related distinction was
developed by Windelband and his student Rickert. In Windelband’s terms,
the natural sciences were “nomothetic,” meaning that they seek generalized
abstractions or laws of the phenomena, whereas the human sciences are
“idiographic”: they seek to make the phenomena vivid or intuitive.11 Rickert
in turn contrasted the “generalizing” tendency of the natural sciences with
the “individualizing” tendency of the human sciences. The human (or, in his
terms, cultural) sciences study particular objects or events not as examples
of a general law, but in and for themselves. To illustrate, Rickert asked his
reader to consider the difference between a lump of coal and the Koh-inoor diamond. From the perspective of the natural sciences, these objects
are equivalent: each exemplifies the general laws governing the forms that
carbon can take. From a cultural perspective, however, the diamond is an
individual in a way that the lump of coal is not, since our culture attaches
value to it—value that it maintains only as an unbroken whole. In this way,
Rickert arrived at a more fundamental distinction between the value-related
human sciences and the value-free natural sciences.12
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CLIMATOLOGY DEFIES CLASSIFICATION
Let’s consider the implications of these classificatory schemes for the study
of climate as it was conducted in the nineteenth century. The question, in the
terms of the day, was whether climatology was nomothetic or idiographic,
generalizing or individualizing, a natural science or a cultural one.
Nineteenth-century climatology has been dismissed by one of our foremost
historians of global warming as a form of empirical “drudgery” that was
“merely” descriptive.13 Were this assessment accurate, there should have
been no difficulty classifying climatology as idiographic.
In fact, things were not this simple. Nineteenth-century climatology had what
the Austrian philosopher Viktor Kraft later called a “dualistic” character
(see figure 1). It was both idiographic and nomothetic, individualizing and
generalizing. That is to say, climatology studied particular climates both out
of interest in their unique local qualities and as instances of the workings of
the general laws of the earth’s atmosphere.14
FIGURE 1

Geography
(idiographic)

Meteorology
(nomothetic)
CLIMATOLOGY

This indeterminacy is not surprising, since “climate” meant different things
to different people at the time. In eighteenth-century Europe, climate was an
expansive term, broadly denoting the natural conditions of a human society,
sometimes including the built environment. By the nineteenth century, the
term tended to designate more narrowly atmospheric conditions, but still
sometimes comprised hydrology and soil. To most Europeans and North
Americans, climate was understood as local or regional in its spatial
dimensions, and yet the emerging science of geophysics was trying to fathom
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the workings of the atmosphere as a whole. The temporal dimensions of
climate ranged from the seasonal scale of medical geography or agriculture
to the geological scale of the astronomers at work on a theory of the Ice
Ages. Conceptions of climate also varied in their proximity to human
interests. Alexander von Humboldt famously defined climate as all the
changes in the atmosphere that perceptibly affect our sense organs;15 yet
many of the phenomena of interest to late nineteenth-century climatology
unfolded in the upper layers of the atmosphere, accessible only via kites
and balloons, or to intrepid visitors to the new high-altitude observatories.
Meanwhile, climate was conceived in still other ways beyond Europe, where
anthropologists have documented ideas of climate that draw “no sharp
distinction” between “biophysical” and “social worlds.”16
Moreover, climate was recognized as an influence on almost every aspect
of human life: health, agriculture, labor, trade, even the psyche. Indeed, the
historical roots of climate science lie largely in practical efforts to improve
these domains of daily existence. Much of our knowledge of climate has
come from everyday experience with the many aspects of nature that stand
in mutual dependence with the atmosphere, such as vegetation, water
supply, and soil conditions. This multiplicity was reflected in the range of
disciplines and institutions that produced knowledge relevant to climatology.
At European universities, climatology might be studied and taught in any or
all of three different faculties: geography, physics, and medicine. Climate
knowledge was also produced far beyond the walls of universities: at
public observatories, by academies of forestry or agriculture, by voluntary
associations like Austria’s popular Meteorological Society, and by European
explorers and travelers the world over.
Given this multiplicity, it is understandable that climatology was not
easily shoehorned into the methodological schemata of the fin de siècle.
Consider the text described (on the occasion of its third edition in 1910)
as “the indispensable reference book for all who deal in any way with the
sciences of the earth’s atmosphere”: Julius Hann’s Handbook of Climatology
(first edition, 1883). In his efforts to define climatology, Hann rejected the
anthropocentrism of Alexander von Humboldt’s definition of climate in
terms of the atmospheric phenomena that “affect our organs.” Surely, he
wrote, it must make sense to speak of earth’s climate before the arrival
of humans on the planet. And yet Hann insisted on the need for vivid
description. The goal of climatology, he wrote, was to produce “a maximally
life-like [lebendig] picture of the interactions of all atmospheric phenomena
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over a patch of the earth’s surface.”17 It might appear that Hann was echoing
Humboldt and his ideal of a cosmographic “unity in diversity” (Einheit in
Vielfalt).18 But consider the following elaboration: “Yet we also demand of
a climatology that it exhibit not merely a mosaic-like image of the various
climates at the different localities, but that it satisfy our intellectual need
for order and unity in the representation of diversity, and further that it
demonstrate the interaction and mutual determination of these climates.”19
Hann thus coupled the cosmographic impulse to the goal of causal
analysis. Abandoning the anthropocentrism and localism of cosmography
as Boas defined it, Hann insisted first that climatology concern itself with
all atmospheric phenomena, not merely those perceived by humans;
second, he identified the motivation behind climatology not as a patriotic
attachment to a particular place, but rather as an impulse to understand
the interdependence of all possible local perspectives.
Climatology was a quintessential example, perhaps the quintessential
example, of what Gerland and Boas were fighting over. In the terms in which
the question was posed by their contemporaries, should climatology be
approached as “geographical meteorology” or “meteorological geography”?
As a branch of geophysics or of cosmography? 20

JUDGMENTS OF SCALE
In his attempt to distinguish the methods of the human sciences from
those of the natural sciences, Dilthey argued that the human sciences, “like
history itself, depend for their methodological certainty upon whether the
understanding of what is singular may be raised to the level of universal
validity.” Whether or not the “singularities” picked out by historical research
carry broader significance is a question that resonates deeply today, with
historians at odds over calls for “bigger” or “deeper” scales of research.21
What justifies the choice of a scale of historical analysis? Do “big” phenomena
deserve more attention than “small” ones? What do historians even mean
by big and small?
Rickert posited that a straightforward distinction could be made between
the natural and human sciences on the basis of the criteria for judging
the significance of a given phenomenon. In the natural sciences, the
significance of a given object or event corresponded directly to its physical
scale or magnitude: significant phenomena were those that were large or
had large effects—or those that, while small individually, had large effects
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when viewed in aggregate as a class. Such judgments were value-free. By
contrast, the significance of an individual instance in the human sciences
was always tied to a value judgment. Thus Rickert’s followers argued
that in the human (as opposed to the natural) sciences, attributions of
scale are always relative. In the words of Erich Becher: “Largeness and
smallness are thus relative designations; it depends on the scale with
which one measures, on the dimensions that the historian gives to his
representation.” Or as Viktor Kraft remarked: “the dimensions of what is
called a detail. . . can vary.”22
But this distinction broke down when it came to the study of climate. In
studies of the earth’s climatic history and of the physics of the atmosphere,
it was becoming clear by the 1860s that all judgments of significance, even
in the natural sciences, were value-laden: even at their most “universal,”
they reflected the interests and point of view of a single species.

“NATURE HAS NO UNIT OF MAGNITUDE”
This insight was most famously articulated in the nineteenth century in George
Perkins Marsh’s 1864 book Man and Nature, a study of what we would today
call anthropogenic climate change. Marsh’s path to this topic was anything
but direct. A diplomat, naturalist, and all-around polymath, Marsh considered
himself above all else a historian. In the 1840s he was passionately engaged
with the question of the future of history as an empirical science. He called for
a uniquely American approach to the writing of history, one that would emulate
natural historians like Alexander von Humboldt and Carl Ritter in attending
to phenomena that might at first glance appear trivial. In place of dramatic
events and heroic personages, American history would be a history of the
ordinary lives of ordinary people. Not only would American history substitute
a realist aesthetic for the Romanticism in which European history was written.
American history would depart from European even in its sources, trading the
pronouncements of Great Men for the material artifacts of everyday life. 23
Historians had “neglected those sources from which alone the true history of
a people can be learned. They have looked upward, instead of downward and
around them, as if one should endeavor to infer the natural history of the earth
from a priori speculations on the probable influence of heat, light, moisture,
electricity and the atmospheric gases, on the yet unorganized matter of the
globe, instead of reading from the pages of the open book of nature before
him.” Thus Marsh became convinced that historians had a great deal to learn
from the discipline of natural history.
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Marsh spent much of the 1850s and ’60s traveling through Europe, where
he engaged with the international debates over the climatic effects of
deforestation. He found in the writings of European naturalists confirmation
of his charge that historians were often mistaken in what they took to be
significant. His magnum opus was neither natural history nor human
history but a history of the relationship of man to nature, with a focus on
the consequences of humanity’s destructive impact on the earth’s forests.
This was just the kind of “earthy” human history that he had called for in the
1840s, and it was climatology that showed him how to put it into practice.
Climatology initiated its own inversion of scale, revealing the world-historical
significance of nature “in her obscurest, humblest walks.” Knowledge of
the divergent scales on which natural processes unfolded cast doubt on
narrowly human standards of measurement:
“Nature has no unit of magnitude by which she measures her
works. Man takes his standards of dimension from himself. . . . He
borrows his inch from the breadth of his thumb. . . his foot from
the length of the organ so named. . . . To a being who instinctively
finds all standard of all magnitudes in his own material frame, all
objects exceeding his own dimensions are absolutely great, all
falling short of them absolutely small. Hence we habitually regard
the whale and the elephant as essentially large and therefore
important creatures, the animalcule as an essentially small and
therefore unimportant organism. But no geological formation owes
its origin to the labors or the remains of the huge mammal, while
the animalcule composes, or has furnished, the substance of strata
thousands of feet in thickness, and extending, in unbroken beds,
over many degrees of terrestrial surface. If man is destined to
inhabit the earth much longer, and to advance in natural knowledge
with the rapidity which has marked his progress in physical science
for the last two or three centuries, he will learn to put a wiser estimate
on the works of creation, and will derive not only great instruction
from studying the ways of nature in her obscurest, humblest walks,
but great material advantage from stimulating her productive energies
in provinces of her empire hitherto regarded as forever inaccessible,
utterly barren.”24
Man and Nature thus carried the ethical and ecological lesson that the
dimensions of human existence are not a universal measure of significance.
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Even in the natural sciences, attributions of scale are normative, because
they are inevitably tied to a human scale of observation.
A century before the advent of social or environmental history as we know
them, Marsh thus called on his contemporaries to write history “from
below,” as a story of the entangled fates of human societies and their natural
environments, a story inscribed on the face of the earth and in humble
material artifacts. The study of climate change opened up a perspective
from which an observer could appreciate the significance of phenomena that
made no immediate impression on the human mind, whether because they
were too small and short-lived or too large and slow. As Marsh learned from
the earth scientists of his day, the attribution of scale was never absolute,
and concepts of scale were just as value-oriented in the natural sciences
as in the human sciences. In order to understand both human and natural
history, it was necessary to recalibrate accepted standards of significance,
to juxtapose the scales of human experience and historical memory against
alternative frameworks of measurement.

CLIMATE AS BOUNDARY OBJECT
In all these ways, climate played an intriguing role in the disciplinary
battles of the fin de siècle. It was a peculiar kind of boundary object
between the natural and human sciences. It was not a specimen that
could be passed back and forth across a disciplinary border. I would
suggest that climate was more like a building; that is, like a building,
climate could never be perceived in its entirety from a single point on
the disciplinary landscape, nor described completely at any one scale
of representation. The analogy goes further: one can even say, following
Albena Yaneva, that the abstract concept of climate comes into being
in much in the same way as does a future building—namely, through a
process of scaling.25 Just as architects imagine how users will experience
a large building by constructing models and manipulating them, so do
climate researchers employ a variety of instruments and representational
schemes in order to theorize the relationship between the large-scale,
long-term abstraction that is “climate” and the immediate sensory
experiences that make up “weather.”
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FIGURE 2

Disintegration of the Crystalline Rocks,” from Eugène-Emmanuel Viollet-le-Duc, Le Massif du
Mont Blanc (1876)
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The affinity between scaling in architecture and climatology is neatly
illustrated by the insights of the late nineteenth-century French architect
Eugène-Emmanuel Viollet-le-Duc. Though known for his restorations of
medieval architecture, Viollet-le-Duc was also fascinated by the structure
of the earth and its transformations by both natural processes and human
agency. He noted that just as an architect could look at ruins and imagine
the original structure, a geologist could look at a mountainside and see its
progressive transformation through erosion.26 Phenomena that unfolded
over millions of years on a large spatial scale could be observed directly
on a small scale (see figure 2). In this way, Viollet-le-Duc was drawn into
the nineteenth-century debate over the reality of anthropogenic climate
change. Might the clearing of forests be responsible for a decline in rainfall?
Was such a human impact plausible, he wondered; could puny man alter
such a vast and enduring planet? “In the presence of great geological
phenomena, what is man?” Answering these questions involved a strategic
shift in scale. Viollet-le-Duc argued that every large-scale change was the
result of uncountable small causes, and thus by small means humanity too
could have a planetary impact, for better or worse—the choice was theirs.
The fate of the planet thus hinged on rethinking the meaning of “small.”
“There are no small measures in nature, or rather the actions of nature only
result from the accumulation of small measures.”27

VARIETIES OF UNDERSTANDING
It should now be apparent that both “climate” and the “understanding” of it
were open to a number of different interpretations in the nineteenth century.
The study of climate was a disciplinary hybrid, ill-suited to the division
between nomothetic and idiographic methods. Turning to contemporary
climate science, I will suggest that this hybridity is still evident today. We can
see it in the variety of ways in which scientists talk about “understanding”
climate change.
Indeed, this is one problem with defining the environmental humanities in
terms of understanding what has heretofore merely been explained: doing
so ignores the work of understanding undertaken by natural scientists
themselves. This is to be regretted now in particular, when many natural
scientists feel a profound responsibility to “understand.” Although climate
scientists give different meanings to understanding, they uniformly emphasize
that explanation is not separate from or temporally prior to understanding;
rather, the two are mutually constitutive. That is, identifying the causes
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and simulating their effects is not the end-goal of modern climatology. The
natural sciences themselves are seeking a more intuitive, experiential, and
actionable form of climate knowledge: climate understanding.
One distinctive sense of “understanding” has emerged recently among
paleoclimatologists. Malcolm Hughes, an expert in dendrochronology, and
Caspar Ammann, who studies climate change over the past millennium,
argue for the value of high-resolution paleoclimatology. This would mean
reconstructing prehistoric episodes of climate change at time-scales that
lend themselves to regional predictions that could be used to plan adaptation
strategies. They describe this goal as moving away from merely statistical
investigations, toward “process understanding.”28
Understanding has been defined differently by climate scientists engaged
directly with public communication and policymaking, where it has
productively been associated with narrative. One group of scientists, for
instance, urges the use of climate models to generate plausible future
scenarios that would be responsive to user input and would form the basis
for “storylines.” The end-product would be a narrative-based understanding
of climate change as a basis for informed decision-making.29
More explicit engagement with the meaning of “understanding” can be found
among those on the frontlines of climate modeling, the activity that has
drawn the most attention from philosophers of science and STS scholars.30
Isaac Held, who studies fundamental atmospheric fluid dynamics in relation
to climate change, opposes “understanding” to “simulation.” From his
point of view, a more plausible forecast does not necessarily represent an
increase in understanding. There is a trade-off, in other words, between a
model’s potential predictive accuracy and its transparency. 31 As he puts it:
“On the one hand, we try to simulate by capturing as much of the dynamics
as we can in comprehensive numerical models. On the other hand, we try
to understand by simplifying and capturing the essence of a phenomenon
in idealized models, or even with qualitative pictures.” Held acknowledges
that “the importance of understanding is occasionally questioned” by
scientists who find it to be a quixotic goal given the irreducible complexity
of the climate system. Yet Held proposes that a complex system can, in fact,
be understood by comparing it to a less complex one. To that end, Held
recommends construction of a “model hierarchy”—that is, a set of “nesting”
models that would illustrate the effects of adding degrees of complexity,
one by one. He likens this approach to that taken by molecular biologists,
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who work with a hierarchy of increasingly complex living systems, from
bacteria to fruit flies through to mice and finally humans. Such a hierarchy
would constitute, in Held’s terms, “holistic understanding.” In turn, such
understanding would improve simulation by making the “tinkering” involved
in model-building “less random,” showing users why some models mimic
certain phenomena better than others. Again, explanation goes hand in
hand with understanding.32
The historian of science Amy Dahan Dalmedico argues that this ideal of
understanding, as opposed to simulation, is characteristic of climate
researchers who are relatively far removed from policymaking and public
engagement. Scientists who are more concerned with public communication
and practical applications tend instead to view modeling as an end in itself
and are not troubled by the intuition-confounding complexity of predictive
models. 33 Thus it would seem that the quest for understanding might actually
detract from efforts to overcome expert-lay barriers of communication. Held
himself lends support to this conclusion by suggesting that he is describing
a form of understanding that would provide, at best, a “subjective feeling of
satisfaction” to only a “few” theorists.
Must we conclude, then, that the many different quests to “understand
climate change” underway today will have to proceed independently? Are
so many different meanings of “understanding” in play that these projects
offer no common ground—or worse, might they get in the way of dialogue
and collaboration? Resisting this pessimistic conclusion, I would like to
conclude by considering one element common to the goals of understanding
as expressed by different knowledge communities concerned with climate
change today.
That element is the process I call scaling. It appears again and again in
the accounts given by artists, humanists, and social scientists of the work
involved in understanding climate change. Many express the aspiration of
making the space-time scales of climate change intuitive to a wide audience.
According to one curator engaged with climate change, art can take a topic
that “can feel too large and sweeping for one person to approach head-on,”
and “make it more relatable.”34 In their quest for understanding, artists
have even tried to fashion hyperobjects using holograms; others are hunting
for ways to listen to nature at “earth magnitude,” using graphite drawings
that resonate to electromagnetic fields.35 Likewise, anthropologists have
argued that “traditional environmental knowledge” (TEK) can contribute to
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understanding climate change by scaling down the spatial scale of analysis
while scaling up the temporal scale over which observations are available.
TEK is thus said to “provide greater understanding of our environment
by adding a local scale” and “enhancing the time scale of observation.”36
Even in more practically oriented fields, thinking across scales has been
identified as an essential step in understanding climate change. Economic
understanding, for instance, involves analyzing the “economies of scale” that
could ease the transition to more sustainable technologies; while political
understanding depends on analyzing interactions between policymaking and
political organization at local, national, and international levels. Meanwhile,
psychologists are seeking an understanding of the process of scaling itself.
By studying how people process quantitative information and the cognitive
impediments to thinking with large numbers, they are illuminating the
cognitive and emotional obstacles to scaling.37 By framing these varied
projects as, in part, exercises in scaling, we can glimpse common ground
on which collaborations might build.

CONCLUSION
In one of the earliest books to alert a general audience to the threat of global
warming, the journalist Jonathan Weiner illustrated beautifully the role of
scaling in understanding climate change. In the late 1980s, Weiner already
recognized that the scale of global warming was an obstacle to public action:
“[E]verything to do with the greenhouse effect has seemed to be happening
in extreme slow-motion. That may be the ultimate reason that it has taken
us all so long to begin to worry about it.”38 (Reading these lines thirty-six
years later, the phrase “so long” reminds us how subjective the experience
of time really is!) Likewise, the scientists Weiner interviewed described their
empirical research as an exceedingly gradual accumulation of evidence for
a long-term trend. Although Weiner pressed them, they could not identify
any “eureka” moments, any sudden flashes of understanding. And yet they
were able to furnish Weiner with a eureka moment of his own. It occurred
during a visit to the Mauna Loa observatory, where, thirty years earlier,
Charles Keeling had begun the series of measurements of the background
concentration of carbon dioxide in the atmosphere that first alerted many
scientists to the threat of global warming. Weiner was invited to climb
the tower on top of the volcano where the CO2-monitoring equipment is
mounted add a single exhalation from his own body to the intake valve. In the
record of the CO2 analyzer, his breath appeared as an instantaneous spike.
“Strange to confess,” he writes, “but the subject of global change was still
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so much hearsay and doomsday until I climbed the tower. At that moment it
all came together for me: that carbon dioxide is building up, and that each
of us is responsible.”39 Understanding in this case, came from following,
literally, in the steps of the scientists, from attending to their own practices
of scaling, corporeal as well as cognitive. Indeed, Weiner’s vivid description
of that moment on Mauna Loa, where he could imagine himself as “the sole
representative of my species and of the biosphere,” makes clear that this
was as much a bodily and emotional experience as an intellectual one.
It might appear, then, that scaling is part of a post-hoc process of translating
science for public consumption. But scaling is not only a feature of attempts
to understand climate change on the part of intrepid journalists, nor is it
unique to creative thinkers in the arts, humanities, and social sciences. It
also figures prominently in the work of scientists themselves. At least since
the nineteenth century, scaling has been a central part of the work of both
explanation and understanding in climate science, and it remains essential
to the study of “cross-scale interactions” today. What’s more, historical
research can uncover the social and political conditions that facilitate scaling,
as in the case of the supranational structure of Habsburg science.40 Seen
in this light, the quest for understanding need not detract from a climate
scientist’s engagement with those outside her field of expertise. Indeed, this
may be the element of Isaac Held’s prescription for “understanding” that
could make it meaningful beyond “the mind[s] of a few climate theorists.”
For what is the goal of a “model hierarchy” if not to relate a large, complex
system to something we can directly experience—to make it “relatable,”
to borrow the term of the museum curator quoted above. What it would
mean to understand climate change varies radically from one knowledge
community to another. But scaling marks out a shared impulse that has
been essential to the history of knowledge production about our dynamic
planet, and may be just as essential to its future.
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