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Abstract

This thesis is an ethnography of scientific datadpced by a Brazil-led scientific
project in the Brazilian Amazon. It describes hdwve researchers and technicians
make data about the Amazon forest, and how thia ohaturn generates different
scientific communities, scientific subjectivitiegnd claims about the world. It
explores the limits of a representational idiondéscribe such scientific practice, and
in so doing investigates the reflexive and rec@rsepercussions of such descriptions

for the anthropology of science.

Key words: Anthropology of Science; Brazilian Amaz&TS; data; climate



Acknowledgements

This thesis would not exist without the time antbefthat the members of the LBA
spent with me, answering my endless questions thvéhutmost patience. My special
thanks go to E, David, Mark, R, J, all the Micraogp, and all those at ZF2 with
whom | spent the most time (who remain anonymouthétext). However, | am
extremely grateful to everyone at the LBA for opgniheir doors to me. | would like
to thank them all for sharing their work and thotsglthe Modeling groups, the
Biogeochemistry group, the CliAmb students, the Bd&m, the Logistics team, the
technicians, the executive manager, those invoind@PBio, those at CPTEC - and
everyone else, either permanent fixture or jussipgsthrough. This thesis stands as
testament to the creative capacity of their skitisl knowledge. Any errors this thesis
contains are entirely my own.

| would also like to thank my supervisor, Caspeuur Jensen, for being such a
steadfast and calming presence, providing invatudllance at crucial times in the
argument and the process of producing it. | ameaxély appreciative of his constant
support and encouragement. My co-supervisor, Moftezl Pedersen, also provided
a great deal of intellectual stimulation and gumlgnfor which | am also very
grateful. | was extremely lucky to have such detidand inspiring supervisors.

| would like to thank those in the TIP group at tfi& for providing such an open,
friendly and fertile environment: Randi MarkussBnt Ross Winthereik, Christopher
Gad, Nina Boulus, Laura Watts and Pernille BjgrndAo my fellow PhD students, at
the ITU and beyond - Peter Lutz, Lea Schick, Na@teéh Mgller, Birgitte Gorm
Hansen, Helene Ratner - thank you for the spictat/ersations and shared traumas.
| also count myself lucky to have been able to hamgwith PhD students from the
University of Copenhagen and the University of Amhl thank them for the
formative conversations this permitted.

Although it is some time ago now, | also want tartk Eduardo Viveiros de Castro
for the continuing impact he has on my work, as thesis is born partly out of the
time | spent under his supervision from 2004-20@8.time at the Museu Nacional,
UFRJ, Rio de Janeiro, was hugely inspirational, lathénk everyone there who made

it such an exciting place to be. | carry that tamel those people with me.



Catherine Fitzpatrick read the whole thesis andopd it into shape in record time,
for which | shall be eternally grateful. | wouldsallike to thank Kirsten Hastrup and
Brit Ross Winthereik for insightfully critiquing aearlier draft. Julia Sauma, Alice
Elliot, and Chloe Nahum-Claudel all read and comi@&rgenerously on chapters.
Martin Holbraad contributed to making the argumehtat it is, and Matei Candea
provided essential advice.

| am lucky to have a very understanding family, &mguld like to thank my parents,
my brother and my sister, for their support thromghthis project. My partner, Flora
Berkeley, has been notably stalwart, and writinig thould have been impossible
without her constant love and insight.

This thesis was written with the financial suppafrthe IT University of Copenhagen.
| received a further grant from the Danish Rese&aool for Information Systems. |
would like to thank Jane Andersen in the ITU's Rede and Learning Support, and
Annette Jgrgensen in the ITU's @konomi og Persorfale dealing with all my

plaintive requests so gracefully.

| dedicate this thesis to the memory of my grarndfgt Jack Benzimra, one of the

people who enabled me to carry myself forward kitowledge.



Contents

Takn e To 18 Te3 {[0] o VTR 6

PART | - THE NATURE OF DATA

Chapter 1: EXcision and EXCIUSION............cummmmeeenniieeieeeeeeeeneeeieeeeinnnnnnns 32

Chapter 2: Myth and MeasuUremMent.............ccccccrveeverrrrrmniiineeeeeeeeeeeeeens 64

Chapter 3: Raw Data, Unique Ambiguities..... .. oeeeeeeeeeereeeenniinnnnnn.. 93

Chapter 4: Cleaning the Data................cceeeeeieiiiiieeiiiceene e, 116

PART Il - THE SOCIAL LIFE OF DATA

Chapter 5: Doing Difference with Data........cccceevvviiiiiiiiiiieeeecieeeeieiiinns 144
Chapter 6: Doing Indifference with Movement...cccc...cceeeiiiiiieeeeeeeeee, 180
(@70] (o1 11 5] o] o T PP PP TP PP 207

R (] (=] [T TR 218



Introduction

"Yesterday’s scientists studied nature.
Today'’s scientists study digital dath."

Why Scientific Data?

This thesis is based on thirteen months of fieldwearried out in 2007, and in 2010-
2011, with the Large-Scale Biosphere AtmosphereeERrpEent in Amazonia (LBA).

In 2011, | also spent one month at the Centre feather Forecasts and Climate
Studies (CPTEC), which is part of Brazil's Spaceséach Institute (INPE) in Sdo
Paulo staté.The LBA is one of the largest scientific experirtgein the world (in

terms of both personnel and duration) to focusronrenmental science. A Brazil-led
scientific project, it was initiated in response ttte United Nations Framework
Convention on Climate Chang€dgnvencao-Quadro sobre Mudancas Climatjcas
that was established at the 1992 United Nationsfétence on Environment and
Development held in Rio de Janeiro. This conventi@manded that each nation
determine its contribution to the global greenhogas budget, and the impact of its
emissions, natural and industrial, on the globatcspherée. After several smaller

projects were conducted during the 1980s and 1980slving collaborations

between different countries and Brazil, the LBA egeel formally in 1998 as an

international collaborative scientific endeavourdiscover the role of the Amazon

! Schréder, P. (2003) Digital Research Data as lihatiig Capital of the Global Science
System, 7-12. In Paul Wouters and Peter Schr@dis;)Promise and Practice in Data
Sharing Available at:
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&swe=web&cd=1&ved=0CGMQFjA
A&url=http%3A%2F%2Fdataaccess.ucsd.edu%2FPromistraictice DEF.pdf&ei=4RM1UI
CxPOTS0QWgxoHoBQ&usg=AFQjCNG8fvUJrrc5M7BnouSe7LT 7A@g&sig2=I-
rx2Uk5KZfqLU7kwikH8w

2 Unfortunately, | was unable to include most of @RTEC material in the thesis due to time
and space constraints.

® http://150.163.158.28/Iba/site/port/conciso/cpp@#h. Accessed August 2012.



forest in the global carbon cycle and its relationthe “Earth System”. The LBA
experiment has since then produced an enormousrdrabmeteorological, chemical

and biological data, and many articles and pubboat

After conducting nine weeks of fieldwork with thé8A for my master’'s degree in
2007, | resolved to return for my PhD fieldwork 2010, but this time with the
specific intention of studying the LBA data. On eml occasions | was told by
researchers in both the modeling and observat&giahces that there is large gap in
many fields of scientific knowledge, including metelogy, due to the lack of
observational data collected in tropical biomesmperate areas are well-covered
with data collecting stations, but very few haveemenstalled in the tropics. My
informants pointed to three main reasons for thistly, a large part of the tropics is
made up of ocean, which is notoriously difficultdollect data on (and in). Secondly,
where there is a tropical land mass, it is normaégvily forested, which also makes
sustained data collection difficult. Thirdly, theuntries in tropical zones are less
financially stable than the countries in temper@ates, and so either do not have the
money to invest in such scientific infrastructuseeh as data collection networks, or

invest more heavily in other areas.

One of the broad reasons that world-wide coveragsought after is in order to
provide regularly-spaced observational data inpoitsclimate and weather models.
These models work with Cartesian grid space andllideeed an "input value" for
every point in that space; where there is no oleskdata at all, this leaves the model
with only interpolated data as input (see also Ed&/2010: 251-286). Infrastructures
that are available for data collection in the togpisuch as the LBA, are also highly-
prized by those in the relevant scientific commiesitbecause they provide data on
the largest tropical forests on the planet, andwalcomparative studies to be
conducted. There is accordingly a strong emphagisinmhe LBA, particularly in
public presentations of the project, on the metegioal towers that have been
erected in the Amazon forest to allow for the adllen of profiles of carbon and

energy flux data that are otherwise impossiblebiain.

Over the course of the fieldwork | had previoustnducted, it had become clear to

me that this data was not only considered to beia@rby the scientific community at



large, but was also what most concerned the LB&&sarchers and technicians on a
day-to-day basis. In 2007, during the two or so tenl spent with the LBA
researchers, students and technicians, | had dotiw# a most of their time was
dedicated in one way or another to collecting armtgssing this data, using it, or
ensuring it was available for further use by oth@itse LBA, as a distributed locale,
was also used by many different foreign researcfestsangeirosor pesquisadores
de forg. It provided them with safe and legal access he forest and with
infrastructure in the form of lodging, internet ass, trails into the forest, vehicles to
get in and out of the forest, personnel, and egammncluding the meteorological
towers. The researchers and technicians seemedniotavgo into the forest solely in
order to collect data and bring it out again. Naswdata only a quotidian concern: as
the epigraph suggests, when these researcherg@mddians showed me their work,
they showed me their data. Obviously not natunat ,dso not exactly fabricated, data
piqued my interest by (I suspected) conceptuallyalbiting an interstitial space
between categories that are normally to hand wleeralsscientists try to describe

scientific practice, such as "nature" and "culture"

This thesis thus explores the collection, procesaimd subsequent circulation of the
scientific daté produced about the Brazilian Amazon by the stisjeesearchers and
technicians of the LBA. The LBA could be descrilsedonly a small part of a much
larger, "global" network of infrastructures dedexto ecological and meteorological
data collection and dissemination (see Miller adev&rds 2001; Kwa 2005; Edwards
2010). But this small part, it emerges, has somkirsg peculiarities. Some of these
are the results of its specific setting, othersydmcame apparent because of the

focused approach | adopted. Firstly, collectingadatthe Brazilian Amazon is not the

* The word "data" in English can be referred toesitin the plural or the singular simply by
changing the subsequent verb: "the data are" erdéta is". In Portuguese, there are two
separate words for the singular and the pluralado(sing.) andbs dadogpl.). The LBA
researchers almost invariably referred$odadosbecaus® dadomight be better translated
as "the datum", stressing the singularity of aipaldr data point or set. However, as | wanted
to emphasize the LBA data in its entirety and srsihgularity as the focus of my thesis, |
opted to refer to it in the singular as "the data(but in contradistinction to "the datum is"),
to mean the entire body of data that is associaititithe LBA, as well as the particular data
that was at any given point in time the subjeangf(and my informants’) scrutiny.
Sometimes, it appears in the plural if translaangtation. Here | do not mean anything more
by my choice, although the flexibility between sitay and plural usage evidenced by the
concept of data is certainly noteworthy.



same as collecting data in a temperate, easilysaitiite and urbanized area of the
world. The Amazon forest exerts a particulariziogcé on these activities in several
different directions, as | explore more fully inethlthesis. Secondly, instead of
concentrating on the infrastructure or organizavbthe LBA, or the uses to which
the data is put, | concentrated on the data itsBd. such, this thesis is
ethnographically aligned with work in Science anecfinology Studies (STS) that
examines databases and data as ethnographic objettisir own right, with the
capacity to extend beyond being simply 'neutrabnimfation’ — material, practical,
ubiquitous and political entities that shape thetewts in which they are embedded
(Bowker 2008; Hine 2006; Hilgartner and Brandt-Ra884)°> However, aside from
recent studies of the impact that "big data" had ¢va the biological sciences (e.qg.
Leonelli 2012), there has been relatively littldeation paid to the particular
techniques and means by which data emerges as. ‘daid this is, precisely, my
interest: | want to examine what data might betsnown right, as it were. | have
therefore begun not by looking at the data as aaré gf a much larger network -
which would require one to start with the largetwark and work backwards - but as
an entity unto itself. Here, | take inspiration rfrca similar move made in recent

ethnographies of documents as "artifacts of mo#leawledge™ (Riles 2008).

My fieldwork therefore focused, not on the scidstigechnicians and researchers of
the LBA, nor the Brazilian Amazon itself or any fewlar location within it, but
rather on the data that the scientists, technicisiuslents and others produced about
the Brazilian Amazon. As it was impossible to stublg one without studying the
others, the thesis is in one sense a descriptidheofelations between these three.
Nevertheless, its structure reflects the ways ircwihtook the data as a limit, and to
a certain degree as the determinant of where | wedtwhat | investigated. Taking
data seriously in this fashion required me to triés€every first collection out in the
forest, and the subsequent transformations thatireat as it moved out into the
world from the forest. The data | investigated oftikd not reach the wider network of
infrastructures that has come to characterize etudif climate science, or the

institutions such as CPTEC that run climate modat&l this thesis does not really

® This scholarship, rather than analysing scientifiscriptions” (Latour and Woolgar 1979:
51; Lenoir 1998), concentrates specifically on iifie digital data. The earlier work
focusing on inscriptions is however also an indjprafor this thesis.



deal with them. Instead, it asks what data is whé&nextracted from the world, how
this extraction occurs, what that implies aboutwueld, and how data subsequently
comes to signify and relate to other data and geaplan entity. Simultaneously, it
engages with the self-reflexive work of asking whalevance this has for

anthropological enquiry.

Findings and Argument

As | proceeded with my fieldwork, three principleservations emerged that structure
this thesis, and can be seen as its major findifigs.first seems at first glance to be
hardly a result at all. In confirmation of what &d observed during the previous
fieldwork stint in 2007, | discovered that thosesaarchers and technicians | was
working with invested the world they were studyingmely the Amazon forest, with
an absolute degree of reality. This was clear envilay in which they spoke to me
about it, and conducted their work. There were @agysnin which they indicated that
their investigations were not discovering somettatrgady given. The importance of
this was not clear to me until, near the end offraldwork, | was asked to give a
presentation of my findings to the researchers sindents. Nervously, | decided to
conduct my own experiment, and settled on givinggcure on the intricacies of
Actor-Network Theory, stressing the points whickthbught would cause the most
alarm to a group of scientific realists - emphamsgzifor example, how “the length of
associations, and the stability of the connectittmeugh various substitutions and
shifts in points of view make for a great deal diavwe mean bexistenceand
reality” (Latour 2005: 164). | used the work of seal people present in the room as
"case-studies”. The lecture room was packed, asethohad spent the last year

guestioning and prodding were finally given the appnity to do the same to me.

As | finished explaining the last slide, severahdis shot up. Ready to deal with the
table-banging that | had been primed for (prindipdly the texts | had been
explaining), | took the first question. To my greaterest, however, almost no-one
took any issue with most of the contentious idehad taken pains to explain clearly
and simply. They, in fact, asked much harder, sidejuestions. One person asked
why | had not includedhis project in my talk, was it not interesting enougriother

asked perplexedly what my master’s viva had bden If there was no such thing as
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right and wrong, how had | passed? Another askédhdid had any issues of cultural
miscommunication, as she remembered happening slireimad to conduct research
with riverine communities. Another asked me whaat meant by suggesting there
might be more than one way to do science, didnkthhat they did not do proper
science in Brazil? And finally, a professor asked ih | had read any Isabelle

Stengers (I had, and | use her work a great deal).

They did not misunderstand my lecture, (I had besy emphatic) but they simply
did not find it interesting to talk about reality the way that | had presented it to
them. They raised questions that interested them,nistance asking how | had
selected my data, or how others might evaluateindirfgs. Those questions, in turn,
had unexpected and generative effects on my owniees} | realized, for example,
that even though a researcher might tell me thaingdscience in the Amazon is
different to doing it anywhere else", if that wespeated back to them by someone
from somewhere else, it became different informatidms Tvas all very stimulating,
but it dawned on me that as far as those researeimer students are concerned, it is
not interesting to ask whether the world is reahot, simply because the world just

is.

The second observed finding of this thesis is t@icomitantly, what interests
researchers in those terms is not so much natutehéir data. This data inhabits an
area of knowledge that is peculiarly its own. | dalready suggested that as such it
slips between opposed categories such as "real"fabdcated”. It has a life of its
own, and as | followed its course from collectiom irocessing to storage and
dissemination, | became aware that it also hasrpa particular aesthetic. | use the
term "aesthetic" to refer to "the persuasivenestown, the elicitation of a sense of
appropriateness” (Strathern 1991: 10; Riles 208%).1The data becomes data — that
is, it becomes trustworthy and persuasive — by meétechniques and processes that
elicit from it a certain form. | discovered thateoof the important features of this
form is that it is self-referential, because itrezs with it its own referent; or
conversely, it is real when it refers correctlyitszlf. Importantly however, although |
imagine this conclusion would be mildly interestitaythose researchers | worked
with, | suspect that they might want to move omjagkly as possible to explain the

contentof their data to me. In so far as | also observed thatddta needed to be
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given a specific form in order for its content #® tnderstood and subsequently used,
another important realization was that the datshaés is one in which oppositions,

such as form and content, can elide and separate.

The third broad observation on which this thesistsds that this form also has
external relational capacities. It must not onfierer relate inwards to itself, but also
outwards, to other people and other data setssloftan told that data would only be
shared when it was ready, or when it had been pseck An enormous amount of
work goes into "cutting and polishinglapidar) the data in this way, in order to
produce certified data that can then be sharededst@ompared and published. In
investigating this, what was revealed was a mutiation of co-production between
the data and those who work on it. Just as thedesmers, for example, work on the
data, so too does the data work on the data ckeafike final form of the data is not
an end point. Data is important, in fact, becatsmmn subsequently be transformed
into something else — a publication, or anothemtlabout the world. Thus, the
relational capacities of the data, | discoveredterof crystallized around this
transformative potential, which itself was not caetended in the same way by all
those involved in its realization. Since relati@as also separate (Strathern 1988), the
social entanglements that occured due to this exgiea great deal of the friction that
arose in situations of international collaboratibtherefore saw a way to trace the
contours of these frictions by viewing the datarelational entity. | also discovered
the limits of my own study, in the limits of thetda® relational form: not everyone

who was involved in the data’s life had any intérest whatsoever.

This thesis is an exploration of three broad idpesvided by the ethnographic
engagements | had in the field. The first is theture is not real, because it cannot be
false. The second is that the data can be reahuisedt comes to refer to itself. And
the third is that the data has relational capacitiet flow into and out of itself in
different ways and have effects that are socialw@l as following and drawing out
the intricacies of these three findings, | alsoalsvintended this thesis to contribute
to the methodological and conceptual discussioosral the question of what it is to
study science anthropologically after the post-moderitical) turn. One of the ways
in which | attempt to do this is to try to re-thitike representational relation (which

substantially underpins the dispute between s@dallealists” and "constructivists")
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in the terms of the data aesthetic that emerged fmy research. | identify a series of
elisions and separations as a governing dynamit dhaws for a multitude of
different oppositions (such as real/representatidata/error, skill/lknowledge,
form/content) to overtake each other. In this wlahope to move away from the
constrictions that the representational idiom ingsosn anthropological descriptions
of science, without losing what is essential tosthaescriptions - the possibility of

countenancing scientific reality, for example.

An Ethnography of Scientific Data - Defining the Feld

| have chosen to refer to this thesis as an etlapbgyr of scientific data. What
constitutes ethnography as anthropological metluapgpolis continually being re-
assessed within the discipline (for a recent exarspke Riles 2008: 1-40). Here, | am
working loosely with the idea that ethnographic eanburs are ones of
"immersement”, in which "what must be taken intccaamt is what has been
overlooked" (Strathern 1999: 5). Ethnographic fiadk in this rendering necessitates
the suspension of the criterion of "relevance". geeting knowledge’s inherent
expansiveness, it proceeds by gathering anythingogential information. What is
relevantbecomesso, continuously, as the anthropologist tacks betwdata and
analysis, or the field and the desk, endlesslyiseedering both. My ethnographic
methodology is, therefore, characterized not onfyubpredictability, but also by
awareness of the generative potential of what thelteés to know; the partiality that
resides in acknowledging the importance of what Bihurer calls "missing terms
from the future that may arrive, or may not" (20@83).

This is not to say, as George Marcus and Jame®@lifamongst others) did in the
1980s, that such an acknowledgement is necessatignded to highlight the
"artificial, constructed nature of cultural accaIn{Clifford 1986: 2). The field is
only a construction in so far as it is a relatias,Eduardo Viveiros de Castro reminds
us (2002: 113). And as Viveiros de Castro also nésnius, it is the anthropologist’s
task to discover what "a relation” might mean feode who he or she works with
(ibid: 122). The field can therefore be engagedas a relation between the
anthropologist and their informants and fieldsiattisin potentig constantly in the

making. Again however, although this is a cruciedps it is thus not enough to
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acknowledge that the field is co-constructed thihotige act of fieldwork without

paying attention to what differences this entaileach ethnographic case.

George Marcus (1995) introduced the term "mulegifieldwork” in order to take
account of the fluid and complex field-sites thath@aopologists were increasingly
finding themselves engaged in - focused not onisolated locus, but on many that
seemed to inter- and dis- connect on multiple sc&ertainly, in one sense, my field
was constantly shifting. | accompanied the datat asavelled from the collecting
platforms deep in the forest into the LBA centriice in Manaus, and from there to
multiple locations, virtual and actual, includifgetBrazilian Space Administration in
the southeast of Brazil. | also accompanied tiipgifferent research sites all over the
Amazon, and attended conferences. However, dismssf "multi-sitedness” have
come some way since the 1990s. In a recent redappratei Candea interrogates
the ideas of limitlessness, complexity and expansiberent in the idea of multi-sited
fieldwork, and instead emphasizes the importancancfarbitrary location" (Candea
2007, 2010) as a means of making the "cut" necgdsadefine one’s field. He
presents this as a development of the dissatiefaatith totalizing discourses that
Marcus and others write of in the 1980s, but alsoaamove away from the
conclusions they reached. Candea makes the poiat twhen it presents
(un)boundedness as a real feature of the world thetre...rather than a
methodological issue, the multi-sited approach dtsgthe possibility, indeed the
necessity obounding as an anthropological practic€007: 172, italics in original).
By highlighting limitation as a decision on the fpaf the anthropologist, an arbitrary
location is "premised on the realization that angal context is always intrinsically
multi-sited” (ibid: 175). At the same time, it alsefuses to take that multi-sitedness
as a totalizing discourse itself. It was througlkraevledging the productive and
specific partiality of the choice itself that | d®the data as my field-site, a (not-

quite) arbitrary location.

® Here | follow Marilyn Strathern: "Tyler and Marcusmind us that every inversion we
deploy is self-referential...; but the deploymehparticular, concrete inversions is not...Any
such contextualisation can of course be recaptasad turn self-referential, in the same way
as "other" can always be collapsed as a versidselif'. But to regard this last position as a
final one is tchide the movemetiirough which it was reached" (Strathern 1987)279
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Taking Science Seriously

The productivity of partiality is a powerful trope discussions of ethnographic
methodology. It is precisely because of this emishas the generative potential of
partiality that sighting glimpses of hidden or unagked totalities is an effective way
for anthropology to destabilize its own dominanh@eptual apparatuses. This is a
manifestation of the fact that the anthropologast,Anna Tsing points out (2005: 7),
has become the champion of the local, particular @nmtingent. As Marcus claims,
“[flor ethnography, then, there is no global in tleeal-global contrast now so
frequently evoked. The global is an emergent dinoen®f arguing about the

connection among sites in a multi-sited ethnograh995: 99).

However, one of the problems posed to and by thier@mology of science, and the
descriptive problem that this thesis grapples wighthat ofexactlyhow one might
talk about the universal, the global, reality aiotality at all in a disciplinary idiom
that apparently no longer permits it (Choy 2005 the one hand science is that
domain of Western knowledge that in large part gdtself on the necessary premise
that universals are not created but given, and dbpires to totality, and if on the
other hand anthropology is that domain that aspioesountenance partiality and
particularity, then the anthropologist of sciengdarced into a strange version of the
familiar "trap of having to believe either nativeeamings or our own" (Wagner 1981
30). The strangeness arises from the difficultdetiding exactly where to locate the
"native” in this relation in the first place, fos avVagner continues "[T]he former
alternative, we are told, is superstitious and jgxilve; the latter according to some,

is "science™ (ibid.:30). When studying scientidtse two sides seem to collapse into
one another. In privileging the particular, situagad contingent - the "unobjective” -
Anthropology is supposedly engaged precisely invdrg away from its natural
scientific, Western tendencies (cf Ingold 2000; nkien 1995). So how to take
account of objectivity as ethnographic category?isTls the analytical and
ethnographic issue that might be called the proldéhow to "take science seriously”
anthropologically. This thesis is intended therefapt only as a contribution to our
understanding of climate science in the Amazomfdhe "artifact of modernity" that

is scientific data. It is also, simultaneouslyeimied as a methodological exploration
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of the particular issues that conducting such dystaises for a specific branch of

anthropological theorizing about identity and atier

In a recent publication Eduardo Viveiros de Cag6lla) evokes philosopher
Gilles Deleuze to argue that to "take your inforisaseriously" is not at all to literally
"believe” in or explain them, but rather to sustdiem as the possibility of
multiplying or increasing our world. That is, ratltan having "sense" made of it —
being "recognized" in the terms of Isabelle Stead2005: 85) — the Other should be
retained and perpetuated as irreducibly outsideability to understand. It should be
incessantlyaddedto our conception of the world, not reduced tonte and for all
(see also Henare, Holbraad and Westall 2007). HemyViveiros de Castro has
expanded substantially on “taking seriously” aseans of “controlled equivocation”
(Viveiros de Castro 2004). Drawing on his work wiimerindian peoples, he poses
"controlled equivocation” as the simultaneous cenahcing of all the inevitable and
radically different misunderstandings that occur bwth sides of any intercultural
comparative acf. For Viveiros de Castro this is the necessary psendf any

anthropological enquiry:

"To translate is to situate oneself in the spacthefequivocation and dwell there.
It is not to unmake the equivocation, (since thauld suppose it never existed in
the first place), but precisely the opposite iirlio translate is to emphasize or
potentialize the equivocation, that is, to operwaden the space imagined not to
exist between the conceptual languages in cordaspace which the equivocation
precisely concealed...to translate is to presumeahatquivocation always exists,
it is to communicate by differences, instead adreiting the Other by presuming a
univocality — the essential similarity — betweenatvthe Other and We are saying."”
(2004: 10)

This means that whatould bring anthropologists and those they study
together is exactly what must be interrogated —ane not all "people”, because
notions of personhood are radically different asrogltures; we are not all "men" and

"women", because gender is likewise; we do not tliaeesame figurings of nature

"It is "controlled", he tells us, in the way thaalking is a controlled way of falling — a
constant suspension of actualization.
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and culture. Buin order for these sorts of radical incommensurabilitiesetoerge,
there must be an "ontological continuity” (ibid:eXtended between us and the Other,
a sort of symmetrical ontological determinationh@tvise, these differences would
disappear, subsumed under our own categoriesidths first move, then, that posits
or reveals alterity as analytical axiom; the Otbérthe Other is always other, as
Viveiros de Castro puts it (ibid.: 12).

That these equivocations be potentialized in thay vg vital in order for the
second move of "taking seriously" to be effectélde- creative distortion of our ideas
by theirs:“anthropology is a conceptual practice whose aito immake alterity reveal
its powers of alteration” (Viveiros de Castro 201145). This has been, in other
contexts, called "reverse anthropology” (Wagnerl1l®), "recursive anthropology"”
(Holbraad 2012), "lateral reason” (Maurer 2005).at\his implies is that the content
of the anthropological exploration - the ethnogsaplkhould have a profound impact
on its form. As Martin Holbraad points out, thisnomitment has often meant that
anthropologist are forced to "think (and do) angimlogy beyond representation”
(2012: xvi), as representation is the abiding fahat anthropological analyses take.
This recursivity is the second aspect of "takingiosesly”, and one | think that
distinguishes it from other descriptive injunctionthe “thick description” of Clifford
Geertz (1973), for example. The double move emtaile taking seriously, as
elaborated by Viveiros de Castro, requires the raptiiogist not only to recognize
that the conceptual capacity at his or her disp@asdly definition insufficient to
capture that which he or she intends to write gbbut also to alter (at times
radically) their descriptive and analytical repeeas a result.

On both counts, however, studying science createseisting and troubling torsions.
As Viveiros de Castro points out, to "take the @tlseriously” is in fact an
asymmetrical task, given that almost all thingst thee "near to, or inside of us"
(2011a: 133) musthot be taken seriousiyn order for us to be able to take seriously
that which is far from us (i.e. "them"). In so & Western science is the epitome of
what makes "us" distinct from other times and pdac¢his creates a dilemma. One
response is to question how one draws the linedertvmear and far in the first place.
Candea (2011a) suggests that what taking "us"wssyianight do is return us always

to the unsettled nature of that line. This implikat by taking ourselves seriously
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ethnographically we end up constantly "irreduciigdtour 1988: 158purselvesin
the sense that the endless discovery of interrféreintiation that this engenders
leads us to suspect that "we" are not who "we" ghowe were. Thus it is precisely
in the difficulty of establishing the elusive bowmyg between her own practices as
anthropologists and those of her informants thateldise Riles situates her analysis.
In her study of Fijian women’s rights movements aw@0s, Riles pictures this
difficulty as a loss of the ability to "reveal”, é&rwith it, of whatever analytical
purchase one feels one can lay claim to. Howewer uses this apparent collapse of a
crucial distinction agtself an ethnographic object, therefore reinstatingdisgnction
even in its apparent dissolution. Its reinstatemmorisists in a refiguring, so that
"what is problematized... is not so much my posiiiothe field, as the way the field
is both within and without myself" (2001: 20).

In respect of the ability to draw the line betwewrar and far, which is necessary in
order to be able to effect any sort of recursivev@moent, it seems that we are faced
with an oscillation.On the one hand, there is Viveiros de Castro’s esighon the
necessity of ensuring "us" and the "other" perfatinectly comparable intellectual
operations. On the other hand, for Riles, thisxiacdy what makes her analysis so
difficult to grasp. The battle for "ontological dawuity" appears differently
depending on the what sort of relation there isvbet the anthropologist and his or
her informants® even as it is precisely this relation that deteesi what that
continuity (or lack thereof) might b&hus it might be said thany anthropology,
whatever it studies, is involved in tracing the sashifting line between who "we" are
and who "they" are: this is what is precipitated oftianthropological engagements
with others. The negotiation of this relation bedweadentity and difference could
perhaps be seen as an exploration of the multiglemptations of the twin

displacement: "they are not us" (exo), but "we @ao¢ ourselves" (endo-). In this

® The "trap" that Wagner refers to varies with tlelstion. There is a sense in which Riles’
struggles to render knowledge as such are notitine gs, for example, Strathern’s struggles
when writing about the people of Mt Hagen in Mekiae Strathern makes this clear at the
end ofGender of the Gift![L]Janguages themselves are not generalizable fmdific
phenomena. In expanding the metaphorical poss#isilaf the specific language of Western
analysis, it can only be its own metaphors thdiliza" (1988: 343-344). Whilst Riles
laments a common language, Strathern emphasizdaiigaage is irreducibly insufficient to
the task. Crudely put, whereas the former is trdppe, the latter is trapped "out".
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sense, studying home and abroad are just diffarersions of the same activily
However, it must simultaneously be recognized #&mato- and exo-anthropology are
irreducibly different endeavours. Endo-anthropadtgjiare potentially faced with a
situation in which "equivocation" has no space, anttological continuity" is in fact
the analytical problem. The oscillation lies in wher one chooses to stress the
similarity or the difference between the two appiess, in terms of the relations of

similarity to difference that they encompass.

How therefore might taking science seriously prd@ek may be possible to make a
virtue out of what at first glance appears an impeat. Roy Wagner noted many
years ago that "[A]nthropology will not come tortex with its mediative basis and its
professed aims until our invention of other culturean reproduce, at least in
principle, the ways in which those cultures invdr@mselves" (Wagner 1981 [1975]:
30). If the objective of anthropology is to "repun@” alterity in principle, then
inherent in this very "reproduction” is the necegsantortion - what distortionsust
our concepts suffer in order to take account ahfosrmant’s explanation that, to take
a famous example, witches caused his house tgoselfa(Evans-Pritchard 1976). The
very act of trying to establish ontological coniigu to "reproduce”, forces the
anthropologist to distort their own description, #e very least, our conventional
ideas of causality must be revamped. The parado& isethat reproduction will
necessarily result in change. If, on the other haveldo the same to scientists, and
"reproduce” what they tell us, what we will get ggesumably, science. One cannot
achieve the same analytical result by applyingstame approach to studies of, say,
Amerindians, and of scientists. The same actiordifeerent effects.

This is the impetus behind Marcio Goldman’s nedogi'symmetrizations”. This
refers to the notion that "the symmetry betweerettadysis of scientific practices and
African or candombléones can be obtained only by introducing a compgimgsa
asymmetry that is destined to correct the initeyrametry of the situation" (2009:
113). Goldman suggests that it is by paying atentio what thecandomblé

practitioners are saying rather than what you predr them to be doing, as he
suggests Latour does with scientists, that therapthogist might allow them to

destabilize "our dominant forms of thought, whilowing new connections to be

? Like a Klein bottle (see for example Wagner 202)0:
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made with the minority forces inside all of us"ifib 123). The implication is that the
anthropologist simply cannot take scientists sefipun the way he or she can

candomblépractitioners.

However, taking my lead from Viveiros de Castrpydépose not to resolve this issue
but rather to dwell in it, and push it as far awiit go in order to potentialize it. | will
focus not on reproducing science at all, tstnventingit.'® This does entail paying
attention to what the scientists say about whay tte not because science has the
right to "define reality" (Goldman 2009:112), bgdause what must hold true, across
the ethnographic spectrum, is the commitment toeduction” as the basis of
anthropological enquiry. Of course, how one goesutthat in the case of endo- and
exo- anthropology is, as we have seen, differehaitTs to say, the anthropologist
simply cannot take scientists seriously the way he or she carcandomblé
practitioners. If, as Strathern suggests, certairissof ‘special knowledge’, as
practices of self-reflection, have more potential $urprise and dazzle the
anthropologist than other (home-grown) sotthen the task for the anthropologist of
science becomes how to find that dazzle througkratieans. This is not a question
of making the mundane exotic, so much as of legrfiow to "think” and not to
"recognize"” Stengers 2005: §50r how to "think with difference”. In the casetbe
anthropology of science, what one is faced witlthis opportunityto try to think
"identity” with difference, for example. This cae lery productive. If equivocation
and misunderstanding are the hallmarks of an eXu@pology that takes alterity as
its axiom, then | suggest that the oscillation testw recognition and estrangement —
embodied in the paradox that the Other of the samg also be other - is the

hallmark of an endo-anthropology that does likewise

This is the conceptual hypothesis that underliés ttiesis. The easily recognizable
relation that | take as conceptual "case-study'tties is that of representation. What

does it mean to take "representationalism" seryguddo you find, as Candea

1% Of course, to a certain extent all anthropologanalysis is a form of re-invention. But this
just lands us back in the oscillation that | presiy delimited. See also Jensen 2012;
Pedersen 2012.

Yt is worth remarking, however, that special knedde which inheres, say, in theological
or scientific expertise has never held quite tlee@lin anthropological accounts as material
which appear esoterliecauseahey require revealing (beg immediate interpretgtiédn

initial surprise becomes a suspension, a dazztesame kinds of ‘special knowledge’ are
more likely to dazzle than others" (Strathern 19099:
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suggests, always another torsion, that distancesrgm that which you study? Does
representationalism cease to exist when you siddok for it? On the one hand, my
thesis demonstrates that it does, and that thoseorked with were not

representationalists, but something else entir€wy. the other hand, as Martin
Holbraad (2004) points out, scientists do indeeuk land behave very much like
representationalists when asked about question®ality. In the case of those |
worked with, the real-representation relation aelyafigures importantly in their

work. In the descriptions and arguments around tihysc that animate the thesis,
what | have tried to capture, rather than to maskhe way the oscillation between
identity and non-identity (as binary) and simitarénd difference (as scale; see Mol
and Law 1994: 660), plays out, both for in the pcas of those | worked with, and in

my own endeavours to understand them.

The Large- Scale Biosphere Atmosphere Experiment inAmazodnia: some

background

| will now turn to some important background on ttigA, and to the details of my
fieldwork. The LBA is one of the largest of Brasil'projects for studying the
environment. The overarching objective of the LBAto "quantify, understand and
model" the "physical, chemical and biological ps®s that control the cycles of
energy, water, carbon trace gases and nutriesiszonia and determine how these
processes are associated with the global atmospaemsell as to predict the impact
of changes in land use and vegetation cover insikoutside Amazonig.The six
research areas that the LBA was originally intenttedocus on, according to the
project documentation of 1996 available on theibsie, were the Physical Climate,
Carbon Storage and Exchange, Atmospheric Chemlsdng Surface Hydrology and
Water Chemistry, Biogeochemistry, Land Use and L@ogler. Some time later, the
category "Human Dimensions"” was added, after thé [ddme under fire for its
failure to emphasize human activities and susté&nalevelopment (Lahsen and
Nobre 2007; see also Schor 2011).

2 http://150.163.158.28/Iba/site/port/conciso/cpp@B. Accessed August 2012
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The LBA'’s scientific steering committee had consadkit crucial from the outset to
have strong collaborative international connectionsorder to obtain the enormous
amount of human resources and funding it requioefiriction on the scale desiféd

It has so far been responsible for 156 scientifmgets (not including post-graduate
projects), bringing together 281 foreign and naloBrazilian) institutions™ in
different areas of research from land use to biogemistry, although arguably its
most important work has been with carbon flux. ther first ten years, the LBA was
very explicitly an "international" project, thatdluded researchers from countries
including Brazil, Peru, Colombia, Ecuador, the UStAg UK and seven other
European countries. It had particularly strong @mtions with the USA’s National
Aeronautics and Space Administration (NASA), angdeparate section of the LBA
known as LBA-ECO was established to deal with NAISRA collaborations, which

generally focus on the research sites in Santdrama.

In 2007, the LBA went through what my informantdereed to as a process of
"nationalization”. Its contract with NASA ended,dawith it the access to NASA

funding, and it came under the aegis of the BrzilMinistry for Science and

Technology. This shift was accompanied by a codatbn of the seven research
areas into three: physicochemical biological preessin aquatic and terrestrial
systems and their interactions; physicochemicaltirsabllar interactions on the
biosphere-atmosphere interface in Amazbnia; and $oeial dimensions of

environmental changes and the dynamics of landanseland cover in Amazoénia.
This nationalization was also accompanied by a ghan funding structure, that led
to repeated financial difficulties for the projebiuring the time of my fieldwork there

was also an ongoing controversy over the CodigaeBtal (Forest Code). This
controversy encapsulates Brazil's long-running konbetween conservationists and
developmentalists. It was against the backdropisfibhcreasing "nationalization™ that
| completed my fieldwork. My fieldwork was also Bamded by the UN Conference
Of Parties (COP15) in Copenhagen just before myadsrand by the release of new
data demonstrating an increase in deforestatidharAmazon around the time of my

departure. Most people | spoke to were very awdréhe charged eco-political

13 http://150.163.158.28/Iba/site/port/conciso/cpp@#. Accessed August 2011.
 http://150.163.158.28/Iba/site/ ?p=intro&t=1. Acsed August 2012.

22



atmosphere in which they were going about theirkwand also of its international

dimensions (cf Barbosa 2000).

Over the years, the LBA project has involved huddref different researchers in
different scientific disciplines. It has also indad the construction of over twenty
meteorological towers in the Amazon forest ahd drier Central Plateau region
(Cerradg. These towers sometimes stretch up to 60-70m higth are bedecked with
equipment that measure carbon "fluxfluxo) between the biosphere and the
atmosphere — how much and how fast carbon is bexeganged (normally in the
form of carbon dioxide) between the forest and #tosphere. They also have
equipment that measures other meteorological i@sabuch as rainfall, humidity, air
pressure, radiation, and wind speed and direct8mmetimes there are additional
instruments installed on the towers that measugectimcentration and flux of other
trace gases that contain carbon, such as methahg. (Gnly some of these towers,
however, are still in operation: towers K34 and BB4 research site called ZF2, near
to Manaus; and ZF3, also relatively near to Mandusere are also towelg Ji-
Parana (Rebu Jaru) and Ouro Preto do Oeste (Fakwsda Senhora) in Rondoénia;
Brasilia (RECOR) in the Distrito Federal; and Saéta and Caxiuana in Para.
Towers at Humaita (Amazonas) and Cuiarana (Parth)saon be built, as will a
series of towers, including one 300m high, in thatuih& Biological Reserve
(Amazonas), a collaboration between the LBA/INPAe Max Planck Institute, and
the State University of Amazonas (UEA)here was a tower &ao Gabriel de
Cachoeira in Amazonag) Northern Amazonia close to the frontier with \éenela
and Colombia, but it fell down in June 20IIhe scientific rationale, | was told by
one researcher, behind choosing different towes s# one of representativeness. The
idea is to capture as many different types of estesys as possible. Thus, whereas
K34 was built in primary forest (un-managed foregty3 was constructed on what
had been farmed land; similarly, B34 in a basiml K84 on a plateau.

The LBA has a central office at the National Ing#t for Research in Amazonia
(INPA), in Manaus, the capital of Amazonas stat@lso has several smaller offices
in different Amazonian cities, as well as one ie Brazilian capital, Brasilia. There
were several different groups based at the Cefitfiate in Manaus, where | spent

most of my time. This office also housed the relgeintaugurated post-graduate
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degree course in "Climate and the Environment"AflMb) that offered master’s and
PhD degrees with specializations in different arddee academic groups, including
climate modeling groups, a hydrology group, a mmoeteorology group, and a
biogeochemistry group, were composed of studerats dollectors and professors.
Some groups were larger than others; the hydrotpgyp consisted of only three or
four people during the time | was there, whereasilodeling groups had eight to ten.
There was also an IT group that took care of thé Ingtwork, a logistics team, and
an accounting team. There was thus a core setogfigpevho were employed by the
LBA either as professors, researchers, technicisiuglents or administrative staff.
Nevertheless, the limits of the LBA were hard tédhsteady, for several reasons. For
one thing, there was an extended "LBA communitg'tleose in the LBA called it,
comprising of anyone who had ever taken part iasgarch project, collaborative or
not. These were often people | did not encountémiw were on the LBA mailing
lists and contributed to the LBA knowledge prodomstiand who had access to the
LBA data. There were also professors who sometitagght on CliAmb, and
different researchers who came temporarily to cotiiata and then left again.

Methodology and Research Sites

Despite the edges of the LBA project writ large agmmg somewhat blurry, | spent
most of my time with the core group employed, oraywr another, by the LBA in
Manaus. | conducted fieldwork mostly in the LBA @ah Office in Manaus and the
surrounding research sites on the forest, althdughkited as many other research
sites as | could. In 2007 | visited the researcbeba Santarém in the state of Para,
and the research site id&Gabriel de Cachoeira. In 2010 | spent time atésearch
site at Uaturé Biological Reserve, where the construction of 889m tower is
currently being undertakeri. also attended two large Conferences: the Beazili
National Meteorological Association Conference i01@; and one expressly
organized by the LBA in 2008.

The research site that | spent most time at was ¥f&h is comparatively near to
Manaus. One of the towers there, known as K34hésldngest established of the

LBA'’s towers. It has provided a ten-year serieslata — the longest series of data for
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a tropical biome in the world, as several membérhe® LBA emphasized. At ZF2,
there is a "lodging"dlojament9 where there is a cook, someone who looks after th
lodging, and enough bunk beds and hammock spatauve about twenty people
there at any one time. A generator runs all day m@igtit (although the energy it
provides is "dirty" - it oscillates in frequencyriderably so is not used to power the
instruments on the tower). Due to the recent itadtah of radio transmission system
that sends the raw data in real time to the LBAdiqearters in Manaus, about 50 km

away as the crow flies, it also has intermittertt aocredibly slow internet access.

There is a trail that leads from the lodging to phateau where the tower K34 has
been built, which is approximately 3km of very redgerrain through the forest that
has been partially shored-up with planks, and whiebds continuous upkeep. This is
an infrastructure which, as far as this kind okstfic research goes, is remarkable.
The non-Brazilian researchers who came to usee$earch site at ZF2 whilst | was
there were often very complimentary about it, ameneastounded by it. However, it
requires the work and constant supervision of entehpeople, including technicians
and electricians, and the logistics team backalLBA who arrange for food, people

and any materials to get the site, and for rubarsth people to get off it.

Another tower at ZF2, called B34, was due to betreated during the time | was
conducting fieldwork. It had been erected origipa@s part of a PhD project, but had
not subsequently been maintained as a data colteptatform, although the tower
itself was left standing. Reactivation involvedimstallation of instruments. However,
although there was a lot of activity around the égwit was hard for me to keep
abreast of this reactivation as it happened indiitd starts, and | was not always sure
when it was occurring. There is also another adiiweer near to Manaus known as
ZF3, located at another different site, that Itediseveral times. | also spent about a
week at the research site that was being construnt&atumé Biological Reserve,

where there was already one tower built and seveoat in the pipeline.

At first | spent time with several different groupEresearchers and students in the
LBA, including the hydrology group, the modelingogp, and the micrometeorology
group. | tried to divide my time as equally as plolssamongst them. accompanied

several students from different disciplines duting implementation of their PhD and
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master’'s experiments in the forest, and spent ashrtime as was possible with any
foreign researchers who came to ZF2 to collect.d&tanetimes, a well-known
academic associated with the LBA community wouldvarto collect data or for
administrative reasons, but otherwise my contath wiany of the more renowned
researchers was limited to conferences (if thegnditd them)l did however conduct
interviews with: most of the professors workinglad LBA; the administrative staff;
the logistics team; the technicians; the Data mfations System group who managed
the storage of the data and the running of the ertwand some of the CliAmb

students.

As time went on and the focus of my research daddli | ended up spending
increasing amounts of time with the micrometeorglagoup, known simply as
"Micro”. The Micro group is responsible for the leaition and processing of data
from the towers at ZF2 and ZF3, as well as the teaance of the equipment and
instruments on the towersl spent long periods of time trying to get to gripgh
their everyday work with the towers and the datasthy at ZF2 but also ZF3. | also
spent time following some of the data collectinghteicians at ZF2 as they went

about their work.

All of the interviews | conducted were digitally caded when possible. All
interviews were noted down in notebooks, and aceonega with photographs. At
times, on asking questions of my informants | wagaed to other sources of
information, such as instrument user manuals peavidy the manufacturers. | also
supplemented some of the information from intergewith further material provided
by unrelated sources. | have noted in the text wthénoccurs. During fieldwork,
broadly understood as participant observation, nufstny time was spent in a
combination of watching and asking questions, and Aecame more competent,
sometimes participating. | lived in an apartmerdrrte the Central Office in Manaus,
in a block where several other LBA researchers prafessors lived. | did not
normally accompany any informants to their homeshatend of the working day.
Even so, over time friendships formed and | wast@avto dinner, to barbecues and
out for drinks. During these events some opiniarg\dews were aired which appear
in this thesis, with the holders’ permission. Hoegthe majority of my research was

conducted within the LBA office hours, or in thedet at research sites. | have made
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most of my informants anonymous, either becausg teguested to be made so or

because they did not reply to my request to useria names.

Organization of the Thesis - Divisive Divisions

In organizing the thesis, | decided to maintain tdigisive terms, "Nature" and
"Social". This is in recognition of two of the ologed facts flagged above: first, that
for the LBA researchers, natut® is considered not to depend upon their
investigations, but to be given; and second, thdtinction, data needs to be made
into something that is capable of generating andhtaiaing relations with other
researchers and with other data, an observationsgems to chime with social
scientific ideas about "the social". Data goes ugtoa series of phases, from “raw
data” dados brutos to "certified data” dados certificadgs so there was a very
strong sense of a progressive "cutting and polgh{tapidar) of the data, as one
researcher put it. A particular form had finallylde revealed in order for the data to
subsequently be shared. Researchers were geneegjlyeluctant to share data that
"was not ready", or had not been "worked on enoughtl the LBA tower data was
very rarely made available in raw state. Therefine cleaning of the data — the
process by which it becomes "ready" — assumes gngatrtance in allowing the data

to move, be used, and relate, and serves in myigisn as a threshold.

| therefore resolved to maintain the distinctiotvieen the natural and the social as
an organizing feature of the thesis, but in ordegriquire about that very distinction. |
am using the terms "nature" and "social" here astwAnnelise Riles has called
"placeholders”; that is, only "in order to overloftkem] for the moment”, as "a
technique for working in and with the meantime"I€éRi2010: 803; see also Riles
2011: 157-184). A crucial aim of this thesis isnb@intain this distinction, but in a
way that allows it to do different conceptual wankn might be expected — as it does
in the practices of those | worked with. Becausetlwd readiness with which
dichotomous thinking in general has been deconstiuin the social scientific

scholarship of recent decades, the definition @f $pecific terms in question can

15 Or rather, whatever it is they are investigatinbjck they often refer to, not as "nature" at
all, but in much more specific terms.
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sometimes slipped out of sigfftWhat "nature” might be, for example, has sometimes
become circumscribed, rather than elicited, byaagiientific descriptions.” Despite
these qualifications, | am aware that this divisb@tween the natural and the social
sits uneasily with much current scholarship in Sfh&t stresses the hybridized
configurations of objects and subjects, or natune aulture as encountered in
ethnographies of scientific laboratories and o#its (Latour 1993; Haraway 1991,
Pickering 1992).

The study here presented draws on several difféngintelated disciplines, including
social and cultural anthropology, the anthropoladyscience, STS and the history
and philosophy of science. | have already suggdsbedit relates to recent work in
social anthropology. It also draws heavily on therkvdone in STS and the
philosophy of science, most notably by Bruno Latand Isabelle Stengers, and also
by Donna Haraway. It is hard to disentangle therksrom the intellectual context
in which they and other scholars all sought to mbggond what Latour has called
the "Modern Constitution" (Latour 1993: 13) thatrifigs the world into inanimate
objects and human subjects. Both Latour and Stenpexe problematized the
relation of nature to culture within Western sciendself, Latour by more
recognizably ethnographic methods, and Stengeaspimlosophical vein but drawing
on a lifetime of association with science and dws¢m Their approaches have
developed in tandem and both were heavily infludniog the philosophers Gilles

Deleuze and Félix Guattari.

Both Latour and Stengers insist on the importariG symmetrical approach (Latour
1993) that positions Western science as a sityatsetice of working and reworking

the (unstable) relation of objects to subjectsureato culture and the non-human to

®"The more discretely and specifically we defind &ound the units of our study, the more
provocative, necessary and difficult it becomeadoount for the relationships among those
units; conversely, the more effectively we are ablanalyze and sum up the relationships
among a set of units, the more provocative, necgssal difficult it becomes to define those
units" (Wagner 1977: 386).

| am also aware that there has been much stimgldiscussion in anthropology’s trans-
atlantic history as to the difference between mtiof "culture" and "society", and | use the
concept of society here rather than that of culbgeause in the second section of the thesis |
want to summon anthropological scholarship conogrgift exchange, particularly in
Melanesia, that gives rise to an idea of a sogialibergent from a configuration of exchange
relations that separate as much as they intedsétatiern 1988: 191).
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the human. Both stress the necessity of recognetyjthus revealing the inherently
political core of Western science as an ontologarad not merely epistemological
endeavour — that is, of recognizing the politicahcmnery that allows Western
science to claim ontological authority in declarimgw the world is. Both draw out
the ramifications of such recognition, emphasizithg impossibility of a world

purified into an independent and inanimate Natuoputated by objects, and a
humanist Culture populated by subjects. They suggstead a "pluriverse” (a term
Stengers borrows from William James, Stengers 2@1):of hybrid entities and

objects- and subjects-in-the-making that can rekateeach other without any
presumption of universality. Though their termirgjois different — Stengers puts
forward a "cosmopolitical proposal” (Stengers 20Q0Bxtour proposes a (new)
"political ecology" (Latour 2004) —they both aimatadical re-appraisal of the way
science is conceived and achieved, emphasizingtantsy, contingency, multiplicity

and symmetry.

This thesis lies at right angles to this metapralsand cosmopolitical movement.
This connected divergence is delineated by theidricthat occurs when Latourian
and Stengerian ideas concerning the constantlyrmeguimpossibility of purified
forms, specifically a form called "nature”, are aposed with the ways that those
researchers and technicians | worked with go albdnat they are doing, and make
sense of their actions. The "nature” of the reseascl worked with does in several
important respects resemble the "nature” of mangiakcscientific discussions:
independent of human thought, universal and gi\8m. it seems, either nature is
hybrid, or it is pure. However, as Marilyn Stratherotes, "it matters what ideas one
uses to think other ideas (with)" (1992a: 10).Ha thesis | suggest that there may be
other ideas available to think science’s naturethWwihan hybridity or purity. The
entities, ideas and forms | encountered in thel fetlded and separated under their
own steam - their hybridity was not anpriori, but merely a mark of a particular
phase in the production of meaning. Thereforepalgh | draw on the work of Latour
and Stengers considerably, | often do so in ordeinterrogate their arguments

through the ethnographic material.

In the first part of the thesis (chapters one thtotour), | examine what | call "The

Nature of Data". As the epigraph at the beginnihghe introduction suggests, the
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central relation of this part is that between "n@tuand "data". The first chapter
explores the sort of nature the LBA researchers@mer. It follows a student at the
LBA as she executes an experiment to collect datautasmall molecules called
Volatile Organic Compounds (VOCSs) for her mastertgect. The relation that she is
interested in quantifying is difficult to obtain deuse of the inherent expansibility of
relations understood to make up the world, or tBarth System". There is no such
thing as a single relation in this system, andnhg® gingularization must be creatively
forged. In this process of radical singularizatievhat is apparent is the relative
unimportance of the subject-object relation, whiicjures as only one of the many
relations that need to be excised or excluded derofor her to make the data she

wants.

In the second chapter, | turn to the act of measeng. | examine the way in which
data is made from the forest through a processalogizing and discretization, and
propose that this process may be more akin to &ioajttransformation than to a
process of abstraction of the "represented"” froen'thal". What is in fact being made
in the production of data are a series of relatigrss including the relation between
“real" and "representation” itself. The world, @ture, is neither of those things. The
third and fourth chapters carry this idea onwalsdescribing the data "cleaning"
process l{mpando os dadgsby which the "raw data'd@dos brutoscollected from
the instruments becomes "certified datdados certificadgs These two chapters
detail how the data undergoes different transformatiossit & detached from the
world and made to relate to itself. These trans&dioms can be parsed as phases of
compaction (the elision of meaning) and separd(tioa extension of meaning) as the
data finally becomes capable of making, or even ifesing, a certain form of

relation that | refer to as "social".

The second part of the thesis is entitled "The &ddgife of Data". That information
can have a social life is an idea that | borrowrfrAlberto Corsin Jiménez. Jiménez
enquires into informational transparency by comparithe incessant self-
externalization or "emptying out" of the knowledgeonomy with practices of
occultation and revelation in Yugakhir hunting saations with the spirit world
(Jiménez 2005). He argues that "[L]ike the puree fgift (Laidlaw 2000), transparent

information and real-time knowledge have no solifal (2005: 19). My analysis,
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however, takes the reverse tack, and asks to wietitenformational objects such as
data can have and indeed generate a social lifspaality, and what this sort of

sociality might be composed of.

In the fifth chapter, | examine the ways that tleetiied data subsequently moves
around the world. I identify two different modelsdata dissemination system, that |
call "flow" and "exchange". These two models im@pnd indeed generate, two very
different sorts of scientific community. That thesemmunities can co-exist, | argue,
accounts for much of the friction that occurs witlsicientific collaborations. | also
examine what this might mean for ideas of sciemtdreativity and subjectivity,

focusing on the inventive capacity of the datalfitsSehis chapter thus attempts to
sketch out an encompassing explanation for how whg the researchers and
technicians of the LBA come together and relatehi@ way that they do, based
essentially on the relation that each has to tleelymt or focus of their work — the

data.

In the sixth and final chapter, | point out thewfa of my own explanation by
concentrating on those technicians who in fact haarg little relation to the data at
all. 1 examine the notion of exclusion that is oftesed in discussions of scientific
technicians. | describe the ways that the diffetd®A technicians experience a sense
of exclusion, but also the ways in which they mibbtseen to be indifferent to some
of the exclusions sometimes ascribed to them. Iderorto investigate their
indifference, | use movement as a descriptive tropeargue that within their
movement around systems of exchange from whichdheyutatively excluded there
is another movement, that takes them in and othieoforest. | examine how from the
perspective of this movement, shifts in scale catupthat can radically reshuffle
relationships. The forest and the office therefengerge as distinct and indifferent
perspectives on each other, perspectives whiclalace through the movement that

mediates between them, inevitably linked and irgpeshdent.
In the conclusion, | summarize the thesis, andrmeto the conceptual questions

posed in this introduction, indicating some of teeursive reflections that this thesis

inspires.
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PART | - THE NATURE OF DATA

Chapter 1. Excision and Exclusion

Introduction

This first chapter will investigate in detail howm &BA student amasses data for her
master's project. The student, E, intends to meabereffect of light and temperature
on how much of a compound called isoprene is preduxy the leaves of a certain
tree species. The measurements she makes, antbtbeiee data she collects, are
understood to describe (and in a sense are) thgorel@ relacdg between isoprene
and the two variables, light and temperature. Rati@n' in this case follows a logic of
cause and effect - as light varies, so does isepancentration; isoprene and
photosynthsis are thus related to light intenstyd E's task is to give shape to these
relations numerically by collecting data on therhisTparticular relation is just one of
the myriad that the LBA researchers, and reseasdhnethe Earth Systems sciences
more generally, understand to constitute the wdrtds chapter describes how, given
the way in which the Earth (and the Amazon forestigularly) is understood to be
made up of incredibly complex interlocking webstloése sorts of relations between

entities and processes, singling out any particuhar is an incredibly arduous task.

The data that is collected by the LBA researcheaid students does not come from a
situation of controlled laboratory conditions;stdollected out in the "field'campg,

in the forest. Philosopher of science Isabelle §tex points to what this difference
might entail when she insists on a differentiatioetween lab science and field

science (Stengers 2000 [1993]; cf Latour 1999a: Bhg field sciences are marked
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by the fact that they bring not "stable proofs‘adaboratory experiment might aim to,
but "irreducible uncertainty” (Stengers ibid.: 1440d one of the most profound areas
to which they bring that, Stengers tells us, ighe relation between subjects and
objects. | would like to explore what it entailg 16 to singularize a relation in order
for her to collect data, and what this might imfay one way that subjects and objects

are understood to be constitutive of scientificchcz.

Nature Out There

The researchers that | spent most of my time with @bservational biologists,
meteorologists, ecologists and climate scientists,(self-denoted) "Earth system
scientists". They generally do not manipulate amghn a laboratory, and if they do,
it is a sample that was collected outside and brbuig to the laboratory to be
analyzed. Further, in the case of the LBA at leastmally someone else does this
laboratory analysis, firstly because biochemicallysis is considered to be a distinct
scientific activity and secondly because not maeppte have direct access to a
laboratory. The LBA has access to a soil analysi®idatory at INPA that some
people send their samples to in order to be andliggehe technicians there, and is in
the process of trying to build a gas analysis latoyy. They do sometimes use
instruments, like mass spectrometers, that are mften found in laboratories.
However, much more often than bringing the worklde a laboratory, they take their
instruments outside, in this case into the forast] they measure things out in the
forest. In order to understand what the researabfetfse LBA are doing in producing
data on nature in this way, it is important totfusderstand what sort of nature they

are dealing with.

The main point of this science, simply put, is teasure the world, and to discover
new relations in it that can be quantified. To thbisd, they produce an enormous
amount of data, which they subsequently analyzeit©website, the LBA describes
itself as "one of the largest experiments in theldvin the area of the environment”,
and speaks of its "integrated results" which halewed us to understand some of
the mechanisms which govern the interactions offthest with the atmosphere, as
much in natural conditions (untouched forest) asalitered conditions” with the

overarching questions: "how does the Amazon functe a region” and "how do
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changes in land use affect the biological, chemamad physical functioning of
Amazénia, including its sustainability and its irfhce on the global climate®It
lists among its results the measurement of polufrom hydroelectric dams in the
Amazon; the provision of quantitative evidence ofteong relation between the
formation of clouds in the Amazon and the occureeotrain in the South of Brazil;
the verification that the rates of carbon fixatiand growth (of the forest) vary
regionally within Amazonia; and the observationttealar radiation needed for the
photosynthetic activity of plants can be reduce®@%o in some areas of the Amazon
due to the smoke from forest fires. This is justnaall sample of what the LBA
considers to be its contributions to knowledge, #inderves to demonstrate the
emphasis on discovering and quantifying interactidmetween entities. These
interactions were variously referred to by my imf@nts as "relations'r€lacoes,
"correlations” ¢orrelacde3 and in some cases "feedback&eflbacks Relations
here could refer to a causal relationship, whe antity or process causes the other
one under investigation; or a relationship of datien where two things vary in
tandem but are not necessarily causally relatetteflback relationship is when the
result of one process "feeds back" into the sydteah causes it, altering it by doing
so. Although there are many more possible ways tt@tnections can be
characterized in the Earth Systems sciences, wastinvariably impressed upon me
by my informants as the salient point was the odenectedness of the elements

making up the "Earth System".

This image is not an unusual trope in the Earthesyssciences — the most famous
example is the Gaia hypothesis, first formulatedJagnes Lovelock (e.g. Lovelock

1972; see also Kwa 1987), which emphasizes theeglfiatory nature of these webs
of relationships that constitute the Earth Systémthe same way as the Amazon can
be understood to be connected to the Earth Systenty can the different spheres
(Atmos-, Bios-) be conceptualized as being connkde is the case for the different
ecological and chemical domains within those sphelteis impossible that on any

scale an element could be independent. This idyneseked by one of the founders

of the LBA, eminent Brazilian scientist Anténio Nebin a pamphlet intended for the

public:

'8 | BA site: http://150.163.158.28/Iba/site/?p=intts& AccessedBJune 2012.
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"In a useful comparison, consider that the moreinestigate the mysteries of the
human body, the more we discover about the micmsand paradoxically gigantic

complexity of this organism, a single species. Imagin Amazonia, the magnitude
of complexity that the LBA researchers and studemisounter in ecosystems with
millions of species, millions of square kilometresgerything interconnected with the
environment in a myriad of links, forming magnifitewebs...despite its enormous
impact and vast discoveries, [the LBA project] hast begun to uncover the “tip of

the iceberg” of Amazonian complexity” (Nobre 2064.

The world then, and particularly the Amazon, ianteey with relations waiting to be
identified and quantified, and this excessive refality is understood as giving rise
to "complexity". This imaginary of complexity is governing one in the LBA
knowledge-practices. | was told on several occastbat working in the Amazon is
much more complex than in other places, becauseaitmore complex environment -

everything "interferes" with everything else.

All the researchers | spoke to told me that it Wwegond their ability at present to take
account ofall of these relations; some told me this was bectnesestill did not have
the computational means to model such interactiothers told me that they still do
not have the physical or biochemical knowledgedentify them. This "iceberg" of
complexity is therefore largely invisible, or beybour understanding, because its
holistic pattern lies beyond our present comprelensefforts to know it must
concentrate on accumulating knowledge of partst.ofhus the way that the LBA
researchers, in the collective form they appeathenwebsite, intend to understand
the functioning of the Amazon is indicative of tway they already understand it to
function: as a relational integrated whole that ¢@ndecomposed into processes
through measurement, and then recomposed as krgavlethe emphasis on
integrated and interdisciplinary studies was anartgnt strategy behind the LBA
exactly because the world is considered to be lobpory one discipline's perspective
of it. As one researcher told me when we were rtgllabout collaborating with other
researchers in the Amazon, "it's just no gonéo(da hoj¢ doing science today
without being multidisciplinary”. This is becausgol just end up with very short

answers, or very abstract answers: "given thesdioms, this is like that". But show

35



me these conditions! Because the tendency in naubhat these conditions interfere,
they vary. This situation of classroom physicgugt doesn’t exist! It isn't there in
Nature, this ideal thing you might find in the musein Paris where they keep the
standards — the kilo and so on."

It also became apparent that for my informants, abe of knowing is itself also
considered to be generative, because quantifyiegrelation only ends up in several
more emerging from the effort. During one conveosatl had asked whether the
researcher thought that they would ever answeqtiestion of whether the Amazon
was giving out more carbon dioxide than it was nigkin or not. No, | was told,
probably not. Every question answered created andém to be asked. To measure
how much carbon is being released into the atmasplyeu have to work out how
much is being kept in the forest. And to know howcim is being kept in the forest,
you have to be able to take account of all the whatit might escape from the forest
without being released into the atmosphere. So,veméd have to measure carbon
transport through the decomposing leaves being tsaepy by streams, and this
involves a whole different set of scientific invgsttions and theories than those being
employed to estimate the exchange of gases in tiinesahere. The task seems
endless. This position was stated to me in diffefenrms repeatedly during my
fieldwork. As a well-known Brazilian researcherldtane, chuckling, "but you know
how it is, right? We start an investigation witheoor two scientific questions, and we
try to answer those questions. But almost alwdyesd questions multiply themselves
into more and more questions — the more resedrelmbre questions there are." This
was a motif of the way people explained their wookme: the more that was

discovered, the more there was to discover.

Another common way that this potential for endldscovery was demonstrated to
me was through the description of equations. Chamicycles (such as
photosynthesis) or physical patterns (such as aiveeevents) can always be broken
down into smaller and smaller units, and thereftre scale of any particular
investigation must be chosen carefully. "Insidergwerm, there is another equation”,
| was told. Equations convey the importance of tgaverning metaphors in the
researchers' work: balance, and flux. Carbon flad &nergy flux - that is, the

exchange of carbon and the exchange of energy betwe biosphere and the
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atmosphere - were two phenomena the LBA had bb#t towers in order to
investigate. Both of these systems of exchanggavrerned by rules of conservation:
that is, what goes in, must come out. If a certamount of radiation is measured as
being emitted by the sun and reaching the Earém this is the total amount that
should be measured being radiated or stored byedhh in different ways. There
should be no remainders. What this means is thatdigcoveries are shown to have
been already 'inside' old measurements; insideyeeem there is another equation.
Thus one of the most important discoveries in teohsinderstanding the carbon
cycle was the large concentration of tiny carboseldamolecules called Volatile
Organic Compounds (VOCs) in tropical aréa8s one eminent researcher remarked,
the contribution of these VOCs to the carbon budget significant, and
underestimated by the current calculations. Anoth&A researcher had just
defended his PhD on the role of newly-discoveredzbatal flux of carbon through
the forest. That is, the estimates of vertical exgie of carbon were not taking
account of the horizontal movement of the air, Wwhigould mean that pools of
carbon were collecting in certain places, andmgllirom one place to another in the
forest, rather than being exchanged with the atimargp Inside the carbon budget
lies more carbon still. Not only do relations mailtker relations, stretching outwards

as a web, but they themselves contain other relstsgpiralling inwards.

The investigation of VOCs in fact uncovered thaitgmtial containment in all sorts of

relations. As Antdnio Nobre summarizes:

"love-making, defence against attacks, invitatitmthe banquet are only a few of the
multiple functions of these chemical messengersey.thave a critical role in the
protection of the leaves against the sun. Alsoy @ire antioxidants liberated into the
air to remove dangerous pollutants, like ozone@pgén and sulphur. This role as tiny
chemical hoovers explains why the air in the forego healthy, the cleanest air on
Earth, purer even than the air in remote areakePacific or Antarctica...Recently,

research done by the LBA revealed an even morerising role for them, the

9 See Guenther et al. 1995. It was in fact an estitnased on a model, as there was a paucity
of observed data. This article was recommendecdetbyrE, the student whose work | will
follow more closely in the following section of tickapter.
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formation of clouds and the promotion of copious ria the forest.” (Nobre 2010:

41-42 my translation)

The revelation that VOCs are the precursors tosam¢iparticles, around which water
condenses to form clouds (e.g. Claeys et al. 2pfaiides a tangible physical and
chemical link between the forest and the atmosphEmes relation then itself feeds
into debates about the extent to which the Amazaa self-contained system or not.
The idea in simple terms is that the Amazon magteré&s own micro-climate, that
then affects the global climaf®:thus this relation between VOCs and clouds costain
the relation between the earth and the sky, that cmmtain within it the key to
understanding the relation between the Amazon dm dntire Earth System.
Relations have a habit of concertina-ing inwards$ eumwards.

This capacity for expansion necessitates therdf@ethe attempts to measure it also
have this capacity. This might be seen as a aquresfiprecision. The ever-increasing
world is thus matched by an ever-increasing netgegsimeasure it, across larger and
larger areas and in more and more detail. One nedsgraexplained to me that trying
to measure the total amount of carbon in the fosesply by subtracting how much
carbon enters from how much leaves is like trymgieasure an inch by subtracting a
mile from a mile and an inch. A difference of achror two for the larger distances
will not make that much difference. But in termsloé measurement you are trying to
reach, it can have a massive impact. Inches, threre$tart to matter a great deal. In
fact, smaller and smaller units start to matterevasxd more. The instruments that the
LBA uses measure in micromol, and parts per billidimne world is endlessly
fractioned, and this quest for ever smaller andllemanits is understood to be
limited by the instruments being used, rather tkiaa world's capacity tde that
small. The world is therefore understood to beafinscales. This world that the
researchers are dealing with is endlessly expaadablations beget relations, and

inside every whole, there are more and more partdidcover. In this sense, the

2 An extended controversy concerning this can badaround the so-called "biotic water
pump” — see A. M. Makarieva and V. G. Gorshkov (200
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expansion of the whole here is in fact a result abnstantly being discovered to be

bigger than the sum of its parts, by being in &atys lacking, osmaller #*

E's experiment?

As Chunglin Kwa (1987) has argued concerning ecodbgonceptions of nature in
the USA around 1970, different metaphors for nattae "suggest very different
understandings of how to control nature" (1987:)43he model of nature that the
LBA researchers work with likewise necessitateseimployment of particular ways
of getting to know it. It is against the backgrounllave above described that those
researchers | accompanied are trying to colleca datd make knowledge. In an
attempt to ascertain what this might involve, | oled some time to following
different students who were in different stagethefr master's and PhD projects. The
LBA had, at the time | was there, a newly-createdt§raduate programme called
"Clima e Meio Ambiente" (Climate and the Environrtjeshortened to "CliIAmb". It
was intended as an interdisciplinary post-gradwaterse in different climate and
Earth system sciences, and attracted studentsdboover Brazil and Latin America
who wanted to study the Amazon forest and its lgiokn, ecological and
microphysical processes. One of the students Imapaaied was E, who was at the
time a master's student on the CliAmb course. SHeom S&o Paulo state, and did
her undergraduate degree in Biology. | spent qaitet of time with E during the
research phase of her dissertation, going withiriterthe forest, collecting data with

her, and talking about her experiment with her.

E wanted to study the correlatiorofrelacéo)of the emission of the most common of
the biogenic VOCs, called isoprene, with photosgtith activity in certain tree
species in the Amazon, as well as examine the teelation of light and temperature
changes with both isoprene and photsynthesis. Assltes in her final dissertation,

21| thank Martin Holbraad for this insight, and widlturn to this observation in the
conclusion of the thesis.

#2\When the people | spoke to referred to the awivitam going to describe, they called
them “experiments”, “projects”, or “studies”. Expeent seems the most fitting word to use
here because | am going to concentrate on the priptease of a scientific study, which is the
planning of a methodology and the collection ofdating instruments, rather than a latter
stage such as analyzing data or publishing arlertic the project as a whole. It also allows
me later to engage in a discussion concerning tdiegxperiments in other scientific
disciplines.
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knowledge of how isoprene emission changes "intioglato variations in light and
temperature, could contribute to an understandinghemical reactions occurring in
the atmosphere" (Gomes Alves 2011: iv. My transigti It is understood, therefore,
that what she will discover is potentiallglready linked to other interactions
("chemical reactions") occurring in the atmosphelte.is in the face of this
acknowledgement that what she is quantifying asparste phenomenon is actually

interconnected, that she must execute her expetimen

The final methodology that appeared in E's mastissertation reads thus:

"This study had as its objective the identificatenmd quantification of the emissions
of Isoprene and photosynthesis in different levels intensity of light and
temperature, in three phenological phases (Lateulateaf, Old Leaf, Recent
Mature Leaf) of Eschweilera coriacea (Matamata aéeita), as this species is the
most numerous in Amazonia. The photosynthesis measnts were taken between
8 and 12 in the morning using an Infra-Red Gas ywwl (commercial portable
system, LI-6400, LI-COR, Inc., Lincoln, USA).To nseme the emission of isoprene,
the air provided by the LI-6400 was directed intsaanple bag (0.5-litre Teflon Bag).
The concentrations of isoprene were determinedguai?TR-MS (Proton Transfer
Reaction Mass Spectrometer; lonicon Analytik, Inosk, Austria). The
measurements for both processes were taken atedhiffeevels of irradiation intensity
(from 0 to 2000 umol m-2 s-1) and temperature lfevmtween 25 and 45°C."
(Gomes Alves ibid. My translation)

It is important to note the specificity of the nagiof the instruments, and each
aspect of the methodology — 8-12 in the mornin@000 micromol/m of radiation,
25-45 degrees, the species, the names of thenmsiiis. These are the outlines of the
relations she wanted to investigate. It is by hajdihese aspects of the experiment
steady enough to control and to be certain of, #ie can allow isoprene and

photosynthesis to move. The work that goes intordiig this control is extensive.

First, she must search the literature and chooseigjint genus of tree — one that
previous studies have shown to emit isoprene. @aheady cuts away a vast amount
of forest. Then there is her measuring method. €&athan just measuring the

concentrations of isoprene in the atmosphere irfdtest as other studies have done,
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E wants to measure it right "on the leafa(folhg. This means she wants to take the
air samples directly from the area around the l@afthe same time as she is
measuring photosynthetic activity, which has nexegn done before in the Amazon
to the best of her knowledge. She would do thidhbigting an instrument that can
measure photosynthetic activity, called an Infrati@as Analyzer (IRGA), Li-6400,
up into the treetops. Collecting the air that wagedled from the IRGA, she intended
to take it to another instrument to be tested ®&wprene concentration, a gas
chromotograph (GC). Although there has been rebeah®ady done on relating
VOCs with photosynthesis in which leaves have begnfrom trees, cutting the
branches is known to "stres&sfressar the leaves, causing their stomata (little holes
in the leaf which control the flow of water and gag and out of the leaf) to close.
The closure of the stomata affects how much gasveatdr the leaves release. As
photosynthesis is the process by which carbon de&xwater and light energy is
absorbed and converted into sugars and oxygereiplént, the effect of the cutting
will therefore interfere with a measurement of ghiecess. Although this was a well-
known interference effect in plant physiology expemts, and the careful researcher
can take several precautions to try to reduce ivaAted to make sure she did not
have to cut the branch at all. This meant she wbalge to somehow reach the top of
these 35m trees with the IRGA. As far as E was aviaere were no other studies
done in Amazonia employing her particular methodgloprobably because the
IRGA is so heavy and expensive. It was very impdrtshe told me, that the same air
sample from around the leaf was collected to bertdkack down the to the ground,

so it could be analysed by the GC for isoprene eotnation.

E's methodology is the first procedure by which stats excising the relations that
she wants to measure from the enormous expanselatfons, interconnections,

causes and effects, that is the Amazon forest.nkghodology gives her the outline
of that relation; its specificity serves to cut gwaeast sections of the forest, the day,
and in fact the rest of the world. This tree, rwt} this time and not any other; this

light, not that; this specific instrument, and aabther.
Behind the Scenes

This tight control, however, is not always succelsshs E soon realized. What E's
formal methodology does not include is all the wirkakes to obtain that relation
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that has been so carefully delimited. In this setisn, there is an enormous amount
of work "behind the scenes"”, that does not appeaer dissertation, but is crucial in
order for her to obtain the data she needs. Thisotsonly something that social
scientists have pointed to for some time (e.g. wat®87), but also something that
most scientists themselves recognize. As one tad "stience is always messy".
However, it was also clear that a lot of the wdrkttE had to accomplish and many of
the obstacles that she had to overcome are in poriant sensepecificto setting up

an experiment in the Amazon.

Money was one such general obstacle that took eadifspcontours in the context of
E's research. E had already done one collection aiof using cartuchos
(cartridges/canisters) when | met her, but unfately she had not been able to
analyse them at INPA (the national research institf which the LBA is a part)
because of the lack of a laboratory. INPA had @anning to build a laboratory for
gas analysis for some time, and when she had giestned her experiment, the
Executive Manager of the LBA had told her that duhd be ready by May 2010. The
works were only just starting in September 201Q@vds a question of money, E told
me — they did not have the money to start until nhespecially as this sort of
laboratory is very expensive to build as you neenhstall three different gas pipes in
order to provide the gases necessary to do thgsamalNPA had been given a GC
instrument from the Max Planck Institute in Germa®syeral years ago, but it was
collecting dust in a cupboard. The Executive Managgggested installing it in a
laboratory at INPA used for soil analysis, as thé @ly needs one gas pipe — but
still, "it's going to take a while, there's no mgheE warned.

As the laboratory was not ready in time, E took ¢eatridges to a laboratory in Séo

Paulo to be analysed with a mass spectrometeramhsita GC. However, the mass
spectrometer was also out of action at the labprato Sdo Paulo. So she carefully
packaged her cartridges, full of Amazonian air, aedt them via airfreight to her co-

supervisor in the United States, whose laboratay & GC he could use to analyse
them. However, when her supervisor got back to lietpld her that her samples had
spent too long in the cartridges — 12 days in SfiddPand then 15 days on the way
over to the States — and they were contaminatdtadtbeen impossible to separate

out isoprene from all the "noise" — there were jost many compounds. E suspected
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that it hadn't just been the time spent in thericlygs. When she had gone to do
another trial with the IRGA, she had found the ealto be impossibly high compared
to what was expected. She suspected that, as BA IRshared by several students
doing different studies, the tubes were full of emliles stuck onto the tubes of the
IRGA from the other student's experiments, whickenthcontaminated the next
experiment. She decided she had to change the tiltbe IRGA to ones made of
Teflon, which is much less "sticky". But this stigft her without any sort of
instrument to measure the Isoprene concentratiookily, a visiting researcher from
the USA took pity on E, and told her that she caidd his instrument, called a Proton
Transfer Mass Spectrometer (PTR-MS) that he hadgbrtowith him from the USA,
to analyse her samples. This would allow her téoper a much more precise analysis
than she would have been able to with a GC, skhemiel. The shortage of laboratories
and instrumentation and the problem of contaminatiere suddenly resolved by her
friendship with a foreign researcher who had brough incredibly high-tech
instrument into the forest. | asked her what sloeight of this; "I'm lucky!" she said

with a grin.

It was not only the threat of contamination thdtdel to deal with. In order to perform
these measurements in the trees, she had to hafelding erected that would allow
her to sit in the top canopy with the IRGA, measgrphotosynthetic activity and
simultaneously collecting the air to be sampledh®/ PTR-MS in little plastic bags.
She told me that one of the major problems wasifindhe people to put these
scaffoldings up. As she wanted to repeat her exyari on several individuals of the
same species, these structures had to be put upaken down at various different
times. At one point | noticed that there were salvep at once, surrounding the tower
at K34. They looked incredibly precarious to mewsdwuer, aside from their doubtful
structural integrity, their presence caused a gokdl of concern amongst the
micrometeorologists from the LBA who monitor theugament on the tower, because
one of the scaffoldings had been erected rightopnaf their soil heat flux sensor,
which caused some grumbling. They had to ask h&ak® it down and relocate it in
order not to interfere with their measurements. ifi@khese structures down and
putting them up safely necessitated someone expedein this sort of work — "you
can't replace these people, people who are prepargk themselves like that" - and

the técnicos (technicians) who did this at the LBA were short the ground,
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especially at the time because there was a lageqgbrgoing on in another part of the

Amazon. E was desperate at the time | met hentb§omeone to put her scaffoldings
up because her trees were losing their leavespmigtthat, but she needed someone
to help her lift the heavy IRGA up and down theffatding. It was impossible, and

dangerous, to do it alone.

In the end, it took her so long to begin taking sugaments that the trees belonging
to the species that she wanted to study startexgldkseir leaves. They would grow
new leaves, but the problem was that young leavesiat the same as old leaves.
Young leaves do not emit so much isoprene — theyalistheir energy for growth.
The second problem was that they would be hangimendiards as they emerged and
grew, which meant that she would not be able tarassthat they were getting equal
and maximum radiation, as she could if the leavesevmature and lying flat. In her
final methodology, therefore, she had to specifgotly that she had measured three

stages of leaf growth, young, mature and old.

E's experiment, therefore, not only necessitatedroling the light and temperature
by means of the IRGA - but also the time of dag, lteight she is at, the condition of
leaf she is measuring, the tubes of the IRGA, thather conditions she measures in,
where she measures, thécnico putting up her scaffolding, and the instruments
themselves. Other researchers' interests haveriedmiated, and resulted in this case
in E having to take her scaffolding down, and farthegotiate with others, such as
the técnicoswho have no personal interest in her measuremantsder to put it
back up again. This labour does not appear in fimal dissertation, but the
researchers | spoke to about it shrugged it offaagiven of all scientific work,
especially in the Amazon forest. There are maskigestics teams for programmes
such as the LBA - "science is always messy", amk lnas a large role to play
sometimes. Because of this, the invisible contiglivork that is done is intensi?e,
and must remain stable and constant for her to rtrekeomparisons she wants to. If
the conditions vary — if Adilson is not there tat ploe scaffolding up, if it rains, if she
is at the wrong height — then she cannot make amparisons at all, and the relation
she wants to investigate is out of her reach. leantlore, she has to get it right there

2 As actor-network theorists and feminist theorisise often emphasized (e.g. Latour 198;
Law 2004; Star 1991), and which | shall returnaieit in the chapter.
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and then — in this sort of science, you only havedews of opportunity, up the
scaffolding on a dry day at the right time with giking ready. If she does not
measure between 8 am and midday, she has to waiifmext dry day to do it again,
and in a rainforest you can never be too sure whahis going to be. It is not so
much that certain factors are out of her contral] athers are within her control;
rather, the impression that | had from accompanyiagover several months as she
installed her experiment was that her control lathe extendable if necessary. She
needed to be able to artificially control everytharoundthe phenomenon she was

interested in in order to allow it to vary natuyall

Keeping Things Stable

Stability was an overriding factor in maintainirigst background of control. This was
brought home to me on one occasion that | accoragdaiinto the forest to collect
data. She climbed precariously up the rickety stdifig, and Adilson théécnico
hoisted up the IRGA, hand over hand, waiting esryften to ensure that it did not
hit anything on the way up. The IRGA never trawkllsmnaccompanied — the head of
the INPA plant physiology group insists that ongeaacher, C, who had worked the
longest with the IRGA, accompany it at all timesat in the tower with C, and E and
Adilson crouched on the top of the scaffolding, ahhwobbled alarmingly. Using
pure nitrogen, E had already very carefully cleagach bag that she was going to use
to transport her air from the IRGA to the PTR-MSiathis waiting back at the
lodging. She had numbered and labelled them, aedlad them out beside the
IRGA.

She carefully chose a leaf that had no fungal tidas that she could see, or holes in
it, dried it carefully with a paper towel as besé £ould, and fitted the IRGA chamber
around it. "There are more mature leaves now stlgaibd news!" she exclaimed. The
LI-6400, the infra-red gas analyser E was using &achamber which you close
around a leaf, providing a sealed and controllagace around it. The instrument
allows you to measure the changing Q€arbon dioxide) and ¥ (water vapour) in

the chamber as you vary the temperature and Iighitiinto the chamber, as well as
calculate indexes such as stomatal conductance (p®n the stomata are). These
variables are the ones known to indicate photogjittactivity, which chemically

proceeds by absorbing G@nd producing kD (water vapour) and £foxygen). This
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means that photosynthetic activity can be meastimenigh differences in CQOand
H,O concentration in the chamber over time. The waapour and C@are removed
from the incoming air, so that the exact conceiunabf CQ, can be provided using
an external source, such as a canister. Howevér i not have an external source —
it is expensive and you can only get it from theAJS told me - instead she just used
the ambient air and its average amount, tryingaietrol what she could by tying a
plastic bag over the input to the IRGA so that ing tvind eddies outside the IRGA
could affect the flow rate and therefore the cotregion of CQ. Adilson sat with his
legs swinging over the side of the scaffolding folath, making sure that the bag was

attached to the input pipe.

As we sat and waited for E to get the instrumeatlye C explained to me how the
IRGA works. Inside the IRGA, the air passes throadlow valve, which controls the
flow rate (which has to be constant as well), drehtsplits into two channels. One of
these goes into the chamber where the leaf is deatel where there is a detector
called "sample"; the other goes past the "referewetector. It is the difference
between these two readings that provides the irdbom about photosynthetic
activity — the difference between what you know wdhibe air, and what the leaf has
done to the air. In this case, how much,@@s been taken out of the air as the plant
photosynthesises gives you the rate of photosyotlettivity. That day, E had
decided that she was going to vary light and sea wtiect that had on the activity of
the leaf - how C@ concentration (that indexes photosynthetic agfivtaries with
light. The air that is expelled from both detectsrshe air she collects in her bags to
analyse for isoprene on the PTR-MS - how isopreages with light. She will
therefore be able to analyze how both photosyrdheesil isoprene production varies

with variations in light (the "relation” betweereth).

We waited for the Coto stabilise, and set the light to O, the firdtisg in her range

— to simulate night time. E carefully noted dowe ttumber of the bag and the level
of the temperature and radiation. But somethingngekewrong — the input GO
refused to stabilise, it just oscillated wildly. &#e you matched?" C shouted across
from the tower. "Matching" is a technique to enstinat there is no difference
between the two detectors, without having to rentbedeaf from the chamber — you

can allow the air that is flowing into the chamibeme measured by both detectors,
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and adjust the sample to "match” the referencéhdrmanual, it suggests this should
be done several times a day when using the IRGAtHzat could not be the problem,
she had matched already. Perhaps the bag is tolh sima shouted to C, it keeps
emptying - and the COwas still oscillating wildly. "There's somethingramg” C
said, frowning. Perhaps she has to use an ext€@akource in order to get the @O
input to be stable, he mused (this indeed turnédooioe the case when we returned to
collect more data on another day). But on Sundast a few days ago, it was
functioning well, E said. E tried in vain to workitowhat she might have done which
may have affected the instrument since then. Adtethour or so of tinkering, they
decided that it was just not going to work, andheatforlornly she climbed down the
scaffolding, and we trudged back to the basecangottests on the IRGA. She had
not managed to collect any data that day.

| suggest that the reason that E was unable teatainy data that day is because she
was unable to single out the relation she wantee relation between G@nd light -
from all the background noise. She might have @@brsomething, but it would not
have been the relation she was looking for. In rpents such as E's, comparisons
will always be made, whether one is fully awarevbiat one is comparing or not. The
danger in a world that is so full of relations ieknowingly making the wrong
comparison, and unwittingly investigating the wramgation** E was so concerned
about the state of the leaves because if she pehedf with fungus on it, she would
end up comparing isoprene production and photostictiactivity not just to each
other but to the fungus as well. If she did noethler measurements at the right time
of day, this would have an effect on the photosgtithability of the leaf, which she
needs to control. If it rained, she would no lonlgercomparing photosynthesis in the
conditions she specified, but under conditions thay have a very different effect. If
she mixed up the bags, or mislabelled them, thencshild not say for sure that this
particular isoprene production is related to thastipular photosynthetic rate. The
point is,whether she maintained control or npatrelation of some sort would still be
elicited, or cut out of the world. But it is up b®r to make sure it is thrgght one,

because the comparative potential in the forestkmmverwhelming. Rather than

4 One researcher told me that for years when mewsarmmonium nitrate concentrations,
some of the molecules were sticking to the tubeg Were using to suck their air samples
into their gas analyzers. The data they had abmatanium nitrate concentration turned out
to be data about partial ammonium nitrate conctatra
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intervening in the world, what is always threatgnim this case is the world's

intervention in the experiment. As Isabelle Steagéescribes it, the world here is
putting E to the test (2000 [1993]: 134). But ietsactly because of this that it has to
be ingeniously excluded.

Making Zeroes and Reductionism

The way therefore to ensure the right relationeimdy cut out is to exclude everything
else. One of the most common ways that exclusi@rates in this case is through
stability. Keeping everything else constant andhamging is the principle operation
through which E can allow isoprene's relation totpeynthesis appear. This stability
is effected in various ways: that the air usedofmth the photosynthetic measurements
and the isoprene measurements issimeair is vital, for instance, because then it
ceases to make a difference. Nitrogen, which E usedean her bags, is such an
ubiquitous gas in experiments of this kind becaiise inert — being stable and
unreactive it provides a starting point for subssduvariation. Another student
researching emissions of gases from the soil haeraklarge, clear plastic chambers
made for him by a mechanic in Manuas, that he tedanto the ground to a certain
depth so that he could literally cut a section lué soil off from the surrounding
atmosphere in order to ensure that it did not gt twut was still affected by the sun.
When | accompanied researchers on an experimenthet north of the Amazon, |
was asked to help construct a flat, dry, clean aefedoout 3 by 4 metres in the middle
the forest, in order to build a plastic child's Wgrnouse, which they had purchsed in
Manaus and brought with them up the river to theeaech site to provide their
instruments with a clean, dry, protected shelter.vihatever scale, eking out these
spaces of stability is an essential first step to&deing able to record data. The most
important prerequisite for any comparison madénenforest is that everything that is
extraneous or outside be held steady, be it tive f&de of the gas or the concentration
of CO, in the air.

If the researchers are not successful in this tagky comparability disappears. At the
end of that particular day in August, E had failedjet any data because she had not
been able to stabilise the @ONot being able to hold steady the £€»ncentration
flowing into the IRGA meant that there was no wayget at the difference between

the sample and the reference. It is this differebetween the amount of GO the
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air before the leaf photosynthesizes and aftet,dbiatains the relation that E wanted.
But without having a fixed and stable €€bncentration beforehand, it is impossible
to measure the change. Likewise, her co-supertigdmot been able to tell which of
the compounds was isoprene in the samples thatSdra over to the USA because
there had been too much contamination - there a@snuch "noise". "Noise" is the
name given to those relations that the researaenst want to investigate - that is,

the rest of the forest.

It is because of this extraordinarily excessivatiehal potential that the ability to
makeno relations is, | would argue, one of the most intgatr capabilities which the
instruments provide researchers like E with. Mutkhe literature on the subject has
focused on the role that scientific instrumenty plamediating and constructing what
is discovered using them. There are many conwnerguments from different
disciplines problematizing the notion of instrungeras transparent observational
conduits to Nature?® But | would like to instead emphasize the way tha
instruments the LBA researchers use keep certamgdimvisible Making something
visible requires that lots of the world be madesible. The question as to how much

the instrument mediates what it shows, and thegirance of that mediation is often

% The ability to make invisible things visible israquent feature of the historical
characterisation of scientific instruments, esgbcthose revolutionary optical instruments of
the 17" Century such as the microscope and telescope f(8cthi@89; Bennett 1989;
Schickore 2001), although ideas of transparencyopadity are recurrent in the studies of
many different sorts scientific instrumentation aachnologies (cf Gooding, Pinch and
Schaffer 1989). A particularly frequent observatamoss this literature is that instruments
are not transparent mediators between world amehtsi. They are not only themselves
"reified theorums" (as Gaston Bachelard denotechttvited in Rheinberger 2010: 27), but
what is seen is only seen via whatever intelledraahework is in vogue at the time. The
instrument may determine how we see the worldhbut we see the world also determines
what they show us. A concern with technology hanbery prevalent in feminist theorising
(Suchman 2009; Franklin and Ragoné 1998; Thomp80B)2for example, particularly when
such an intellectual framework concerns genderip&iton, such as with New Reproductive
Technologies and medical technologies such assolirad (e.g. Barad 2007). As Barad writes
"the sonogram does not simply map the terrain @bibdy; it maps geopolitical, economic,
and historical factors, as well" (2007: 194). Thettis therefore becomes a gendered person,
even a consumer product (Taylor 1998) through gipdi@ation of this technology. Drawing
attention to the way that these identities arerteldyically constructed therefore draws
attention to the contingency of the constructiather than the inevitability of the identity.
This concern with the simultaneous co-productioteohnology and society and the resulting
hybrid entities, cyborg bodies (Haraway 1991) aetiogeneous networks is pervasive in
STS as well as feminist theory (cf Bijker and La992).
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taken up in debates as to the nature of what isgbeevealed?® However,
concentrating only on what is revealed can blireittvestigation to the particularities

of the actions involved. It is as crucial that th&trument is able to "reveatibthing

Instruments allow the researchers to propagateeserThis term, to "zero", is taken
from the process of calibration and verificatiomtthall instruments should undergo
before being taken out to the field. | observed throcess several times being
performed by members of the micrometeorology gra(grification and calibration,
for the technicians and researchers of the LBA,veaigs of giving the instruments
zeroes and differences. In the case of the IRGA*%ample, a calibration performed
by the LBA micrometeorology team first involves tamg": running nitrogen
through the instrument and explicitly telling ithi$ is zero C@', and "this is zero
H,O". Afterwards, a known concentration of € passed through the IRGA, and it
is told "this is air with 338.98 parts per milliai CO," (for example)?’ During the
time | was at the LBA, a great deal of time wasngjig/ing to "zero" the instruments
in this way. This zero, 'zero difference’, is apamant as being able to register

'difference as data'. In fact, you cannot haveotiewithout the other.

Whereas this might seem obvious, what is perhagssdbvious is that 'zero' is a not a
normal state of affairs, from which one simply iicinformation such as gas
concentration. It is in fact very much the prodostof sustained and concerted effort,
as | witnessed when E struggled for an hour to kbepCQ flux into the IRGA

steady, or as | experienced when | sweated tryongréect a Wendy house in the
middle of the forest. 'Zero' is in fact one of tm®st crucial measurements that is
made, although it does not directly count as data.in fact the necessary condition

for data.

% Here W.D. Hackmann's distinction between "passaref "active" instruments in the 17th
and18th centuries is perhaps relevant to think waitlhough not without its problems. In
Hackmann's formulation the former type of instrutmaeasured and revealed nature,
whereas the latter were "philosophical” instrumehés interacted with or reproduced nature
in the laboratory (Hackmann 1989:39-40). My quibbteuld be with the passive role here
assigned to revelation or measurement, as | expid@dapter Two. See Bennett 1989 for a
critiqgue of Hackmann's typology.

2" Which of course begs the question of how one nredshiat concentration, without
calibrating. | will return to the circularity inhent in calibration as a more general feature of
scientific practice in Chapter 4.
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The instruments that | have mentioned all manufacthis in different and ingenious
ways. As C explained to me, different moleculesabslifferent frequencies of light,
so the IRGA emits infra-red radiation (IR) of aglen particular frequency, that will
be absorbed by the molecule being measured (incfis HO and CQ). There are
two detectors, that measure the reference gas én chamber (which holds the
incoming CQ that E had such a hard time controlling) and tmae gas in another
(which is the air around the leaf that has beetedea this chamber). The two IR
light beams that pass through each chamber areabhsorbed by the GOn each
chamber, so what the detectors on the other sideeothambers pick up is the light
that hasnot been absorbed in each case. It is the differemte@den these two —
before (reference) and after (sample) — that tli@ARletects'. But the only way it can
detect this difference is by making constant refeeeto the known, stable GO
concentration in the reference chamB®mhus, according to the manual, the most
important prerequisite for using the IRGA to measphotosynthetic activity is that
"incoming concentrations must be stabf@1t is only this control you have over the
incoming air that allows for the right informatioo be extracted from the activity of
the leaf. You must know how much is coming in todise to measure how much is

being produced, and in order to know that, you rkasp it stable.

The PTR-MS,*® the other instrument E used, works on the priecipf mass
spectrometry. This method relies on the fact thgbu subject a moving object to a

sideways force, how far it is deflected from itggoral path depends on its mass, as

% This information was obtained from the IRGA marmtifeer's website:
http://www.licor.com/env/products/photosynthesisitieology.html Accessed July 2012

# This is achieved by passing the air that has baeked into the IRGA over a dessicant,
normally silica, which controls the amount of watapour in the air. It also passes over a CO
"scrubber" which takes the GOut of the air, so that the exact concentrationlmaprovided

by an external C&source. It was this externally provided stabilitgt E did not have.

% The GC, that E did not use in the end, uses @iptenknown as adsorption, which simply
means the adhesion of gas or liquid moleculesstarface. Different molecules have different
adsorption rates, so when the sample air is semigh the GC, it passes along a column that
is full of a substance that causes the differeriemdes in the air sample to "stick”, slowing
their passage down at different rates. This mdamnsdxit the instrument at different times.
The air sample is thus differentiated into its ¢basent parts - but this will only occur if the
temperature, vapour pressure and column lengthimesteady. If the column length is
unknown, or the temperature and vapour pressuitlatscthere is no way of knowing what

is coming out of the column at any one time. Twifedent compounds could come out at the
same point in time at different pressures and teatpees. That is, unless you can hold the
temperature and pressure completely stable tomignths of a degree, with zero change,
you do not know what you are looking at.
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long as the speed and the size of the force arenknBor example, one explanation
online® suggested thinking about it as if you have a carral moving through the
air, and you try to deflect it with water from adepipe. Nothing much will happen to
the cannonball’s line of flight. However, if youdad tennis ball moving through the
air, then the tennis ball will definitely move, evthough the cannonball keeps on its
original path. This is the principle applied at thimmic level — that deflection is
related to mass - so you can tell the differendevéen cannonballs and tennis balls
even when you cannot see them. In a mass specanrtiet deflection is provided by
a magnetic field. For molecules to be affected bgaanetic field, you need them to
be charged — so you have to first ionise tié@pectrometry works on the idea that
the substances to be sampled therefore have a amaksa,charge — and that these will
govern their movement though a vacuum with an edetiagnetic field (it has to be a
vacuum so that they do not bump into other air owdks). Two ions with the same
mass-to-charge ratio will move in the same wayufglothis vacuum. But this only
works if they are subjected to the same electrat magnetic forces. If that were to
oscillate or change, you would not in fact know wwu were looking at®

In short, the instruments E use are all able téoper the minute excisions that they
make through creating backgrounds that are unchgnglowever ingenious the act
of molecular isolation is, it can only be registbes against something that inherently
provokes zero difference. These are substancestates$ that can be characterised as
being simultaneously present and absent - the ttateés implied, for example, in the

attempt to manufacture zeroes, or nothings.

31 http://www.chemguide.co.uk/analysis/masspec/howiiks.html Accessed May 2011. |
used this example because it seemed to explajprtioess in a way that a layperson could
understand, unlike the complex information thatiiealed me to.

%2 |n the case of the PTR MS, this is done by usiBg-H(hydronium) — this is the "proton
transfer" of its name. The PTR MS produces thgsedmium molecules from the air, and
then, when the sample VOC is injected into theahaghamber with the hydronium ions, a
proton transfers from the hydronium to the VOCjmgvhe VOC a charge of +1 — so it now
has a positive charge. This charge attracts thetineiuinto the machine, separating them out
from the other molecules in the air. This inforrmoativas sourced from the PTR-MS
manufacturers website, as | was directed to byt (Was also trying to work out how the
instrument functions at the same time): www.ionicom. E also showed me information
that an lonicon engineer had sent her, but | fdhiglvery difficult to understand, and
therefore did not use it.

3When | asked her, E explained how the PTR-MS wtwkse in basic terms. | found
however that | needed to supplement this for mga$on, and found an online resource:
http://www.astbury.leeds.ac.uk/facil/MStut/mstuédtitm Accessed February 2012
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Making nothing where there is everything could bersas a very particular form of
reductionism. In it, what is known is analogousmoaat is held steady, and therefore
what is ignored or invisible. One 'knows' in orderignore. This is also a dynamic
that is apparent in the methodological decisioré Ehmakes. E had to try to ensure
she was taking every factor into account, exactlgrder to discount each one. Thus,
the smaller the relation one is cutting out of therld, the bigger the world must
become. This general principle was apparent whemotticed that the leaves she
wanted to use were in different growth phases. Tdiscrepancy had to be
incorporated into her methodology; it was by inahgdthis observation that it could
be 'discounted’, as it were, as a discovery. I, iacomes to refine the relation,
singularizing it further. It is no longer just thelation between isoprene and
photosynthesis in all leaves, but this relatiorthiree different phases of leaf. In this
sense, the effect of singularizing a relation tigtowhat you know makes the relation
singular through an additive process. Reducingmbed in fact necessitates that you
include as much of it as you can. The act of siaggzihg a relation holds within it a
complicated choreography of potential and multgdien, and, | maintain cannot be
understood only as a form of simplificatigmate Star 1983), or construction. Cutting
a relation out of the world is a complicated praeceefining a relation means
including more of the world, and some of the watidt you include you do so in
order for it to be ignored. What you know beconmressible, and what you do not yet

know, with all its internal multiplications, is kught into sharp relief.

Subjects and Objects in E's Experiment

If the preceding analysis is accepted, it has sionpertant repercussions for the way
that certain aspects of scientific practice areewsttbod, particularly relating to ideas

of objectivity and subjectivity.

E conducted a specific sort of experimefitFrancis Bacon, who proposed the

"experiment” as the "royal road" to knowledge, vetamant that experimenting

3 Scientific experimentation, as a crucial aspeatraferstanding scientific activity and
knowledge production, has received increasing atterfrom philosophers of science,
historians of science and in the practice-orientajgroach of STS over the past 20 years.
Unsurprisingly, in each discipline it is considetede important for different reasons.
Philosophy of science sees it as a turn towardera muanced understanding of the reality of
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involved some degree of manipulation of "Natureiméusly urging 17 century
experimentalists to "twist the lion's tail" (citéd Hacking 1983: 149). Registering or
measuring the effect of instigated perturbationsrater to learn about how something
works seems to be an important part of making kadgé from scientific
experiments. The extent and type of this manipautathowever, can vary widely and
it has been argued (Galison 1997) that the ternpéement” in fact has no stable

definition over time.

Despite this, one particular interpretation of ekpental activity has come to
predominate in contemporary STS and Philosophyoiérge: that, in one way or
another, scientific experiments in facteate the phenomena that they purport to
investigate (Hacking 1983, Harré 2003, Barad 20@Jpe of the reasons that
establishing the emergence of different types o¥ehcentities in science is of
enduring interest for the social study of scierecbacause it points to the plausibility
of constructivist interpretations of science. Tlwer'struction” of entities in physics
such as quarks, or neutrinos, is an example (&efirg 1981). Of course, the terms
of the debate itself are not new; the wrangling udbthhe nature of science in
constructivist/realist terms has been ongoing &radles, and as such there are many

different strong and weak stances taken on alsgj8enith 2005).

According to philosopher of science lan Hacking, dgample, an experiment is an
“intervention” in the world (Hacking 1983), not jus manipulation of it. Hacking
gives the example of Hall's effect (1983: 226)winich the "photoelectric effect” is
created by the particular apparatus and actiorhaif apparatus. It is therefore this
experimental set-up that allows for the emergericanoentity that otherwise would
not exist. Hacking, however, would not agree with suggestion that "the electron”
was created as the photoelectric effect was (Se&ika 1991, 1992). Karen Barad,
on the other hand, suggests the more radical corafefagential realism”, which
bases itself on a reading of Niels Bohr's dicturat thhe nature of the observed

phenomenon changes with corresponding changesein[nfeasuring] apparatus”

science ("experiments have a life of their own" Kiag 1983). Historians of science track its
emergence as the hallmark of the new breed of @mapacientists of the I7Century (cf
Gooding, Pinch, Schaffer 1989). STS scholars takkerstanding it as potentially a
methodological necessity in order to "follow" sdists ethnographically (Latour 1987, 2005).
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(cited in Barad 2007: 106, italics removed). ThoisBarad, the electron would exist
only as part of the apparatus that 'perceiveanid, in the "cut" that that apparatus in
so doing makes. The phenomena that populate thikel \weerefore are apparatus-
object complexes that can be "agentially cut" iffedent ways to give different
material configurations of "human, non-human anflocgian forms" (ibid.: 178).
Bruno Latour, another prolific author on the topi@s argued extensively through
many different publications and permutations foe tto-construction of the two
domains of object and subject, and finds it uséfulemploy philosopher Michel
Serres' terms "quasi-objects" and "quasi-subjeitistake account of these hybrid
entities that take the place of "two pure formswnas Object and Subject/Society",
which are only "partial and purified results" ofopesses of hybridization that
characterize the sciences (Latour 1993 [1991]: 79).

Although there are many different positions takem tbis question, then, what
interests me is that these debates are framedtls World can be arranged along a
scale. This scale has "objects" at the realist and, "subjects" at the constructivist
end (for an example, see Latour 1993 [1991]. 51)e @xtreme of this scale
privileges the object and objective knowledge: therld exists independently of
thought and is waiting to be discovered. At theeotlxtreme it is the "subject” and
subjectivity that is privileged, such that the vidoit made by the relation that human
beings (or subjectivities) have with it, and thaseot exist independently of human
thought and action (cf Meillasoux 2008). Westeriersce generally, in as much as it
can be taken as a coherent and unified body of leumne-practices’ is often
understood to be orientated towards the "objedt'&frthe spectrum - that deals with
matter, physical reality or "Nature". When thateattjis held to be independent of all
practices of representing it, this version of ti&idction in question has often been
called "representationalism" (Barad 2003: 804).s&gence is understood to assign
objects this form of independence, it is therefoomsidered also to be inherently

representationalist.

% The idea that Western science is a unified body ofltadge-practices has been challenged
explicitly (cf Galison 1988, 1999; Hacking 1992)Wwrtheless, this broad characterization of
"objectivity" would probably still hold generallyceoss the differentiations suggested in these
challenges, such as that between the laboratceypmrimental, theoretical and instrumental
sciences.
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However, an abiding prerequisite for this configima seems to be the image of a
'sliding scale' between objects and objectivityd anbjects and subjectivity. Thus in
Barad's rendering, one can "cut" at any point althrag scale, refiguring what is a
subject and what is an object each time you ddrsdélacking's, the line has been
shifted a little bit towards the object end in ortde encompass the creation of new
phenomena in the laboratory (but not so far antmmmpass the electron, that remains
obstinately on the other side). In the case of Bruatour, the two terms that structure
his philosophy likewise both depend on the notidraccontinuum. In the first,
"purification”, reality is understood as a processccumulation, and described as a
progressive move towards either the "pure object'pare subject” at opposite ends
of the scale. The second term, "mediation”, is vstded as the inevitable hybridity
that this purification necessarily commences froamd( also engenders). Latour
explicitly and graphically demonstrates this byigading that mediation starts from

the middle of a scale and works outwards towardgptiies (Latour 1993 [1991]: 51).

There is one particular repercussion of understenthe subject-object relation as a
spectrum or scale that | would like to focus onisTie how "objectivity" is therefore
conceptualized® Objectivity is often described as the necessacjusion of the self
— the "subject" - from the world being studiedabteast the claim to be able to do so.
A facet of this exclusion is the concern that st#s have “to eliminate the mediating
presence of the observer” (Daston and Galison 1892: As historian of science

Peter Dear summarizes:

objectivity' tends to be conceptualized in termfk its opposite, 'subjectivity'.

'Subjectivity' connotes variability and contingentlye perspective of an individual
human 'subject’, prey to local circumstances andldeo by them into a distorting
mirror. 'Objectivity' is, by contrast, the 'viewofn nowhere’, in Thomas Nagel's
words, with no local circumstances- and no perspecto distort the mirror." (1992:

619)

% Although historian of science Lorraine Daston ssig that "objectivity" is a rather
confused notion, referring to "metaphysics, methatts morals”, concerns that have varied
enormously through history and vary even in pressage: "[W]e slide effortlessly from
statements about the 'objective truth' of a sdiertiaim, to those about the 'objective
procedures' that guarantee a finding, to thosetahedobjective manner' that qualifies a
researcher" (Daston 1992: 597). See also Portds. 199
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Also implied in this exclusion is the more mundaease in which scientific practice
is understood not to permit any sort of "self-esgren” or "creativity", as
anthropologist James Leach explores (Leach 20hil$hese studies and many others,
a great deal of attention has been paid to thetipegcthat remove the scientist
(subject) from that which he or she is studyingiéotiworld) or that which he or she
produces (scientific text), giving both object aedt therefore an authority deriving

from the 'view from nowhere'.

The scale that underlies such a presumption igfibker zero-sum, or conservative in
a thermodynamic sense. That is, the terms invoaredrelated in such a way that as
you decrease one term, the other necessarily sese#\s the 'object' side goes up,
the 'subject’ side goes down, and vice-versa. 1@@ettioser to nature' or ‘closer to the
object' therefore necessarily means the progresenaglication of the subject
altogether. Adherence to scientific objectivitytins sense implies reductionism: that
there is in the end only one singular object, tlweldy and concomitantly only one
correct way of explaining and describing that woHdn objective, scientific one.
Objectivity thus comes to indicate the exclusiontled subject and subjectivity; it
represents an insistence on ontological singulaityhe expense of subjective, or

espistemological, plurality.

However, this trope of a sliding, conservative scahnnot cater for one very
important fact. This is that it is a specific olijgsabjectrelation at stake, not just a
particular object, or a particular subject. As tigtns and sociologists of science have
taken pains to document in their emphasis on tmtiragency and situated-ness of
scientific work: this relation has changed overdifef Daston 1992). Thus what is
actually being removed, in the conservative scenhtave suggested, is not 'the
subject’, but all sorts of different subject—objeslaitions, leaving one particular one
remaining. The image of a sliding scale is in taet end product of this process, as it
presents itself as thenly relation an object and subject could have to edbkro
However, in describing objectivity in these termgat is indirectly implied is not
that 'subjectivity' is absent, but that differentiaspecific subject-object relations are

absent.

On the basis of the ethnographic description af thiapter, | would like to argue that
for E and her colleagues, it is not in fact 'thbjeat’ that needs to be removed, allit
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the relations other than that which is of intereBhese may be between subjects and
objects, objects and objects, subjects and subjecéy form, because the emphasis
is on the singular relation that is to be excismat] not on that which is being cut
away. The particular relation of the scientist e tobject of study, for example,
becomes only one such relation amongst many ttsatchbe expunged, in order for E
to make the data she needs - unless that is tlyerekation of interest, which is of
course sometimes the caééndeed, excluding her 'self' is the least of Etries.
Taking measurements in the Amazon, E is beset lbgoals of threats from other
potential relations that will remove this ability produce scientific knowledge. The
removal of the self is actually just one very smadit of what needs to be made
invisible. E also has to make all the other reladi@hecould be measuring in the
world temporarily disappear. Thus this deletiorfais more radical than has perhaps

been previously described.

This has repercussions also for understanding wimeans that E did not mention
the trials and tribulations she underwent to exebgr experiment in her dissertation,
beyond mentioning the change in instrumentatiorchSomissions are standard in
scientific dissertations, and indeed in scientiéigts in general. | was not present at
E's master's viva as it was after my return from field. However, having seen
others’ defences and having talked to E about &éeswards, | found there is a place
to discuss some, but not all, of these aspectssomnisn the space provided by a viva.
People mention problems with sample contaminafi@nexample, in the discussion

section of a dissertation or thesis to explainlteghat have gone awry.

Despite this, the removal of other details nevéetteeseems to be a clear indication of
the purging of perspective and the mechanizatioth@fprocess. It seems to suggest
thatanyone could have done the experiment, when as evergoows, it was in fact
someone in particular who actually did. Thus itiddé&e "human agency is written
out of these accounts” (Gooding 1990: 3). Thistiagiout' has been a key piece of

%" See Matei Candea's work (2010) for the distinctietween behavioural data and weight
data collection, for example. | would add here mparative remark that from the analytical
point of view of what is excluded, what is includeecomes multiple; from the point of view
of what is included, what is excluded becomes lgltiThus in Candea's paper,
concentrating on what is excluded, i.e. the anesad whole, demonstrates that what is
included, i.e. the animal as partible, is more thaspected. On the other hand, here
concentrating as | am on what is included, i.e sthgular relation, demonstrates the
mulitplicity of what is excluded in order to do s@. the rest of the world.
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evidence in attempts to overturn universalisticoggtions of objectivity and to stress
instead that, as Donna Haraway puts it, all knogéeds situated knowledge
(Haraway 1991: 183-201).

However, if knowledge genuinely cannot escape th&tson of its production, as
Haraway and others have argued, then it follows tthere must always ke context.
What seems to cause concern is not the absenasyafoatext whatsoever, but the
removal of a veryspecific context. 'Decontextualisation’ may mean removing a
particular context — in this case the context afdoiction perhaps. But it necessarily
also implies 'recontextualisation' — into the canhtef academic publications, for
example (Jensen and Winthereik 2013; see alsch8tra2002: xiv). When | asked E
about including the specific obstacles that she had to overcome in her
dissertation, she told me that she thought it wonttbed be very useful to have a
separate place where such information could beedhao that others who might
conduct similar experiments to her in the futuralddearn from her experience. But,
she told me, it would not contribute to her knowjedoroduction about isoprene.
Information about her experience is a differentt sur information to that about
isoprene, and it therefore has a different condéxroduction. Further, if E is mostly
concerned about excluding an enormous array ofrfarteg relations from her
measurement of one particular interaction, thenigiht indeed seem strange to single
out only one of the excluded relations - for examphat between herself and the
IRGA - to include in her description. Therefoream tempted to echo Marilyn
Strathern in asking what if this problem were a#sdact? (1992b: 92). It is of
ethnographic importance that E cuts away what sles dh the way that she does.
Making the conditions of the production of her d&atually invisible fits in to a
larger dynamic of singularization that is not signpbout the removal of a particular
subject, but the removal of a myriad of differemations. In this sense, her
methodology is part of the singularizing apparaagssmuch as the IRGA is. It is
exactly theindifferencebetween the relations that each of these differesttuments

exclude which is the most telling.

All sorts of relations have the same sort of orgwlal valency when it comes to
producing knowledge through exclusion; it is as amg@nt to control Adilson, as it is

to ensure she does not breathe on the IRGA chambeit, is to ensure that she
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chooses the right leaf, or that it does not raailifig to ensure any of these could in
the end elicit the wrong relation. This is in atagr sense what actor-network
theorists have suggested in their emphasis onymenstry between the agency of
humans and non-humans in the networks that prodciemtific facts (Callon 1999
[1986]; Latour 1993, 2005). However, what my analysuggests is not a binary
between pure forms on the one hand and hybride@wther, as might be suggested
by a schemata that arranges the world along annattissubjects and objects at either
end. The putative opposite of a particular subpdgect relation is in fact a whole
mish-mash of different relational configurationsittis not that easily captured by the
category of "hybrid", and might better be thought temporarily,for these relations
might well be the subject of subsequent experimeras "noise" or nonsengelt is
that which must be controlled, kept stable, anaigd, for it threatens any chance of

making meaning out there in the forest.
Conclusion

The idea that an experiment might create a newghenon would not make sense to
the LBA researchers with whom | worked. They do omtsider themselves to be in
any way constructing the world that they are maaguithe relations they measure
are given in the world, and this world pre-exids measurement. It is generally
accepted that these relations are given in thedniodependent of the action of the
scientist, although as far as the researchers ketdowith are concerned, this given-
ness is rather unremarkable - they were genenadlifferent to my questions about

the nature of that given-ness: 'given-ness' idfitgeen. E therefore must transform

% This comparison has further elements to be exgldratour suggests that even as the
sciences purify the world into objects and subjetisy also "mediate" all sorts of objects and
subjects to form these "imbroglios", "hybrids" giliasi-objects" and "quasi-subjects". There
is therefore a peculiar doubleness to Latouriatyarsa such that even as the sciences purify
the world, theyalso create hosts of these hybrids: "The less the msdeink they blend, the
more they are blended. The more science is absplutee, the more it is bound up with the
very fabric of society" (Latour 1993: 42). The waywhich in order to reduce or singularize
the world E in fact added ‘more’ to it might be@relate of Latour’s insight. However, it is
not that E added and subtracted at the same tuméhdt additioris somehow excluding.
Knowing more is in order to reduce further. In thénse, then, in Latourian terms,
purification (or singularization) would need to seimw alsdoe mediation (addition). That

is, such a formulation would have to think aroumel Wway that purification is opposed to
mediation in Latourian analysis.
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the world, but not in order to create®tDrawing attention to the crucial process of
singularization, | have tried to demonstrate thatsi constituted by practices of

excision and exclusion, that simultaneously perfaamstrange double move of
addition and inclusion. This move is more complean a mechanical reduction. |

have tried to demonstrate that the emphasis i®@mdhe creation of new entities, but
on this incredibly complex practice of revealingat®mns ‘enough’. The forest,

understood here as the 'world' out there, is catigtaxpanding and contracting, and
insistently intervenes. It is taken as pre-exisitisgown description, but thig priori

is expresslynot stable. It is this stability - often a zero - thfa¢ scientists must add to
the world in order to measure it. The forest musdfly be given the relation which is

"no-relation”, in order for E to countenance it.

In a certain sense, then, E's experiment sidestepstructivist-realist debates
altogether. E is not really "constructing a fadtatour and Woolgar 1979), even if it
could be argued that she is contributing to thestrantion of some fact or blackbox
about isoprene in some way. | would rather hergvagitiention to what she produces
there in the field. When | ask to see E's reswitgat she shows me is her data. This
data is the form that the relations she is invasitig take when they leave the forest,
and is the point and product of the whole exerdigkat she creates is data, then, and

not nature.

It is important however, in order to learn from rown description, that I now
proceed with caution. It is tempting to suggestight of this observation that in a
'representational’ practice such as Western scielata and nature are inverted - so
that the representation now can be seen to takeléoe of the referent. What we
thought was a representation (data) is actuagt, and what we thought was real

(nature) is actually the artifice. This is a tydefigure-ground reversal, such that the

¥ This argument deserves a proviso, however: therarpnts that Hacking, Harré and Barad
(amongst others) all refer to are experiments ysjs. The most infamous of physicists,
such as Richard Feynman, Albert Einsten, Niels Baterner Heisenberg to name just a few,
are notorious for having had intense debates amdmgmselves concerning the nature of
reality. For this reason, they have been the stubjeaumerous brilliant and thought-
provoking studies by scholars from outside phygibe are interested in the same questions,
including philosophers and sociologists of sciefaddarad 2007; Kumar 2008). | suggest
that physics, as a discipline studied by otheriglises, lends itself particularly well to
constructivist-realist debates; as Isabelle Stengeints out, the vocation of the physicist
may be "inherent in the art of fabricating "factsh, which singularizes physics" (2010
[2003]: 20).
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data (representation) and the nature (referent)pswhaces, and implies a
constructivist position — the data 'makes' natuegher than a realist position — nature
'makes' the data. But such a reversal only worksninmaginary in which data and
nature are related representationally. This reptatienal axis, or scale, as | have
suggested, is a particular understanding of thettiosl of subjective to objective, or

representation to represented.

| have tried to demonstrate in this chapter how thpresentational relation of object-
subject may not be a governing trope for the sisent worked with, and how in fact
they were indifferent to this particular relatidnhave argued that with reference to
what needs to be achieved, it is simply one raladmongst many. It would be
strange to proceed on the assumption that thoserkea with proceed by de-
subjectifying themselves and their surroundingsenvthey so clearly de-objectify it
as well. But it would be equally strange to procdmdassuming that what they
produce are representations, simply because thdtasis presumed to lie at the other
end of the scale. Data, | suggest, does not stanelation to nature as the subjective
does to the objective. If the analytical purchaésuzh figure-ground inversions in
fact belongs to a representational rhetoric thag hmde more than it reveals, then so
too might the imaginary which envisages subjegtiahd objectivity as the finite
content of a single relation, such that as oneeases the other decreases.

| started the chapter by suggesting that | wantedxplore the world that the LBA
finds itself in, inspired by Isabelle Stengers' gesgion that the field sciences bring
uncertainty to established relations between stbpaed objects. | have endeavoured
to demonstrate that E’s work out in the forest doersainly bring into question some
established social scientific ideas regarding tligext-object relation in field science.
But Stengers in fact meant something else. Hernaegi is that the field sciences
invert the established roles of those who ask thestipns (the subjects), and that
which meekly submits (the object), by allowing tbbject itself to object. The
‘givenness’ of nature here is not in question,h&sadso points out: "no-one in fact
doubts that the terrain exists, that it pre-extbts one who describes it" (Stengers
2000 [1993]: 144). It is this pre-existence thairbids mobilization...In effect, the

terrain does not authorize its representatives a&emt exist other than where it is.”
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(ibid: 144)*° What this implies is that field science must fallthe world, rather than
interrogating it in a laboratory. She also mairgathat as a corollary, the risk, or
"putting to the test" that the subject-object relatimplies needs to be conserved
(ibid: 134) - but not in any static fashion. Thelgmint of her argument is to establish
the imperative of a constant re-beginninge€bmmencemehibid: 70-87), in which
subject and object are constantly re-figured anewncertain and unpredictable

ways.

Even as we grant this, however, it is worth notingt the researchers | worked with
actually have a very clear idea of what uncertaimtgnd what form it takes. That is to
say, they have also singularized uncertainty. Tineedainty that Stengers is talking
about is an unpredictability that stems from ralilsting control of what the object
might say. Among the LBA researchers, uncertaiakes$ the form of gaps, that are
always presumed to exist. The balances they woth wever close - as several
researchers explained to me, there is always sariehat does not add up. It may
get close, but there is always a lacuna between iwimaeasured going in, and what is
measured coming out. As one researcher told me diffexence is veeery small. It's
90 and something percent...you’ll never have 100ght? It's impossible to have
that. But it's the best closuréethamentpyou’re going to get." On enquiring about
this at another time, | was told offhandedly thae"know we are not looking at the
really really real ¢ real real rea). But it's what we understand as real". These gaps

are the subject of the next chapter.

0 This is another point | would have liked to eladteron if there had been time, as there is an
interesting distinction to be made here betweenirresentation” of Stengers and Latour,
and the ‘representativity’ that Stengers is hetgrik speaking to - that is, the extent to which
you can try to make the "terrain" stretch as fait aan.
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Chapter 2. Myth and Measurement

Introduction

In the last chapter, | examined the radical singzddéion that is necessary to cut a
single relation out of a forest of relations. Tleest, understood here as the ‘world’
out there, is constantly expanding, and insistantgrvenes. Its given-ness, therefore,
is expresslynot stability. It is this stability that the sciensisnust add to the world in

order to measure it. One of their most importarttahtasks is therefore the creation
of a position of zero relations. | suggest thi®ome of the most important and often
unnoticed affordances that scientific instrumemts/jgle. However, these instruments
are only used to afford such a perspective in cw@roduce data. This production is

carried out through the act of measurement.

Measurement is a crucial moment in the productibthe LBA data, as it is the
moment that the data comes into existence as agahset of digital numbers that can
then be processed. There have been several impbitdorical studies that explore
the gradual construction of systems of metrologatahdardization across different
countries and in different periods. These studiel tales of conflicts and
compromises that have arisen between countriealsid@d institutions in the effort to
guantify nature (Schaffer 1992, 2000; O'Connell 398Ider 1995; Porter 1995).
That these numerical efforts go hand-in-hand widitipular political and social
configurations has been well-documented in théesditure: measurement emerges as a
means to control and govern socio-historical rneslit Thus the history of
guantification is one often told from the perspeetinot of mathematicians or
scientists, but of administrators and bureaucr&tacking 1991). As historian
Matthew Norton Wise remarks, "when we ask aboutntiost general source of the
desire to quantify, we find it more nearly in treguirements for regulating society

and its activities than in the search for mathetahtaws of nature" (1995: 5). Other
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scholars go so far as to suggest that in additioregulating society such practices
might even create that which they purportedly menmelmerically describe (cf
Bowker and Star 2000).

In this chapter | take a different route in an @i to understand what measurement
does in the practices of the LBA. | trace the défe stages that constitute the act of
measurement as it occurs mechanically on the lgiville instrument, (as it does for
the most part in LBA experiments). The first staggentify as ‘analogizing’, and the
second 'discretization'. In the first, an analogtia natural process is created, and in
the second this analogue - often an electric currentransformed into a discrete and
digital medium: data. This mechanistic approacldatberate. | am attempting to
describe the creativity of measurement without nt&sgp to social constructivism (cf
Fortun 2011: 9). My description demonstrates thaveay clear distinction is
maintained throughout between nature and that wisclereated - but that this
distinction is not between real and representatfidhat this distinction might be, and
what it lies between, is explored using the antblogical analysis of muyth,
specifically in Amerindian cultures, as a heuristithen suggest that this may throw a
different light on one notable model of data cdil@t that is provided by Bruno

Latour.

Instruments as Analogy Machines

To explore the mechanics of measurement, | willceotrate on the instruments on
the tower K34. Over the course of the time | speith the Micro team, | often went
into the forest to the tower with them. This wasrenoften than not in order to
perform routine maintenance work on the tower ocdlbect data, but also frequently
to investigate an instrument that was behavinghgely or to replace one that was
broken. On these occasions, we had to climb ther®wo get to the instruments that
needed tending to, and on the way up | made encqsrdo how the various
instruments worked. These trips were quite releaféairs and interspersed with my
guestions, people would gossip and chat as thekedlprsometimes dangling from
harnesses from the side of the tower. Althoughtrabthe members of the team had
some idea about the principle behind each instriymirere were only a few,
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including L the electronics technician, who couigblain to me in any detail how the
instruments operated. Over these fragmented bujudrg excursions, | became
familiar with how each instrument functioned (tocartain level of technicality),
information that was often supplemented by readm@gmanuals that someone in the
Micro team gave me. | also got to know when anrimsent or measurement system
was considered to be malfunctioning - when it wassproducing data that was good

(dados bonk as was often the case.

At the very top of the tower, sticking up into thie above the trees, is a carbon flux
measurement system, known as an eddy covariantensydter the method used to
calculate the flux. This comprises of a sonic anmeier and an infra-red gas
analyzer (IRGA). As one of the Micro team explainednme, the sonic anemometer
measures wind direction and speed in three axedirtees a second (10 Hz) by
pulsing sound waves between its six prongs and umiegsthe interference caused by
the wind eddies that pass through it. The IRGA &0J, the model on the tower K34,
measures carbon concentration also at 10 Hz, thrangopen pathway'. This means
that it measures just what passes between itstdefeevhich are out in the open
rather than in a chamber as with the IRGA that &lu$Vhen the data is brought back
to the LBA office in Manaus, those in charge ofgassing the data use a specially
designed programme called Alteddy to calculatecdrdon flux using the wind eddy
speed and direction data and the carbon concenmtrdéita. Also on the tower K34 is
another IRGA — the Li-820 or Li-840 — that measusdmst is known as the "profile”
of CO, concentration by sucking air in from different digis up the tower, to give
cross-sectional measurements of the forests' atmeospThere are also all sorts of
meteorological instruments installed along the teraf the tower: a barometer that
measures atmospheric pressure; a thermohygronmetemieasures relative humidity
and air temperature; a pluviometer, that measwaiesail volume and intensity; a cup
anemometer that measures wind speed; radiomet@tsimieasures different sorts of
radiation, emitted and reflected and photosynth#yiactive in this case, (although
one of the Micro team was keen to impress upon lrate different towers can have
different radiation sensors). There are soil latkett flux sensors, and soill
temperature and humidity sensors in the soil. Alhe instruments are connected to
dataloggers, simple computers that store the tthare installed at different heights

on the tower.
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Thus the tower sits in the forest gathering mossranuld, whilst the instruments on
it register changes in the relevant propertieshef énvironment continuously. The
result of these measurements - data - is trangiittereal time (as long as the
connection is working) from the dataloggers to ltBA central office via telemetry.
The instruments are often called "sensos&hgorels- because they sense the world
they are in. | would like to dwell here on whatsthsensing, that takes place
sometimes at an incredibly high frequency, mecladlyic involves. Some
phenomenon outside the machine - in 'nature’- as@erty. Let us take humidity of
the air, for example. That property has a relateoa property of a material inside the
instrument. Originally, for example, in the instrents that measure humidity (called
hygrometers) there was a human Halduman hair expands and contracts according
to humidity in the air. In these original instruntgna stylus was attached to the hair,
with its tip resting on a revolving drum of papéks the hair lengthened and
contracted, it caused the stylus to move up andndeecording the change on the
revolving drum of paper (Knowles Middleton 1969:-B32). This provided a
continuously varying line that could then be 'ragihg a scale. The modern electrical
hygrometers that are installed on the towers hasenai-conductdf in them rather
than a hair, but the principle is basically similas L explained during a short course
he gave in electronics to the entire Micro teamsithe conductivity of the semi-
conductor that is affected by the property of natiarquestion. Lithium chloride is a
common semi-conductor in electric hygrometerstasesistance (how much current
is let through it) changes depending on the amotimtater it has absorbed from the
air. There are also other substances used, caligacitors. In both cases, however,
the conductivity of the substance is correlatedhthe relative humidity of the air.

Most of the instruments that are on the tower cdnwee property into another

property using semi-conductors. They almost alwagsvert a property of the

*1 As a standardized instrument, it was stipulated tthe hair had to be blonde (Knowles
Middleton 1969: 85).

2 Semi-conductors have revolutionized electronicenpressed upon us several times during
the course he gave. Through different processggres stable chemical (such as silicon) has
impurities added to it that affect its chemicalsture in such a way that it has either one free
electron, or one free space for an electron - nggitia ‘semi’-conductor of electricity with

very particular properties. This means, for examghlat current can run in one direction, but
not the other; or that you can switch current ot af. The whole of computing is dependent
on this property of semi-conductors, L told us.
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environment into an electric current, which, L taofte, is simply the movement of
electrons® So, what is the relation of the property outsidle instrument, and the
property inside the instrument? What is the refatd humidity in the air to lithium
chloride's resistance? One does not stand for ther,onor is one a reduced or
abstracted version of the other. More correctlye oauld be seen as analogueof
the other (cf Edwards 2010: 205). The current @pprtionate to the humidity, but
structurally different from it (unlike domologug Furthermore, the current is the
given, natural property of lithium chloride — it ke movement of lithium chloride
electrons - as much as the humidity is consideoelet a given property of the air.

The one does not represent the other by being smmigss "real” than it.

The LBA instruments seem to sit at what might basttered to be the interface
between the forest and knowledge, or even natuce caiture, as philosopher of
biology Hans-J6rg Rheinberger discusses. He descudifferent interfaces between
nature and instrument, and tends to place thesefases at the intuitive separation
between instrument and world — the cut of the lglal sample that the microscope
peers at, the skin-to-machine interface betweeh aesnal and testing instrument
(2010: 220-222). He asks, when describing a tdst-tcentrifuge, where exactly
nature would be considered to begin and culturentb (ibid: 224). But the boundary
between nature and culture in the case of theumsnts | am discussing does not
seem to lie where the instrument meets the worttigintuitive sense. In the case of
the LBA instruments, this boundary where sensortsne®rld is one that produces
analogues, not the different ontological domainsrafture™ and "culture”; 1 would

therefore be reluctant to assume that it is "caltuhat is being mediated at this
interface. Rheinberger's question in the contexthe LBA points not to the

difficulty in pinpointing where the distinction hve¢en nature and culture is being
fabricated, but rather to the difficulty in desandp this interface, and what it

mediates, at all using these terms (cf Wagner 19815]: 24). The moving electrons
in the lithium chloride are not any less naturehlror physical than the humidity in
the air, nor do they symbolise the humidity, ortedag it from the world. Even with

the more complex instruments, such as mass spesteosrand IRGAS, the transfer of

3 In fact, although current is conceptualized adlthe of electrons in a certain direction
around a circuit, it is actually the creation oéses for electrons to jump into, L informed me
— so the current in fact "flows" the other waylte way that the electrons move.
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world to instrument is through a current that istigated by the ions or charged
molecules in the world themselves actually hittengletector — they are already a
current, as it were. The continuous process thdhesconstantly varying natural

property produces another continuous property reent that is also a property in the
world - a property of a physical substance andantgign” (Hankins and Silverman

1995: 113). Therefore, | would argue that theseriates do not mark an ontological
divide between nature and culture, but mediatetbation of an analogous version of

that phenomenon that is being measured.

The question then is not a case of determining &vhature and culture meet, but of
investigating what sort of process this analogiazsigSeveral authors have suggested
that ("philosophical™) instruments of particle plogs such as the air pump or the
cloud chamber, work by "reproducing nature" (Hackmal989: 42; cf Galison
1997:46). As Hackmann points out, the phenomenatede in 17th-century
laboratories were considered to be the same a® tihas¢ occurred in nature. The
lightning of the lightning machines was the same the lightning during
thunderstorms; Newton's rainbow from his prism wes same as a rainbow in the
sky. The underlying logic is one of a continuity pfinciples, based on the
Aristotelian "order of natural symmetry"”, which t&d that everything in the world
behaves according to the same principles, givieg t© "the intuitive feeling about
the underlying regularity of natural processes"qktaann 1989: 42). This allows for
analogy, understood as extension, to work as a twagnake knowledge. Thus,
famously for René Descartes, a heart works likedom an eye like a camera.
Analogy here then relies on the continuity of pifihes across a divid€.It is worth,
however, qualifying the sort of continuity in quest with the meteorological

instruments | am talking about. It is not that tentinuity of principles inside the

* | should point out that Hackman is sceptical @ form of scientific argumentation,
remarking that "logically there was no reason wig/phenomena recreated in the laboratory
with models should be the same as the natural dieswas the fundamental weakness of
the analogous argument” (1989: 57). But, as scibisterian J.D. North writes "[M]y

concern is with analogicargument..Analogy is the basis for much scientific conjeetusut
even conjecture is an art, which can be done wetie rationally, even though it might prove
in the end to have yielded a false conclusion...Natansense is equally foolish" (1989:
285). North also points to the “very great roleyeld by theheologicaldebate in the history

of analogical thought...thastification of the analogy between human nature and the nature
of God has always been at the centre of Chriskianlogy” (1989: 292), an interesting
avenue for further investigation of the role of lagg in observational science.
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instrument and outside the instrument creates th@thumidity and the current, for
example, as it is with Hackmann's example of ligignbeing produced by 17
century instruments. It is rather that one of tmepprties in question — electrical
resistance — is correlated to humidity in the misuch a way that it reveals it, but not
as the working of a pump can reveal the workingthef heart. The form of the
revelation is not a mechanistic imitation, nor ddeseproduce nature. Electrons do
not work "like" humidity, nor does humidity reserab&a current. The form of the
correlation is different, and so is the form of ttegelation. | would suggest, given
this, that what Hackmann describes could insteadatled homologymachines, in
reference to the biological term that indicatesoamon underlying structure to
different physical forms; whereas what | am desegbare analogy machines, in
reference to the very different structure that hdityi and electron have that
nevertheless reveal something about each othéhelwase of the LBA instruments,

the analogy machines of the instruments are sorestaalled "transduceré®.

Measurement as Discretization

Thus before any measurement occurs, the instruntfeaitshe LBA use first create an
analogue in the form of a current. This currentyéeer, must still be measured; it is
still not revealing of anything about the humiditythe air. It must become data to do
that. As a researcher, who specializes in builtbmgcost sensors, told me "the world
is in analogue; everything is analogue, life islagae. The digital world does not
exist. You have to transform one into the othecapse computers are digital. When
they pass the information to us, computers makeatogic again. And each time you
do this, you lose information.” The transformatiminthe electrical current into data
takes place in another element of every electrsmaisor: the analogue-to-digital
converter (ADC). The ADC is what converts the agak signal — the current - to
digital data — the number. L explained to me thatiaalogue signal is converted into

digital code by assigning a value in the continusigsal to O in the binary code, and

4 Afact | garnered also from L’s electronics caurSee also here Webb Keane, 2011, "On
Spirit Writing: The Powers of Transduction Acrosn#otic Modalities", key note address,
Danish Research School and Anthropology and Etlaptyr Annual Megaseminar.
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another to 1 in the binary code. Then, whenevesdhmlues were registered, they

would be converted into 1s and Os (see figure 1).

Figure 1: Diagram that L drew for me to demonstth&econversion of an analog signal (26°
C, above) into digital (also 26°C, below). Note tiiéference in scale between the two

graphs. Taken from my fieldnotes, August 2010.

These 1s and Os then can be processed eitheryaaréhimn binary form by computers,
or transformed into numbers for the people in therMteam to process. The digital
form is one which allows computers to act upomd ananipulate it. The data that the
LBA produces is thus the product of a series ofjeta from the creation of a
continuous analogue of a continuous property in Wwuoeld to a discrete digital
number. Not all the technicians or researchers dnsgime with had specialist
knowledge of this process. However, it is a testante the importance attached to
the process of electronic transformation that thkkygonsidered L an integral part of
the team, even though he was newly-hired and donig@xperience, testifies to the
importance of this process of electronic transfdaioma All of the researchers | spoke
to who were conducting, or who had previously cated, research with the LBA
confirmed the absolute necessity of having someoonenally a technician, who

knew how the instruments worked electronically peesally in the Amazon forest,
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where the humidity and the dirt can damage thetreleic equipment in a matter of
days?*® During the time | was at the LBA, L gave sevellases on basic electronics
to members of the team that maintain the instrumentthe tower. A more formal
class was also arranged on the more complex aspegt®gramming a datalogger
and installing instruments correctly with specialischnicians who came up to
Manaus from the Laboratory of Meteorological Instentation (LIM) in INPE, in the

Southeast of Brazil.

Talking to these specialist technicians from LiMoat their non-stop schedule, |
realized how important this electronically-mediat@acess is. Not only were the
technicians asked to install experiments from sbr&br researchers or students, but
often they were contacted by researchers who didkmow exactly what had gone
wrong with their instruments - only that they weret producing data anymore.
"Some people from [a state in Brazil] want to stdidixes in sugar cane plantations,
but they don't have the material, they don't have knowledge, the technical
knowledge, how to install the equipment. We godhamnd we give support, as much
in the theory as the installation and programmiogé LIM technician told me who
had worked as a meteorological technician for sdwecades. He also told me that
sometimes he had to ask the researchers to takéuaepof the equipment and send it
to him by email, because he could see immediatéigt\the researcher could not, and
could direct them how to fix their instrument by @amWhat is interesting is that
these technicians had no interest whatsoever ircdnéentof the data, only in the
process of its production. As the head of LIM tat@ about the data itself, "I don't
use that information, there's no way for me to keepwith the data like that",
whereas the scientific researchers, another meofbelM tells me, "know what to
do with the data but have no idea about the ingnigi and so they "might know
what data [an instrument] gives, but not how itdumns". The importance of the
technicians' work to the production of data is gigant despite this lack of interest in
the data itself because, | suggest, they mediage citucial process of electronic
transformation from analogue into digital - fronetbontinuous into the discrete. It is

the transformation, not the data, that counts here.

*% Interestingly, the other role considered of utmiogiortance for the success of a campaign
was themateirg the local person with many years' knowledge ammeeence of the forest. |
will return to explore the significance of thes#atient roles in the last chapters.
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In describing measurement as a transformation, Wiaah trying to capture is the
moment at which 'nature’, or the property of nativat the LBA researchers are
interested in measuring, becomesmething else Thus | am suggesting an
anthropological theory of measurement of the LB#eachers and technicians, that
focuses on these transformative moments. Thistith@osame as a scientific theory
of measurement. For example, there is in basidsstst a difference between
"continuous" and "discrete" scales. Whereas oneheae continuous measurements
of degrees Celsius, such that theoretically onersaasure to an infinite number of
decimal points (that is, the units are infinitelyigible), one cannot have a continuous
measurement of people in a certain area — one ggnhave a headcount. That is,
people are indivisible and discrete units; theraassuch thing in this latter case as a
decimal point!’ This was also apparent in the slight slippage betwterms that
occurred with the technicians and electronics gpiets | spoke to. They sometimes
spoke as if numbers are analogue when contrasted'unary” (1s and 0s), but when

| enquired, they told me that binary is digitalptigh a digital watch that displays
numbers is also digital. However, the latter ofsthés the sense of the contrast that |
wish to employ here. Numbers are also digital beeauny scale is by definition
discrete The conversion of the current into binary digimimat, and the conversion
of the current into numbers, effectively perforrhe same operation of transforming a
continuous entity into a discretized one. Thus rétszing the current into a binary
code is just another level of the same scaling gs®dhat would discretize the line
drawn by the stylus in the original hygrometer isgparate measurements. Because
one has to use scales with discrete points in dodarake meaning in measurement,
(even if the points are very close together making very precise scale), my
argument therefore is that the "something”, (whichidata™ in numerical or binary
form) that is imparted or created by measuremernheseby inherently discrete. |

propose that this property is important in ordenolerstand what measurement does.

Discretization presented itself to me as a cruaggect of the process of collecting

data in general only whilst | was going over myesobn my return from the field.

*" Although, of course, this does depend on a pdaticwtion of a person - anthropologists
have described how in Melanesia for example, peraught not be thought of as in the
singular or plural but rather "fractally", a notitmat in turn has profound implications for the
indigenous mathematics (Wagner 1991, Mimica 1988dmas Crump has made a detailed
comparative investigation of the mathematics diedént cultures (Crump 1990).
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Although I had several conversations at differanes with different researchers as to
what a "parcel” or "packet" of air might be, or hone decided on the limits of one's
research area, how to fraction air samples intdemiht molecular quantum
frequencies using laser technology, or indeed atimutlifference between digital and
analogue signals, it was not until some time afteds that | realized what an abiding
motif the problem of discretization had been. Thees one particular conversation
that sticks in my mind concerning this, which | hadh one researcher about the
method by which "flux" fluxo) is calculated, known as the eddy covariance ntetho
It is the same method if the flux is of carbon foit is energy flux, even though they
require different instruments. One of the most ingoat features of this method is the
notion of a "footprint”. The footprint is the arehat the meteorological tower is
receiving information from. As the researcher told, who works with energy rather
than carbon, there are mathematical models thatilea this "angle of attack”, as he
put it, given the prevailing direction of the winaind the height of the tow&tThe
basic idea is that for every metre of height, theer is influenced by 100 metres of
horizontal area in the direction of the prevailinod, which “carries information to
the sensor”. According to this model, you can watlether a particular parcel of air
could arrive at the tower or not — only parcelsaaf within the footprint can be
contributing to the information it is collectingaéh tower is therefore surrounded by
a footprint, the limits of which mark the limits dfe information the tower provides

in the form of data.

| was however, confused at how one might sepdheair into parcels. "But what
counts as a parcel?" | asked. "Well", the researshé&l, "it's in the moment of
measurement, what was measured.” "So it is defigedne?" | suggest. "Actually, it
is magnitude" grandeza the researcher said, after a pause. "The morengasure,
the smaller chance you have of error. So, the seguisks up all the measurements
(medida$ which are passing by it (...) The footprint wglive you the point up to

8 This researcher also provided me with a power{gmiesentation that he had on his hard-
drive that explained how the eddy covariance metbodtions: "Introduction to the Eddy
Covariance Method: General Guidelines and Conveatid/ork Flow" by G.Burba and D.
Andersen, produced by the manufacturer Licor Biesoés, and available at:
http://www.google.co.uk/url?sa=t&rct=j&gq=&esrc=s&s@e=web&cd=3&ved=0CDcQFjA
C&url=http%3A%2F%2Fwww.instrumentalia.com.ar%2Fp@®mnvernadero.pdf&ei=m5U
_ULGSAbDY0QXxn4DABg&uUsg=AFQjCNHCLSO34L_s2YCxN-
k_J790fZ5E1Q&sig2=wS80U-CeaQbREJAZ6]FOvw Accessedust 2012
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which your tower is influenced by the region aroundAfter that line, your tower
isn't influenced anymore. It doesn't pick up anyghelse tdo pega majs’ "So is it
the instruments that determine the size of thepfoa?" | asked, suggesting it was
their sensitivity that defined how far they cousée'. "Exactly" said the researcher,
but then he continued, "the air is continuous. Bet measurement is not continuous.
The measurement is brokequébradd. Measurement does this. Ten times per
second, the instrument measures the parcel. Itntloaseasure continuously.” |
realized then that it is measurement that actiVietgaks up" the air into parcels, or
the world into the "footprints” of towers. Furthdrwould suggest that the eddy
covariance method is simply a complex version ghandane operation. As Paul
Edwards notes of reading the temperature from aumgrthermometer, "[Y]our act
of reading the thermometer transforms a continuanfitely variable analogue
guantity into a discrete number, such as 75° et @fsdigits, which vary discretely or
discontinuously” (2010: 105). It is the instrumetttat perform this operation at the
LBA, not only the ones that create the flux datat, &very single instrument on the
tower. These instruments "break" the propertiethénworld into discrete sections in
order to produce data; any scale can be an instruith@at measures because it

performs exactly this operation.

An important correlate of the emphasis | am placowy this interpretation of
measurement is that the data that the instrumeatiipe is not a reduced, abstracted
or elemental version of the world, in the way a LafANature might be imagined to
be. Thus my description might add another (contearyo digital) dimension to
Thomas Hankins and Robert Silverman's descriptibnl@" and 18' century
instruments. They explain that whereas analogythesundamental principle in 17
century naturalmagic "analytics" took over in the I'7and 18 century natural
philosophy*® Whereas in the former, the natural magicianstimsents (which were
the envy of the natural philosophergproduced nature, as | have previously

discussed, in the latter, analytical instrumeatk nature apartto reveal the rules by

*9 Hankins and Silverman (1995) posit a very inténgshistorical continuity between natural
magic, and natural philosophy, if one takes instrots as the focus of the enquiry. Both
practitioners used the same instruments for difteeads. Whereas Anasthasius Kircher, a
natural magician, preferred to convey what he kimetlie form of allegory, the
Enlightenment scientists, Hankins and Silvermarutgl preferred tables and graphs, that
abstracted nature. Graphs are a pivotal form in.B¥ science, and | will come onto their
importance for the LBA data practices in the fouttiapter.
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which it operated” (Hankins and Silverman 1995:)1T4is does not map neatly onto
what my analysis of instruments demonstrates. Inkitaand Silverman's analysis,
‘analogy' seems to imply continuity between thelevand the act of knowing it, and
‘analysis' seems to imply a discontinuity, sucht tth@ act of knowing the world
deconstructs or reduces it in the process. Theofaproducing data that the LBA
researchers are engaged in, mediated by the meanietheir instruments make is
autonomous of either of these two positions. Natsineot taken apart through being
measured, nor is it created by it; it is, rathemehowrecomposeds data. Analysis
happens only afterwards, on thata Digitization or discretization is a process of
recomposition, rather than representation or réaooisin. It is important to
distinguish digital data as a specific product@éstific practice in this way, because
it takes into account the constitutive role thatemtainty plays in the distinction

between data and nature, to which | now turn.
Error and Uncertainty

A crucial aspect of this recomposition is the rplayed by error and uncertainty.
Returning to an earlier citation, one researchdrtbld me that each time you convert
the analogue into the digital, information is I¢sée also Edwards 2010: 106). The
problem, L said, is that when one converts a caotisly varying signal into a
discrete code, the "in-between" is cut away. Onencatransform a curve into a
series of points without losing some of the cut¥®eturning to the example of
reading a mercury thermometer, "the fluid is almoever precisely on the line
marked on the scale, but instead slightly abovieebow it. By setting aside that fact,
you make the observation digital" (Edwards 2010: 10%)at is to say, fixing the
point, at any one scale, will always be incomplfiee transformation of analogue

into digital has a built-in loss.

This incompleteness permeates the act of measmangyal properties out in the

world, as | observed when talking to researchemifathe eddy covariance method:

0 This is the same problem, in fact, as the climadelelers | conducted interviews with at the
end of my fieldwork encounter when they have tadrynathematize the weather, which is
understood to be made up by non-linear procedseghave to try to discretize what is
essentially continuous.
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"when you use eddy covariance, you see that thenbaldoesn't close. What goes in
is meant to come out, but it's as if something#, las if a bit of energy disappears.”
This is the case even in homogeneous terrain, @schpastureland, which is
considered to be relatively easy to quantify beedhs footprint is easy to calculate,
due to the fact that the terrain does not vary tedair can pass smoothly over it.
Even so, the eddy covariance method cannot meadluref the energy that is
presumed to be in the system - there is alwayspa lgananages to capture around
95%, one researcher said "which in this case itypgood". But in the Amazon
forest, this gap increases in size dramatically.e TAmazon is completely
heterogeneous in terms of terrain and vegetatioh tlae vortices and eddies that pass
by the tower therefore are of all different sizewd aspeeds as a result of the
irregularity of the surface it is passing over. Manf these vortices, it is surmised, are
missed because a single frequency of measurenfenexample measuring 10 times
per second, as the systems at the LBA do — camRketdccount of all the different
speeds and sizes. It captures some, but not atheolariety of the vortices. This
means that measurement can never be complete.oNseanesearcher told me, "the
tower data is not going to be faithfdile(), but it is enough to validate the capacity to
simulate fluxes. No-one works with perfection, bwith approximation (...) In
general, observed data do not represent the raéd.Wdhe loss of information as one
tries to discretize a continuous signal in an umsknt is analogous to the loss as one
tries to discretize the air by "breaking" it witheasurement. There will always be

something missing.

However, | would like to suggest that the impodgipiof effecting a complete
transformation is a constitutive aspect of measergmand takes the form of
uncertainty. The extent to which this is so was enaery apparent to me when | spent
some time with metrologistsat the Laboratory of Meteorological Instrumentatio
(LIM) at Brazil's Space Institute in Sao Paulo estah the southeast of Brazil. LIM is
responsible for the maintenance of the scientiigtiruments used to collect data on
meteorological variables throughout Brazil. Thesstruments are either part of a
network of long-term meteorological data-collectisgations spread across the
country, like the LBA, or belong to specific andrmally shorter-term projects linked

*1 Metrology is the science of measurement.
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to other institutions. The LBA would often send ithestruments to LIM to be
calibrated; during the time | was there, severalpbein the micro group had several
long conversations with the technicians at LIMeaending different instruments to
be calibrated. It was also the specialist techngitom LIM that came to give a
course in electronics to the LBA researchers anbnieians. Alongside mechanical
maintenance, LIM is also in the process of esthblg Brazil's first accredited

calibration laboratory (which | will refer to as L'Q for scientific projects.

Calibration is the process by which the error amdentainty in an instrument is
calculated precisely according to — that is, by parmg it to — the universal standard
for the units it measures M.There are already several such laboratories fer th
Industry sector in Brazil, all accredited by theaBtlian Institute for Metrology
(INMETRO), but none exist to cater for the very dfie calibration demands of
scientific instruments that work in specific dedvenits, such as watts/m-2 (radiation)
and require the simulation of specific environméantanditions. During the time | was
there, the CL at LIM was in the process of beingugein order to rectify this, and is
run by husband and wife team, P and M, who havé Ipoéviously worked in
metrology in the Industry sector in another towrsao Paulo state. In order to be able
to measure environmental variables as the LBA dtes,instruments have to be
calibrated to a standard. This is akin to the &tzeroing” that | discussed in the first
chapter - the instrument needs togdeena scale by which to measure. | will briefly
here describe what a metrological standard is,vélmat calibration involves, in order
to explain how error and uncertainty are constieubf measurement. As M told me,
"nothing is pure; the minute you start measurihgt's it, there's no way round it".

Within metrology generally, there are two differéppes of absolute standard. The
USA's National Institute of Standards and Techne®dNIST), one of the leading
national institutes, works with artefact standaatsl intrinsic standards (O'Connell

1993: 152). An artefact standard is for example,kilogramme, which resides in the

2 The process of "calibration" that | briefly talkeHout in the last chapter was called
"verification" by the LIM metrologists. That is &y, they did not consider it to be a proper
calibration merely to "zero" the instrument, withdeing in controlled laboratory conditions
and having an accredited standard to perform thilgradon with. This was almost invariably
impossible in the forest, and in the LBA in Manawhjch is why instruments were sent to
the CL at LIM as often as possible.
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International Bureau of Weights and Measures (BIRMParis. Artefact standards
exist as material instantiations of themselves, amadrological practice consists in
ensuring that any kilogramme measured can be traael directly to this standard
kilogramme. This is called "traceabilitytastreabilidad®, and these traces exist in
the case of the metrologists that | worked with sesnmps of accreditation that are
stuck onto any instrument that is calibrated irs thay. These stamps effectively say
that the instrument is now part of "a documentebroken chain of calibrations®,
One of these stamps is gained either by beingeddiy a "touring” standard, which is
periodically taken around the various smaller labanies (as used to happen with 'the
volt’ in the USA), or by sending equipment to Naiib or International metrological
laboratories to have them calibrated to the stahttaere (O'Connell 1993). This is
what the CL at LIM do, for example, in the caseradiometers. Their radiometers,
that they use to calibrate the radiometers thatsarg to them from other parts of
Brazil, are sent periodically to Davos in Switzadato be calibrated to the absolute

radiometric standard unit that is generated thgven the Swiss Alps.

The other form of metrological standard is theimsiic standard. These are physics
experiments that labs can perform themselves, iteate the volt, second, ohm or
various temperature points right on their premig€Connell 1993: 153). The volt,
metre, and ohm were formerly all artefact standabdg have been converted into
intrinsic ones*. As | was conducting fieldwork in a metrologicabbratory that
specializes in the calibration of meteorologicatioments, the units in question are
all derived units. Nevertheless, the logic of tedmbty, (as a chain of marks of
accreditation leading back to a standard), is #mesirrespective. The CL at LIM has
a variety of standard instruments, ranging frorndsads that they themselves are

testing to accredited climatic chambers that thegyto calibrate thermometers.

Calibration is the act of comparing the instrumiengjuestion to the standard for the

units the instrument measures in. The calibratibmry sensor at the CL at LIM

%3 A definition taken from the BIPM vocabulary of malbgical terms, which | was directed
to by my informants at LIM: http://www.bipm.org/dripm/calibrations/traceability.html,
Accessed March 2012.

** As Joseph O’Connell (1993) suggests, this img@iesajor conceptual systemic shift, in the
sense that direct, unmediated contact with thelatesstandard is now available to all.
O’Connell likens it to a Calvinist reformation, egally as one does not "confess" or
"redeem" (that is, calibrate) intrinsic standaadsthey are not thought to "drift".
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requires at least: the standard you will be compgait to; some sort of computer to
register the data (normally a little computer ahlke datalogger); and the sensor in
guestion. It also requires some way of controlliog, ensuring variation in, the
phenomenon that the sensor measures. For temmeréuand M have a climatic
chamber, (which is accredited by INMETRO), in whimte can vary the temperature
at different points. The thermometer to be calidgwlais put in the thermal chamber
along with the standard, 'traceable’ thermometdfef@nt parts of the chamber can
be heated to different temperatures, depending e range of your target
environment (measuring in the Arctic does not hdneesame range as measuring in
the Amazon — so you can calibrate just ranges oilp&atures, rather than all
temperatures). What is remarkable about calibratiowever is that at every stage,
uncertainty and error enter into the system. Theotogists are, | suggest, specialists

not only in measurement, but in uncertainty.

First of all, the thermal chamber has a certairell®f uncertainty — it can only be
precise concerning the degrees to which it hesgdf ito a certain order of magnitude;
likewise the standard thermometer has an inbuittettainty. These uncertainties
accompany the chamber and the thermometer andeltetable. The datalogger also
has a degree of uncertainty due to the converdi@amalogue signals into digital, and
in fact P and M had to join forces with their oleétmological laboratory to find some
way to calibrate their own dataloggers, as theyiccoot find anyone else in Brazil
who could do so. Secondly, there are physical problto be taken into account, such
as that of hysteresis. Hysteresis is a non-linffactethat makes a thermometer heat
up differently from the way that it cools down - &k increasing temperature has a
different mechanical effect on the thermometer camag to decreasing temperaftre
As P tells me, "mechanics, electronics, physicsythll vary, there is always a

deterioration". The temperature and the humiditwlaich the standard you are using

%5 If the ambient temperature increases by 1.05°€{ttarmometer reads an increase on 1°C;
but when the ambient temperature drops by 1.03fCsame thermometer records a drop of
1.1°C. This means that every temperature pointdhatis testing against needs to be done
from zero — the thermometers must be cooled baakdo zero before being heated again to
the different temperature points. If one were tsgaight from 5 degrees to 10 degrees, you
would end up with a different set of temperatunesh® way up and on the way down. | was
originally told about hysteresis during an intewjeand subsequently supplemented that
description using the site: http://wattsupwithtbain/2011/01/22/the-metrology-of-
thermometers/ Accessell 8eptember 2011.
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was calibrated must also be taken into account thaf calibration in question is
performed at a different temperature and relativenidity than the one that the
standard was calibrated in, that must also be decluas "embedding local error"
(embutindo erro local Even the longitude and latitude at which thendéad was

calibrated is important to include in the caliboatiof subsequent instruments.

Finally, there are some sources of uncertainty #rat only discovered through
experience. Pluviometers (that measure rainfaéinsity and volume), for example,
work via a system called the "tipping bucket". TMiero group at the LBA had been
having particular problems with the pluviometerstbe towers, and had sent several
to LIM to be calibrated. When | asked about thédeexplained that when the little
buckets in them are full to a known volume, theghéf the water causes them to tip
and touch a metal pad below them. This completeiscait that causes a current to
run through the sensor, registering data. Butfifeiint intensities of rainfall, this can
fail to work sufficiently; either the rain is toatense for the bucket to register enough
tips', or the rain is so light that it never quite@nages to fill the buckets. That is to
say, this type of pluviometer works with one lee¢luncertainty in heavy rainfall,
and another one in light rainfall — and presumaiblyall the sorts of rainfall in
between (Braga and Fernandes 2007). Thus when aiigates a tipping bucket
pluviometer, one has to be sure to recreate all géheironmental conditions,

simulating intensity of the rainfall as well as woie of water.

| asked P one day if anyone calibrates the stan@\arebne does, | was told. Then she
paused and explained that the standard is "norntaflymaterialized form of the
thing". The notion of a "material form of a thinghplies that the "thing" itself — in
this case the standard unit — is still as suctmaterial — that is, not present. The
absolute standard is, in this sense, at one stepved from the "absolute absoluté".
The chain of traceability that characterizes thers®e of measurement could thus be
seen as having an infinite regress on both enddifiarent ways. One is endless
repetition of units (in the form of measurementhg other is eternal displacement

(the absolute unit lying always beyond its own mateation). Thus the singular

%5 An understanding that | think clearly resonatethwhie citation with which | ended the last
chapter - "we know we are not looking at the reediglly real ¢ real real rea). But it's what
we understand as real".
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standard is the universal reference at the same &isnbeing itself part of its own
universal expression. There is inherent in the idea standard the fact that it is
always incomplete. If the standard is the matemgaliform of the thing, what lies in
between the thing (unit) and its materialized fasrthe necessary and inescapable
uncertainty that accompaniesl metrological activity. "Everything is going to
interfere”, P tells me; and Q, the head of LIMoalspresses on me "you're always
going to have a certain error which is uncertaititg, uncertainty of calibration, you
can't escape it."

The result of the calibration is a certificate @afiloration, which reflects this. It has
two different sets of values on it. One is "err@fid the other is "uncertainty". These
two are importantly related, but can be separatelfyned thus: Uncertainty is the
range within which the "true value" is assertetide- so as we have seen, uncertainty
is the error embedded into the process of caldmay your calibration system itself.
This uncertainty is defined as a percentage. Itnei¢hat the standard value itself has
a range around it — or rather, is itself a ranges bften calculated using standard
deviation — so, for example, if you are calibratthg temperature point 15°C, using a
standard accredited thermometer, and your perdgbeanometer reads 14.9, 14.6,
14.8, 14.5 each time you repeat the measuremesn, yhu have a high standard
deviation — how much the numbers are spread outichnis an indicator of a high
uncertainty. If, on the other hand, it reads 14.8,9, 14.9, 14.9, 14.9 then it is
systematically wrong or in error, but has verydittleviance and therefore a much
lower uncertainty. This uncertainty then would b#ded to the uncertainty that
surrounds the standard, along with all the othpesyof uncertainty, in order to give
the total uncertainty of the system. Error, on adkiger hand, is simply thidifference
between the "true value" and the measured valude-eixtent to which your
instrument being calibrated errs from the stand@hek error is what you can try to
remove from your system, by correcting for it matlaically, or, if you can isolate
the cause, mechanically. This is what calibratitiows for. The researchers who
receive the instruments back from the CL at LIMntla@e expected to correct their
own measurements according to the coefficients igeav them. They are also
provided with the uncertainty percentage that ist lu to their system. This cannot
be removed. As such, uncertainty is a strange mea&nt: it singularizes how much

onecannotknow what on@oesknow.
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This uncertainty, lying between the unit and itstenalization, has the property of
being both in the measurement process and in thddwmeing measured. In
metrological professional vocabulary this is captimeatly by the phrase "the
conventional true value of a quantity”. This isvalue of a quantity which, for a
given purpose, may be substituted for the true e’alas that true value iby
definition unknown (Mallard 1998: 571). And this uncertainsytherefore not so
much an epistemological error, but an inevitabtel therefore constitutive, aspect of
measurement. As M told me: "look, for [electricagquency, the primary standard
today is the oscillation of caesium — how the aamsatom oscillates — that's the
standard today. But it's got an error already oftdGhe minus 20 — and it's the
standard Because if you put a lot of caesiums togethes,iththe difference between
them — there's no way of improving this, it's natufhe error comes from nature.”
Thus from the perspective of the metrologists, resra uncertainty accompany every

act of measurement.

Metrologists study the science of measurement,santhey are keen to seek out the
most precise ways to talk about uncertainty. Thetlyas "support” gpoio) for the
LBA researchers and Micro team. These researchass mot be so aware of the
uncertainty that surrounds their every act of measent, and this causes a great deal
of worry for the metrologists. As the head of LIMptained, "my biggest worry in all
of this is the following: you calibrate everythiagd so on, and reach the conclusion
that your thermometer has an uncertainty of 0.Zekgand you start collecting data.
Only, the researcher [whose thermometer it is] whts this data, does he use this
information? He doesn't use it at all. If it says3, he's going to use 25.3°, he's not
going to take that 0.2 into consideration. He’sngoio use it as if this value is exact
(...) So even if you calculate the uncertainty of dggiipment, it's not going to be
used in the subsequent proceedirgsthereas the researchers care about the content

"M told me in a subsequent interview that this waisthe case for researchers from the
USA and Europe, who were more accustomed to faggamcertainty and error into their
research. He told me that a French researcherdmd t conduct an experiment and had
shocked his Brazilian colleagues by asking wheredudd calibrate his instruments before
installing them. "You just don’t have that hereg'told me ruefully; not only because
Brazilian researchers are not in the habit of aenmaititant regime of calibration, but also
because there is only one laboratory in the whbRrazil where these instruments can be
calibrated.
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of the data, they are sometimes not aware, or daake into account, the data's
uncertainty. But irrespective of this | would stiWith the head of LIM, argue that
uncertainty and error are essential to understgnai@asurement. Indeed, researchers
themselves are also convinced of this: P toldmedne researcher who had brought
his instruments to be calibrated had been so saghat the difference it made that he
vowed to continue with calibrating his instrumeants often as possible. Thus | am
quite happy stating this not as a question of &alsnsciousness”, but because this is
how the researchers themselves would considertlitat the uncertainty is there
whether they knew it or not at the time. The questhen is for those researchers
(who are not metrologists) how important it is. yhreay not need the most precise
measurements for their particular experiment. éndase of the LBA, the centrality of
uncertainty was clear in the work of the Micro teammbers | worked with. The
Micro team is very aware of the uncertainty thatreaunds the data they produce
because they often have to liaise with the metiste@nd technicians at LIM in order
to keep the towers and the instruments on thermdganning. However they do not
have reason to explicitly deal with this uncertaiaside from writing calibration
factors into datalogger programmes, or correctiatadising it, because they only
process the data, they generally do not analyZevén so, as they often told me, they

know that uncertainty is inevitable.

The Continuous and the Discrete

Thus far, | have tried to describe what measurereetatils, generally and in the more
specific setting of the Amazon. | presented an enaigthe progressive "breaking" of
continuous processes in the world. This transfaonat that | have glossed as the
transformation of the analogue into the digita$ composed itself of two processes:
the production of an analogy, and the transformadibthat analogy into a discretized
code. The qualification to this is that in this gges, at whatever scale, there is always
a loss of information, that is called "uncertaintyhe size of that loss can be elicited
through calibration, but the fact of it is inherémtthe act of measurement, or at least
in the act of making meaning that is inherent irmsugement. It is also more apparent
in an Amazonian setting than in other places wimeasurements might be made,

because the Amazon is great deal more heterogetigusther environments.
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In terms of relevant studies for a discussion oasmeement in this setting, perhaps
most empirically interesting to serve as a comparigs Bruno Latour's study of
pedologists (soil scientists) in Brazil. Althougkrpaps better know for his work on
laboratory science, in a chapter of his b&@ndora's Hopg1999a) Latour describes
how he ventured out into the Amazonian forest tcoagpany a pedology field trip
that a group of scientists embark on in order teestigate the savannah-forest
interface. He describes in detail the way thatpe@ologists measure and characterize
the soil samples they collect, paying close atbento the instruments they used, as |
have done in my description. The result that Lat@aif-consciously) brings back
from his trip is that the ontological gap betweemofld" and "word", and the
concomitant emphasis and interest in "corresporelerbetween the two, are
misconstrued. He suggests instead a series offdraraions, so that the world — in
this case the soil from the Amazon — serves astémiafor the instrument that will
covert it into a number or "sign", which will theserve as "matter" for the next
transformation by a different apparatus into ar'sig all the way along the chain
until we get to publication, at which point we sttyit one imagines only for sake of
brevity. At the same time, "something” is maintain€luring this series of
transformations, and kept constant. This somethe®ms to be the meaning given to
the world, or its "truth value" (ibid.: 69). In autshell, what Latour demonstrates is
that the gap being investigated is repeated at graokformation; so the gap in the
philosophy of language between "world" and "worsl'the same as that between the
forest in Brazil and the publication in the libranyFrance, which is then reduced to a
series of gaps that replicate that lacuna betweeal™ and "represented” at every
level, in fractal manner. And it is across thespsgthat the pedologists "conveyed
the meaning of each phenomenon by making matteasdite gap that separated it
from form” (ibid.: 57).

Latour thus proffers two models - the first is tlofta gap itself made of gaps; the
other is of a movement across these gaps thahdsréct, crosswise and crablike"
(ibid.: 64), that in fact does away with the idd¢dh®re being a gap altogether. He has
also elsewhere referred to this movement as "datiom" (Latour 1999a, 2004a), in
contradistinction to "correspondence” (Latour 199842-143). The direction of this
movement is given through a "dialectic of gain do&k": the transformation of the

soil into a diagram and then a set of numbers spdi progressive loss of, amongst

85



other things, materiality and particularity; andgain of, amongst other things,
textuality and "relative universality" (ibid: 70-Y.1So in this movement, we have a
progression towards abstraction that substantidissother, and perhaps more
famous, dynamic, which is the construction of & thcough the black-boxing effect
of an actor-network (Latour 1987: 103-144). Latooaintains then a double, and
paradoxical, position; the gap between the world aords does exist, and it does
not>® Although Latour mentions the contradictory natofewhat he is describing
several times (ibid: 70, 77), he does not do angthn the text towards explaining
their apparent incongruity, nor does he directlgrads the use he makes of the very

relation he is trying empirically to do away with.

| would like to suggest that given the ethnograpihscriptions presented in this
chapter, one way in which measurement might becsmied analytically is not in
fact as a progressive process of abstraction freorld” into "word", but along the

perhaps unlikely path provided by anthropologidaldes of origin myths. This is

because these myths focus exactly on the transftmm the continuous to the
discrete. | do not intend, nor am | able to proyidecomprehensive point-by-point
comparison between experimental measurement andhotogical thinking and

discourse. Rather, | want to take that discoursea astarting point to offer an
alternative model for understanding the productidnmeaning in the case of the
LBA, specifically meaning as produced through measent. Based on a mythic
narrative by the Yanomami leader Davi Kopenawahrapiologist Eduardo Viveiros

de Castro suggests an analogy between Amerindiamastism, (the indigenous
practice that is inherently associated with mytee Kelly 2012: 8) and 'White'
writing. It might be that this analogy is even mag for the quantitative rather than
the qualitative, given that the former is expressincerned with discretization, as |

hope to have demonstrat&d.

Although the Lévi-Straussian distinction betweee ttontinuous and the discrete
("the celebrated transition from the 'continuoosthe 'discrete’ which constitutes the

meta-mytheme of the structuralist cosmology”, Migeide Castro 2007: 158), has

%8 “IN]o step — except one — resembles the one treatigales it, yet in the end, when | read the

field report, | am indeed holding in my hands theekt of Boa Vista” (ibid: 61). | return to
this doubleness in Latour’s thinking throughout tihesis in different ways.
% See also Bowker 2008: 201-220.
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been substantially elaborated on by other anthompsts (notably Eduardo Viveiros
de Castro), particularly by applying the insight®ni Roy Wagner's semiotic
anthropology, it serves my present purpose to mesieift attention away from the
relation between the world and its measurement ras af representation. My
suggestion is that the "gap" between world and wsjottat Latour is intent on
removing, is in fact the gap between the continuamsl the discrete and is
continuously created anew through measurement.néans oneoulddo away with
the real-representational relation, as Latour wamts butkeepthe gap. What is on
either side of it is not the real world and repréaBons of that world, but a
continuous nature in which there are no gaps, adidaete world of data in which
there are. Thus what Latour's contradiction pravide with is perhaps the beginning
of a discussion not about the ways in which toapsk the gap between the "world"
and "word", but another way to think about that giipgether. When Latour presents
us with an image of a gap that is itself made gfsgand yet one that can be crossed

nonetheless, | suggest that it might be impor@make the "gap" seriousfy.

Following Antonio José Kelly's analysis of Amazamiayth, that draws heavily on
the work of Roy Wagner, the gap may not be, in,faetween the "real" and the
"represented”, but between a spatio-temporal plameéhich that distinction does not
exist, and one in which it does: "meaning procdeats metaphor to denotation; from
symbols that stand for themselves (Wagner 198a)distinction between symbol and
referent; from analogy to its deterioration intavf@ogy... none of the first terms of
these pairs disappears with the appearance of ¢bhetradictory complements, they
are their origin and in a way immortal" (Kelly 2012-9). In Amerindian mythic

discourse, the pre-cosmological world is chararterias one of undifferentiation, or
as Viveiros de Castro puts it, a domain of "qualiea multiplicity” such that

"everything seeps into everything else" and in Wwiddference is internal, rather than
external, to each mythic entity (Viveiros de Ca2i®7: 157-158). In very general

% In broad terms, this is reminiscent of Zeno’s pasa As mythologist Gregory Schrempp
has pointed out, this propensity for “dividing upat he situates in the Greek philosopher
Zenao's work may be the basic trope in Western céesgya(1992: 8). Dividing up the world

as Zeno does results in “pairs of seemingly equalsessary but mutually exclusive
propositions about the character of the universarg@npp 1992: 9). One of the particularly
generative suggestions Schrempp makes is thatlqecadox is not an anathema to thought,
but constitutive of it — the fundamental way in eni‘reason ends up at odds with itself”
(ibid: 9).
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terms, it is from this primordial substrate - whémr@nsformation rather than essence
constitutes existence - that the cosmos is credibid. is done by the hero of the
origin myth in one way or another introducing diffatiation, which essentializes the
different human and animal groups that today pdputae world. Thus in one
Yanomami myth that Kelly takes from anthropolodsstice Albert, we are told that
the mythic hero Omame made the Yanomami what theybg "putting an end to
transformation” so that they no longer turned iritapirs, armadillos, and red
brockets" (Albert in Kelly 2012: 3). Although Kellyses this story as a starting point
from which to investigate some complex articulasiari the figure-ground dialectics
of specific Amerindian myths, here it is enoughake this basic point as suggestive
of a means by which to understand another transfoom of the continuous to the
discrete, as | have suggested measurement is. &aomparison would imply that
"nature" here - the continuous - is a "symbol stands for itself", as Wagner puts it
(1986), but only in so much as it is a domain tlgat'at once proposition and
resolution” (Wagner 1986: 11). The world is "giverdt because it is not "made”, but
because asking whether it is given or made is apossible and non-sensical
guestion. This notion of a continuously variableridon which the putative relation
between real and represented, or objects and ssbpmes not exist, fits with the
description of the world that | presented in thst lehapter. In that chapter, | noted
that the world that is cut away is not a hybridt awsort of relational mish-mash, or
"noise"; a place where no meaning can be madel.aualure here, then, is not so
much "referent” or "reality”, but the continuumtoansformational substrate that in a
sense pre-dates such a position. Taking the cosgraribetween myth and
measurement to its logical conclusion, it is thissipon, or rather relation, of
"referent” or "real" that measurement continuoustyoduces. Nature is therefore not
“real” until it is recomposed as measurement; bus isimultaneously as given as

mythic time, for example, is.

To suggest that measurement might be seen in thysseems a rather grand claim for
a very banal act - measuring the ambient temperagaems a long way from the
creation of the world as we know it, which is whia¢ origin myths being referred to
tell of. But | think it is enlightening (and thiagongruity itself may even be of note,
in as much as it speaks to a capacity of everydtigres to invent the world anew).

Although | do not wish to stretch the comparisoy &mther concerning the relation
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between nature and a mythical tifffel would like to dwell on the hypothesis that
within the framework | have suggested, it is in tea (i.e. the discretized ‘world'
recomposed through measurement) that the relaBbmeen real and referent might
be found, and not in the 'world' pre-measurememé. fElation between representation
and reality, and even subject and object, is shtmyperhaps only even appear (if it
does), after the act of discretizing, or singularizing, and slagot inhere in the

world/nature at all.

Light is thereby also shed on the importance okeuiainty in measurement, not as an
afterthought but as constitutive of the world tma¢asurement produces. In the
process of transforming the continuous world intEasurements that are data it might
be said that what is introduced into that woitdorder to do sois uncertainty.
Drawing on my description of the work of the mebgikts at CL, it is relevant that
uncertainty straddles the continuous (nature) dweddiscrete (data), or, in another
sense, is the gap between them. In a world preume@ent, as it were, there was no
such thing as uncertainty: to paraphrase Latoatuie' had never been asked, before
Western science came along, whether or not it was'true” or "real” one (Latour
2009: 472); measurement cuts through this "releattitbde towards truth” (Latour
ibid: 472) by creating a specific transformatiomalation between nature and data
(the act of knowing). Uncertainty, in my descriptioof measurement as the

metrologists | worked with tell it, inheres in thet of knowing the world, but once

%11 am not suggesting that the world of the LBA ashers is the same as that of Amazonian
"mythic time". There are of course many importaiffedences that deserve to be explored,
not least of which those intimated by Wagner comiogrthe distinction between ecological
and indigenous Daribi modes of meaning, in whigytappear as the asymmetrical inverse
of each other (Wagner 1977). In fact, to a centaitent Wagner's reading of science implies
the opposite of what | am here suggesting, asdwearthat ecological science is concerned
with "relating the perceptibly differentiated” ratithan, as in the Daribi case, "differentiating
the perceptibly relational" (1977: 391). Howevey nay ethnography suggests, the LBA
researchers do understand the world to be contmwmd it is the relation between their
knowledge of the world and the world that is thesfion. | would argue that in fact,
ecological science, as practiced and understodddse | worked with at the LBA, operates
at more than two levels of the "real" and the "sgthldt accommodates the idea of what
nature is in contrast to an idea of what a repitesen of nature is, as for example between
the climate and a model of the climate. But theralso the added complexity that what
nature is and what a certain representation ofreasucan also theoretically correspond. Thus
there is the world, a model of the world - and obsgonal data, which is not the same as
either. Although | am unable to explore this triatlly here, what | am pointing to in this
chapter is the difference between data and thedwatiereby it is thelatathat in fact that
takes the position of being the "perceptibly diéigiated" substrate of Wagner's analysis of
science.
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there, becomes a constitutive aspect of naturalvlgadge itself. Uncertainty is in the
standard, and in the measurements made usingtématasd. The world, or truth, is
always at one step removed. Although Alexander ddlfrefers to this as the "social"
and "natural” character of precise measuremenh gwat metrology consists in what
he calls a "pragmatics of approximation” (1995:)594uggest that this indicates that
uncertainty is integral to meaning exactly becaiise neither approximation nor
distancing but the gap that permits both. The uagcdy that surrounds every
measurement refers to the inescapable differetioe gap - between discrete entities
(caesium atoms, for example); this is "in naturetas told. But these atoms are only
in the world in discrete form because they havenbeseasured; it is their
measurement that introduces the uncertainty betwbBem. Uncertainty is also
simultaneously therefore what lies between theigaestoms and the measurement
of them - between the world, and the numerical mgmasition we have of that world
in the form of the data. From one perspective floeeethis difference is the gap
between discrete entities - i.e. that which makesntwhat they are; from another, it
is the shadow of the continuity that has been resdovi.e. that which makes them
unknowable, undistinguishable, uncertain. Uncetyaihus constitutes measurement
by being the index of the discrete act that measert is, at the same time as
working against measurement by ensuring that tbatlituous” is still somewhere in
the "discrete" - by turning discrete measurememt® iranges of deviation.
Uncertainty captures both aspects of what a gajhtniig - what has been taken out,
and what permits two discrete entities to be joinddcertainty thus also captures
both aspects of what knowledge is. It is itself @surement of how much of what is

known is not in fact knowabl&?

%2 This could be elaborated on further by comparitig simple analysis of what uncertainty
in the form of a gap is by comparing it with theywhat Viveiros de Castro explicates the
different notions of ‘gap’ in pre-cosmological aaderyday time: "l just stated that pre-
cosmological differences are infinite and intelinatontrast to the external finite differences
between species. Here | am referring to the faattttie actants of origin myths are defined by
their intrinsic capacity to be something elsehis sense, each mythic being differs infinitely
from itself, given that it is posited by mythic dirse only to be substituted, that is,
transformed" (Viveiros de Castro 2007: 158). Thiesqgosmological differences are intensive
and internal to mythical entitites - they are niffiedent to each other, but rather different to
themselvedn contrast, the process of transforming theioous into the discrete
necessitates the introduction of extensive diffeesbetweerentities, crystallizing "molar
blocks of infinite internal identity...separated dpyantifiable and measurable external
intervals (the differences between species artefgyistems of correlation, proportion and
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| would like to suggest that even if mythic thouagh | have briefly presented it here
does not present itself as an immediate ethnograliyrisourced notion by which my
informants understand their actions, it fits mucbrensnugly with how they do so
than conventional dichotomous models of reality aspresentation. Not only does
the importance of discretization in science resenéth its cosmological importance
in mythic thought, but how my informants would spéa me about the data and its
relation to nature (as well as the means by whidbsequently data was treated),
made me aware that it might be important to separet idea of nature from that of
reality. At the very least, then, what making anparison between anthropological
analysis of myth and scientific measurement (pesteygn quantification in general)
permits is the possibility that there might be mi@mns to account for than expected:
nature, uncertainty, and reality/representations Tdtea is taken up again in the next

two chapters.

Conclusion

My aim in this chapter has been to try to examim@asurement not as a tool of social
control and standardization, but as a basic aratigeesemiotic substrate of scientific
knowledge, taking as the focus the work it doetheamediation between nature and
data. As such, | have described measurement asosaah@f two stages. In the first,
analogues of the world are created, and in thengskdbese analogues are discretized
to give digital data. What this suggests is that blation between the world being
measured and the measurement is not accuratelyiltlb@s one between nature as
"real" and "given", and culture as "abstracted" dndde". The data is not an abstract
representation of nature, but a recomposition ofGitven the importance of this
process of discretization not only for the produmctiof the LBA data but for the

production of scientific meaning more widely via asarement, | suggested that an

permutation of characters of the same type or di@®d). This is a world where "each being
is only what it is, and is only what it is by nagibg what it is not" (ibid: 159). Thus the gap
that is introduced between entities in the creaibtihe cosmos is that gap that is understood
to define what those entities are, it is "extermallies between them; the gaps between
entities in pre-cosmological time are instead 'fiméd'. In my argument, | only discuss the
different aspects of what an external gap mighstituie once introduced through
measurement.
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interesting means to think about measurement @igtr anthropological analyses of
the continuous and the discrete in Amerindian arigiyths. The main benefit of this
is to move away from a discussion that circles adoa particular question of
"representationalism”, and in this way to openhgdescription of scientific practice

in new ways that capture aspects of it that otteenéworks might not.

One of these aspects is the important constitutole played by uncertainty in
measurement. My ethnography suggests that undsrtasn the key notion in
metrological practice because it becomes, in thekwad the metrologists, not a
hindrance to knowledge but itself an unavoidablemfoof knowing. It is the
knowledge of how much of what is known is in fact Rnown. Within the logic of
discretization, uncertainty could be seen as whattroduced into the world by the
act of measuring it, and as such can be seen aditating the "gaps" between
entities that measurement necessitates (the "dsgformation in the transformation
of analogue to digital), as well as the gap betwdgennatural world and the data
world that measurement produces (the differencevdst the absolute standard and
the world). Bruno Latour's suggestion to rethink tlontological divide" between
nature and culture, as evidenced in his analysithefway meaning is made by
pedologists and their instruments in the Brazikanazon, might therefore be better
construed as the suggestion to rethink what a ggptroe at all, rather than do away

with it altogether.

This approach is only cursorily demonstrated iis thapter, and there remains more
mileage, | believe, in the comparison between ngitd measurement. However,
another interesting ethnographic lead from the é&awork thus proposed moves
towards the subject of the next chapter. In the adghe LBA (although not only),
what the act of measurement produces is data shemown as "raw data'dédos
brutog. This is data that is "data" at the same timdeiag "not yet data", because
whilst it may have an inevitable uncertainty, ishget to be "cleaned" of error. It is
therefore simultaneouslyoth error and data. In terms of the analysis of thigpter,
the relation between data and error can be seem dsansformation of the
representational relation between real and reptedethat the act of measurement

introduces. The raw data is therefore the subjettteonext chapter.
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Chapter 3. Raw Data, Unique Ambiguities

Introduction:

The data that the LBA micrometeorology team cofleghd processes in fact has
several different forms; it evolves and changest as transformed from raw data
(dados brutoy into certified datadados certificadgs The Micro team refer to the
"data” in the pluralds dado} all the time without necessarily having to reierany
specific stage, because the context makes cleahvatage is being referred to — the
guestion "did you collect the data?" implies ong sbdata; "did you send the data to
so-and-so?" implies another. This chapter is abbet"raw data" dados brutos
which is how the data is referred to before it bagn "cleaned"limpar), or put

through a "quality control".

Raw data is the data that is collected directlynfrine datalogger, where it has been
stored after being generated by the instrumentseiNtasked what raw data was, it
was almost invariably explained as something siiffinished — "data that has not
been cleaned yet" - or as one researcher puttitpylee lapidatedldpidar). It is data
with noise and errors in it, which contains "impb&s' measurements, has gaps in it,
and does not display the relations between vasattiat it needs to in order to be
considered "clean" and ready for use by other rekess. Until the raw data goes
through a process of "cleanindingpar), it is thus in some sense not yet data; but nor
is it 'not’ data, either.

In this chapter | will explore some of the propestiexhibited by the raw data and
investigate what collecting the data in the Amamwmans for the LBA and for those
researchers who travel to the Amazon expresslyhatr purpose. As | have already
discussed, singularizing a relation sufficiently neeasure it takes an enormous
amount of effort. This is particularly the casetive Amazon forest. The difficulty

with which the raw data is collected is what malkesraw data unique. However, the
raw data is far from singular in meaning; it isWwraexactly because it is potentially

full of uncertainty and errors. One of the condisof doing research in the Amazon
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is that many of the phenomena that the LBA reseasclare trying to measure
interfere in the process of measuring them. Thansost a reversal of the 'observer's
paradox': it is not the presence of the observat itiakes it impossible to know the
forest, but the presence of tferestthat does so. The heat that is measured heats up
the thermometer; the rain destroys the pluviometee humidity wrecks the
hygrometer. Most of these errors can be understodze the relations the raw data
has to the bits of the world that the researchamat control - such as lightning
striking the tower, or unexpected power shortagieis. the isolation of the research
sites that makes the raw data both valuable argenand ambiguous and uncertain.
Thus the raw data is a scientific object that digpl a high (and undesired)
connectivity to the world, and therefore a semiatidltiplicity. It is not clear what the

raw data contains within it when it is collected.

This description of raw data turns out to raise eamportant questions regarding
actor-network theory (ANT). | suggest that the i@ata is an entity that is in a certain
sense 'pre-network’. It is defined by connectitras expressly have to be removed in
order for its meaning to stabilize - that is, forto emerge as certified data. This
implies that network building is not merely a caseaccumulating associations, as

ANT seems to suggest, but substituting one saassbciation for another.

This chapter also proposes that as a 'pre-netwatky, raw data demonstrates some
remarkable qualities. The ambiguous nature of &inedata brings into relief that way
that the LBA researchers spend a lot of time dgafiot with established and certain
facts, but with uncertain objects. The raw datanigresting exactly because its
ambiguity lies in the fact that it is neither efraor data. It is not data, but not 'not

data'. The chapter ends on a discussion of thigdinstate.

'‘Uniquity’, not Ubiquity; or, the Effort behind Uni queness

This section will describe in more detail whatakes to collect raw data from the
LBA towers in the Amazon, and what that effort fesin. In order for any raw data
to be collected at all, there is great deal of wibikt has to be done. Funds have to be
obtained from foreign institutions or from the Biten government; collaborative

links need to be established between institutiam$ sometimes governments, and
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cemented in the form of signed and certified doausheWork or research visas
sometimes need to be negotiated that involve iatemal laws, plane tickets,
discussions. Data policies have to be establishedsearch site must be chosen, over
a series of expeditions to different possible sitethe forest. For one projégt for
instance, one of the collaborators informed me kimaand several other researchers
had had to trek into the forest on several differeacasions, in very hot and
uncomfortable conditions. Once a research sitebleas chosen, the next stage is to
ensure that a tower can indeed be built there, lwhieans a team of engineers must
be hired to ‘probe’ the ardaZer sondagejto make sure the land is safe for building
a tower. If the tower is being built in an areami@aan indigenous reserve, as was the
case with the tower at S&o Gabriel (SGC), the LBAutd send someone to ensure
the indigenous people, in the case of SGC repredeby the Foundation of
Indigenous Organizations of the Rio Negro (FOIRM)pw and accept what they are
doing. In the case of another project, there wagréod of negotiation between the
LBA and its collaborators, and the NGO that workishwhe local people on the
Reserve the project site was to be constructediedisas the local community leaders
of those who live there, and the Park Ranger whohés governmental official
representative. This resulted in the stipulatioat tlor the towers to be built in the
Reserve, the LBA must employ a certain number obpfe from the local

communities to help construct them.

Once the research site is settled upon, the towest mrrive there safely. Different
towers have different origins - the very first thegre erected were made in Europe
and shipped to Brazil, as is also the case for saintiee towers being built for current
projects. More recently, construction companies $&o Paulo have been
commissioned to make the towers according to gpatidns provided by the
companies in Europe. The logistics team of the L&f#fen has to prepare several
options for the towers, considering cost and tipedrey with which they can be ready.
Once the tower is chosen, it must travel up the Zonato Manaus, and then be

transported to the research site. This dependsat deal on the time of year it is, as

® This project was a collaboration between LBA/INR/EA and the Max Planck Institute,
and involved the construction of a 300 m tower neraote biological reserve 330 km north
of Manaus, and several smaller towers around &. déscription here is drawn from several
conversations | had with the members of the LBAAUBd Max Planck who are or were
involved in the different projects mentioned.
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the river can either be too swollen from rainsdmafe passage to be possible, or too
low for any boats to pass at all. International doedhestic transportation laws must
also be negotiated here, and the tower can beftretetveral weeks at customs by the
federal police. Once the tower has arrived at rémearch site, which involves
sometimes months of transportation as well as spant lugging it, part by part, into
the forest, it then has to be built. This involvesruiting a team of people to work
shifts in the forest over an extended period ottitdoles must be bored deep enough
for the cement foundation of the tower to be lauhich involves carrying all the
building materials necessary for this to the redeaite. The tower must be built,
metre by metre, often between massive rainstorras rtteke it too dangerous to

construct the upper levels for fear of lightningksts.

The difficulty of access means that transporting tigh-precision instruments that
will be installed on the towers is a fraught prageand during the time | was
conducting fieldwork, there was a great deal ofulsion as to whether it was safe or
not to transport the instruments to the one pddituisolated research site. The trall
leading to the this research site became a seaudfatfter the rain, with puddles of
slick red slime reaching sometimes up to one's «knébe quad bikes the LBA
technicians used could only just manage to keejghipon these trails, and any cargo
being carried had to be securely lashed on to #oi.bA researcher from the Max
Planck informed me that he had investigated thesipitisy of using a helicopter to
transport the tower and the instruments, but it g@ag to be immensely expensive
and it was impossible for the helicopter to langvemere easily without clearing an
area that might then affect the measurements bradg. Every so often, the people
who had been working on the construction of thgegatowould arrive back at the
LBA in Manaus on large trucks. They would be codeire mud and exhausted, and
more often than not the truck would also depositaken quad bike or another piece

of broken equipment that had not survived the trip.

Because of the length of time it takes to buildwaer in the forest, a lodging or camp
must be established near to the research site hioset who are involved in
constructing the tower, or subsequently, in maimtg the instruments or collecting
data. These camps often need to have generatorglen to charge GPS devices and
radios, and allow for light during the night timevisited several different camps at

different research sites. The camp at ZF2, thatamae merely a container, has now
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become a well-established lodging: a proper wodiuelding, with tables and chairs,
bunk beds and access to energy and intermittestniet. The container is still there,
but has become just one room within the building. e other hand, there is no
camp at the tower at Sdo Gabriel, and when | acaared an expedition there we
had to construct a makeshift camp for the time weastayed. At another site, a lean-
to was erected, made of tree trunks lashed togetiterrope, on the site where a
more permanent lodging would later be built. Thédiah lean-to was merely a
structure to offer protection during a rainstornad a@mewhere for around ten people
to hang their hammocks. There was also a kitchea, avthere someone was hired to
take care of and prepare the food, which by thecénde week | stayed there became
slightly rancid. There was also a satellite distitsd those that spent several months
in the forest at a time could watch the televisiblowever, it only received some
channels if a potato was carefully balanced ondbenection between it and the

television.

What this all demonstrates is that building a toisea particularly arduous task when
the area that you want to build it in is desirad@ctly because it is very hard to get
to. Collecting the data that the instruments onttivgers produce is also difficult for
the same reasons. For every LBA tower, the prooésllecting the raw data is
different. Each tower is the responsibility of omember of the team. R looks after
the tower K34. In R's case some of the data — tbe frequency" data of the
meteorological variables - is transmitted via aodihk directly to the LBA receiver,
and so is received in "real time", that is, theadtiat the datalogger stores is sent
continuously to the LBA in Manaus, where it is stbron the micrometeorology
system and displayed on a screen in the micronwteyy office. R downloads this
raw data in order to process it. However, the datictors still collect data from K34
and B34, for reasons of "back-up" | was told, alsb decause often, due to rain or
lightening strikes, the real-time transmission &ah The carbon flux data also still
has to be manually collected. The real-time linkséen by everyone in the Micro
group as a significant advance in terms of beirlg &bdo their job. Before the radio
transmission, weekly visits to the tower to dowuldhe data from the dataloggers
could show up an error that had occurred only Hiygifter the previous visit, and if it
was a serious error, such as a problem with theerdyabn the tower or a machine

losing its calibration or having mechanical probéenhis would mean that all the data
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from the time of the last visit up until the preseisit would have to be discarded, or
simply did not exist. This would lead to gaps ie thata, which were to be avoided if
at all possible. With the live transmission, erroas be seen as soon as they appear,
and someone can be sent to K34 to try to fix tlublem, although this does depend
on the link between the tower and the LBA in Man&usctioning. As a result,
automated transmission actually means that the atdlactors in Micro team spend
more time in the field rather than less. Even thol@4 was the most accessible of

the LBA towers | visited, it took a lot of care aatlention to keep it running.

In the case of the tower at ZF3, the raw dataaseston Compact Flash cards in the
dataloggers, which requires a visit every two weeksrder to swap the old data-full
card for the new one. When | met him, the pers@passible, T, was taking over
from someone else who had been employed brieftheat BA but had had to leave
abruptly. T was learning how to download the daiaexrtly and how to process it.
The trail to ZF3 is very precarious, through novg-dsed farmland, including a
number of steep climbs which the 4x4s had a hamd thanaging in the rain. The car
broke its axel once when T was on his way to ZF® i colleague, and it is only
because they are both automobile fanatics thatkhew how to patch it up enough to

get to the motorway, where they were picked updrngn back to Manaus.

Raw data from the tower in Sdo Gabriel, managed,hysed to arrive on a CD, by
aeroplane. The tower there was very isolated, aekdometres along a dirt road
which frequently floods, and then about 2km or lem@ a particularly precarious trail
that has been cut through the forest. When | aceoied an expedition to the tower
at S8o Gabiriel in 2007, there were over 20 bridgade of just a few thin slippery
logs tied together to wobble across in order totgehe tower. In 2007, there was a
team in the city of S&o Gabriel consisting of 6 gleawho were employed to maintain
the tower and collect and send the raw data td_B® in Manaus. By 2010, there
was only one, who collected data from the towed amaintained the instruments in
good working condition. He went to the tower whesrelie could, and downloaded
the data onto an interface, and then uploadedat@®, before putting it on the next
flight to Manaus. This was easy for him as he alswked at Sdo Gabriel's tiny
airport. This CD was then collected from the aitgmyr someone in the LBA Manaus

logistics team, and delivered to J. Unfortunattig, tower at Sdo Gabriel fell down in
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June 2010, so J has not received any data sinoe ltwvever, she is still working
through the backlog of data that she inherited wdtenassumed the role of caring for
the Sao Gabriel tower, cleaning and certifyingaitd organizing meetings with the
logistics team about re-erecting the tower somea/bte.

There is therefore an enormous amount of efforeegpd in order to collect the raw
data from the forest. This is because this raw,datdhe scientific community of

which the LBA is a part, is immensely valuable. s not only the case of the LBA
tower data, but most data that the LBA communitgdpices. On several occasions, |
heard researchers remark that “this has never deea before”, or that "this would

be the first time this variable was measured in Alneazon". On one occasion, a
German researcher working with one project toldtha¢ she considered it probable
that the data produced in the Amazon would be phbti even if it were not up the
same 'quality’ as data from elsewhere, simply bmx#uere was no other data like it.
This is why researchers will go to such lengthsotiain it. The possibility of

obtaining raw data on something that has never lpeeasured before means that

many different researchers are drawn to the Améz@st, and to the LBA.

Mark is one such researcher. Based at Harvard iiiyen the USA, Mark came to
Manaus to install a new piece of equipment on tveet at K34. His instrument is
known as a "Picarro”, after the manufacturers, @mald measure not only G@nd
H,O, but also CO (carbon monoxide). Mark is a spetiah laser engineering,
instrumentation, and trace gas measurements. lgealty came to Brazil to work
with a well-known Brazilian LBA researcher in atrpbgric chemistry, using the
LIDAR, another instrument that uses a laser torest the amount of particles that
are in the atmosphere at certain heights. Howeherl IDAR turned out to have been
seriously damaged whilst in transit. So Mark hacheaup to the LBA in Manaus, and
the head of the Micro team had suggested thatitiesll the Picarro on the tower.
Mark was very excited, because as he explainesiytbuld be the first time this sort
of data had been obtained in "real time" — trattgohiand available immediately and
even, Mark hoped, directly transmitted to his desk Harvard. Furthermore,
measuring methane, GHCO,, and now CO, all at the same time would provide a
unique picture of the chemical relations in the &s Mark explained to me, the

relation of these gases to each other is very itapbm global atmospheric chemistry
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directed at understanding climate change. Becdas&xample, CO combines with
O3 (ozone), to give C®and Q (oxygen), the global COestimate in part depends
upon the presence of CO in the atmosphere. Thisgimdepends upon knowing how
CO behaves in tropical biomes - of which the Amararest is the largest in the
world. Furthermore, just measuring concentratidviark told me, isn't chemistry.
You need simultaneous measurements of all of tsegyt be able to see the way in
which they are interacting. This sort of chemic&asurement had never been done in
the Amazon before, which is why he was so excited.

Mark was therefore willing to overcome all sortsafiistacles in order to collect this
data. One key consideration concerned the enegylitarro would need. The energy
for the instruments on the tower comes from solterged batteries, so their available
voltage depends on the weather — and Mark wasuretisthat would work for the
Picarro or not until it was tested. He also hadiécide how to house the delicate
instrument. This is far from inconsequential. TheaRo had to be protected from the
rain, and more importantly, from the bees, thathhapver it in wax. But at the same
time, it could not get too hot. Its box therefoeeded to be sealed to stop water and
insects getting in, but this caused a problem iimseof heat getting out. Mark spent
some time toying with ways to outsmart the beescétesidered installing a little fan
in the box. However, whilst the fan would keep Hees from being able to fly in, if
the fan stopped working due to a power cut, he theuald have given the bees easy
access to the Picarro. In the end Mark decidetdhbavould put the fan in and risk
the bees, but that he would sit with the instrumehiist it was running to see how
hot it got. The Picarro has an internal fan, buhveill the padding that needed to go
round it in the box in order to protect it on thanipy trail, and the ambient
temperature at about 3@, it was extremely likely that it would overheat would
need to be constantly monitored. When packed imdxe the instrument weighed 60-
70 kilos, and it took two people to hoist it up ttwver using a rope-and-pulley
system, and another two people guiding it so thatsoway up it did not bang into the
tower, or any other equipment. It would have beepdssible to do it alone. Once up
there, Mark managed to get it working to his satgbn, but given the capricious
weather conditions, he was worried. He was so wdrrabout the instrument
overheating that he left it running only when heswvilaere - a total of about 5 hours,

during which time he sat with the instrument in tbever himself. Food was brought
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out to him whenever possible. Yet he seemed udfayehe ordeal. "That'll be some

good data", he told me, looking pleased.

There is no doubt that Mark would not have beew &blcollect any data had it not
been for the actions of others, and Mark himsel as aware of that as anyone, as he
impressed upon me several times. It requires amene amount of work to install
an instrument such as the Picarro in the middihefAmazon forest. It is in fact so
difficult that it has never been done before, aad hot been done since. What this
means is that the raw data that Mark collectetiesanly data of its kind. There is no

other data like it that exists in the world.

Dirt Kills the Curve

There is another dimension, however, that runsllphta raw data's uniqueness. The
difficulty of the terrain and the isolation of thesearch site, which is exactly what
makes the raw data unique aiso what makes it uncertain and ambigubtias it is
expressly not being collected in a laboratory emwinent where conditions can be
controlled, the raw data is full of errors, and emainty. This is the case for all of the
raw data collected in the forest, but especiallfasahe data that the LBA produces
continuously - the data that is collected from tineers over the long term. Whereas
Mark was conducting a short pilot experiment anerd¢fore could sit in the tower
with the Picarro, and E (who we met in the firsapter) was collecting data over a
limited period for her master's project and so alsoompanied the data collection
process, the bulk of the data that is from the tewe a result of automatic data
collection and storage by the instruments. Whettheraw data is sent in real time to
the LBA in Manaus or collected weekly or twice antio by a technician, it still
means that the instruments are left out in thestdie long stretches of time, and the
dataloggers store the raw data automatically. ithiatin turn implies is that the raw
data from the towers is potentially a lot more utaia. | have already introduced the

idea of uncertainty in the previous chapter. Hexill describe the different sources

® In a subsequent telephone conversation, Markneldhad not used that Picarro data in a
publication, in fact, despite his excitement atexiing it. Some of it was really good data,
but there had been too many errors and there fad&en enough to draw trends".
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of uncertainty and error that enter into the rawada the specific case of the LBA
tower data. It is important to note that alongditkee sources of uncertainty that were
introduced in the second chapter, some of whiclgliled are constitutive to making
any knowledge through measurement, there are soofcerror and uncertainty that

are specific to the Amazon forest.

Some uncertainty in the raw data in inevitable, (dsave discussed in the last
chapter). This sort of uncertainty comes from thet fthat, as the metrological
technicians at the Laboratory of Meteorologicaltimsentation (LIM) told me, "no
sensor is perfect”. That is, no sensor can measitineut uncertainty. One cause of
this is the undesired effect of measurnngitu— for example, air temperature sensors
heat up exactly by being "in" the heat, so the hleay measure is partly their own,
rather than that of the air. Alongside this, thisr¢he uncertainty due to the loss of
information in the conversion of analog signal®idigital, a conversion almost all
data is required to undergo. No less importanthes fact that all instruments are
surrounded by a larger or smaller uncertainty facibe manufacturers provide the
instrument with a value of uncertainty — for exaepal0%. This means that if that
instrument measures 25° C, this value actuallyctel anything in between 22.5° C
and 27.5° C. This number is a result of the megichl testing and calibration
undertaken by the manufacturers, and is unavoidatlerever measurements are

being made.

There are also uncertainties that are inherentoie@ momplicated measuring methods.
Consider the technique for measuring carbon flaked the eddy covariance method.
The carbon flux system installed on the tower K8#prises of a sonic anemometer
and a Li-7500 open-path IRGA. The sonic anemomeieaisures wind direction in
three axes using sound waves that are pulsed hettheee triangulated detectors,
corresponding to three dimensions, vertical hoti@band lateral. These pulses are
interrupted by the turbulent vortices and eddiesiad by the interaction of the wind
with the top surface of the forest canopy, and frtoms interference the sonic
anemometer infers wind turbulence direction andedp&he IRGA measures the
concentration of C®and water vapour in the air at very high frequescboth the
anemometer and the Li-7500 record measurement® dinfes a second (10Hz).

Correlating the concentration of GGand eddy direction and speed, the eddy
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covariance method can give a measurement of cdhlonthat is, how much carbon
is moving per area per unit squared. A documentvigea by Licor (the
manufacturers of the Li-7500) which a member of Miero team passed on to me,
suggests that a useful analogy is with a measureofidile number and speed of birds
flying through a window. Birds are one thing, buir fmolecules this is rather
complicated to calculate, partly because of thedrgpwith which molecules move
about, and partly because a lot of different factomave to be taken into account. In
fact, due to the complexity of the calculation, soifactors that are known to
influence flux simply cannot be taken into accowuch as mixing ratio and air
density — and this is despite the method being-tathe-art. This omission imparts a
certain level of uncertainty that accompanies th#dyecovariance method irrespective
of where it is applied. When | asked about thigiak told by one researcher that the
scientific community knew about these issues, ofre®, but at the moment the eddy
covariance method was considered to be the bestawaijable to measure flux, so
they kept using it. That is, just because the neisouncertain does not mean it is

redundant.

However, in the case of the LBA raw data from thedrs, specific uncertainties that
in other places are minimal are magnified consiggreOne of these sources is the
footprint of the tower. The footprint of the tower how far the IRGA and the
anemometer can "see" — is calculated assumindhaderrain in question is flat, as it
is in pastureland, for example. As several resegiscimpressed upon me, the towers
are therefore conventionally understood to meastedical carbon flux only.
However, the Amazon forest is far from flat. Whéist means is that there is
horizontal or lateral carbon and energy flux aslwéhe CQ "rolls” down hills and
collects in basins and valleys. As a result, asld@ researcher , whose PhD was on
horizontal carbon flux at ZF2 and in Santarém tole, the raw data from the towers
also included the effect of this horizontal carlblorx caused by the topography of the
land. This poses a serious problem to the repraseatpower of the eddy covariance
method. The researchers had assumed it to bewbeh in fact it was partial. A
further problem for the eddy covariance methodhiat tat night, the eddies and
vortices are much smaller than during the day,hsospecific time-frame used for
measurements can affect whether the effects oflswale vortices are included in

calculations or not. This problem is exacerbatedthry fact that whereas in flat
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pastureland the topography is uniform and so tigoes do not vary in size so much,
the "roughness"rggosidadé of the undulating tree-tops creates all differgizes of
vortices. All of these complications make the raatedcollected in the Amazon forest
particularly error-prone, and increase the uncetyaaround it substantially.

On top of these issues are the problems of instplland keeping electrical
instruments well-maintained in the Amazon foreshe Tforest, or the “world out
there”, interferes unremittingly. The struts of taeemometer themselves can often
very slightly slip — as the tower moves about armalng amount in a rainstorm —
which will affect the calculations of the directadity of the wind eddies. Other
researchers who use the tower to attach their ogtnuments temporarily, or groups
of students who are taken up the tower, can umgiiti interfere with the precise
positioning of the IRGA and the sonic anemometausing the same problem. There
were a number of occasions at the more remote tawv&GC when the technician
would arrive to find the instruments disconnectediurned upside-down, as if the
result of a curious passer-by (because of thisodimel strange occurrences, the Micro
team would sometimes joke about there being spifitee forest intent on mischief).
Bees colonize the boxes that house the datalogggrswly turn it into a hive,
coating it in wax. When it rains, the open pathwafOR-7500 cannot take
measurements because there are rain drops omththig do not evaporate due to the
intense humidity in the forest. In the manual floe instrument, it only warns users
about the effects of snow. Heavy rainfall can mérnpluviometers are so inundated

that they do not measure correctly.

But the most substantial problem is also the moaple: dirt. It piles up on the
instruments, coats the thermohygrometers, coversRIBAs, spreads itself over the
radiometers. It requires someone to constantly venip and the instruments should
all be taken down from the tower and thoroughlyankd as often as possible. The
very fact of the instruments being out in the wpntdthe forest, affects the data that is
being produced. Maintenance of the equipment ieefbee one of the main jobs of
the Micro team in Manaus, but despite their be$bref, raw data is always a
measuremenplus something elsés the head of the Micro group told me "dirt ill
the curve" @ sujeira mata a curjathat is, the dirt on the instrument will affebie

shape of the graphed line of the data - the dimc¢tuded in the measurement, as it
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were. The raw data that R, J and T receive thexefontains potentially all of this
uncertainty. Raw data thus could be said to corttsonmuchof the world. Not only
does it contain the measurement of the variablgquestion, one hopes, but it also
contains what could also be considered to be meamnts - digital traces, at least —
of potentially all sorts of other entities as weilhcluding insects, unwanted
meteorological events, and even unknown futureabées. This is what its ambiguity

consists in — its plurality here is given by thisarconnectivity to the world it is in.

The obstacles and difficulties that that Amazore$bpresents to the collection of the
raw data are exactly what make it unique, at thmessime as they ensure its
"rawness"”, and plurality. Its uniqueness residethen particularity of its ambiguity.
Though some uncertainty factors would apply wheretlge instrument was
measuring, these other “bits of the world” are dpmdly Amazonian. Even with
cutting edge instruments, even with meticulousbnpled methodology, and access to
a team of willing people who know the forest and ¢eelp you, it is very hard to
produce Amazonian data that is singular in meamVibat is produced, in fact, is

very raw data that is often, as it stands, senabyizincertain.

Isabelle Stengers argueslTihe Invention of Modern Scienttetthe power of modern

science lies in its ability to “invent possibilisieof representing, of constituting a
statement that nothing a priori distinguishes fr@nfiction, as the legitimate

representation of a phenomenon "(2000 [1993]: B¢tording to Stengers and also
Karen Barad (2007), the power of scientific appssas to "singularize" (Stengers
2000 [1993]: 85) the fiction that is being legitaad in such a way that it can be both
repeated and undisputed. But the instruments tieainatalled on the towers do not,
in fact, manage to do that. As Stengers hersetitpaut, when not in the laboratory,
this act of singularization is impossible. Thediaciences do not, then, perform the

same sort of singularization as the "lab sciences".

However, the raw data suggests that the act itsélf'singularizing” can be
accomplished in other ways. When one follows theldvoutside instead of making
the world inside a laboratory, one of the bastiohiepresentativeness that disappears
is repetition. The experimental set up cannot Ipeated, because the experimental

set up was simply not set up in the first placee @annot simulate the Amazon in
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different places in order to check the measurenférarthermore, going out into
this Amazonian setting is very difficult, and resps an infrastructure of which there
are very few. So, the raw data that emerges fra@rLBA is singular not because of
the instruments, which as we have seen often Heareduthority compromised by the
world, but because it is the only data that exaktsut the Amazon. Mark was excited
exactly for this reason - studying the atmosphehiemistry of the carbon cycle in
that way in the Amazon had never been done beb@eause it is so difficult to do.
Even though he only collected data for a few hotirsyas enough. Compared to

nothing, a little is everythinff

| do not mean to give the impression that the dhtd is finally processed is
necessarily singular in meaning because it is $mgu source, although this is
sometimes the ca§él am suggesting, instead, that the LBA raw datalies that
there might be ways for the power of the singutabé co-extensive with semiotic
multiplicity.®® There has been a lot of emphasis placed, in STShenanthropology
of science, on the processes by which the 'uniVessaonstructed (for example,
Latour 1983, Haraway 1997, Tsing 2005). Numerobslscs have traced the ways in
which a fact only becomes singular in meaning @amgersal as a result of substantial

effort, and by being reproduced everywhere. Donmaattay remarks that "to be

% Although, in fact, this is exactly what the engireand scientists behind the Biosphere 2
ended up doing. Biosphere 2 is an extensive indoosystem constructed in the 1980s in the
Arizona desert, originally to investigate self-guising space-colonization technology. It
subsequently has been used for scientific invetiigs of the effect of carbon dioxide on
plants. A researcher from the University of Arizdmaet at the LBA told me that it was
sometimes used to train students in fieldwork leetbey were then sent "to the real jungle”.
See http://www.b2science.org/ Accessed Septemldt. 20

66 Even if the data collected turned out not to bhigk quality as Mark had hoped, his
excitement was still tangible — as, when collecitng couldhave been. This is another
version of raw data’s ambiguity. (This footnote veasled after the defense of this thesis).

%7 Certainly, there have been disputed results usitig from the Amazon about carbon, such
as the data that the LBA provides. The most natsrigas the carbon sink controversy, over
whether the Amazon is a sink or a source of cafbea Lahsen 2009). As one LBA
researcher informed me, it was the mismatch betlweanmuch carbon was calculated as
being taken in by the forest using the eddy comasgamethod, and how much was estimated
to be in the forest using biometric methods, tedttb the discovery that horizontal carbon
flux was as an important factor to take into ac¢otihis discovery challenged existing data
sets on carbon flux (cf Mahli and Grace 2000).

® This recapitulates the importance, as | pointeid the first chapter, of a capacity to
singularize; the threat is the excess relationatityne world. In this chapter, one might say
that we encounter a re-emergence of this potestizdss of relations in the raw data, and that
again it is the task of the data cleaners to datatvay in the next stage of the process of the
production of certified data, as described in Caagt
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meaningful, the universal must be built out of hasmand non-humans (Haraway
1997:68) and, as Anna Tsing reminds us, this méaaisuniversality "can only be
charged and enacted in the sticky materiality atpcal encounters” (Tsing 2005:1).
What the raw data draws attention to is the obsenv#hat, for the LBA at least, a lot
of time is spent not on constructing, maintainimgl @aegotiating universal truths, but

on extractingunique ambiguitie&’

ANT and Accumulation

The particular configuration of the singular ané thultiple that the LBA raw data
exhibits can therefore be brought to bear on sdntieeodynamics by which scientific
facts are understood to be stabilized. | have &palty in mind the dynamic that
characterizes ANT, whereby the accumulation of @asions in a network is what
successively establishes the fact in question &cta(Callon 1999 [1986]; Latour
2005; Law 2003). The emphasis in such descript®ios the way that facts, or more
radically truth, are a result of the collective atwhtingent process of what Bruno
Latour calls "articulation”. This is one of thertes Latour employs (idiosyncratically)
to refer to the work that goes into creating thiatrens between the entities in a
network. These associations include the persuasiorcolleagues, enrolling of
funders, cajoling of objects, objection of obje@sd the creation of an audience, in
order to achieve well-articulated actors associations of humans and non-
humans"(Latour 2004a: 86; cf Bowker and Star 2@$xson and Star 1986).

| will concentrate on ANT here, but it is of noteat a great deal of STS scholarship
has contributed towards the exploration of scieicethese broad terms, often
emphasizing the importance of factors conventigndéemed to be 'non-scientific’
(for example, Derksen 2000). However, the scoph®tudy can expand or contract
to include more or fewer actors and entities. ttagsical ANT study, the emphasis of

such a description is to "follow" (Latour 2005) #tle multiple sorts of entities that

% Relevant here is Anne-Marie Mol and John Law'scuasion of "fluid spaces" that "are
defined by liquid continuity" (1994: 659) as areaftative way to think about social topology
than that offered by ANT networks; although theynétdhat such a notion still does not
"really' get at the chaos" (ibid: 663). The ravtedia not a fluid space, but it does exert a
semiotic pressure that counters the network irséime way perhaps as fluids do in Mol and
Law’s description.
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need to coalesce around a task, in different wiaystder for scientific knowledge to
be produced. In ANT, Latour takes this to one sfldigical conclusions and suggests
that agency is therefore distributed between als¢hengaged in the fact-building
(including those entities and factors normally igreh the "non-humans" and the
discursive, for example). Latour's examination a$teur, therefore, demonstrates the
articulation and "translation" of the intereststtua 1999a: 311; Callon 1999 [1986]:
81) of not only the most obvious human (Pasteud) reon-human (the anthrax) in the
story, but also French farmers, statisticians, ipulblealth workers, Pasteur's
colleagues and the French public; as well as a evholst of sundry non-humans
(Latour 1988; cf Latour 1999a: 113-173).

In more focused studies, often based in laboeddifor example, Knorr Cetina 1981,
Knorr Cetina and Amman 1990), the description Uuguantres on how alternative
possible interpretations for the “inscriptions” {har 1987: 79) or results produced
during an experiment are progressively discardeeéfoised by the scientists in favour
of a single, true one. These studies sometimedve@wasound a controversy, such as
the discovery of a new kind of particle or a newdkf physical or biological entity.
This process of reduction in meaning occurs throwbcussion, negotiation,
calibration and other material and semiotic meapscific to the discipline in
guestion (Collins 1985). This has been variouslscdbed as "black boxing" (Latour
1987: 131), "fixation of evidence" (Amman and KnQetina 1990: 88), "controlling
interpretative freedom” (Collins 1985: 106), amdngiher denominations. Although
most STS studies in this vein engage with differéatal practices, scientific
disciplines and ethnographic settings, the transédion of ambiguous results into
singular meaning via mediums considered non-sdiensi frequently highlighted as
the governing, (and often problematic - see Latb@®9b) dynamic, whatever the

science.

There is however an interesting double quality ttizdracterizes the reduction in
meaning that ANT descriptions catalogue. The fadte¢ (or “matter of concern”)
assumes a singular meaning (becomes a “matterct) fsaradoxically exactly by
being increasingly “articulated” into networks affdrent sorts of entities. Thmore
connections and articulations it has, the more Istaindisputable and therefore

singularit becomes: as more and more humans and non-hwmamrenvinced of and
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enrolled into its existence, the fact becomes nstable and real. As Latour writes,
"reality grows precisely to the same extent as wek done to be sensitive to
differences. The more instruments proliferate, rtiere the arrangement is artificial,
the more capable we become of registering worl@804a: 85). By implication,
whereas a paucity of connections surrounds a pitigro$hat is ambiguous and plural
in meaning, as the number of connections and adsmts and actors increases - as
the network grows - this ambiguity decreases.his tegard, there seems to be a
particular sort of connection in a successful nekwe enrolment — implying a
specific sort of relation - one of consent, or ass&€hose who are enrolled into the

fact's existence assent to and thus contributis sirigular reality®

There is another slant to this generalized proasssescribed in ANT studies. Those
associations conventionally seen as 'non-scientiicome, by dint of their inclusion
in a process they are normally excluded from, sofrtbe most noteworthy members
of any network that produces scientific knowledg&ewise, the inclusion of objects

as actors in their own definitions is another nigtadddition. Thus the network "is
indeed a melting pot, but it does not fold in tdgetobjects of nature made of matters
of fact and subjects endowed with rights; it mixegether actants defined by lists of
actions that are never complete” (Latour 2004a. 8be well-known take-home
message is that if the work of building a toweasscrucial to the reality of a scientific
fact as a well-performing instrument or a scientisen there is very little basis for
suggesting that there is a stable definition of wikainside' and what is 'outside’
science - the scientific and the non-scientific deéned themselves by the network.
Further, if a well-performing instrument is as aall@s a scientist, there is also from
this perspective no basis for a stable definitibfobjects' and 'subjects’, or the social
and the natural - these too are defined by the ar&twin order to make this point,
certain connections therefore are brought intofdreground that otherwise might

have been back-grounded - the "non-scientificis lthese sorts of connections that

0 As an aside here, it is worth noting again thatehtities that Latour (and others) discuss
are often entities that are discovered/fabricateal laboratory. It is therefore easy to summon
the image of isolated ambiguity: the lone researahéis desk, with suspicions that he might
have 'discovered' something of note and the sulesg¢@itempts to convince his colleagues
that he indeed he has, plays into an idea of ttre#@sing connectivity and stability (and
therefore the "constructed" nature) of his discgwerthe world (what Haraway calls the
"heroic" depiction of science, 1997: 32). This é&hmps more convincing when the location
of discovery is a laboratory, and what is beingoN®red is a new entity. Neither of these
conditions generally apply to the LBA researchers.
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contribute towards the reality of the entity ansl status as a fact. To achieve this
status necessitates the eradication of ambiguity the stabilization of meaning,

through accumulating all sorts of associations aetbrs - including those that

conventionally lie outside the realm of the scigntiand whose consenting or

"enrolled” presence attests to and thereby cortstrile@ fact. This is a successful
network.

Given this overall dynamic of accumulation, it midie expected that the raw data
should be unconnected to the world at large, aseakactly an entity that is awaiting
semiotic stabilization. However, from the perspectof the LBA researchers and
technicians, the ‘problem’' of raw data seems texaetly how overlyconnectedt is

to all sorts of entities in the world out thereealdy But these are the@rong sorts of
connections. The extraneous relations it has wighforest, such as bees and lightning
and dirt, obscure the singular meaning presumeaetturking somewhere within it.
Although there is no question that the raw daty enterges because of the work of a
team of people and objects that must be constamtiglled, cajoled or otherwise
convinced to contribute to its production, this slogot exhaust the connective
repertoire of the raw dafdWhat makes the raw data "raw" - what makes it vithiat

- is precisely the tension between the work of ¢hastors in the network that toil
towards eliciting a stabilized set of certified @aand the connections and relations
that the raw data has that lie, in a certain seastsidethis network altogether,
anchoring the raw data in the liminal state betwswaning and lack of meaning.
Concerning what might exist before the network,ouatexplains that a "vague,
cloudy grey substance"” (1999a: 45) turned into"thierobes” that Pasteur famously
'discovered' only through successive articulatioassociations, enrollments and
substantial effort by Pasteur in the "retroproductof history” (ibid.: 169). Pasteur
"happened" to the microbes, as much as the micrttzgpened” to him (ibid.: 146).
But ANT narratives must begin somewhere, even & tietworks they trace are
infinite. What is that cloudy grey substance, thegfore Pasteur entered into contract

with it? What can we learn by paying attentionttese 'pre-network’ entitie$?

I See also feminist critique of ANT here, for exaenBltar 1991.

"2 Nick Lee and Steve Brown ask a similar questiowdamdering where the "Other" might
have a place in ANT descriptions. By includingrgti@ing in the network and treating
everything symmetrically, ANT implies that thereng Other. Lee and Brown conversely
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| say 'pre-network’ with a pinch of salt, becaukeaurse for the raw data to emerge,
it needs to already be part of a network of peaple things. But the raw data is "raw"
because of the particular connections that it bathé Amazon forest - not only the
ones that the researchers are interested in, sotoales that would be considered to
be "error". These connections have to be removearder for the certified data to
stabilize as such, and in order for the data tovicme others of its meaning. The first
thing to be learnt then is that in some cases,nsfitc work consists not in
accumulating but isubstitutingone sort of relation for another. The relatioret @re
removed are the wrong relations to the rest ofviloeld, known as "error". This
substitution is what the transformation of raw d@ebiguous) into certified data
(ostensibly singular) involves. Thus it seems totheg the defining distinction that
emerges from examining the beginning of this paldicnetwork is not that between

social and natural, or scientific and non-scieatifiut between data and error.

Not Data, Not Not Data

Instead of concentrating solely on what the ravadaill become, this chapter has
tried to concentrate on what the raw data is alfrebdow want to explore the idea of
what | have called a 'pre-network’ entity. The rdata is understood, by those |
worked with, to be awaiting transformation; it isfunished. Thus in paying attention
to it, one finds one's attention constantly dirdatésewhere - to what it will become,
rather than what it is. But it is exactly thisnsformative potential that makes it so
valuable. The raw data is ambiguous and uncerainit is still highly-prized by the

researchers. As we have seen they go to greathkerigt obtain it, and several
researchers told me that they will share their datg after they have processed it. It
is in some sense, therefore, more valuable inriteaje raw state than in its public

processed state - even though in its raw state,dbnsidered to be potentially non-

urge for a "form of scrutiny that is prepared tlmalfor the deterritorializing, rhizomatic
movement of irrevocably splintered entities in thwilf-realized fractal strategies” (Lee and
Brown 1994: 787), that lie between the purified #mmediated. Although this is not exactly
how | would describe the raw data, there are ols/if@sonances. Latour also approaches this
guestion through the notion of "plasma”, whichtkgt which is not yet formatted, not yet
measured, not yet socialized, not yet engaged trotogical chains" (Latour 2005:244). In
Law's terms, this is “what is absent...a set oéptal patterns that buzzes and dazzles and
dances, that is too complicated to condense, temedsent” (2004: 117). However, | think it
is as important to pay attention to the temponad, @ot simply the spatial, dimensions of
these entities.
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sensical. | want to draw attention to how muchrddfie information passes its time,
in the LBA, in a quite normal fashion in this wayn-interpreted potential non-sense.
When | say quite normal fashion, | mean in an utested fashion - the raw data that
sits in a database waiting to be cleaned by theamieteorology team at the LBA, for
example, does not earn its ambiguous status becthese is a controversy
surrounding what it means. It expectedo be ambiguous. It is data that probably
needs a lot of work, that is awaiting the transfation into certified data. Its
ambiguity is inherent to the object itself. The agolous state | am referring to does
not mean that theontentof the data is necessarily ambiguous; the quessioot, at
this stage, what the data means, but if it is datn at all. If it is, then it wilalways
have been data. If it is not, then it wakverhave been data. It becomes in a certain
sense what it already is (cf Goldman 2009: 115).

This state of affairs, in which the relation of aab error as yet unfixed, defines all
data that is unable to lose its rawness sufficger@ine student | spoke to, who was
studying the flux of energy in the basin at ZF2ngsdata from the tower B34, had
found on analyzing the data that the water vaptux fwhich is a correlate of the

energy exchange) was "very strange". The balargt@al "add up" - the terms were
unequal on either side of the equation. "In fachdught they [the data] were wrong.
But then, when one of the reviewers of the commitesad it, he told us that it was
something he had noticed about the river himselfAccording to this committee

member, it was not necessarily an error. He had #e® same anomaly in another
part of Brazil. "It's a question of the lateralrtsport of energy. It's like what [another
LBA researcher] saw, only [he] saw it for gg@nd mine is humidity (...) So, it isn’t

an error, but to prove this, | need more datal(th)nk it is the same thing as he [the
committee member] observed there. We're not certacause we need a longer
series of data." Why not just accept it as an @rtasked. "The first time you see it,
you think it's error because the difference islyeblg. So, it could be an error

associated with, let's say, the calibration ofr@trument. But it is actually the same
sensor that measures these two. So...| thoughe tixes a possibility, as | put there [in
the thesis], that there might be a calibrationrerar it might be the lateral transport
of heat. Of vapour in fact, of humidity, right? Whthe reviewer read my thesis, he
was like, "Ah, | saw the same thing. And | thinke throblem you have is nothing to

do with calibration, it's not an error, it's lateteansport (...) I know it wasn't an
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error...you are never certain, though, right? Ymagine that it's an error. But now,
after [the committee members'] result, | know ibhabuld be..could be | am also not
certain that it is lateral transport. That's whpded more data." As her supervisor
told me, it's a question of "distrustigsconfiancg because they "don't know exactly
what it is". They were uncertain about whetherdhé was in fact data, or if it was
error, because without enough of it, this distimatiis difficult to make. The
distinction is therefore to a certain extent camstd by patterns that other data, that
has already been distinguished, displays.

This tension is also captured in Susan Leigh Star Blihu M. Gerson's work on
anomalies in science, especially what they catiféats” (1987). Star and Gerson are
dissatisfied with what they see as a tautology horias Kuhn's description of
anomalies, that suggests that an anomaly is onlgn@amaly because it does not fit
with the current paradigm; that is, something iseamor if it is wrong. They suggest
that this can be resolved by looking at the hiswirgn anomaly, and how it flickers
between being an anomaly and being a discovery,thigir case-study of
neurophysiological research into the localizatidrnfumctioning of the brain. They
write: "The anomaly went from mistake to artifact discovery - even through
accusations of fraud - until it was made tractad®ugh to be absorbed into an
ongoing enterprise." (bid: 160). The point they maloncerning artifacts is that the
artifact can change status very rapidly. This isabse it contains the potential within
it to beeither. Although Star and Gerson are writing with a veifferent approach in
mind to mine’® the observation resonates. The raw data exhhigssort of potential,
but in inchoate form: it is neither phenomenon axtifact, neither data nor error, but
the tension or relation between the twido-one knows, when it is collected, which

one of the two it is.

This also means that what is eventually error tmesonay be data to others. David,

who taught the thermodynamics class on the LBA gragiuate course, wanted to

3 They continue: "Its history cannot be explainedmy in reference to its logical place in a
problem structure since it moved from contradictiomliscovery as the problem structure
was adapted to work conditions, nor as simply aenaf political convenience since it was
taken seriously and changed the shape of findRgther, it shows the importance of
independent bases, multiple lines of work inteisg¢tand visibility interacting with logical
significance to produce changes in acceptability r@sources deployed to control the
anomaly" (Star and Gerson 1987: 160).
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study the self-organization of deep convectionha tropics. In order to do so, he
needed to collect data on how much water vapoun ithe atmosphere. So he
engineered a collaboration with some geodesistkrnmv in So Paulo. In the
discipline of geodesy scientists are interestecdcallecting data on the miniscule
movements of the Earth's crust, often using GP8uiments. However, in order to
achieve such precision, they have to get rid oirtkexference caused by the effects of
the atmosphere, mostly of water vapour, in betwibensatellite receiving the data
signal, and the GPS on the ground. This can onlyldiee afterwards, through a
mathematical filtering process. The "interferentwit they remove, was in fact the
"data" that David needed. Thus a symbiotic collabon resulted, with David
agreeing to install and maintain the GPS systens hés collaborators providing him

with the instruments.

Thus what | am describing lies somewhere just leeftand therefore in a sense in
between) an ANT analysis, in which the focus istle@ construction of truth, and
Gaston Bachelard's description of science as authgténding itself to be in error.
As Hans Jorg-Rheinberger tells us, "[O]ne of Baatt$ central claims is that "the
scientific spirit is essentially a rectification khiowledge...it judges its historic past
by rejecting it. Its structure is its awarenesst®historical errors. Scientifically, one
thinks truth as the historical rectification of argistent error, and experiments as
correctives for an initial, common illusion" (Badael 1987 [1928]: 297 in
Rheinberger 2012: 29). Rheinberger explains thesetioat, in Bachelard's view, "a
scientific truth of the present must always be ygadfind itself in turn as an error of
the past. Therein lies the essence of the histpiidithe sciences; it is this that stamps
them as special cultures of veridiction and vefdigheinberger ibid: 29). What the
raw data offers instead of any one of these twatipas is rather the moment before
either of those positions are even ascertainabiie. t€chnicians and researchers do
not know the relation of their raw data to the woshen they collect it - if it is error
or data. Both these positions are contained withibecause what will end up being
data will havealways beerdata, and what will end up being error will haalevays
beenerror. What ends up as error is in fact, follogvimy analysis, simply the
relations and connections that the researchersatrenterested in. These are the
associations that need to be removed. However, itinigi analysed in this way, the

raw data is thus not data, but not exacibtt data. It exists, | argue, as a moment
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(sometimes protracted) between being data and bwnhgata. If that is so, the raw
data is the moment before data and error exiss$. 'Wwague” and "cloudy"”, perhaps,
but as such it demonstrates the extent to whiadmsei at least for those in the LBA,
is populated by uncertain, vague and ambiguousies)tand not just reified, certain
and stable ones, nor definitively incorrect onelstife effort of the LBA generates in
the first instance neither data nor error, but plagential for the relation between

them.

Conclusion

In this chapter, | have explored the raw data.viehdocumented how it seems to be
unique and simultaneously ambiguous. | have sugdettat this state needs due
attention paid to it, because it lends the raw datae particular properties. By being
the only data of its kind in the world, it is highldought-after; by containing too much
of the world within it, it is also ambiguous andcertain. This combination of
semiotic plurality and uniqueness provides a petspe from which to re-assess
certain ANT claims of how network-building progressaand what it results in. First, it
suggests that associations and articulations areeuwessarily only accumulated, but
in fact, substituted. The raw data's ambiguity tfoeg researchers resides in the fact

that it manifests the (excessive) wrong relatianthe world.

But the raw data also suggests that the perspdatirewhich it offers such a vantage
point might be one that, in an important sense-gxists' the network. Because ANT
descriptions of network-building, in science atsleare so geared towards following
the processes of stabilization and singularizatbbrmeaning, the phase of "non-
meaning” or "non-sense" is often passed over a®lyner means to an end. This
chapter has instead tried to concentrate on whatdiate of non-meaning might
consist in. This could be seen as a partial answedick Lee and Steve Brown's
(1994) question: where is the Other in ANT? Howet@rthe purposes of this thesis,
it also channels attention towards the crucialintition that the raw data expressly
does and doeasot evidence, namely, what is data and what is effioe. way that this

distinction is elicited and what that in turn me&the subject of the next chapter.
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Chapter 4: Cleaning the Data

Introduction

This chapter deals with the process that my infohaalled “"cleaning the data"
(limpar os dados Often known as "data quality control”, this sort mfocess is
ubiquitous in observational science (Zimmerman&®@xwards et al. 2011; Norton
and Suppe 2001; Edwards 1999, 2006), but the fotakes varies. Even within the
LBA, the details of the cleaning process vary tredwsly depending on the
conditions of the data's collection and the usehah it will be put. In this chapter |
am specifically concerned with the cleaning of tbieg-term data from the towers,
rather than the data from single collaborative caigms or individual's master's or
PhD projects? However, | suspect that the more general trendsclaracteristics
that | point to as pivotal to my argument hold fioose other cases as well, at least for

those data collected in the Amazon forest.

Cleaning the raw data, | will argue, involves aieseiof actions that, if successful,
allow the certified datad@dos certificadgsto carry within it its own referent, rather
than refer back to the world in a conventional treta of correspondence. The
certified data becomes in this way its own realifihis transformation involves the
decomposition of the raw data into error, whicldiscarded; and data, which is kept.
Although the process is made up of several stageigh | describe in some detalil,

the crucial action is referring the data back $elitthrough a self-scaling dynamic, so
that it comes to define its own limits. | employethotion of "compaction”, drawn

from the work of Donna Haraway and Marilyn Strathdo describe this occurrence.
In light of the creative potential that this paml&r form of recursivity is seen to have

in the LBA data cleaning, the chapter ends witte@ppraisal of the debate around

™ In the case of postgraduate projects, the exact foat processing the data takes is up to
the individual, although guided by disciplinary ms, institutional protocols, and
supervisor’'s templates. | was unable to followualent's data cleaning process very closely
as this did not necessarily happen in the LBAceitld happen wherever the student
happened to be. As there were also no collabordate collection campaigns occurring
during my fieldwork apart from in the final few wex | have concentrated my argument on
what | did observe and accompany which is the ahggprocess of the long-term data from
the towers.
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circular reasoning in scientific practice, exeniplif by the "experimenter's regress”
(Collins 1985: 84).

The Protocol: Initial Domestication

R and J, the two data cleaners whom | accompaniedt mlosely during my
fieldwork, perform the data cleaning in a largdatigely bare air-conditioned room
lined with computers. People are constantly conaimg going, and on a big screen in
the middle of the room the raw data of meteorolalgi@riables (the "low frequency"
data) from the tower K34 is displayed in real tiaea collection of graphs. These
graphs change continuously as the raw data isveteilhe contrast between the
Micro office and outside is very stark; often | idunave to wear several layers of
clothes due to the artificially icy conditions, gés it being 38 C outside. The data
cleaning consists in a lot of work on a computer,rstially |1 required R and J to
explain to me painstakingly what they were doingfobe | could try to follow
without explanation — which | almost invariablyléd to do even after several months
as they worked incredibly fast. J was a great te=a averse to taking on the role of
teacher than R, and as a result | have more detisifermation about and examples
of the tower at SGC that J is responsible for. Hmwethe process is basically very

similar for data from all the towers.

In 2009, the LBA instigated the use of a generi@mdpiality control protocol, which

one of the Micro team members adapted from a pobttitat was in use at a
university in Holland. This protocol — the "protddor the treatment and certification
of data from experimental sites in the Amazon" -aiglocument that forms the
organizational basis for the process of cleaning.daexplains how the data should
be treated, structured and stored. It was presetaieall the groups involved in

collecting and treating data from the LBA towerstlie Amazon during a meeting
that was held in 2009. Subsequently a guide wadusex with each step in the
process carefully explained.

The structure that the protocol describes takeddim of a series of folders nested

inside one another on the computer. The first foisiédentified by the location of the

118



experimental site (for example, 'Amazonas’), theaaf the experimental site (for
example, ZF2), and the name of the tower (K34) hiithis folder are further folders
for each of the different possible data collectppatform — either "AWS" (automatic
weather station), "FluxesF[uxo9, or "Soil" (Solo) Within each of these this folder
are four more folders, pertaining to four differéphases"” of the process- "raw data"
(dados brutos)'pre-analysis" gré-analise) "post-analysis” fés-analise) "certified"
(certificados).The "fluxes" folder has an extra phase called "Eddiich is where
data for the programme Alteddy, which calculategdk of carbon dioxide and water,
is stored. Within each of these "phases" folddrere are folders for every year for
which data is held, and within each of those, ddplfor each of the months of the
year. Opening these nested folders consecutival/pnly within the “month” folders
that the data in various states is to be found.

Due to the different formats that the raw data come(depending on which of the
data collection platforms it originates from), tirst step that the data cleaners take is
to rename the raw data files. The new file namedak very precise form. It is
composed of the name of the research site, theco#iection platform, the year, the
day and the time of the last data collection, dreddate and time of the present data
collection. The day and month are written not itendar form, but as DOY, "Day of
Year" (or DDA, dia do ang, which treats the year as a continuous periotinoé.
This means only one number is used: '35' woulchbeidth of February, for example.
The data collected therefore lies in between the ¢wllection dates — so in this
example, K34_aws 08 008(1500) 015(0930), the datars the period from 3 pm
on the 8th of January 2008 up to 9.30 am on thk J&huary, which is when it was

collected.

The protocol states, regarding the re-naming ofdata, that as only the name of the
data is new, and the content has not been altgrsd;maintained integrally as "raw

data™. It was impressed upon me several times hdal it was to have this

untouched raw data set. "Never delete the raw 'tRtaould warn a student who had
come to the LBA in Manaus to learn about data msiog so that he could assume
responsibility for an LBA tower in Brasilia that sv@lue to be reactivated. This raw
data, therefore, was always maintained, even ibm®-ever looked at it anymore, in

case it became necessary to refer to it again @-tto the process. Kept untouched in
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this way, the raw data, as discussed in the previchapter, always retains its

potential to be either error or data.

The raw data therefore arrives as an undiffereattiaass of unmarked columns of
numbers. Once it has been renamed, this enormoaiphous body of numbers (as it
appears to the untrained eye at least) is copied pasted, as demanded by the
protocol, into the first spreadsheet table (‘rawadare-analysis' obruto_pre. This
spreadsheet has sequential time running down tlee and the different variables,
such as wind speed, rainfall and so on, runningicalthe top. The spreadsheet
therefore separates the raw data out into colurhdgferent variables, and times. In
order to ensure that the raw data has been copredsainto the spreadsheet correctly,
it is compared to the first column of the spreadshwhich is the ‘control' column,
containing the expected time of measurements bymanth, year, hour and minute.
This is filled out before any data has been copigss. As the protocol stipulates, it
is crucial for the "perfect synchronicity and fil§j out of the folder, as in situations
such as interruptions in data recording, missingdiof data in the raw data file or the
appearance of an error code by the storage dewiteei field, this control column
does not allow these intervals to be omitted". Qftdherewas a mismatch — for
example, the data extended below the edge of bhe itathe spreadsheet, or the times
would not quite match up. J has what | nicknaméchaseum of errors"”, a document
displaying examples of all the strange permutatithrad the raw data can arrive in
from the datalogger — with missing sections, repeatd numbers strangely bunched

together, or strangely spaced out.

Although it is apparently unremarkable, banal, ardcuted extremely quickly, this
initial transfer of the raw data into the first spdsheet is very important. It is in fact
the first moment in which the raw data's presunmadiguity is revealed to contain

meaning and error. There is a clear sense in wihiehraw data is being transferred
into a pre-existing meaning, in the form of the tempyprarganized spreadsheets.
Their structure gives a meaning to the mass of mumby differentiating them as
measurements of specific variables taken at speifies. It also provides the first
clue as to whether something is wrong with the data set — which it often is. All

deviations from the standard rows and columns havde corrected, because

otherwise, the data will be in the wrong place, avitl not correctly reveal the
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meaning that is simultaneously inherent in it, angarted to itby the spreadsheet. |
suggest that the simple act of copying the raw diatia the first spreadsheet is
therefore the beginning of the process of semaimestication of the raw data, or its
'socialization”> Being able to copy the raw data is crucial to,thi® is possible only

because the raw data is digital.

The Data Range as Self-Scaling Device

There are several other spreadsheets that aredlimlke the programme to the
'bruto_pre spreadsheet where the raw data now sits — nopledaty "raw" anymore,

but far from "clean" either. These other spreadsheentain the results of different
functions performed on the raw data, in order &t s quality. There are several of
these functions. The "good by sensor" spreadshemiss the performance of the
sensor according to how many measurements it fodiConsolidated by day" is a
spreadsheet showing a daily average value of eankog which gives a rough
overview of the performance of the instrument otter day. The most important
spreadsheet, however, is the "consolidated by simplkecause it indicates any
suspicious data in thbruto pre folder, according to the "limits" that are in the
"Range" spreadsheet. The Range spreadsheet cotitaimsaximum and minimum

values for each variable in theuto_prespreadsheet.

5 | am borrowing this idea of "socializing" infornian from Alberto Corsin Jiménez (2005).
Writing about the move towards increasing "trangpey" in the knowledge economy, he
laments that "[L]ike the pure, free gift, which kea no friends (Laidlaw 2000), transparent
information and real time knowledge have no sddell (2005: 19). | would suggest that
likewise, raw data has no social life. The sectibthe thesis that follows this chapter
examines how through being ‘cleaned’ the raw datsa@bout, if not ‘making friends’, then
making scientists and scientific sociality. As @yMody has observed, the relation between
cleanliness and pollution or contamination is ohthe "driving forces in the social life of a
wide range of sciences" (2001: 8). In his studynaterials scientists, he draws on the work of
anthropologist Mary Douglas, and particularly hesdription of pollution as "matter out of
place", (as it is exactly the science of matergadstists to investigate what makes matter "in
place") to investigate the creative propertiesidfid laboratory sciences.

® As the number of measurements — via their peritydicis programmed into the

datalogger, the total number per day that the sesfsmild have made is known. In the case
of the AWS data, each sensor providing AWS datallshmake 144 measurements a day — if
there are fewer than that, then something went gveord needs to be verified.
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The "consolidated by sample" spreadsheet flagsnaegsurements that fall outside
the maximum (MAX) and under the minimum (MIN) giventhe Range spreadsheet.
It also highlights instances where the differencetween two consecutive
measurements is too great (MAX. DIF), or if thesend data registered at all (SEM
DADOS). This action depends on a logic that is temtinto the spreadsheet in a
cascade of 'if...then' statements. If there is ngthiext to the data value, then it is
inside the range, and unsuspicious. The result sheet full of coloured, marked
flags’ indicating which values in the data setehtrensgressed the boundaries that the

Range permits.

The range therefore indicates the limits of whatcamsidered possible for each
variable being measured. It is considered to beossible, for example, for there to
be more radiation leaving the surface of the e#énmdn arriving — that is just a
"physical law", | was told, so the "reflected raa" could never exceed the
"incoming radiation" (although as these are ofat#ght wavelengths the situation is a
little more complicated than that). Other limitsuti be given by meteorological
patterns, the most basic being that there canncadiation after a certain time of day
(night). The composition of these ranges is thugnariguing statement on the limits

and boundaries - the outline, as it were - of tleativer and fluxes being measured.

But what caught my attention in the constructionl aise of these ranges was the
apparent circularity in this process — in as muslthe rangetself comes from the
data set it is meant to be delimiting. R and hhbotpressed upon me that these
ranges are different for different sites. Compatting ranges for SGC and for K34,
what is possible and impossible in these two locetidiffers considerably. In fact, J
says, "the range belongs to the placetange pertence ao lugarand deciding on its
limits then is in fact "a really particular/specifjparticular) thing (...) Each person
has to adapt it themselves”, as R told me. As altresanges are not fixed. The
ranges here [at the LBA] have changed several tinfe®gressive measurements
have been added to the data sets for the diffeitad, and patterns slowly extracted.
As R told me "you use the data to create limits (thgre's a physical part, a
geographic part (...) you take the past record, five, seven years of data here, and
then you look at it all together. You use the datgenerate limits, and you use also a

bibliography (...) They've already studied this, thex already an average curve". The
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head of the Micro group tells me that you needtyhyears of (certified) data
officially according to the World Meteorological @anization's standards to make a
range, although there are people who use just eaosy "You try to be generous", he
explained. If you are not very generous with thaaten, you will end up cutting a
lot of data — and that is to be avoided if possib¥ou only delete a number when
you really understand, when you really know", asald R said often and

emphatically.

The first range used, | was told, was in fact ageaworked out for K34. This was
then modified for SGC and for the other towersotder to construct this range, the
members of the team compared the first data tor athta sets for the region (for
example from PhD theses or publications), and Greikexperience of the fieldsite"
in order to initially shape the data. You can gdhe Brazilian National Institute of
Meteorology (INMET), the head of the Micro groufigane, which has 100 years of
meteorological data. You can look at published papéou can look at what models
predict. In the 1990s, people had much less oflea what this range might be, and
he is proud to tell me that the LBA was instruméniadecreasing this doubt.

"Experience, literature, meteorological stationgu learn as you go along".

But the meteorological patterns that these ramggee manifest all come from data
of one sort or another, even the most basic pattand "laws". INMET archives,
published papers, and models are all different $owh data. The range for the
Brasilia tower will be a modified version of the S@ange. J gave this range to the
student who would be responsible for the tower, lamdvas adapting it to fit better
the data from Brasilia that he was cleaning. FamgXe, the soil temperature can get
much higher in the dry central plateau of Braghian it can in the dappled and humid
Amazon forest. But these specific limits themsele@sie from the same data that the
student was meant to be creating the range in ¢éodgean. He had to try to work out
the limits from the data itself: with the radiatidata, he had seen values up to 61° C,
but has decided to put the limit at 55° - "I didréive the courage to put 61°!" he told

me.

The newly-arrived raw data set is not thereformpared to the ‘world outside' in

order to judge its veracity - that would be impbksi given that the phenomena of

123



which it is a measurement is irretrievable. It nsfact compared to its own range,
which is constituted by other data of which it isstined to be a part. The data is in
this way applied back on itself, in the form of ttenge, as a sort of self-scaling
device. The data itself is used to generate its bmits, and its own possibilities.
This is a crucial aspect of the cleaning procesd, lashall return to. However, it is

complemented by another process: that of makinglaite relate to itself.

Making the Data Relate to Itself

The identification of potential errors as thoset tfadl outside the range is the first
stage of the data cleaning proper. As the protstaies, these suspicious values need
then to be analysed "using as a base the knowlefigbe researcher, and the
knowledge of the characteristics of each reseaiteh so that a consensus can be
reached concerning whether to maintain or disdaednieasurement”.J referred to
this as "hunting out the problemgagando os problem@s'l'm a-hunting!" Tou na
caca)) she would say to me on some mornings. J and R §oént an enormous
amount of their time working out what was wrong twigach data set, and then
explaining in a document why they had decided tontam the value as data, or
remove it as error. Formally, this document is knaag the "post-analysis" and as J
also said, "post-analysis is our cross to carrys.twhy' is a lot of work!" They both
found this work tedious sometimes, and difficulif blso, J told me, there was a great
deal to learn from doing it. As R tells me, in {hest-analysis, "it's the analyst who
does the calculations. | take the 'consolidatedséyple’ sheet, and | look at the
conditions, at the graphs, to see if it was reaynimum" or not. I'm not going to
delete it, because it's real. Everything | do lmabd justified...and the decisions are
difficult!” One member of the Micro group, who wkesrning to clean the data from
another tower at ZF3, was told only half-jokingly the head of the Micro team that

he had to be prepared to "woo" the déan(que namorar os dades

" Com base nos conhecimentos do pesquisador e nastedsticas de cada sitio
experimental, para que se chegue a um consense mainter ou descartar a medideaken
from the LBA protocol document.
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The post-analysis documents often included graphsios, other numeric data,
written explanations, and references to scientéits. Each post-analysis document
was different. These documents served as a somuafantee that there were
defensible reasons for the decisions that had beste. This became important if
those researchers subsequently using the certdfeal called them to complain or to
ask them for explanations of gaps in the data (alegrors had been removed) or
strange values. "Sometimes,” R told me, "there ata dhat we don't delete, and
someone receives it and says it's strange (...) Shawve to explain — why did this
happen? Because it rained a lot then, the soilddst of heat — we argue that it is
right, that it's within the possibleléntro do possivel The reasons could be diverse
— a frog falling into the pluviometer; the instrumeeturning to normal functioning
once it has been cleaned, indicating dirt had &ftethe previous measurements; an
incorrect calibration constant written into the gmamme of the datalogger. The post-

analysis document keeps a record of all this.

Ascertaining whether the data values are "withia plossible” proceeds in several
ways. There are values that can be quickly disdisseafalha, a gap or an error,
because the datalogger itself has a range inogr@amme that denotes values deemed
to be impossible as "666" or "999" or some equalbn-sensical number in this
context. Certain of these nonsense numbers — tkathen denoted NAN (‘Not A
Number’) - indicate a loss in power to the instramér example. However, there are
some cases that are harder to work out — the 'apegs" &reas cinzasof possibility,

as one researcher put it. For example, there nighd sudden drop in a radiation
value, and then a subsequent increase back towdsaéxpected for that time of day
in that season. The first way to investigate thisuorence would be to "check the
relations between the measurements”. In this caseld this low radiation
measurement be explained by a sudden rain shoagsing there to be a cloud over
the tower briefly blocking the sun's rays? If dtere should be a spike in the rainfall
data, and an increase in the wind speed data, ahdrae in the pressure data, all at
the same time. All these data values would thencbmpared, and if they
demonstrated the right relations to each othen there was good reason to suspect
that the value was in fact "possible”. The samelccde done with carbon flux
measurements and rainfall, in order to spot anrewo with radiation and soil

temperature — and so on. In this way, through anessive reconstitution of its
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internal relationality, the data is increasingly deato relate to itself. "We relate

everything", J tells me.

The most patent manifestation of this was the mégnshich this reconstitution was
performed — by graphs. "There are problems that emlerge when you plot graphs,
others that you see immediately” J tells me. "l ygot this, you can see it's a
problem with the time" J would show me; or "hera, tbe graph these two should
show a relation and they don't". If they had gostisus data value over a period of
time, R and J would graph it against other relewariables, and "look for the
relation”. "You go along, amassing reasons to felieelating rainfall with radiation,
for example”, J told me. The latent heat had "p&$lse minimum" several times on
one occasion, and so "when | saw the rainfall spireeet, | looked at the same times;
when it rains, the temperature drops, and it'sdyjodor several hours, | saw it was
very linked to the rain, through a graph that Iti@d.” She shows me a graph on
which she has plotted all the variables. "On ttag dt this hour, there was a drop in
radiation, of short wave, and that's cloud, andntmain — and then is when the
sensible heat values went under the minimum -bésause of the sensor, do you
see?" Graphs also allowed her to visualize theepwtin the data enough to
investigate a suspicious value that has appearsdadimes. "We make a graph of
the years, and compare them. We know that it raile$ in Sdo Gabriel (...) when we
look at the graph, and see that this (the rain)dateeally low, if it is sustained then

there's a problem."”

A graph, | suggest, is the revealed form of a delfaion - the visible manifestation
of the relations that constitute the data. By pigttone variable against another, the
data cleaners temporarily reveal the internal iatality within the data, in order to
ensure that it is there. If it is not - if thereta® much noise - then there is a problem.
In a certain sense, then, removing errors (datada@anot be related in this way),
makes the data setore relational; it increasingly starts to consist efations and
patterns, rather than dissociations and "noise't &uthe same time, this internal
comparison again seems circular - it is the dadaigtarts to affirm or disaffirm itself.
Why trust the rain data, and not the radiation 2ld&gen if it is in the range, it still
might be incorrect - as R demonstrated to me onebgldooking perplexedly at the

graph of the C@profile on the screen and telling me the "patteas wrong"”. Even
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though it was inside the range, it was not exhibitihe right sort of relation to the

time of day, and was therefore suspicious.

A "Feeling" for the Data

Knowing which variable to trust more is part of aer "feel" for the data that J and
R both had, and were developing. Going throughdata that had amassed from the
now deactivated tower in Brasilia, J would say t'tbae has the look of pressure
data" or "that one has the look of the battery 'détase tem a cara de presyaon
another occasion, R was going through some old dathtold me "this one has the
look of a test, it doesn’t have the look of datasing the same word in Portuguese —
"cara" (literally "face"). This "feeling" for whahe data might be also could suggest
that certain data values were awry because of fap@coblems, such as a particular
sort of error in the datalogger programme. The iptesshead of the Micro team who |
also talked with frequently, would also impress mpoe the importance of getting a
"feeling" (he used the English word) for the reshasite and how the data
corresponds to what you know can happen. He tolthamehe had acquired a feeling
for the data from the Brasilia tower: "for examptis, hard to get 100% rainfall there.
Here, there's humidity - there, there's dust" aalitjng of potential infestations, “it's
not the bees there, it's the ants!” However, aliinod and R would sometimes go to
the field (although J would very rarely go to S&ab@el, they would both sometimes
accompany the other members of the team on atfipldo ZF2), they would mostly
sit in the office in front of a computer. That 8 $ay, what they were getting a
"feeling” for, | suggest, was not exactly how therld works, but rather how the

world in the data works, and how to make the wertdk in the data.

One way for them to check "outside" of the datai&s the reportsrelatorios that
accompany each set of raw data that arrives. Asave hmentioned, personal
experience of the fieldsite is considered cruaiarying to work out whether the raw
data is data or not. The reports contains the tfmday the data was collected, what
the weather was like that day, sometimes what #&her had been like more or less
for that week, the different tasks that had beenezhout, if there was anything that
looked especially dirty or had to be cleaned, dhére seemed to be anything wrong

with the batteries, or the datalogger, or the puarpgnything else mechanical. As J
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was unable to get to the tower at S&do Gabriel,hstiea technician who goes every
week and collects the data for her. In J's worflse]"is my eyes — he is very
important...his report is very important. He descsikiee day, more or less...he isn't a
meterologists, but he does it his own wale(tenta fazer no jeito deldt helps a lot."
The technician's report, therefore, accompaniesdtita as its context — the world
from which the data was extracted. | am using tb&on of context simply to
emphasize that without threlatdrio, it is sometimes very hard to make any sense of
the raw data. Data that had been collected befaetotocol was introduced, and
before J and R arrived to work at the LBA is vegychto clean, they both told me,
because they do not have these reports to guide. théold me of one time that she
had seen that the radiation data had been veryslespiciously so. However, she was
able to check theelatorio the technician had sent, and there she read Hieat t
datalogger box had been cleaned which had caugedits connection, which the
technician had subsequently fixed, so by now tisérument would have returned to
normal. Without theelatdrio, it would have been impossible to work out thattth
was the reason that the data looked strange, ot tehdo about it (in this case
nothing, as the problem had been fixed). Télatorio therefore travels with the raw
data as its context in the sense of being its @packd’, or its environment. However,
therelatorios are only relevant for the cleaning of the data;eothe data is certified,
therelatorio is filed and stored.

The role of the outside world is therefore very artpnt for the cleaning process, and
on several occasions | was told that experiencéheffield site, how instruments
work, the biological dynamic of carbon flux — ag threvious head of Micro said, the
ability "to see nature"enxergar a naturea- were crucial in being able to make
sense of unruly raw data sets. The previous heddiab was particularly emphatic
about this aspect of data cleaning. In a serigidafctic conversation he had with the
student from Brasilia about the tower, he stresisedmportance of knowing the area
that you work in — the biomass of the vegetatibe,decomposition rates - "don't trust
in the numbers alonghdo confia nos nameros )sbe warnedHe meant that when
one is trying to process flux data, for example, diata cleaner has to understand how
the ecosystem works as a whole. "You have to wséitilogy, the ecology to confirm

your data"he explains, "don't just use mathematics&d fica s6 na matematica)
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The previous head of Micro had in fact been resjpador the tower in Brasilia
before it had been deactivated, and his knowledgte site was impressive. He
could remember the exact positions of the treed tlaerefore the best places to install
the sensors; and he had many stories to tell afshgoing wrong. A knowledge of
the biological composition can reveal reasons faange events in the flux data.
There could be a massive spike in the photosyrghé® week before, and no
alteration in your flux data — what does this me#¥on@ have to ask yourself why you
don’t see the effect of one in the other. "Biol@jicomposition is indispensable”
(composicéo biologica é indispensavif insisted. This researcher is by training a
biologist. He specialized in plant physiology, asédamant that interdisciplinarity is
the only way to go about understanding "nature"owkver, in order to do as he
suggests, it would be necessary to also take mmasmts of the photosynthetic
activity of the plants in the area around the toweavhich, in fact, was the subject of
his PhD, but would be very difficult to do long-ter

What is intriguing about this researcher's attitigdthat, in fact, it is not a capacity to
see 'naturguxtaposedwith the dataset in comparative relation that$hpinpointing.
What he is asking the student he is teaching teldevis the ability to see natungth

the data set; to somehow recreate nature out okncah (graphed) relations in the
data. Nature itself does not serve as here astemekreferent, but amternal one.
The "outside world" in the form of theelatérios is only employed during the
cleaning process, but once the data is certifieese reports disappear altogether.
They are not sent out with the certified data witeis requested, because if the

cleaning has been successful, the certified de¢éady has the world recreated within
it.”®

Experience and Trusting Instruments

8 Bruno Latour mentions this in the chaptePindora’s Hopehat | have already discussed
in the second chapter: "[KJnowledge does not réfleeal external world that it resembles
via mimesis, but rather a real interior world, teerence and continuity of which it helps to
ensure" (1999a: 58). But he does not fully engaige this idea, instead reverting to the
notion that there must be some sort of referenck tmathe truth. My proposal is that if the
data is cleaned correctly, this in fact never lasappen.
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In order to produce certified data, however, imd enough to recompose "nature out
there" in the sense of the biological environméat the previous head of Micro was
implying. It is also essential to be able to seedfrors with the data. This ability was
often glossed as "experience", an accumulated ledye of the possible reasons for
the errors to appear the way they did, that coeldiawn upon when confronted with
a confusing set of raw dafalt could be that the calculation was being perfedm
incorrectly by the spreadsheet. There may have daerage to the sensor, or dirt on
the lens. Although they very rarely went into theeft, all the data cleaners needed to
know what sort of relation the instruments couldéavith the raw data they were
trying to clean. J explained to T one day, who Wagng problems with the humidity
data on ZF3, how she had at one point stoppedtitigisher rainfall data from SGC.
"If you know the sensor is having trouble, you sthloubting the data”, she consoled.
She suggested trying to check the instrument - daegister an increase in humidity
even with no rain? In her case, she said, she ddthtow the data away. It wasn't

real".

Ascertaining what had caused the error in the rata @n your screen might also
mean you could send someone to correct the proldlerthat the next set of raw data
did not suffer in the same way. Understanding #tation between the functioning of
the instruments and the raw data it produces irgbtudying the manuals of the
instruments in some depth. This is especially diffi for the carbon flux instruments
because the method employed to make sense ofdhtris in fact encoded in a
programme called Alteddy. J told me that she waeglgkd at the extent to which she
needed to know about instrumentation. "I'm a melegist, I'm not going to mess

about with wires!" she exclaimed. But little bytli, she recognized that "it doesn't
work like that. You need at least an idemg¢aozinhd beforehand. | find it absurd,

how many times | have to read the Licor manual'pider to work out how you

*The intricacy of this game of the possible ideeied in the personal experience of thse
who do research...To feel one’s way requiEdshrenheiton the part of the experimenter.
"Being experienced" as Fleck uses the expressomtisimply "experience". Experience
enables us to judge a particular piece of work jparticular situation. Being experienced
allows us to literally embody the judgement in pinecess of making new experiences ...
Experience is an intellectual qualigrfahrenheit that is, acquired intuitions a form of

life... Erfahrenheit haso be learned, and it transcends wdaat be learned...It lines up with
other attempts to do justtice to the "intimacy'soientific work, to the exuberance of science
in action, to what is beyond methodological axiamaton." (Rheinberger 1997: 77)
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calculate C@ measurements. Each tower is a "parallel univemsa&th instrument a
"world". "There are scientists who dedicate them=ljust to understanding the
instruments. Alteddy already changed many timew it's on version 3.5 — and
already encompasses many of the corrections tkae thcientists discovered need to
be applied to compensate for the defects in theuiments. There are scientists who
discover errors in the sensors and publish comest those guys involved right from
the beginning, the 'tops'og "tops)". As | mentioned in the second chapter,
understanding how the instruments worked was deesmechperative by the head of
the group that he organized a four day instrum@matourse, inviting technicians
from Brazil's Space Institute (INPE) who specializeneteorological instrumentation
to Manaus to teach the members of the Micro teanfact, anyone in the LBA who
dealt with data or towers - about the instruments.

Calibration factors are a potential source of unstental error— and can create a
situation where, for example, the "pattern" of ttega is correct, but the values are
outside the range. If this happens, the varialbe,ekample CQ@ can vary in the
expected pattern over the course of the day bunwath higher levels than are
possible, as the instrument is consistently ovienesing it. This is the inverse
problem to the one | mentioned before in which Bttgal that the pattern was wrong,
although the data was inside the range. The previmad of Micro told me of a
situation where two different manufacturers prodidkfferent calibration factors for
instruments that look exactly the same — so swappine for the other without
changing the calibration factor can produce inegtlle data. Another important
numerical parameter that is written into the dajgkr programme for some
instruments is the "offset”. J drew a graph fortmdemonstrate how a particular sort
of "jump" in the data normally means a problem witls offset value. Theelatérios
also include information of this sort: calibratidactors, when instruments were
cleaned (which might equally cause or resolve mmwis), what instruments had
written into their datalogger programmes at difféeremes. Thus one of the reasons
why processing data from before 2008 is so harthas there is no record of what
instruments were being used, or what the calibmafaotors were in the programmes.
Those who were in charge of the data cleaningeatithe did not keep such records.
As R said, that information left with them. Knowiagpout the instruments is vital to

being able to recognize error in the datasets.
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Sometimes, it was impossible to work out what wasng with the data — there
seemed to be an error, but its source remainedvelushis happened when | was
there with the data for the profile of G@nd water vapour concentrations. R tried
various solutions to see if the data would returrwithin the relevant ranges. The
instrument, called the Li-820, was re-calibrated! ateaned. The datalogger was
checked for errors. The batteries were checked,aasolar panel fixed. The Li-820
would sometimes start working again, and then netarproducing impossible data.
L, the electronics technician in charge of the LB&trumentation lab, complained
that every time he went to ZF2 to implement anoswution they had devised, the
instrument would mysteriously start working agaiordy to stop as soon as they had
returned to the LBA. The whole team were used imgbrt of inexplicable behaviour
—"it's just the way it is", | was told. Once, Jdtone, the road that led to the tower at
SGC was so bad due to the rains, that even thdwgyldta-storing computer on the
tower stopped, the technician could not get tottineer to re-start it. So there was a
long time with no data. Then, suddenly, it staseatking again. The technician had
said that when he had finally managed to get tHeyejding 15 km on a bicycle, he
had cleaned the lens of the Licor, but without &pe of calibration. Nothing had
changed, and J was mystified — "how on earth candtlenly start working again?"

During the time | spent with J, a particularly lelagting problem with the rainfall
data from SGC gave me the opportunity to see a eurob different aspects of
cleaning the data combined. J had noticed thaplinaometer data was lower than
expected, and had been so consistently for some fiimis prompted her to review
the range. This is a difficult process, becausmgryo ascertain if the range needs to
be adjusted a little — whether MIN is in fact themal — requires one to be able to
trust the rainfall data; and she didn't. In fatte had been involved in a long-term
battle with the pluviometer on the tower at SGCamattempt to work out whether
she was looking at error, or data. "You can't pustept any old thingh@o da para
aceitar qualquer coisg she said, "but you can't throw away data. Thestjon is up
until when is it error. Experience is very impotiayou go along (...) relating rainfall
with radiation, for example". She checked the S@i@fall against the INMET data
for rainfall, but even though there were clear dipancies, this was not conclusive as

the INMET weatherstation is 60 km away from the @owThe story she told me
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demonstrates a very typical weaving together ofvidr@ous aspects of the process |

have talked about:

"The measurements were very low, for a region 8&e Gabriel where it rains a lot, it
was really below the expected. It was as if it wadrought, really dry. So we made
some graphs, and it was like this, the averageheas [drawing a line to show me]
and it [the SGC data] was going along beside iterwluddenly it would do this
[indicating a little drop with her finger] and thémom then onwards, with time it got
worse, and we started to mistrust it. But we tooks time to mistrust it, because
during this period, coincidentally, wasraining less - so we thought it was normal.
But it continued, and we started to suspect somgthiThat's when | got the
pluviometer that was here [in the Micro instrumkaid] and sent it to LIM, and they
calibrated it and that one from Sao Gabriel was Bere, and [a technician] did a test
with multimeter and it looked like something haastcircuited. So he was going to
see if the part that is needed is available in Manpaut | don't think it is, it's pretty
specific (...) We also saw there was an error ktizat been there probably since the
beginning, when it had been installed on the towesomeone put the wrong
calibration constant. [The previous head of Micabpady knew how to identify this
because he had already experienced it, using thiehof pluviometer. And one day
| just mentioned [the problem] to him, and he talé. And | discovered that that

really was the case!”

Alongside show-casing the various aspects of akgathe data already described,
what | would like to highlight from this tale of éhpluviometer is the extreme
uncertainty that J experienced, when she couldelbif the data was data or error.
The raw data, pre-cleaning, contains exactly thibiguity, and one of the ways it
manifests is as a lack ¢fust one of the most important results of successétad

cleaning is that the certified data can then bs&téal

Making the Data Real

Thus far, | have explored in some detail the variqarocesses that constitute

“cleaning the data". The first was the naming anghwoization of the raw data as
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directed by the protocol. This, | argued, is thidahaction that decomposes the raw
data's ambiguity into either dataerror. | then described how the range turns tha da
into a self-scaling device, defining what is "witlthe possible" through a process in
which the data is brought to bear continuouslytsalf in order to determine its own
limits. Alongside this process, the data is alsaent relate to itself internally. It is
by making sure that it its constituent parts dkte correctly to each other that noise
and errors can be localized and removed. The relnobthese errors makes the data
more relational, and more internally coherent. $hecess of this activity depends on
the data cleaners developing a "feeling” for thiadim order to be able to see nature
in the data; and to gather experience, especialtheinstruments, that allows them
to see not only the world, but errors and noisthendata as well. Thus the way that
the LBA data cleaners ascertain whether their rata ds "data” or "error" is by
comparing it to other data; there is no referertzacK” to the world from which it
came, but there is reference internally to itdmdth through the range and through the
other data cleaning practices. Tiedatorio that refers to the world that the raw data
was extracted from is important in this process,itlbecomes less and less important
until it is eventually discarded altogether. Theurses of error can sometimes be
established through applying external knowledgehafv instruments work or are
failing to, but the data cleaners accept that theeemany mysteries and inexplicable
occurrences that no-one is able to explain, and this as par for the course. The

certified data that emerges from this is (or shdxdyidata that can be "trusted".

| propose that what is happening in semiotic tedusng the LBA data cleaning is
that the certified data is being made to be its osfarent. The raw data's ambiguity is
split into "error" and "data". The "error" joinsetmest of the world - that which can be
discarded - and the "data” itself starts to camtgrnal to it the relational position of
"referent/real". It does not refer "outwards", Buwards", and the work involved in
data cleaning is the work it takes to make thisspmbs. The lack of external reference
or comparison ‘backwards' to the world is from fhesspective not so much a flaw in
the process, but integral to effecting this crutiahsformation. | have suggested that
as part of this, what might be called "the outsaeld” is transformed into a mobile
"context" that can accompany the raw data in tien fof therelatério. But if the data
cleaning is successful, this outside world theraplears altogether. This outside

world, as | hope to have demonstrated in the &ingt second chapters, is not itself the
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"reality” that interests the data cleaners, exadotlgause there is no question as to its
status as real. The world just The question as to what is reality and what iscan
only be asked once that world has been transfornteda discrete version of itself
through the act of relating to it - through measgrit, as discussed in the second
chapter. It is at this point that the potential éoror or data comes into being in the
form of the raw data investigated in the third deapHowever, the raw data itself is
only in fact the possibility of the relation betwedata and error. It is the ambiguous
substrate from which this relation will be elicitédrough the cleaning process -

through self-scaling, which is here self-referdittiaand self-relationality®°

Despite this circularity, it would be incorrectgtate that in the process of being made
to be its own referent, the certified data thereftwecomes, in the eyes of the
researchers, fictional. On the contrary, it becomese real than it was as raw data,
even though it contains "fewer" (of the wrong) cections to the world. | suggest
that rather than implying a lack of reality, compgrthe data inwards is exactly the
process that (re-)creates the waridide the data set, and it is this which assures its
reality. It is as if the relation of ‘correspondehis turned inwards. The certified data
carries with it its own reality, not because itresponds to the world but because it
does not need to refer back to the world. Once certified data, it is real. There is of
course a grey area as far as the data cleanecom@acerned, when they are not sure
whether a certain data point is data or error,asutar as the certified data goes, this
grey area does not appear; the only options aré forbe data or error. The post-
analysis document that contains the reasons foadsg or maintaining the raw data
as error or data does make it possible to summesetigrey areas, if needed. But,

ideally, that should not be necessary at all.

Annelise Riles has described what | believe is {opa certain point) a similar
situation in the judicial world for "legal fictiofissuch as the fictions that the adoptive
parent is the biological parent of an adopted ¢loldin the financial world, that of

collateral (Riles 2011: 173). The question she @skehy do people 'believe’ in such

8 Here an observation made by Strathern is aptatwalidates one fact are other facts -
always provided the connections can be made td K8tdathern 2003: 174, paraphrasing
Hume).

135



fictions? Riles' answer is that it is not so muajuastion of belief, as of these fictions
coming "to take on a cultural reality of their owrdecoming "practical, technical
scripts for the management of the parties’ relatngpi’ (ibid.: 174), irrespective of
whether they correspond or not with what could tesalered "reality”. That is, they
are "non-representational” (ibid.:173). Riles sigggedhese fictions are "techniques,
tools, means to an end" (ibid.:173) because theysanply placeholders, in order for
negotiations to go ahead. They have a consequdntenot a representational
meaning, because they do not correspond to ayedlitere is certainly a clear
resonance here with my description of the procésdeaning the data. Clean data
does not refer back to the outside world in oradegain its status as trustworthy or
useful in the production of scientific knowledgeutBat the same time, the data is
expressly not a fiction in the sense Riles dessriliecause the representational
relation is still very present. Reality does indeedtter for the data to be considered
good data. The certified data definitely does havwaeaning that corresponds to a
reality. However, what the cleaning process doewoiseparate 'reality’ from the
‘world’, and then recompose that reality within da¢aset.

Bruno Latour has also provided a fruitful compamisad scientific and legal practice
(2004b). One of the relevant distinctions he maketveen legal and scientific
practice concerns the different ways that "thesfatigure in the two. In the case of
the law, Latour argues, lawyers try to get ridhad facts in order to move towards the
"particular point of law that is of interest"; ihd laboratory, on the other hand, the
fact "occupies two somewhat contradictory positiangs simultaneously that which
is spoken of, and that which will determine thetiraf what is being said about it"
(2004b: 89). In as much as the "particular poinka@f that is of interest” becomes in
this way a judicial tool, Latour's description cl@snto a certain extent with Riles’
description. But | suggest that the two "contraatigt positions held by the fact in the
laboratory are not contradictory at all. The fadike the certified data - but an
example of the fact - like the certified data bath referent to and representation of
itself. There only seems to be a contradictionni& amagines that scientific practice
holds these two apart all the tiffeThe non-representationality of certified data,

therefore, should not be envisaged in the ternaften suggested by social scientists,

8. 0r, as Martin Holbraad poses, it may present tpe@nly ethnographic paradox - a
condition with which [informants] themselves mustkon" (Holbraad 2005: 243).
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in which "any referent, upon closer inspection asdgsoon as we try to get hold of it,
is turned itself into a representation” (Rheinbert@95: 51). As this cleaning process
in fact starts with what is conventionally undecgt@as a representation of the world
(the raw data), it might be more appropriate togesgthat, in the case of the LBA at
least, scientists are involved in grabbing holdvbft appears to be a representation,
only in order to turn it into a referent. In theseaof the LBA data, 'realities' are not
turned into mere 'signs’; on the contrary, gretdrefs expended to ensure that the

signs can carry with them their own realities.

Compaction

The preceding sections have traced the processesioii the relation between real
and representation comes to be contained withind#ta, so that certified data is
finally neither real nor representation -it is &thvhat | will call the "compaction” of
the two. Donna Haraway illustrates this notion oinpaction evocatively when
talking about the gene. She writes that "withinhbtite organic and the synthetic
databases that are the flesh of life itself, gesresnot really parts at all. They are
another kind of thing, a thing-in-itself where moge can be admitted....to be outside
the economy of troping is to be outside finituderatity and difference, to be in the
realm of pure being, to be One, where the wortsefl' (1997: 134). The term itself
however comes from Marilyn Strathern, who picksHgraway's powerful imagery in
a discussion of the history of another analogic aiyit - not exactly between
information and nature, but between knowledge andhkp. Strathern suggests that
these two have, since early modern times "proviitipgrative ammunition for each
other" (2003: 184). Tracing the way in which thekenains have thus drawn upon
each other in British sociality, Strathern drawstipalar attention to the times when
knowledge and kinship cannot be told apart, whers"as though analogies between
[them] were compacted into one another” (ibid: 189)e work done by the single
term "relation” in each domain captures this notmhcompaction, as does, in
Haraway's formulation, the idea that the genasree code. Relations are related, and
genetics is an idiom in which nature is informatiohhere is no issue of
correspondence between the two because there"mohoHowever, conversely, this
does not mean that this co-relation cannot beteticiubsequently. Haraway points

out that this compaction means that "no trope @mdmitted”, it is the "god's eye
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view" (1997: 134), a dangerous perspective to assufithough she sees this
collapse of the potential for troping - and thetidleistic” attachment to a singular
reality that accompanies it - as alarming, | sugde®re in line with Strathern's
rendering) that, at least in the case of the LBfadthis compaction is merely one
phase in a series of compactions and separati@isctimstitute the production of

scientific knowledge.

| propose that what we are looking at, when we lablkhe ‘representations’ of the
LBA, are a series of compacted entities that ongamanything because they give
rise to the potential for their own separation. iRherger writes that "representations
are generators of bifurcation" (1995:83), meaningt tthe production of scientific
representations results in the production of devearsurprising results. Although the
bifurcation between data and error is one suchrdation, | would suggest that more
generally these forms generdkeir own bifurcation internally. Taking a look at the
whole process | have described illustrates thise Mmorld’ as an undifferentiated
substrate is separated ("discretized") through oreasent to give uncertainty (the
gap) and raw data (the value); raw data, as anguobs material, is then separated
through data cleaning to give error and certifietag certified data is itself a
compacted form of the relation between reality esjtesentation. Undifferentiation,
ambiguity and compaction emerge in between differeoments of separation. It is
not that any of these stages - world, raw datatjfieer data - are either real or
representations, but that they are a related sefeslifferent separations and
compactions. Where they are collapsed, they aem afiken as "reality”, although this
is notto say that they assume the position of the wdilek purpose of compaction is
to leave the world behind and allow the certifiedadto travel away from its site of

collection.

The dynamic | am sketching out resonates with Bruatour’'s insistence that we
recognize that in science (and the world in gefgnadcesses of purification leading
to pure forms and processes of hybridization legdinmiscegenated ones, engender
each other (Latour 1993 [199%f) However, there is an important difference to note
Compaction is not hybridization or "translation" anLatourian sense, that "creates

8 See also here Roy Wagner's dynamic of inventionyention and obviation, which
indirectly influences this argument; eg Wagner 1g8175].
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mixtures between entirely new types of beings, iagbof nature and culture” (Latour

1993 [1991]: 10). Rather, compaction is the cokapsone side of the relation into

the other. The data is certified when it is neitimare nor less than the world, when it
is life-size, and when there is nothing behindartd nothing beyond it. When all the
noise has been removed, and when it does not lmwertespond to the world

because to all intents and purposess iteality. It should be characterized not as
containing a mixture of nature and culture, buthasing reached a state in which
nature and culture are indistinguishable. Separasithe subsequent drawing apart of
the terms of the relation, and is thus the reabpadf the potential for meaning that is
inherent in the collapse. As | was told on severaasions, the certified data is real.
But, at the same time, the data is not the worltl Aeither is the world exhausted by
data - at the very least, the world always escéfesa certain extent. There is always
error and uncertainty - the constitutive mismatehween reality and the world, as it

were.

There is another result of the cleaning procedate@ to the 'trustworthiness' of the
data. Data is "clean" data is when it demonstrallethe relationality it can, to itself -
not to the world outside, but as a woildide This relational coherence could also be
seen as ensuring that the data in a certain sagsses with itself'. When the data
agrees with itself fully, this means that it canitpected from every angle and it will
look the same — it becomes a singularized objéctldo, however, becomes a
singularizing object. There is certified data that no-one willegtion or complain
about when they come to use it, because it is eolhewWhat everyone agrees with is
in fact the data’s internal agreement. That ighis case the certified data becomes an
object that does natllow for any change in perspective - it enforces agparce. Its
compaction has been successful when there is mbtoabspute - that is, no reason to
elicit or create - its relation to reality, as Meaargued, and if there is no dispute then
there is singular agreement. It is this singuiagzcapacity that allows the certified
data to subsequently travel to other scientists ol other comparisons. Like
Latour's notion of immutable mobiles (1987: 227%)e tcertified data is mobile
precisely because it is fixed in meaning. This awbeing "trustworthy" means in
this context. However, the certified data only mowe order to be separated out
again, this time as it becomes entangled in differsnodels of property and

ownership. This separation is the topic for thetnekxapter. Before moving on,

139



however, | would like to pause to tease out somthién consequences of this process
of "cleaning the data" within STS theory, espegialé concerns the idea of circular

reasoning or "the regress" in science.

Reassessing the Regress

The foregoing analysis of "cleaning the data" canemployed to reassess some
aspects of constructivist STS theory, as thereeidaimly a kind of "creativity"
involved in cleaning data. This is distinct alsonfr the prospect that anyone might be
"cooking" or "rigging" the data (the general ocemce of which in science my
informants were aware of, of course). Cleaning data process that involves a
substantial amount of work and requires that tha deaners’ knowledge be brought
to bear on the data. This does not imply that #tea,dn their eyes or in those of other
researchers, has been manipulated. Certifyingdkee abrtainly does not mean adding

to the world®®

There are different notions of creation, or cordtam, to be explored here.
Appropriating Michel Foucault's term "care of thelf§, STS scholar Mike Fortun
employs the term "the care of the data" to refeth "creative and tacit epistemic
virtues" (2011: 19) that characterize the relatithat geneticists have to the
"avalanche" of data that is now the norm in conteragy biotechnology. Fortun
intends "care of the data" to signify both an ethengagement with the data as an
"Other", "respecting its alterity and mutabilityibid: 18); and as an attempt to turn
away from a reductionist deconstruction of sciénfgractice. This move is one in
fact, as Fortun tells us, that acknowledges #ifinities between science and
deconstructionsim. Thus a relationship of "carebme that allows the scientist to
grasp the data "in its entirety in order to shakejuerying and rattling the whole
fragile yet sturdy structure to find its play, #arprises, it excesses" (ibid: 19), as an
algorithm that analyzes a data set may produce mstions than it answers. Fortun
thus emphasizes not the consructivism butctteativity of genetics, and locates this

in what he terms "biosemiotization”, the coaxing otinew pathways for signals to

8 As James Leach writes, "through their labouistsradd to culture”, whereas scientists
find connections in the already-given (2011: 18®)e might rather say that through their
labour, scientists doot add to nature - this is the taskntot add.
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cross interfaces that span the material and théosenihis focus leads him to draw
out an image of the generative but interminableriapof the defining boundary of
genetics, that between "the gene" and "the enviemtin He writes: "There is no
getting beyond the gene-environment impossibiliyt only a careful taking of the
next step in the eternally recurring play of theestific game of creation” (ibid.: 47).
As Rheinberger would have it, this implies not adency towards equilibrium, but a
"never-ending ramification” (Rheinbrger 1995: 5@gience is nothing if not a
"generator of surprises” (Rheinberger 1997). Thentis an image of creative excess
that is always lacking, and yet always sufficidrgcause there is no totality to aspire
to; an open-ended process, leading "to unprecedlegxeesses which cannot be
anticipated" (Rheinberger 1995:88). The notion refpfesentation” does not capture
this constant displacement and generation, becdtlse activity of scientific
representation is to be conceived of as a procegwuwy "referent” and without
"origins™ (ibid.: 51).

However, the same critique can be leveled at bdteirfberger's and Fortun’s
portrayals of science: if there is "no completecart” possible” (Fortun 2011: 47),
and no referent, then by what criteria is knowlegdgeduced? Scientific practice and
theory are left without a bedrock of ‘reality’ undeath them. This is the issue that
Harry Collins presents through the "experimentegtgress”, in which

"the problem is that, since experimentation is #enaf skilful practice, it can never
be clear whether a second experiment has been sidheently well to count as a
check on the result of the first. Some further testeeded to test the quality of the
experiment - and so forth...the failure of thessts$ of tests’ to resolve the difficulty
demonstrates the need for further ‘tests of tektesis’ and so on - a true regress"”
(1985: 2).

This, Collins proposes, demonstrates that "emslegical criteria’ alone cannot
resolve disputes in science" (Collins 2002: 186) a resolution must be sought
outside of the experiment in question, in the faimvarious non-experimental and
‘non-scientific’ activities” (Collins 1985: 100) & can be employed to break the
circle. We are here a long way from the creatiwith which we started; in fact, this

might even be "Science’s nightmare: the exampleaofmode of unfettered
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arbitrariness in which a closed assembly decidé$ow reference to any external
arbiter, with no tools other than words, and by@arconsensus, what should be held
as the truth" (Latour 2004b: 38). Observing a samdlynamic but pointing to its
stabilizing tendencies, lan Hacking points to teelf-vindication" of the laboratory
sciences, that is a result of the fact that "aabaratory science matures, it develops a
body of types of theory and types of apparatustgpes of analysis that are mutually
adjusted to each other" (Hacking 1992: 30) creaifigurious tailor-made fit between
our ideas, our apparatus, and our observationsl!(l0). Established laboratory
sciences are therefore closed systems, with eatipament in alignment, and it is
this, and not the cohering power of some underlyiegity, that accounts for the

surprising accumulation of stable knowledge thasee in the sciencé$

In both of these characterizations of scientifiagtice, what is brought into relief is
the circularity of the logic by which it operatékhe description and analysis of the
data cleaning process that | have presented peamigdternative interpretation of the
circularity | encountered in the field, that reqaameither its resolution nor privileges
its stability. The interpretation | wish to put ¥eard instead emphasizes its creativity
in the mode of Fortun and Rheinberger, but withistirtttly different inflection. In
Collins’ depiction of the regress, circularity isepumed to be non-generative: it is
only by breaking it that knowledge can be stabiliziehave argued on the other hand
that it is exactly the regression that appearbéncteaning process - that data "cleans”
data - that creates its potential torkeal. Bringing outside knowledge to bear on the
issue, and developing a "feeling" for the datashort, the negotiations that surround
the data cleaning process - are all with a viewetmmposing "nature" within the data
set itself. Although | do not doubt that those Irked with are aware of the potential
for the "non-scientific" to influence the productiof scientific knowledge, | would
argue that Collins does not need to "look outsiofescience in that way in order to
find a way to explain scientific practice. The diarity is itself an integral and
instrumental aspect to the creation of this ert#lifed certified data. This also then is
a more radical version of Hacking’'s understandihthe role of circularity, or closed
systems, in scientific practice. Whereas he prapdisat it is this stability that takes
the place of reality, | argue that for the datéeast, the circularitgenerateseality in

8 A coherence theory of truth? No, a coherencerthebthought, action, materials and
marks." (Hacking 1992: 57)
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the dataset. It is not the stability exactly thaterests me, as it does Hacking, but
rather how the data comes to take the place oitréd altogether. It only does this
because it becomes realhilst leaving the world as world’hus my description also
departs from Rheinberger’s suggestion that scieaseno referent. | have argued that
what the circularity, and the self-referential aself-scaling dynamic, does is to
compact the representational relation such thatuhderstood to be reality itself. It is
this compaction of the data, that is, its capatttipe its own referent, which allows it
to travel and gives it a relational capacity thadid not have before. The cleaning is
not only a transformative act of creativity, buathvhich it creates is also itself given

the capacity to be creative.

| have described on the one hand the separatidataffrom error, of true from false, of
world from data; on the other, the successive catipas of the two terms into each
other. | am talking about a transformative chaionetheless. | suggest that this sort of
transformation is akin to those documented in otfigrations, often in laboratories,
through which "animals" become "scientific object&ynch 1988; cf Stengers 2005,
Despret 2004). This ontological alchemy is | thodmmon to both field and laboratory
science, although it takes different forms. Thugidiel Lynch describes the process by
which "laboratory animals are progressively transied from holistic ‘naturalistic’
creatures into ‘analytic’ objects of technical istigation" (Lynch 1988: 226). This is a
transformation by which it is established that thesmimals do not have minds, and
therefore cannot share that which makes us humathsus - a move that might be
glossed as the "objectification” of a sentient geiAt the same time, one might argue
that this process requires what Stengers calls'@haesthetization” (2005: 997) of the
scientist, in order to "protect” him or herselfrfidhe recognition of the suffering he or
she is afflicting. | would as counterpoint likeaad this chapter by offering the process |
am describing as an inversion of this. In the aafsthe LBA, and perhaps other data-
driven field sciences, the transformation is note oonf "objectification”, but
"socialization". The data is being socialized, snmauch as it is being transformed from
an entity that has the wrong sorts of relations mmgingular meaning, into an entity that
can relate in prescribed ways to other entitiesbjexts and objects, scientists and other
data sets. But in contrast to the depersonalizatigras of the scientists who must numb
or protect themselves from their own actions bysdejectifying their subjects of study,

here the symmetrical counter move to this sociatimas that it bestows upon thiata-

143



the socialized objectthe capacity to create different sorts of sciensfibjects. Whereas
objectifying test animals seems to require scientis objectify themselves (although see
Candea (A) and (B) forthcoming), socializing daéstows it with a capacity to generate
specific scientific subjectiviti€®. This, it seems to me, is a particularly interegtiorm

of creativity, that | shall discuss at length itseeding chapters.
Conclusion

In this chapter, | have presented the process hghithe LBA data is cleaned. | have
suggested that this cleaning is constituted by acgwms of self-referentiality and
circularity that is fundamental to the productidncertified data. This is because it
creates reality, or reference, inside the certiftdaset. Outlining a dynamic of
collapse and separation, | suggested that the etatasnes to carry within it then a
compacted (collapsed) relation between representatand reality. This
simultaneously marks the data off as "real”, but"merld". If this cleaning is done
successfully, then the certified dagaeality, and this property allows the datset to be
trusted, and therefore to travel to other settildgsed on this analysis, | suggested
that regression or circularity in scientific praetibe recognized for the creative
effects, rather than the constructivist implicasipthat it has. One of these creative
effects is the capacities it endows the certifiathdvith, and it is this that the next

chapter describes.

% This analysis also offers the opportunity for mteiesting comparison with non-western
techniques or practices of what | am calling hergdlogical alchemy"”, or the transformation
of what the West might think of as subjects intgeots or vice versa. | have in mind the
literature on the Amerindian production of "kinship contradistinction to "affinity"

(Viveiros de Castro 2001, Vilaca 2002) and Amemmdshamanic practices that ensure that
one is not eating one's kin when one eats certaimeganimals (Viveiros de Castro 1998), as
well as the practices around funerary cannibalisthé region (Vilaca 2000).
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PART Il - THE SOCIAL LIFE OF DATA

Chapter 5: Doing Difference with Data

Introduction:

The preceding chapters of this thesis have destthee production, processing and
certification of data within the LBA in a more asks localized and linear fashion.
This is not for heuristic but for empirical reaserthe movement from collection to
cleaning is along a well-trodden, if sometimes obsc path into and out of the
forest. At this point, however, the story becomesrandifficult to follow in a

sequential fashion. After the tower data is cetifithe next task of the Micro group
is not to analyze it or publish with it, but to stat and make it available to other

researchers.

This dissemination, however, does not depend upelata cleaners alone; the data
also needs to be solicited by others in orderawedirin this way. As it is copied and
sent, the potential appears for the certified tataultiply exponentially. Although

it is the cleaning that permits the certified dadamove in these ways, as it only
becomes trustworthy enough to travel once it han beertified, the timing and
nature of its movement now involve those who haa/ijpusly been external to the
process. Tracing the outward movement of the omtifdata is therefore
methodologically challenging, and for reasons thed ethnographically salient:
suddenly, a multitude of potential "others" appearmany guises (even if they

were known to be there all along).

This chapter investigates this dissemination ofdat from the LBA. Two models
of data exchange are identified, one that is prethisn a logic of “flow”, and
another on a logic of “exchange”. | argue that ¢hae not two versions - one ideal

and one misfiring - of the same system of exchahgeiwo separate systems, that
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create two very different scientific communitie$ig realization shows sociological
descriptions of scientific exchange systems asogoals to investment markets to
be limited in their applicability. It also shedswéght on the frictions that emerge
during collaborations in which these two modelsptirers similar to them, operate
side-by-side. What is in question, | argue, is aoly the emergence of separate

scientific communities, but also different scieigtibbjectivities and subjectivities.

| turn here to the literature on scientific progenvhich also draws on notions of
creativity and subjectivity. | argue that rathemnhsimply being “truth” and
therefore an inappropriate item of ownership, théadchas certain properties that
refigure such notions as creativity and ownershitngather. Through being
exchanged, the data becomes not only what it isatad the potential to be
transformed into something else - knowledge. b @ains the power to transform

those who are themselves working this transformatio
The CPTEC Database: "Flow"

The LBA, as | was told by the LBA Data Informati@ystem manager in Manaus, has
two official data repositories. One is in the Cerfor Weather Forecasting and Climate
Studies (CPTEC), which is part of INPE, the Brailinstitute of Space Research. The
other is in the USA, at the Oak Ride National Labory Distributed Active Archive
Centre (ORNL DAAC)Y® The same data is held in both databases, andabetoverned
by the same data policy. At the end of my fieldworbManaus, | spent one month at the
first of these locations, in CPTEC. During this ¢éim had the opportunity to talk to Luiz
M. Horta, responsible for the LBA CPTEC databasézlalso gave me a brief tour of the
storage facilities. A lot of the older LBA dataaschived on tapes, rather than on hard
drive. These tapes are held in a large case imammus, freezing, humming room in
CPTEC, which also houses several supercomputersuhalimate and weather models.
The data that is held in this database - many ye&ealof it - is freely available to anyone

who wants to download it. When the older data ikcéed, a robotic arm suddenly

% This is one of the National Aeronautics and Spsdministration (NASA) Earth Observing
System Data and Information System (EOSDIS) datéece managed by the Earth Science
Data and Information System (ESDIS) Projgbttp://daac.ornl.gov/, accessed 6th July 2012,
link provided by Luiz M. Horta).
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appears and whizzes alarmingly around the tapés;tisey the necessary ones to copy
the data from. As one of the documents that Luavigied me with explained, "[T]he
LBA Data and Information System is a data managérsgstem acting as a repository
for all the LBA data. The data is quality checkezhdered to a and made available to the
LBA community as rapidly as possible and transfibrte a permanent archive. To
facilitate use by non-LBA investigators, each dagtis carefully documented and linked
in the orderly framework, so that it remains useffter the project has been
completed.?’

When | asked if Luiz had any idea as to who usedtita, he showed me the LBA data
management site, again freely accessible online Jite shows every single download
made of the LBA data from the CPTEC database, Rhaddress of the downloader, and
the country that the IP is fi.It also shows the percentage of total use assitmegch
country. A cursory check for March 2011, for exaey@hows the predominant user to
bethe United States (79.68%), but there is alsaiB(42.47%), Australia (2.07%), and
several countries with under 1%, such as Korea ((Repof), France, Germany, the UK,
and Portugal. The immensity of the network conwduby the circulation of the LBA
data is evident. It travels all over the world, ahds been used in hundreds of
publications, as | realized when the secretaryhef tBA in Manaus presented me on
request with a list of publications that stretcl@dseveral pages.

"From the moment that the data leaves here, |eteedatabase at CPTEC, we don't have
control" Luiz told me. "But the data policy of th@&A specifies that the data is public.
The Brazilian government makes the data availabigiout any cost, free. And no
guestions asked." The formal LBA data policy "ebsdies procedures for data sharing,
citation of data from other investigators, accessnfinvestigators to restricted data and
promote [sic] the exchange of quality controlleguality assured dat4®.Drawn up at
the inception of the LBA by the Steering Committeédyas several stipulations, so "that

cooperation and synergism should be maximized liBA activities" °°. The data can

8" Taken from a document provided by Luiz M. Hortdgimally intended for LBA data

users.

% http://Iba.cptec.inpe.br/Iba/lbadis/FTP_Usage/asdddos.htm Accessed September 2012
8 ftp://lba.cptec.inpe.br/LEIAME-README.txt link praded by Luiz M. Horta. Accessed
September 2012.

% See footnote 3.
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only be in possession of its creator for a maxinairtwo years (although normally only
one) before it has to be made available, and shgtrcitly policed. Luiz told me that "if
someone is part of the LBA and doesn't make thaia évailable, the next time they
apply for money for their next project, the NSF [W&tional Science Foundation]
consult me - is this person's data up to ddéeacordo} And several times, | have said
no, they haven't sent the data. They have alreabtlijshed papers, but haven’'t sent any
data at all. And so this person is not considemdnfiore funding. This has already
happened with two people.” | asked if this was gsame in Brazil. "Not with the same
intensity,” Luiz replies, "but it's a question aie until we change our ideas here in
Brazil. Because there is still a lot of that thimgre of researchers not allowing their data
to leave their computers. It's insecurity, thigust a question of scientific maturity, one
day it will happen.”

Although the LBA data policy to which Luiz is refarg stipulates that the original data
set must be kept in Brazil because mistakes cageherated by the copying proceSs,
there is also no apparent distinction made betwesides and outsides as to accessing
this data: "outside investigators may be given s€de this data as soon as the data has
been submitted to LBA DIS, after a short period fprlity control"®? Furthermore,
“there will be no periods of exclusive rights tobfish LBA results",*® with the
exception of PhD theses where publication is pritdtbprior to acceptance. Openness is
also evident in the recommendations concerningutbeaship. Data must be analyzed
cooperatively, and publications resulting from LB&search should be co-authored by all
scientists who have "substantially participated'thie work.** In one of the documents
that Luiz passed on to me to read about the LBA-Bdabase, | found the following

diagram:

1 Although when talking to the head of the ORNL DAABA database, he told me that it
was a legal vestige from a pre-digital time thanhdaded that the "original" be left in Brazil;
and in fact, the original digital data was seldeft, lout a "copy" was.

92 See footnote 3.

% See footnote 3.

% "Where data is used for modeling or integratinglis, the scientist collecting the data will
be credited accordingly, either by co-authorshipyrcitation. Researchers using data
provided by another investigator as a consideradseponent of a paper should offer the
originating investigator co-authorship. In case&mdata from other investigators represents
a secondary contribution to a paper, the data dhmikeferenced by a citation. Users of the
data should always have to state the source afate" LBA data policy, provided by Luiz

M. Horta.

148



Figure 2: Diagram taken from the LBA-DIS documeiataiprovided by Luiz M. Horta.

What my conversations with Luiz portrayed, backpdoy the substantial documentation
that he provided me with, is perhaps an archetyyion of free data sharing and
scientific collaboration. Such promises of the @dibinformation age have been intensely
critigued and scrutinized by social scientists @ditner 2012; Edwards 2010;
Zimmerman 2003; cf Castells 2007). Despite thigiolld like to sustain them here as
integral to the way that the CPTEC Database operdbata is accessible through
international centralized nodes; access is fre€; the data is in the public domain.
Everyone and anyone can own the data, and evemte@nyone can publish using it,
with due reference to the data's source. After pear, the data, to all intents and
purposes, no longer has an owner, only an origsith® diagram indicates, this sort of
system does not respect boundaries between cainifliee CPTEC database both
proposes and embodies a generalized sense of cdtgmuwollaboration and
informational exchange governed by open accesg.éwen told me a story to emphasize
the point. Aptly, he had himself been told it bRRassian who he worked with on another
project. The crux of the story was that during @@d War, when relations between the
USA and Russia were at their worst, the scientidtshe two countries still shared
meteorological data. Luiz was struck by the capagitscience to overcome boundaries

"even in war time!"
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The scientific community that the CPTEC databagsgsrto mind is an international one
that has equal access, and equal rights. Owneisshipited within the parameters of the
system, and is purely functional, in as much a®és not endow you with more rights of
use than a non-owner. A corollary of this data exge system is that it proved almost
impossible for me to actually follow the data asvis being used. The network was so
vast and the form of solicitation was automatedhsoe was no hope of my being able to
have a sense of who used what data and why, bewdrad was provided by the
automatically-updating site that displayed natigres, and bytes of information - and no
more. The documents that Luiz provided me withestdtow it should operate, and he
told me that sometimes these imperatives were draesed. These transgressions,
however, do not effect the logic of the systemlfitdeased on the free flow of data

between countries and researchers.

The LBA community is here in a sensetomaticallygenerated by the database and what
it embodies. Like other databases, the one at CPTE@ "condensed site for
contestations over technoscientific versions of aenaicy and freedom™ (Haraway 1997:
130), but in the model as presented to me by Lh& d@rea of contestation seems
remarkably small. Although Luiz mentions that Bralnes not quite manage to live up to
the model's criteria at present, it is only a mattetime. Instead of dismissing this as
merely a form of idealism on the part of the dat@nager, | would like to sustain the
CPTEC database as something to think with. Whahgeedisappear in this model are its
own limits; it makes a point of dissolving its ovioutside" and "inside". The only people
who are excluded are those who exclude themsebsesiot sharing their data. This
makes it appear limitless. As the data is alwaysg&ansformed”® into multiple forms
(publications, conference presentations, compaativdies), the point, one might say, of
this system is 'flow" itself. This is a logic tlatggests, as several scholars have discussed
(for example Biagioli et al. 2011: 7), that whaiestists produce is alwaydreadyin the
public domain, and the point is merely to makesitacessible as possible. The penalties
for refusing to take part in this system are higi, laccording to the logic it embodies,

justified.

% This transformation of the data is facilitatedanother aspect of its digital nature that |
have not explored here, which is the speed witlcvhican be copied.
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The LBA Tower Data: "Exchange”

| have argued that the CPTEC database embodiesnodel of scientific community.
Importantly, however, all the data in it is datattbame out of the first phase of the LBA,
a series of intensive collaborative campaigns spoes over the different research areas.
All of these projects were European or North Amamicollaborations with Brazilian
scientists. They had already finished well befoegrived at the LBA - although some of
these links lived on in the form of student exchemand specific further projects. The
current LBA tower data is not stored at CPTEC, ibgtead at the LBA in Manaus. It
provides an alternative model of a scientific comityu

The certified tower data that J and R have cleaseshved in several different places.
They keep copies on their own computers and or'rthiero-cerebro” computer in the
Micrometeorology office. The Micro team also hashard drive, kept in the LBA
Database and IT department (DIS), which all tha d&atopied onto, and they also store a
copy on Mo-Pora, the data platform that the LBA DiEam constructed for data
management purposes. The storage of data was, bowe\slightly haphazard affair.
Sometimes, R told me, there might be 2 weeks wherdgl not send the data to the LBA
DIS team, other times she might send the data twmiame week; it depended on how
busy she was. During the time | was conductinglfigrk, there was some talk of writing
a programme that would automatically "harvest"daéa from each member's computer.
A modeler with an interest in programming who usedvork with the LBA appeared
every so often in order to have discussions withitbad of Micro about it. However, to

date nothing concrete has been installed.

Prior to the implementation of the protocol, desed in the fourth chapter, that specified
and standardized the storage of the data (see &héptthe data was generally copied
onto CDs and stored in a cupboard at the backeoMicro office. This cupboard is now

full of boxes and packets of CDs heaped chaoticallyop of each other, as well as files
of papers and books. It was where the student anmedrom Brasilia was first sent to

try to find any old data from the Brasilia towerh@&h | asked about this cupboard, | was
told that its lack of organization was a resulthe constantly shifting membership of the

group. As people came into and left the Micro groften, the lack of stability had meant
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in the past that there was never a standardizedafioior saving and storing data - people
just did it "their own way". There was a similarrisof storage system for the old
instruments at the tower, in a shed at the bad&dgfing at ZF2. Piles of old instruments,
canisters of gas, and other sundry objects werkedtlaup willy-nilly gathering dust,
having been abandoned after projects or becaugebtio&ke and the funds to fix them
were lacking. Like these instruments, the dateh@a dupboard at the back of the Micro

office was very rarely used.

Once stored on the various hard drives, the towata dhen awaits solicitation
(solicitacdq. These solicitations most commonly arrive via gn#dthough both R and J
receive requests, J receives very few becauseat@igdnot as usable as R's. It is not such
a long series of data and, for the reasons disdussehapters three and four, it has a
large number of gaps arfdlhas On one of the infrequent occasions that J redeave
request for data during my time there, it was framesearcher in ethno-astronomy who
worked at an institution in Manaus, who was intexésn comparing the SGC tower data
with the indigenous understandings of weather padten the Alto Rio Negro. This was
an extremely unusual request. She told him thatlaga was not really in a correct form
to be used, and passed his request on to R. drcdise, unless the data is considered to be
in a particular state, it will not be passed owolld hazard, however, that if the person
making the request was someone who J knew, sonvdomevas already acquainted with
the tower at SGC and the details of the data dadledrom it, she would have perhaps
passed on some data. For example, when the hehd bficro group had asked for some
data whilst he was in Colorado at a workshop ireptd run it through a model, J had
supplied the data.

Unlike J, R receives what she described as "aootéquests for data. The data from K34
IS more attractive to other researchers becauselang-term - collected since 1999, it
consists in 11 years of data - and coherent enthaghthe relations it contains can be
taken to be "patterns” in the variables, rathentaaors®® As R put it, "K34 is much

older, it is a longer series...the advantage i$ yloa can see many more variations,
patterns, changes in patterns, extreme eventshyAequest, R and | go through some of
the emails she had received from people requedtitey There was one from 2009, from

% On top of that, R tells me, compared to SGC tearcher can visit ZF2 relatively easily,
which helps.
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a PhD student of a professor at the LBA; | also sa@ request from a student | knew at
the LBA who studies VOCs, and another from a Sweditident in 2008, who also
wanted to know the height of the tower and the @endavid, an American researcher
who teaches thermodynamics in the LBA postgraduoatese, and who | am friendly
with, also requested data. | saw emails from tlsearcher who used to be the head of
micro, and from one person who used to work at Mibut now works at another
University, and from another researcher, who hadeddo CPTEC in the Southeast of
Brazil. There are also requests from other reseaschnd students at INPA. Other than
sending an email, an alternative way to get tha tato come and introduce yourself.
One ecology student from INPA arrived at the Mioffice one day because he had taken
part in an interdisciplinary and international detdlecting workshop that had been run at
ZF2 and had been interested by the towers. He wpisidp the tower would provide him
with data that he could "relate with forest dyndmithe head of the Micro group told

him that he would have to check with the executhamnager.

"The majority of people who ask are from or canmfrhnere” R told me. "And | already
know the ones from outsidaq de for3, foreigners, collaborators...some have spent a
long time supervising someone doing a PhD or a éfastThey have already been here,
they know here". As well as being acquainted whithse requesting, R also has to know
what the data will be used for. Sometimes, shettv@xchange three or four emails with
the person in order to understand what they neddnmay. | ask her why it matters what
it is used for. "You have to say" she said adamngafitvhether it's a personal interest, if
you are going to use it for something". Often, sliépass on the request to the head of
Micro or the executive manager if she is not stiée have to keep control, we have to
know, because it is our job" she told me when Ihedsthe issue. "You have to obey the
rules. When things are all loose it doesn’'t wak& ¢oisas muitas soltas ndo dé)s like
when someone wants to go to the tower, you hawasko "Who are you? What are you
going to do there? We need a document for the wiat if there was an accident?" Each
group in the LBA has rules, she told me, and itmgortant to follow them - "that's
organizationigto € organizacdd. On one occasion, someone asked for every syege

of all the data. Even though he was working undeey well-known professor in the
LBA, R told me that after talking with the headMicro, they decided he simply could
not have it all. Not only would it have taken Roag) time to get all that data together, but

they felt that it would be impossible for him to kkavith that amount of data in any case.
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R asked him to be more specific. On one point, 8nghatic - "to get the data, you need
to have contact with people hepafa conseguir os dados vocé tem que ter contato co

pessoal aquf.

In the course of this conversation, | noticed @l#ttough showing me, R also seemed a
little reluctant to let me read the emails saflicitacfes and | struggled to glimpse the
names on the list. It appeared as if she did noit wee to see too much, clicking through
the list rapidly and singling out only a few for ne look at. Although R was often
unable to talk to me because she was so busy, Wesesomething about her reticence
that piqued my interest on this occasion, simplgabse in this case she had agreed to
spend some time with me. | propose that R's beh&vipart of a wider phenomenon that
is manifest as controlling the flow of data. Wheasked her if she could pass on the
statistics of requests to me, she informed meghathad to ask the head of Micro first.
When asked, he wanted to know if | was going toliphlthem. | assured him | would
not, but | was struck at his assumption that | wouéant to. What | failed to understand,
and am now in a better position to appreciatehas &s far as those in the Micro group
are concerned the movement of this tower dataasgeld with meaning - it has effects
and it makes differences (cf Hilgartner 2012). Mepecifically, it makes what | have

come to gloss as "insides" and "outsides".

This was made apparent to me through several stofidisputes over access to data that
| encountered throughout my fieldwork. Generalhg people involved in these disputes
were reluctant to allow me to use their storiesabse they were worried that they would
be "cut off* from the LBA's data, or that the LBAowld "turn its back" on thenvifar as
costa$ if they made their stories public. Whether tHears would have been justfied is
of course unclear. Nevertheless, their reluctamcétself is a form of ethnographic
evidence. Their need for data is much more importaan the desire to air any slights
they might have felt they had received at the hasfdtie LBA. It was partly because
they were afraid they could be shut out that thedythey belonged to a community that
had access to LBA data. This possibility of exaasihere, is not an infrequently
occurring transgression of a free-flowing data exxe system. Rather, it is constitutive
of the community itself. As one person told meldit research, "there's no other place to
study this. You always end up with the LBA", sombuld be foolish to jeopardize that

access, as "anyone who leaves the LBA knows tlkissclosed doorspprtas fechadgs.
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| am not, | would like to emphasize, suggestingt ttee LBA wantonly denies data
access. The point | am making is that people fesl éxclusion is a possibility within the
logic of this system. Those who work in the LBA vauot deny that sometimes, they
might not give data immediately to people on theugds that, for example, they did not
know who they were. The person soliciting data doashave a relation with the LBA,
and so that relation has to be forged. This canrmiccdifferent ways: an email is enough,
because even that email is itself a sign of thatioel that is being created. Similarly, if
someone leaves the LBA, then likewise, they ceas®ve a relation with the LBA and
that relation has to be re-forged. This commurstpat automatically generated, but very
actively and intentionally generated. The way tmght be experienced by the data
solicitors in question varies widely - some mayl i@&fairly treated, whilst others accept
it as par for the course. | am not interested ijdidating these disputes, but in tracing

the logic of the system that produces tHém.

This LBA community is constantly being made andwade, but not only through the
exchange of data. Instruments, names, money, faxand people all circulated, although
not necessarily in connection with each other. Winas notable about this circulation,
however, is that it was constituted by specific aftén temporally-bound exchanges. It
was not simply a free-flowing stream. Each exchahage its own particular contours.
Money and data were often exchanged in differentswat different times. A German
researcher who came over to perform a pilot canmpaith an LBA project told me that
even though the data he had managed to collechatasearly as much as he had hoped
for, it was enough for him to take back to his fersd to request more funding.

Instruments and names were other frequent exchéaeges (cf Biagioli 2008). One

" Subsequent correspondence with several informantisi® matter has revealed that an
automatic system is still planned in the futuretfar LBA tower-data dissemination, which
may affect this scenario substantially. At the séime, when | was directed to websites
where the LBA tower data from K34 was said to balable, | was unable to locate that
particular data — only LBA data from previous podge When | enquired if the K34 data was
being uploaded onto these sites, | was informetithigaprocess at the moment "remains the
same” (i.e concerning solicitations of data) altffovesearch was being done into a software
tool that would disseminate the data. This remtirse further unpacked. However, again |
would like to underline that | am not suggestingttiine LBA withholds data - the LBA tower
data is certainly available - but that there affecBnt data practices to take account of here.
Concomitantly, my description is not about whadésied through these specific data
practices, but what is creatively generated, dséeoved and experienced it during the period
of my fieldwork. (This footnote was added after suecessful defense of this thesis).
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researcher associated with the LBA told me thabruoter for the head of his group at
INPA to get funding for his projects, or borrow tinsnents, he often offered to put the
funder as co-author. Another LBA researcher told threg he had swapped laboratory
expertise and analysis for co-authorship on higpaknd this was not always a question
of specialist equipment - in fact, any researchieo wanted to collect data on trace gas
exchange in the Amazon often had to use the LBAagtfucture in order to do so. what
was exchanged on one side was the use of the pdifia access, the towers, even the
instruments in some cases, and on the other esthvauthorship or acknowledgement
(sometimes not forthcoming) and future collaborati®he executive manager's name
also therefore appeared on a large number of mildits that were based on data

collected at ZF2, because, | was told, ZF2 was uhiggurisdiction.®®

These exchanges were always specific to each prdyrk, who we met in Chapter
Three, had come to the LBA to collect data with Biearro, an instrument that was
owned by another LBA researcher in Sao Paulo. tarmefor using the tower that the
Micro team manage to attach the Picarro to, andusieeof the Picarro, he would share
both his expertise in instrumentation, and the tlza he collected - this was conceived
of as a fair exchange. In fact, he told me, asakahe was concerned the data was free,
once he was sure it was in the right (clean) statether example was David's research.
David, as mentioned previously, was a researcloen the USA who taught on the LBA
postgraduate course. His research was into thesgdhization of deep convection in the
tropics. He needed data on water vapour in the sghere. In order to get this data, he
organized a rather clever exchange. Geodesic ws&arinterested in the movements of
the Earth's crust collect data using GPS instrusndrdt measure the tiniest of tectonic
shifts. In order to achieve such precision, thewihget rid of the interference caused by
the effects of the atmosphere, mostly water vapiaunetween the satellite receiving the
data signal, and the GPS on the ground. This cnb@andone after the data is collected,
through a mathematical filtering process. The fiietence" that they removed from their
data was in fact the "data" that David needed. Swidcontacted them and suggested

that he could help them collect data in the Amazbthey provided the expensive GPS

% The executive manager’s name would also appeauede supervised a lot of students;
here, there is an exchange of work on the pati@students for the "use" of the name of the
more experienced and knowledgeable researcherut&em" here is part of the exchange
(cf McSherry 2003: 239).
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instruments. What this motley collection of diffetesorts of exchanges between different
people at different times and for different motivdsmonstrates is the material and
specific means by which the LBA community is geteda Although each of these
exchanges had its own specific duration and detedBectively they contributed to a
sense of a community. When | asked the techniciespansible for the LBA's
meteorological instruments about the reasons fudihg the instruments so readily, he
told me that it was to "keep up good relation®dog vizinhanca,lit.: good
neighbourhood). | would also like to emphasize thlatost all of the exchanges were

aimed towards eventually obtaining data.

The contrast between the LBA tower data dissenunatind exchange network, and the
CPTEC data model is clear. The CPTEC databaserisopand constitutes what Paul
Edwards has referred to as "knowledge infrastrestiurwhich are "robust networks of
people, artifacts, and institutions that generat@re and maintain specific knowledge
about the human and natural worlds" (2010: 17).s€heetworks are international, and
part of the work of the systems within them is tafisform data (among other things)
into information and knowledge" (ibid: 84). Thisadransformation however that is beset
by what Edwards has called "data friction". Frintieduces the amount of knowledge
one can get from a "given input" (ibid: 84). Morgesifically, "data friction" is what
impedes data's movement, between places and péaptbe point of these networks is
flow itself, many people, such as Luiz, spend aoliotime trying to reduce the friction
that accompanies such flow, by building faster eks and removing people who
impede that flow. The notion of friction as an irdpeent belongs to a certain ideal of
flow that the CPTEC database embodies.

Reducing friction, on the other hand, does not seeoapture the activity that surrounds
the LBA tower data. But | would be reluctant toréfere conclude that the LBA tower
data system is merely a malfunctioning versiorechhoscientific democracy. It does not
evidence the 'opposite’ of flow, but it does suggegery different logic. The LBA tower
data does not take part in the CPTEC database.tellszme he could include it if "the
owner of the data"a/dono dos dadggiave him permission - but so far, it is not aaalié
through the CPTEC database, principally, Luiz teinkecause it is too "raw". The
reference to limited access through ownership, @omaodeliberately eclipsed by the

CPTEC database logic, is crucial, and | shall retiar it later in the chapter, | would
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argue, however, that in the case of the LBA towatadt is exactly the control of the
release of the data that creates the LBA "knowlettgeastructure”. It is precisely
through the "friction" that the LBA community is mstituted. In stark contrast to the
automated and publicly-accessible CPTEC databagelld)Rme that she does not share
the data with people who are not recognized memberkhe LBA community. The
movement of the LBA tower data therefore reconfirohs relations, but it also elicits,
and often manifests, new ones, causing the linfithe LBA to constantly shift. In this
model, insides and outsides are very prevalentttadmatter.

The existence of the people who asked me not tae ghair stories openly demonstrates
the importance of data to the limits ascribed adotire LBA community. Despite their
obvious involvement in the LBA, and with the LBAtdathe refusal to grant access can
still ensure that they are, to all intents and pegs, excluded. The data from the LBA
tower therefore can be seen to be part of a dynamdcproductive system of exchanges
and negotiations. What this makes clear is thé¢mdint forms of data practice can create
not only the limits of a scientific community, bdifferent forms of scientific community
altogether. If it would be wrong to see the LBAtgys as an example of misfiring open-
access, it would be equally incorrect to descrine CPTEC system as a misguided
fantasy. | would like to sustain the notion thaeythare different forms of scientific
community - but not opposite. In the CPTEC moded, are presented with one form, in
which data is open-access and free, the commuiiynitless and data flow is the most
highly-prized dynamic. With the LBA tower data madéhe community is constantly
being made and remade through quotidian data ghagenerating potent but fraught

limits and boundaries.

Scientific Economies

In order to make sense of how scientific commusitperate, sociologists of science
have often turned to economic activity as a praslacanalogue. My description of
different communities generated by different modefs exchange therefore shares
something with sociological examinations of the-segjanization of science; but it also
suggests some alternative avenues for enquiryuldsvargue that the emphasis placed on

economic analogies runs the risk of missing the tlaat the act of exchange itself can
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generate the limits within which it functions. Onteis is recognized, it becomes

necessary to reassess what exactly is being exelaagd by whom.

Karin Knorr-Cetina succinctly summarizes early stmgical ideas as to how the
"scientific community" self-organized: "the earlyogtulation of relatively isolated
economic mechanisms (such as competition) was aeglay the assumption of a pre-
capitalist economy, which was then succeeded hytlgtrcapitalist versions of an
economy of scientific production” (1982: 104). Th&obert K. Merton's "quasi-
economic competition” (ibid.:104) was followed byavken Hagstrom's suggestion that
gift-giving was the main organizing principle iniextcce. Hagstrom posits that "the
organization of science consists of an exchangsoofal recognition for information”
(Hagstrom 1982: 22; see also Hagstrom 1965), wtteeanitial "information”, in the
form of a scientific publications, is reciprocatedth recognition by their peers on
publication. As Knorr-Cetina notes, the next infitial model of scientific exchange, one
that distanced itself considerably from Hagstrom@nclusions, was Latour and
Woolgar's "cycles of credit" (Latour and Woolgar729194). In moving away from the
sociological insistence on norms that Merton anddttam had suggested in different
ways, they instead provide a model based on "citggiband "investment”, still in an
economic idiom. They propose that, based on thapikcal evidence, it is incorrect to
suggest that scientists are motivated solely by'teeeipt of a reward" (ibid.: 197). In
fact, they say, there is "no ultimate objectivestentific investment other than the
continual redeployment of accumulated resourcess lin this sense that we liken

scientists' credibility to a cycle of capital int@ent" (ibid.: 198).

Unlike a reward, Latour and Woolgar define credibias the ability to "actually do
science" (1979: 198), and accumulating this créitiballows scientists to invest it in
different entities and projects that will in tuagcrue them more credibility that they can
then invest, and so on. "Doing science" is as nalout being able to deal with "external
factors, such as money and institutions” (ibid.)188 it is about producing facts; it
necessitates the successful conversion of oneofddapital” into another (ibid.: 201).
Like in investment banking, the ability to do saerincreases one's ability to do science,
including finding funds, sourcing instruments, gimg favours and making facts. Thus it
is through their amassed credibility that sciestisiove between the very different

spheres they inhabit - epistemological, disciplnar institutional.
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As Knorr-Cetina (1982) remarks, the power of Lat@amd Woolgar's analysis is to
demystify science by making it analogous to angthem-scientific domain - the
economy?® Their claim is not so much that science in fadieseon money, as that
science is no different from what we already un@dexd as neo-liberal economics.
Further, as credibility is composed as much ofrdgdie as non-scientific capacities, their
theory collapses (in a move now familiar to studesftSTS) what is internal and what is
external to science. On these grounds, | would ertjuat despite their subtle
differentiation between credit as reward and craditredibility, (the former being just a
sub-section of the latter), and their insistened tiredibility is capital and not currency,
Latour and Woolgar still demonstrate that the lognderlying such cycles of credit is
monetary in nature. That is, credibility can be asea, invested and 'cashed in'.
Exploring this analogy in a little more detailniight be said that, because of what might
be called its transcendental character, credibifityact resembles money more than it
does capital. Latour and Woolgar are keen to emphabat credibility collapses the
difference between the entities involved in thengection, acting as a sort of universal
commensurating medium by which 'science gets dtns'what allows the conversion of
one form of doing science into another. This h@dsmuch for scientists' motives as to
the different domains they traverse in order torese them. It is this transcendental
nature that gives the notion of credibility its pamw As Latour and Woolgar write,
"[S]ince the credibility cycle is one single cirdlerough which one form of credit can be
converted into another, it makes no difference tescientists variously insist on the
primacy of credible data, credentials, or fundirggtheir prime motivating influence"
(1979: 208).

% Although it is true that the questions that sos@éntists were asking changed during this
time. The 80s and 90s saw constructivism on tlein$STS, and more traditional
sociological questions concerning the nature oithies of scientific action and the
mechanisms of scientific integration were eclipBgadnvestigations to establish the
ontological effects of that action. The formal laage of economies seemed somehow
insufficient to the task of describing the comptexipparent in the new appreciation of
contextual interrelationship&norr-Cetina (1982) suggests that quasi-economideaisan
science, for example, fail to capture the realititactual scientific work because they portray
scientific work as isolated and self-sufficient,emhit is in fact constituted by a context of
interrelationships that spread far beyond the katooy. Thus under this new appreciation for
the construction of scientific knowledge, "cyclé<edit" perhaps became "actor-networks".
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Over and against this, | would maintain that itsloeleed matter in some cases what the
specific exchanges in question are; or rather,ithatimportant to pay attention not only
to specific exchanges, but to exchange itself asiBp. As Martin Holbraad points out,
one of the defining features of money's quanti@atnature is that this transcendental
character is necessarily temporally bound, becdtise moment | actually decide to
spend my money, the 'as if' scenarios necessagdbde...my pound is now important not
because it could buy anything, but because ithul me something in particular”" (2005:
244). Although Holbraad's insight comes in the seunf a discussion of the divinatory
practices of the Afro-Cuban religious tradition &, it is relevant here. As my
description of the circulation of the LBA tower daillustrates, it is the moment of
exchange, or the lack of it, that stimulates thapction of exactly those boundaries that
the transcendental characteristic of credibilityrisant to eclipse - between scientists’
motives, between scientist and claim, between wehappropriate for exchange and what
is not. If credibility's transcendentalizing or &lst aspect has often commanded the
attention of sociologists, here | would rather dif®cus on to the moments of specifying

materialization.

Latour and Woolgar's analysis - alongside othea$ thke the economy as analogy for
community - concentrates on the behaviour of irdlial scientists, as investment bankers
of credibility. The form of community that cycled oredibility create are therefore
"markets" (Latour and Woolgar 1979: 206). Theseaflreerms that are implicated in one
another: scientists as investors, credibility apitah and community as market. In a
community as market, Latour and Woolgar argue, dhecess of each transaction is
determined by how quickly the scientist can procéedugh the cycle. The point of the
market is conversion and accumulation, and reseesctiherefore concentrate on how
much the friction within the cycle can be reducedorder to speed it up as a whole.
Latour and Woolgar tell us "[T]he relationship betm scientists is more like that
between small corporations than between a grocdr las customer. Corporations
measure their success by looking at the growtlheif bperations and the intensity of the
circulation of capital” (ibid.:207). But althoughi$ may arguably hold as an analogue for
the CPTEC model of data where flow is indeed thestmimportant characteristic, it
seems clear that the LBA tower data exchange contynisngoverned not by ideals of
flow, but through specific and marked exchanges$ spaead data at the same time as

create limits, boundaries and asymmetries. It iparant to note here that | am not
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suggesting that this market analogy ignores thentpoof nonfit, miscommunication,
dislocation and non-portability” (Riles 2010: 798ithin the 'market’ as a social form.
Luiz is very aware of these problems, as are theralatabase managers | spoke to. | am
suggesting instead that using this market analogmtlerstand both the CPTEC database
community and the LBA tower data community will eesarily imply that the latter is a
malfunctioning version of the former. Whereas intfahe lack of flow, the negotiated
movement of objects and entities, and the conttefted over the movement of data are
essentialto the LBA tower data communiiyp contrastto the CPTEC data model. The

one is not a failed version of the other. It iSféedent model altogether.

The existence of "informal data economies" withsresce has already been noted by
Stephen Hilgartner and Sherry Brandt-Rauf. Theyewri

"Much discussion of data access uses a model efares that emphasizes open
publication and the process of peer review, repboaand reward through credit for
discovery...But open publication is by no meansahly way to grant access: Data in
their many forms are also bartered with other netegroups as part of the terms of
collaboration, distributed to selected colleaguestented, transferred by training
visitors in novel techniques, provided to limitegbgps of recipients on a confidential
basis, bought and sold, "pre -released” to corpospbnsors prior to publication, or

kept in the lab pending a future decision about tisposition” (1994: 363).

Hilgartner and Brandt-Rauf point out the importarafe"informal exchanges that

form the underpinning of a dynamic and play an ingod role in such processes as
the brokering of collaborations” where gaining estricting access to data is a
complicated political act. The idea of an "inforneadchange”, or "the underground
economy of data", implies however a continuity begw the two models, an

implication which, in the case of the LBA, | woullispute. These are not formal and
informal parts of the same system, but two diffesistems, one privileging flow and

the other, exchange, which marked differenceslafaats between different groups of
people. It is in fact crucial to recognize thatytloecur simultaneously and separately
and that, as | shall now argukpth have ideal and malfunctioning versions of

themselves.
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Data Equivocations

Very early on in my fieldwork, | had a conversatiaith a well-known researcher
after a master's defense. hapressed upon me in no uncertain terms that he
considered the flow of data to be in one directaty — from Brazil to the rest of the
world — with very little recompense in return. "Ydave to import scientists [into
Brazil]", he tells me. "It's a statistical questidrhere just aren't enough people with a
top education. Brazil is a data provider, what dljolimate] models or development
in return?" He went on, "the 'ground truth' is ttiere is always a flow of data in this
direction’, that is, out of Brazil and to the re$tthe world. On the other hand, the
head of the LBA database and IT department whoresigonsible for the LBA data
management had a different idea of data flow. A&spgérson responsible in the most
explicit way for data sharing, in that he manadeel LBA database, this researcher
had a very keen interest in keeping data flowingimulating. In fact, he explained to
me that the point of a database is to keep theidatanstant use by someone, anyone
— the more used it is, the better-kept the dand the less 'entropy’ sets in. As he
told me "[we make sure that] all this data is algvay object of attention, and so it
starts to change its tendency [towards entropg]nidt going to keel ovecdir) like a
person, like in the past. Whoever has collections still on paper, and never passed
them on to anyone...no-one uses that data anymbig happens a lot. But not here,
here you know your data will become more valuabid avill be visible, well-

documented and well looked after." The more fldve, better.

Both research and data management are importaist @at BA scientific practice.
Both the researcher and the database manager amrerned with the movement of
data. However, they saw this movement very difféyeriThe first pointed to an
unreciprocated movement, in which data flows out bothing flows back in —
without fair exchange, it is a movement tisaparatesBrazil from the rest of the
world. The second sees data flow as a crucial agfets own existence, and the free
circulation of data as anifying force. Again, the difference between “flow" and
"exchange" emerges. This difference seemed to @again and again throughout my
fieldwork, at all levels of description, and witkffdrent torsions. Some of these were
more extreme than others. At a meteorology conterehhad a conversation with a

meteorologist who is involved in trying to draw gpidelines for the meteorological

163



community concerning the freedom of data produce@tazilian scientific projects.
She told me that there were two clear camps — tiwsefavoured data-sharing and
free access to data, and those who did not. "Wgdréo our necksenterrado$ in
data!" she exclaimed. "So much data, not just elasienal but from models as well"
- but even so, sometimes "it's easier to get data the United States than it is inside

Brazil!"

| was struck by how versions of these two modelsflofv" and "exchange" presented
themselves to me in different guises throughout freldwork. They appeared most
dramatically inaccusations of data having been "stolenubados) Several members of
the LBA knew someone whose data had been unfaaktert or stolen by a foreign
research partner — that is, either not shared dwigollaboration, or published without
any forewarning or acknowledgement of the partriprsfhis seemed to be an on-going
concern for many of the researchers | spoke toth&tsame time, other researchers
expressed confusion as to accusations of stealetgothers suggested that there were
only certain conditions under which stealing datessvat all possible. When | asked an
American researcher, for example, about the acomsabf stealing data, he was a little
nonplussed. "You can't really steal data like thlag said (meaning "in that way"). He
explained that although he accepted that people baen known to take data without
permission, as far as his personal experience pgeebad never personally heard of
anyone doing that, at least not with a state furgtegect like the LBA. This was because
the data is free - it belongs to everyone, he sad,told me how surprised he had been
that he had such an unexpectedly hard time gettatg from certain institutions in
Brazil. A Portuguese researcher told me that afjhodne might be considered
unconventional for it, he would not have any qualremg someone else's data - if it was
available online, as far as he is concerned iég,fand he'll use it whether they had
published or not® Another researcher, however, told me "imagines ot some raw
data, and I'm not working on it. And then someoomes along from Scotland and uses it
to write something — you can’t do that, that’s bitegp It's very rare —people generally
have a moral conscience — if someone uses youy yaiacan denounce them. If you like

that soil data, and they haven't written anythingod can't just use their data, the

1% This informant subsequently also expressed santation for not being included as co-
author in a publication, for the data he had predid collaborator. When | brought it up, that
collaborator told me "he's not a meteorologistt'sha@ot his area", and said he had written the
article pretty much by himself.
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scientific community will come down hard on you.sibmeone goes and uses this data,
you think — hang on, | was there working, | domibw that guy — and he will end up

being discredited. Officially, I'm the owner of thata.”

These accusations of stealing are the result a¢atigl different sets of data practices
being brought together within a collaboration. Tene#ferences often seemed to lie
along the fault lines of nationality: However, almost every time that | heard stories
of difficulties and conflicts between foreign (n@nazilian) researchers and Brazilian
ones, they turned out to centre around data tmefbme similar act, or the refusal to
share. The salient point of the stories from omwe svas always that someone from
outside had come in (to the Amazon, to the LBA, the collaboration) and
inappropriately taken data, or stolen it. On theeotside, when | asked people from
'the outside' about such accusations, | was tolMhg not really possible to steal data
like that. One researcher asked me what the foreg@archer was meant to do, wait
for the Brazilian to publish first? That might takears. On this side of the debate, |
also encountered lots of stories about how datablkead unexpectedly hard to obtain
in the first place, or how questions of ownershga lheen unexpectedly important.
Mark, for example, had come up to me perplexedayirig been approached by an
LBA researcher and asked to whom the data fromPitarro experiment would

belong. "As far as | am concerned, the data is'fleetold me.

The crucial point is that this was not one disceulsit two going on simultaneously
and exclusively, even in their interaction. To #dkat privilege free-flowing data
streams that eclipse difference, the other sidenssalf-serving or naive; for those
who understand data exchange as being a vehicleddking differences, the other
side are to be treated with caution, or even seemulies. "lt's no good being
innocent fido da para ser innocente one researcher told me. | propose that they are
both correct, because there was not one model adfaemge, but two. It is not that
Brazilians do not know how to share data, or th&AUesearchers are thieves - but
that there are two models of data exchange runsidg by side that operate
according to different principles. As anthropoladgoy Wagner puts it, discussing
the relation he had with his Melanesian informadtging fieldwork, "[t]heir

misunderstanding of me was not the same as my oesstanding of them™ (Wagner

191 One researcher from the USA even spoke to me &dboieintific colonialism"”.
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1981 [1975]: 20). The way that the different greupisunderstood each other was
different; or rather, they did not agree even antdrms of the argument. Any sort of
polarization of these positions along internatiolvas is compromised by the fact
that this difference was not only between Brazdiamd foreigners, but also within
Brazil, and between different disciplines, as wa#l hinted to me as between
individuals. There was some discussion, for insabetween the different Brazilian
institutions that had been involved in the congtomc of the telemetry system
concerning due recognition online of the sourcehef LBA tower data. On another
occasion | was told that collaboration is the onby to do science today, by the same
person who would at another point tell me a stdygud how their data had been
stolen by a French scientist at a conference. Tdweret is insufficient to suggest
simply that one form of data practice is Braziland the other American. It was
through such equivocatiolf$ (Viveiros de Castro 2004) as these that | came to
understand that perhaps the only commonality adtesspectrum of positions in my
field was that foreign-ness and indeed any softoafsideness” is a way of talking
about data, and data is a way of understandinggiomgess and "outsideness".

| even experienced this myself, as | described aboten | asked to see the LBA's
data-use statistics, and was asked what | intetaldd with them. | had not expected
any sort of resistance to my request because tagpteof such data would not mean,
for me, that | was either inside or outside the LBwhereas the exchange of it
obviously implied exactly such issues for the LBAckd team. Notions of foreigners
and differences were construgagtoughdifferent data exchange models. The CPTEC
database is one version of one of these modelghandBA tower data is one version
of another one. These two were the most prevatemiyi fieldwork, but it is important
to stress that they were not necessarily the omposieach other, merely different. |
suggest that the LBA tower dissemination systemsasnewhere between, for
example, the two poles that the meteorologist desdrto me at the conference. |
suspect that there are many models operating iry eegentific collaboration. These

models may exist side-by-side, sometimes runningashty parallel, and sometimes

92| have discussed Viveiros de Castro’s notion ohtmlled equivocation"” in the
Introduction to the thesis; suffice to repeat rHbed in Viveiros de Castro’s terms,
"[E]quivocation appears here as the mode of comoation par excellence between different
perspectival positions, and therefore both as ¢immdof possibility and limit of the
anthropological enterprise" (2004: 3). | am extagdhis insight to take account of the
contours of the collaborations | saw in the field.
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colliding - but even in their collision, as in thebllaboration, they remain separate. |
suggest therefore that in order to understand lodewnsfic communities and scientific

collaborations work, it is necessary to move awaynfan all-encompassing market
analogy, in order to examine how these communérasrge from different systems,

logics or models of scientific exchange, and hogytbo-exist.

Owning Data and Scientific Subjects

| have made the case that all scientific communitiee not necessarily akin to
economic markets; | would like now to turn to thbey implicated categories in the
economic analogy, that of the "capital" and thevéstor”. | have already argued that
it is important to countenance the specificities tbe exchanges that occur.
Elaborating on this, my argument will now be thatvhat is being exchanged is not
abstract credibility-cum-capital (or indeed publioca-cum-gift), but specifically
certified scientific data, this has certain repsstons for those involved in these
exchanges. One of the most pronounced differeneeselen the models of "flow"
and "exchange" is in their embodiment of very ddfg notions of when and how
data can be or become property. In the model @'t ownership is eclipsed as
quickly as possible; in the model of "exchange",oad data it is becomes very
important in determining how it will move. | willlgo pick up my suggestion, in the
previous chapter, that the certified data thatutates in these networks has certain
creative properties. These creative properties,illl pvopose, lie precisely in the
possibility of ownership.

Questions of ownership appeared frequently throughuy fieldwork - as the
accusations of stealing clearly demonstrate. Thighinbe considered surprising.
Several scholars of scientific property have madsase for the separation of the
scientific exchange system from the liberal madainomy, on the grounds that what
circulates in scientific systems by definition cahbe owned.As Corynne McSherry
writes: "perhaps the most vexing feature of authiprsn academic science is its
ability to instantiate and traverse two visionsoliolarly exchange. According to one
vision, scientific authors participate in a gifoeomy, a system of exchange premised
on reciprocity, reputation and responsibility in ieth the commodification of

scholarly work is immoral” (2003: 226). On the athand, she says, citing Bourdieu
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(1988) and Latour and Woolgar (1978], there is a system of "capital accumulation
and investment" which defines a market of exchamgeumulation and return. In
following the instantiation and dissolution of theundaries between gift and market
economies (thus defined) in the lengthy legal rgsmh of a controversy about rights
of use of a science course syllabus, McSherry poitat the uncomfortable
cohabitation of these two domains when they areudhb into relief in public
disputes. This tension has also been pointed olWN&ryo Biagioli, who draws our
attention to the "distinct yet complementary” (1998development of the liberal
economy that privileges original expression, anel ieward system of science that
privileges truth - systems between which the ideactentific authorship has been
uncomfortably sandwiched. These studies, and ottkerthem,'** point to the murky
areas and unstable legal definitions that mategaalihen decisions have to be made
as to who owns and can use scientific products, veimakt happens when scientists
"have to confront, usually with unease, the tersibatween the traditional ethos of
academic authorship and the logic of property drednarket" (Biagioli and Galison
2003: 3; see also Biagioli et al. 2011; Mcsherr@320

In Latour and Woolgar's analogy credibility takée tplace of and in effect acts like
money (rather than capital, as | have argued)héise studies, by contrast, emphasis is
placed on the ways in which it is inappropriatdreat scientific knowledge as capital -
something that can be exchanged for money. Althdugting is an acceptable form of
"money"” within these systems, the problem heratisar with the power of money as the
index of the market economy, regarding its powercteate the wrong relationship
between objects and subjects. As Biagioli has extety explored, the problem is that
market monetary transactions imply relations of/ge property because "money is the
unit of measurement of the value of that form afparty” (Biagioli 1998: 2). Scientific
knowledge, however, cannot be private property, taedefore cannot be exchanged for
money. This is because scientists, Biagioli tells, produce truth, and - as a
representation of nature - truth, by definitionniat be owned (Biagioli 1998, 2003,

2008). Even if the quantitative aspects of knowtedge in some cases sought after in

193 As Knorr-Cetina did in 1982, pointing to the satie of these models even 20 years later.
1% For example, in her investigation of the oncomauestent Fiona Murray (2011) suggests
that paying attention to the interactions and seetions of the separate cycles of "patents
and papers" allows her to move beyond "a simpléaal of patents and the commercial
economy as either totally irrelevant to or destngythe traditional academic economy" to
explore how patents also become means by whichtgt®can negotiate their own value.
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order to be able to commensurate its vdfifeexchanging knowledge explicitl§or
money is a very different matter because it womgly that legally the scientist privately
owns that knowledge - and no-one can own truthit & in the public domain. The
evaluation of knowledge in monetary terms is cohgaly impossible, because it refers
to what is literally "priceless" (Biagioli 2003: 8% *°°

The only way a researcher could own 'nature’ is i demonstrated not to be 'nature'
anymore, and if this is the case, the relatiomisomger considered to be scientific. Thus
genetic procedures and biotechnologically engirtkemganic objects can in fact be
patented, but this is only by "arguing that thesedpcts have been extracted from
original state of nature and packaged within preesghat are deemed useful” (Biagioli
2003: 257). This, however, shifts the product, Hrerelation that the scientist has to it,

out of the realm of science and into the realmhefrharket, and IP. "Patents and papers

(Murray 2011), even if positively reinforcing, casrbe simply converted into each other.

This argument is doubly-insulated. On the one haatentists cannot own what they
produce because what they produce is truth andbghakefinition cannot be owned; on
the other hand, theaythey produce it also prevents them from owninghi scientist is
"not represented as someone who transforms realiproduces "original expressions™
(Biagioli 2003: 257). This is not only in the eyetk IP law, as anthropologist James
Leach demonstrates with an empirical example fromstugly of an interdisciplinary
project involving artists and scientists. Duringstbroject, he noted that "the scientists
were represented as not being creative in a siNgestnse" because their work consisted
in "revealing relations that already exist indepartdf any human subject” (Leach 2011:
145). Indeed, the scientist cannot be seen toeciaaany way, as this would disqualify
his or her product from being "true”. Creativitytieerefore bound up, in the eyes of IP
law and perhaps beyond, with subjectivity, and bath bound up with the terms of
ownership. As scientists do not create in this vilagy cannot own what they create, and

as they cannot own it, they cannot exchange itfoney. Exchanging their truth-bound

1% For example with the Bibliometric index, (cf Jen2011), that nevertheless meets much
resistance.

19 |n fact, neither nature nor people as such aresgpiate property in Euro-American
convention, which is why questions of disputed owship often come down to drawing the
line between what counts as nature, and what datesan what does not count as property
and what does, respectively (cf Strathern 1996).
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knowledge for money would not only create a traesgive relation of ownership
towards it, it would also imply that they had ceshtit. The elision of scientists'
knowledge and truth functions therefore as a me&mnsaintaining the scientist as a sort

of uncreative subject.

The idea of ownership that is in play here, infiren of IP law, is one in which subjects
own (some) objects, and by so doing, have the t'rightransact them. That is, it is one's
position as an individual subject in a market eecoypdhat bestows upon the object the
capacity of being transactable and exchangeabler Nave the right to sell your
possessions, or what it is you have created. "Ggimyris exactly the manifestation of
this belief. However, in the case of the discussianound scientific ownership this
relation seems to run the other way. That is, lasause the object (“truth") in question
is inherently 'unownable' that scientists cannotolaers. It is theobject's inherent
characteristics that make the scientist into aagersort of subject - a non-creative one
without property rights. The scientist is seen asimply a "laborer”, making "(new)
connections between existent things" (Leach 2055))1 But what this then implies is
that if the object in question were not in facthruhe sort of subjects in question might

end up looking very different.

Whereas Hagstrom’s "gifts" are publications, antdligations (and therefore authorship)
are also the centrepiece of Biagioli's argumeng, tBA produces an enormous amount
of data, and not just publications. Data is notriated" (Hagstrom 1982) to scientific
journals, and nor is data a claim on truth. Desthis, it is still one of the most crucial
items in these exchanges, because "everybody wentfata", as one researcher told me,
though "no-one really wants to come here and {ettiis the possibility of obtaining
data that draws researchers in from all over thddyas David told me, the reason that
he has leverage with those he wants to collabevelteis because he is in the Amazon in
Brazil, and therefore has the possibility of cdileg data that they do not have.
Amazonian data is precious because of its scamtych means it is highly valued. And

it definitely, at least in my field, elicits relatis of ownership.

Previous chapters of this thesis have shown tisaaraas the researchers | worked with
are concerned, nature cannot be asked whethereiali®r not. It just is. Nature and truth

might be understood, in the same way, not to berécplar person's property - the
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guestion does not make any sense, because theyemngne's property, and no-one's.
Biagioli argues that whereas the starting pointsiaentific products is "generic" nature,
the result is aspecificitem of true knowledge about nature" (1998: 5).ddggests that
although there is the transformation of somethingpecific into something specific in
both the liberal market economy and scientific ays, in the latter these two forms are
not legally different enough to be able to be "lgg&raced or monetarily qualified”

(ibid.: 5). He thus elides not only nature andhrigut scientific claims, nature and truth.

However, my own description of the production ofadanclines me to disagree that
what scientists produce is best understood as tEbenno different from
truth/nature, even though it is certainly underdttm be reality. This is because, as |
have argued, it is only when nature is measuredthigaquestion of reality becomes
salient. With measuring, uncertainty is introducedo the world. In order to
overcome this, and create reality in the datatwt-is, to give the data the capacity to
carry its own referent with it - this uncertaintyust be removed, as far as possible.
But it will always be there. As one researcher tolel "the data, it's always wrong (...)
but it is trustworthy" ¢s dados estdo sempre errados (...) mas sdo ceidiakliding
data and truth would eclipse the uncertainty thain inevitable feature of knowledge
in observational science. Furthermore, in this @sscof making the data refer to
itself, nature itself recedes into the backgroundprder to allow reality to emerge.
Data is not truth, and it is not nature - but ih d@ more or less real. It can also be
stolen, according to my informants, which meanesait be owned. So, given these
ethnographic particularities that seem to distanmog field from Biagioli's
conclusions, the question here is, what is it $padiy about the LBA certified data
that means that it can be considered as propenty, véhat different notions of
property are in play here? And what does this in taean for our understanding of

scientific subjectivities involved and their pot@hfor creativity?

Means and Ends

| would like to propose that ownership can be ustbed as an axis that runs between
data and knowledge, where knowledge is understodzbta claim about the world.
This claim might be in the form of a publicationtht could also be in the form of a

presentation or any form of substantial analysithefdata.
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To demonstrate this, | will return briefly here iwo ethnographic instances that |
have already introduced. | asked the researcherhatdlampressed upon me that data
only flows in one direction, out from Brazil withbdue recompense, if he thought
that was because data is only "discovered", comdpaéoe knowledge, which is
considered to be in a sense "made”. He disagreetehdartedly, telling me, "[Y]es,
some people say "oh, the data in itself doesn'e lew value. It needs a certain
amount of intellectual work." But data has a vallieere's an enormous amount of
work done on the data already — collection, treatna&d so on — each part is not a
single thing, one thing (...) The data can be \@fferent in a complex environment
[like the Amazon]. To install the instrument is eddy a lot of work, as much

intellectual as any other."

On the other hand, the database manager that | dlagealready introduced had a
very different idea of this relation between datd &nowledge. He told me, "Data, it
generates knowledge (...) It's extracted, by the wens observations (...) but
looking at this data, it doesn’t make much sensg you have 40 MB of data from an
experiment but it won't give you any scientific aes. What is there in this data?’
The difference he was pointing to, he told me, Wwasveen "data and knowledge.
Data doesn’t tell you anything. | can get the datd analyse it, but the number isn't
going to tell me anything. The data is just a numbe doesn't have a nature
(natureza. It can be in various scales. The number is mowkedge. It's essential to
generate knowledge — | can't affirm anything withaunumber.” Although both
researcher and database manager agreed that veat&cht® be done in order to make
data meaningful or valuable, they differed conasgrthe point at which this happens.
In the former case, data alrea#las valuable, because it had already acquired
meaning through the intellectual and physical woekuired for collecting and
processing it. In the latter case, data "doesi'ytel anything”, and had to be turned
into knowledge first before it could be thoughtagfmeaningful and valuable.

If, as the first researcher argues, it is becaasa dliready has a meaning and value
that its circulation should not be free, then megnand value are tied to the
possibility of ownership, through the work thatdene on the data. In this model,

what the data gains through being worked on andematb certified data is the
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potential to be transformed inemmething elseand this potential has a value. It is

around this transformation that ownership coalesces

The transformation of data into knowledge, medidtgdwork, is therefore crucial to
understanding data as property, and particulariyniberstanding the different models of
data exchange that | have already described. Aféature differentiating the CPTEC
data from the LBA tower data is that the reseachet BA-ECO, the NASA led section
of the LBA that contributes data to CPTEC databhage all collected and cleaned their
own data (or had their students do it for them)thrmore, those who contribute data to
the CPTEC database have all had the chance tospuhk data - at least formally, within
the logic of the data policy. That is, they havehald the chance to "own" tlpgocessof

the transformation of the data into a claim abbetworld, or into knowledge. They have
all had the chance to realize this potential teainderstood to be in the data, thanks to
the process of cleaning and certification. In theecof the LBA tower data, on the other
hand, the data cleaners are excluded from thisfwemation. That is, they exchange
their work on the data for money, so tb#tersmay use the data - as several people told
me "it's just their job". By this reasoning, becaukey do not publish with the data, and

therefore maintain a certain distance from it, tdeynot own it. As R told me,

"Look, I...no, I'm very clear. | don’t have any krto this data. Whenever [the head of
Micro] or anyone says that | do | say no, that thi®sn’t belong to me. This is not my
property. Because...l didn’t see...right, | didsete how it was there in the field. | wasn’t
there. | don’t have a close record, see? So | agrilsuse this record, it's very close, it's
like | was there in the field". So, | am going tceen lots of barriers, it's going to be
difficult...and this would take me an enormous aniaoof time, time that we generally

don’t have here. So, what do | do? I try to deahwit with what | do have (...) This is

what | do have [pretending to speak to someone whasking for data]. You're the

researcher, you're the one who is going to worlwhis."

She was referring here to situations in which peewuld complain about the state of
the data - that it had too many gaps, or why shikeléfain certain values (as discussed in
Chapter 4). Not being the owner of the data absobree of responsibility for it on the
one hand, as R is suggesting; but on the othatsit means one cannot carry that data

forward into knowledge. The situation almost sedmde at right angles to the one
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described in Biagioli's analysis. Here, the faet tiney have exchanged twerk they did
on the data for money is what prevents the dat@neles from claiming to own the data
itself. Conversely, those who work on the data thelres and who therefore 'own' it, are
able to do so because they have not accepted angynar that work.

Of course, the situation is not as clear-cut as. tini J and R’s case the issue is that
theydo in fact have a claim in the daexactly becausthey worked on it - whether
they were paid to do so or not. As the researctuiet! above points out, even raw
data already has had a great deal of work invastéd collection. The free-flow of
data out of Brazil is inappropriate because thea datnot free at all. | asked a
researcher from the USA about what he thought ah& J’s position, and he told me
that he imagined that in the USA, their job woulel done by a post-grad student.
When | asked him if that student would feel like thata was in some way theirs, he
replied "hell, yeah!" Despite the fact that J andrR not post-grad students, and even
though the data-cleaning being "their job", thell &el a claim on the data. This
sentiment was made very apparent during one trithéotower K34. During the
preparations for the installation of some radiomsett ZF2, the head of the team told
me about a campaign that had taken place in Juistwhvas away from Manaus.
Students from the LBA and INPA and other Braziliastitutions, and from the
University of Arizona, had come to ZF2 to spend eelw or so collecting data in
different ways, during a didactic field trip to imathem in what data collection
campaigns consist of. The American professor ingéhéaad asked for the data from
the tower K34 afterwards to compare to the datsthdents had collected during the
field trip. He was very complimentary about the esmce and usability of the data
set provided to him. In the discussion that folldwseveral people commented:
"well, they’ll write an article quickly from thatadla. No-one considers that someone
worked on that data, or will include her" and, "theta is used so much that no-one
includes who treated the data...if everyone did,R/swould be amazing!" R's work
was clearly linked here to the data, and althounghprofessor had made it clear he
would not publish anything from the data withoutrpission, the Micro team felt that
their work on it gave them certain rights to iteavas they recognize their role in

disseminating it.
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In this way, the data is recognized as having & gmsvell as a future. Almost all the
activities that contribute to a data set's emergeascan object have the potential to be
a claim. When | raised the subject with a researttben the USA, he acknowledged
this but wondered where you would stop, if you werenclude everyone involved in
producing the data as the owner of the data. Doiyoude the motorist who drove
you to the tower, the tower builders, the cookthatlodging? On the other hand, as
one member of the Micro group remarked to me, upgh&r elbows in soap suds
whilst scrubbing a thermohygrometer, "who want®éohere doing this? Generally,
people just want the data, they don’t want to wiankit". This sense of entitlement
was tempered however, in many cases, by a sen$esasl, that the data also was
not hers, that the work she did was just her jobe @searcher also acknowledged
that in publishing using the data, "the foreigreme only doing what us Brazilians are
not." J and R both have master's degrees, andotitbyexpressed an interest in doing
a PhD. But there simply was not time. Both of thiead been struggling during the
period of my fieldwork to find the time to write amticle based on the data from the
towers. Their frustration was quietly held, andeharsurfaced explicitly. If | asked
them about it, they avoided the question. But asresearcher told me of his decision
to leave the LBA to do a PhD elsewhere: "do you twanbe a technician with a
master’'s degree your whole life?" This was a segnini often heard’at the LBA,
people with master's degrees do the work of techmsc’ (No LBA, quem tem
mestrado faz trabalho de técnjcdt was often aired as an expression of frusimti
and explained as a result of the lack of fundireg the LBA was experiencing at the
time. Whatever its cause, what it signifies is tthéficulty in classifying or
categorizing J and R, and their work, and theie @ scientific subjects. Given the
way in which work and ownership are mutually imatied, | would argue thaheir
particular position can be understood as one irclwtiiey own the data, because of
their work on it, butdo not own the potential the data has inTihe data is in this way
split for them in a way it is not for those partadiin the CPTEC database, for whom
the data as it is now and its future transformatwa merged into one singular

form 10’

197 Returning to the differences in data practicesiptesly examined, the data's temporality
provides another perspective on the different noodétlata presented. As anthropologist
Marilyn Strathern writes, "[O]wnership gathers gisrmomentarily to a point...[It halts]
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R and J are in an unusual and liminal positiorhia $ense; perhaps not unlike the egg
donors of anthropologist Monica Konrad's study, vgine away potential without
any claim to its realization (Konrad 1998, 2005gréi too, "what signifies is being
the origin of a process that another carries fodgStrathern 2003: 185). But
whereas in Konrad’s analysis, it is in the namefsgs of donated ova to unknown
others that lie "the beginnings of a non-possessivdeling of these...anonymously
pooled, body parts” (Konrad 1998: 653) lie, whandl R experience is a sense of
ownership that cannot be openly expressed, buttliegt nevertheless feel strongly.
The ova donors Konrad describes have a sense afireection between themselves
and their recipients, but they also preserve andyymhere is a nameless relation,
such that they "cannot quite put [their] fingertww to identify the 'something’ that is
the relationality between them, and this kind dfudieness (...) is the form of the
relatedness making up the connection” (Konrad 198282). But whereas what
surprises in reading about Konrad’s donors is thapacity to be anonymous and
non-possessive in relation to their ova, here théinverse: it is surprising that J and
R should feel any sort of ownership towards sometlthat is firstly simply their job,
and secondly, if we recall Biagioli's and Leachiguanents, not creative in any way.
In Konrad's analysis, it is exactly the anonymityatt creates what she calls
"transilient” kinship (ibid.:559), whereby "womerheimselves can make their
procreative powers into an ovular economy of intkjsctive (cross-corporeal)
agency" (ibid.:655). Conversely but just as credyivl argue it is exactly J and R’s
eclipsed possessiveness that brings forth a cestentrolled economy of information,
in which the relations evoked by the data's movdénaee of great importance. As
Soumhya Venkatesan draws our attention to in a \different context, the
transformations worked upon an otherwise anti-sabgect (or "free gift") can make
it into an "enabler of relationships, not betwed gjver and recipient but between
hitherto unrelated people” (2011: 48¥

endless dissemination” (Strathern 1999:177). Tgrthis around, | would sapomentarily
halting the flow makes an owndrhe point at which the data's past and futurelacéded is

the act from which ownership precipitates.

198 Another way to contrast the British ova donorshvifite LBA data cleaners is to suggest
that whereas in the former case, it is surprisitag such objects as ova can be "alienable", in
the latter it is curious that such an object asrgdic data can be "inalienable". What this
distinction speaks to are Western notions of thaioms between subjects and objects. As
Christopher Gregory defines it, in a "commoditybeemy such as the West, exchanging
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Through the work that they expend in cleaning the&adJ and R create a scientific
object that can have a specific form of relatiopshith them - one of property. But
this relationship runs both ways. The certifiedadalso creates them as a certain sort
of scientific subjectThe different configurations of the transformatiohdata into
knowledge that | encountered in my field not onbyiribute substantially to making
"humans into particular kinds of subjects callebsiists” (Haraway 1997: 142), but
also to making them into particullindsof scientist subjects. Fortun and Fortun write
that "[S]cientists are, inevitably, coded — by teehnologies with which they work,
by hegemonic cultural formations, and by forcefulifcal-economic currents”
(2005: 50), but that "coding”, 1 would argue, ifoam of relating.There needs to be a
space for a notion of a scientific subject basedomowhether he or she adds to what
he or she produces, but on the inevitable factwiet he or she produces gives them
the potential to relate in certain ways. The twodels of data sharing that | have
discussed differ most profoundly not because one GQPTEC database) deals with
"truth" and is therefore considered to be in théligpudomain, whereas the other
(LBA tower data) does not. The important differetetween the data that goes into
the CPTEC database, and the LBA tower data, isttieatlata that is in the CPTEC
database is data from projects that are run byarelsers who control the means as
well as the claims to 'truth’, or what am glossasg'knowledge" or "future claims".
That is, the researchers in LBA-ECO, the NASA-ledt®n of the LBA, worked on
their data, and produced publications from thaadaheir means and their claims

were never separated .

In the case of the LBA tower data, however, thentdaare separated from the means.
The people who work on the data do not then gooamake any claims about the world

using it. Thus the data cleaning process, anddbeltant certified data, bestow upon the

alienable objects "establishes a qualitative retesthip between the objects exchanged"
(1982: 101). Objects come to relate through commanti®n and exchange to other objects
(in much the way that Latour and Woolgar would hi)el'he contrast to this Western model
is a "gift" economy, where exchanging inalienalidgots establishes "a qualitative
relationship between the transactors" (1982: 1id6je, exchanging objects is a means of
relating people (as perhaps is the case for Koaraeh donors). Using this distinction very
loosely, and with due regard to the work that heenbdone to think beyond it, and especially
beyond the dichotomy between persons and thimge#upposes (cf Strathern 1988), |
suggest that the process | have been describmgf isnly about relating researchers to
researchers through exchange, or relating datadaiti It is about the relation that
researchers have to their data; about subject-oigjktions.
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data cleaners a relation of ‘'ownership' that thiagsequentlyannotturn into a relation of
knowledgeWhat J and R do not have any stake in in this sentbe "forward future” of
the data (Strathern 1996: 18). In some IP regirpetehtial becomes an asset"” (ibid: 17)
that one can establish a claim to, in order to fiefnrem its future. But here, these "future
uses" are exactly what turn the potential into gbing that is unclaimable. Publications
(claims to truth, in Biagioli's terms) are diffetesorts of objects than data (means to
truth), because different types of work have beemsted in them to make them what
they are. In turn, they create those who have tedethe work into different sorts of
scientific subjectd®®J and R are therefore left, in a certain sense, dahers but never
knowledge producers!® The situation with the LBA data is not, | suggekst different
subjects have different claims to different produeind that scientists simply cannot own
what they produce. Instead, different objects althifferent claims (as relations) to be
made of them. Certainly, scientific data practioesl"political work" (Hayden 2003), but

| suggest it does so in a Stengerian fashion. TwgsStengers’ formulation, the
production of certified data gives the data the @ote turn the scientist into a certain sort
of subject* Thus it is not only that "objectivity here is ansamption of — and made
possible by — specific processes of creation” (he2@11: 155). "Objectivity" is itself

capable of creativity.

Conclusion

1991 did not conduct fieldwork concentrating on thgestific publications of the LBA. But

two hypotheses now present themselves, given mynagt. The first is that, as the end
product of this process of scientific knowledge-imgkturning data into publications is a
matter of moving further and further away from meafust asthe publications become more
and more real. If this is the case, then | woulsithge to elide publications with "nature/truth"
so quickly, and instead examine the propertiebisfknowledge. The second hypothesis is
that publications are in fact a re-instatemenhefindifferentiation of nature. They become
so real that they become nature.

119 Another interesting capacity of publications iattthey themselves close down the
potential for infinite expansion that is evidendedhe certified data. The concern was where
you might cut a potentially infinite series of adaships, what | have referred to as the data's
past - that includes driver, tower-builder etc. Hlestion of contribution boiled down to
whatsort of contribution, and the publication made an int@ot cut in this way. See note
106.

1 This is the very meaning of the event that consti experimental invention: the
invention of the power to confer on things the poafeconferring on the experimenter the
power to speak in their name" (Stengers 2000: 89).
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In this chapter, | have argued that there are adtlevo different models of exchange
operating in my field, one | have called "flow",cathe other "exchange". These create
two different forms of scientific community. The ments of disjunction,
misunderstanding and friction that arise duringiinational collaborations can be seen as

a result of the cohabitation of these two models.

| have also suggested that one of the crucial rdiffigators of these two models is the
varying relation between data and knowledge, andatollary, ownership. Whether data
is appropriate as property is not a question oaiyed in the social scientific literature. It
is also an issue that my informants found themsehegotiating in the course of their
scientific collaborations. One means of understagthe different proprietorial positions
my informants assumed regarding data is by examithe relations that the person in
guestion has to that data. Thus the data clearsssme a liminal position because,
although they are paid in order to relinquish ckiam the data, the work that they are
paid to do has the opposite effect; it ensuresttigt feel they have a stake in the data.
They are thus in a position where they feel a sefisavnership, at the same time as
being unable to convert that sensation into a fildlgiged entitlement - that is, the
conversion of data into knowledge, or a claim akbetworld. | suggest that, given the
emphasis in the literature on the elision betwesensific publications and truth, it might
be the case that in this conversion, entitlemeint imct eclipsed altogether, or replaced
by another form of relation (see Biagioli 2008 dre trole of names in scientific
publications). In other words, ‘data’ and ‘knowledgare perhaps different relations.
Examining the data cleaners’ liminality more clgset becomes apparent that it is the
work that they do in creating the certified datattbnables them to have a claim on it.
Isabelle Stengers describes a recursive agencgcfentific claims, such that science’s
relation to nature resides in "the invention of fwaver to confer on things the power of
conferring on the experimenter the power to speatkeir name" (Stengers 2000: 89): |
would similarly suggest that the data cleaners tineedata the power to make them into
certain sorts of subjectivities. Instead of concaiig on the lack of creativity and

subjectivity in science, | therefore draw attentiortheir creation.

This chapter has attempted to sketch out a rektitimeory to describe particular
scientific communities, scientific subjectivitiemd scientific objects. The relation | have

identified as generative of these three identiisethe one between data and those who
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work with it. However, there were several importamémbers of the LBA scientific
community distinguished precisely by the lack of aglation they felt to the data. It is to
these, finally, that | turn in the next chapter.
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Chapter 6: Doing Indifference with Movement

Introduction

This chapter will take movement as its descriptiv@nework. The LBA, as a
working environment, is characterized by instapiliand precarious immobility.
Several different sorts of movements are engageabiainst this fluid background, by
the researchers, students, data cleaners, anddiectsn The last two chapters pointed
to the potential of scientific data, not only tmg@uce knowledge, but also in so doing
to create and embody productive relations withehasolved with it. In this chapter,
| want to concentrate on descriptions of those wateocrucial to the data's collection,
but have no interest in controlling its movemenetiects at all. | will refer to these
people as the "forest technicians”. They appeaaragntitywithin the systems of
exchange | have described, constantly circulatinogired the LBA research sites, and
between projects, coming into the office every #erg only to head out to the forest
again. They thus appear to be excluded from thesterss - always circulating on the

periphery, ignored and invisible.

The forest technician's invisibility and exclusioasonates with the conclusions
reached by other studies of laboratory technicigrast and present. The endless
circulation of the forest technicians between ttigeent research sites, which seems
to be a marker of their exclusion, can be contcastgh the international, volitional
movements of the students and professors withinLfBA. But what the forest
technicians feel excluded from is not the systenexathanges that forges scientific
subjects. Rather, they feel excluded from a falargaand a secure job - from the
benefits of the wider economic or employment systieat the LBA is a part of. The
instability or fluidity of the LBA working environent, | argue, encapsulates two
very different positions: the forest techniciarkslasion from economic security; and
their indifferenceto the system of scientific recognition. Theiressant circulation is
an indication of their exclusion from stability,tdtialso contains within it the motile
index of their indifference.
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The technicians’ movement around the system of aagds contains withiit a
movement in and out of the forest. From the petspeof the office, this movement
from the office into the forest is a demonstratafrine forest technicians' impotence,
low status and vulnerability. But when in the fdrdbe technician's capacities and
knowledge come into their own. The movement betws@oe and forest is therefore
transformed according to the perspective from wiitich seen. At the same time, it is
itself transformative. In conclusion, | offer theogsibility of countenancing

indifference, as opposed to resistance, as a weglaifng to dominant discourses.

Unstable Immobility

In a very general sense, the Micro group at the M4 characterized by a fluidity of
membership and an instability that | found quitartihg. This fluidity was in fact
apparent to a certain and unsurprising degree rabsdl all levels in the LBA.
However, it was most marked in the Micro group dhe extended workforce of
different technicians who worked for the LBA. Dugithe time | spent with the LBA,
people seemed to join and leave the Micro groupy wexquently. Generally, this
instability co-existed with a perceived lack of neavent within the group, a lack of
progression up through the ranks. This sense ofahles immobility particularly
characterized the way that the extended workfofdeahnicians spoke to me about

their work.

Between my master's fieldwork in 2007 and my Prdldfvork in 2010, several of the
members of the Micro team had decided to leave.B¥% and pursue a PhD abroad,
or had left because they were offered more secaomcursado” jobs in other
Brazilian institutions. Even J and R, who had besth the LBA for several years,

recounted tales of uncertainty and trepidationhédigh R was employed by the LBA
when | got there in 2010, J, who | had had a lotcoftact with when | was

completing my fieldwork for my masters in 2007, vgtifl a bolsista— she had a grant
from the LBA, and therefore very little job secyriR on the other hand was in a
more stable position - employed, with a salary. Bygust 2010, J had also been
given acarteira (a more permanent position as a government em@jpyrit as

several conversations | had with other memberhefllBA demonstrated to me, it
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was considered long-overdue. Two members of thedvieam left during the time |
was there in 2010, and one more had wanted to llealvead been convinced to stay
by a slight increase in salary. The fact that J Rntad such a backlog of data to go
through was attributed to this impermanence. Thead been so many different
members of the Micro group over the years, eachvatie "their own way of doing
things" Geu jeitg, and many of them had left without recording imipot
information such as the calibration constants struments, the dates instruments

were upgraded, or the field repontslétérios de campp

One of the distinct features of this impermanenas that many of those in the Micro
group had very little formal training, and rathedho learn as they went along. R and
J, for example, had both been asked to join the la®Ar completing their master's
degree. Both of them were faced with an intimidatiask. Neither had had any
formal training and were faced with processing aormous amount of data that had
piled up over the years. J told me that in hett fyesar at the LBA, when she was
helping more with the data collection at ZF2, sleswalso expected to learn how to
deal with tower data and maintenance without amgi§ip training. She began simply
by accompanying another member of the team urgillstrnt the ropes. But when he
had unexpectedly and tragically died in an aeraplanash, J was forced to do the job
by herself, or with another newly-arrived technicidhe lack of training meant that
those people who left took with them a great déaixperience that they did not have

the chance to share with whoever filled their shoes

A similar story was told by other data collectordMicro. One had been taught how
to collect the hydrology data in just two weeksthg foreign Principal Investigator
managing the project at the time before he retutnddolland. Another had recently
been "promoted” from being a drivendtoristg, which he had done for many years
already with the LBA. Although he was highly valuasl a driver due to his ability to
navigate the perilous dirt tracks leading to theeegch sites, this was nonetheless a
clear promotion. He was taking over the care oftlagrotower, ZF3, from someone
who had left inexplicably some time before | ardvélowever, he was having some
trouble with understanding the system at ZF3, wimnelsaid was like a "black box",
because it had been installed by someone who wasmooking in Sdo Paulo. R and

J did not quite understand it either. He was ingieeess of being trained by the head
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of the Micro group to manage the data from ZF3, whee head left to take up a
position in another institution in Belém, in a @ifént state. Another member of the
Micro team had been hired to work in the field &2Zaround the time | started
fieldwork. He was keen to start a master's, whiclhildl mean he could not spend that
much time in the field. | have since been told s ktarted his master's at the LBA

CliAmb programme, which means he will only be warkpart time with the group.

Underlying this fluidity in the composition of thilicro group, there was also a
sensation of immobility. The result was a feelifgpcecariousness, exacerbated by
the fact that the LBA has struggled with financdifficulties for several years,
weathering state cuts to science and technologgdiacgnd to educational funding. |
recently discovered that several of the LBA's peremh members had been fired,
including the chef at the lodgirtd? or have decided to leave. Others have had to go
several months without being paid. Coupled witls timancial insecurity is the fact
that many of those who leave the LBA do so bec#usy feel - or they know - that
they certainly cannot progress any further withrtlnork. | heard many times that
after years of working ashmlsista collecting data for other people, the only option
continue with one's career is to move to a Univgrsir to another institution. As one
data collector with a master's told me, she hadtddddo take dolsato collect data
for a project that had nothing to do with her owirky in order not to "lose
continuity" - but she felt depressed not to be wagkon her own data. This is
exacerbated by the knowledge that increasingly fephaces are available every year
for those looking to pursue a post-graduate or st-goctoral position. As one
technician-researcher told me, the LBA was losiagent PhD graduates because
there was no "space” for them to continue workimgre: “this is the reality”. There
are only a certain number of places opened forarekers in INPA every year, and
the competition for them was fierce; the same WwenPhD places within the LBA.
The LBA therefore sits, partly, on a shaky bedraékpotential researchers doing

technical data cleaning jobs.

This sense of immobility was felt even by the meeegure members of the Micro
team, such as L, the electronics technologist whe kired the year before | arrived

12 The chef, however, is looking forward to settimqmhis own restaurant in Manaus with his
severance pay.
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in 2010. As he explained to me, he saw his roliaénLBA to be that of an important
"tool" (ferramentd. No-one else had the knowledge that he did. He iwaharge of
the meteorological instruments, and having jusisfiad a degree in electronics, he
was invaluable in that role. He had therefore alyeseached the top of the LBA
salary, and felt like his "voice was heard". HoweVe recognized that whereas this
salary was enough for him to live comfortably a thoment, if he wanted to start a
family or buy a house, he too would have to findtaer job - he would be forced to
look elsewhere. L told me he had no interest inddu@ itself, and impressed upon me
that he felt no need to gain scientific recognitiobut he also recognized that he

would need to move on if financially necessary.

In emphasizing this unstable immobility, | do notan to suggest that it was a direct
or intentional result of the actions of those ime of the organization of the LBA.
Like most Brazilian state-funded institutions, A is part of a funding hierarchy,
and cannot ultimately control how much fundingeateives, nor how many places
open for researchers. The executive manager of.B#e was constantly trying to
ensure continued funding for the project, fromsalits of sources. However, whatever
the causes, the resulting institution was orgaiinatly unstable, and this creates a
certain sort of social topology. In the previouspter, | described the limits of the
LBA community as being generated by access to aladathe control of this access. |
would suggest that this organizational instabil#tynterdigitated with the expansion
and contraction of the LBA community through thodata practices. The two
phenomena combine to create a fluid backgroundkxpémences of being excluded
from different benefits or rights. It was againsistbackground that my informants

went about their work. It was always present, altffosome felt it only indirectly.

A Hierarchy of Movement

Against this background fluidity, L and the dataariers and collectors in the Micro
group who had contracts with the LBA felt relativetecure, even if they felt

themselves to be limited or immobile in anotherseerAlongside the Micro group,
there were several people | will refer to as theré$t technicians”, and the
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mateiros'*®* who were also very involved in the production bé tLBA data, but

whose work was characterized by the fact that duoed exclusively in the forest.
Whereagmateirosmight be called upon by different groups in INPAdahe LBA to
help with specific work in the forest, | am usirgetterm "forest technicians” for
those technicians who collect data on a more pezntabhasis for different LBA
groups. Their work with the LBA is more or less ilied to work in the forest, and
they very rarely come into the LBA office. It beca clear that this fact distinguished
them from the other technicians working at the LBA.

One forest technician who | spent a great dealnoé twith in the forest was a data
collector for another LBA group. He would spend tweeks or so out in the forest at
a time, leaving his family in Manaus. He had assimesponsibility for the data
collection after his brother had left to work oro#rer research site. After his initial
bolsahad expired, he had told the LBA that he was leguinless he got hisarta
assinada(a form of contract). The executive manager of tB& acquiesced. This
forest technician had also had to learn the rogeseawent along, and it had been
hard at first, he told me. After only a few monttaning on-site with his brother, he
sometimes had had to collect the data completelyitmgelf due to the high turn-over
of people in the group (similar to that encountarethe Micro group). This was not
only dangerous, as he had to walk long distancesigfm the forest on his own, but
also very hard work. As the data collection involseveral different data collection
platforms spread out throughout the fordstjas complicated to learn all the different
periodicities of collection for the different ingtnents and the different programmes
on the dataloggers. If he made a mistake, he ta@ditmwvas even more difficult to
explain to the head of the group. "Of course | wagrepared, | didn’t even have one

class about it!" he exclaimed.

Now however, after six years, he feels comfortahleéhe job, although he would
sometimes express his frustration at being kephéndark concerning the future of

the hydrology data platforms that he cared for. Whasked him about his prospects,

13 Mateiros"are literally "foresters" - normally local peopléavknow the forest, often both

in a traditional sense (they know how to live ie fbrest) and in a botanical sense. They are
often employed when inventories of the tree speafiegrtain sites must be taken. The word
was sometimes used to refer more broadly to arsoperho worked in the forest.
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he was not hopeful of ever becoming anything mbenta data collector. | asked
someone in the Micro group if they thought he cadibdda master's at the LBA, and
was told it was highly unlikely, even though it wiaeally meant to be part of the
process of recruiting young local people like hixperienced and trustworthy forest
technicians were an extremely rare resource, aedeftre very valuable. This
particular forest technician had impressed oneidareesearcher so much with his
skills driving a quad bike, negotiating the difficderrain, his knowledge of the
instruments he looked after and his general trushireess that the researcher had
told me he thought he was almost like a post-gradaaudent. Another informant,
who had recently been "promoted” to the Micro grouptd me that the head of his
previous group had considered him to be "more \ddui the field". Now however,
he wanted to "go up the ladder". After eight yaarshe previous group, he did not

feel he had anything else to learn, and he hadrmegressednunca subi

This last informant's case is interesting becaeseds extremely highly-valued in the
LBA for his trustworthiness, his experience and deseral capacity to turn his hand
to anything. Even though he had no formal educaitiothe Earth Sciences, he had
worked for so long with data that he was no longmnsidered to be "just” a forest
technician, which is why he was so keen to movenutpe Micro group, and do more
than just go out into the forest to collect theaddthere was another construction
technician who likewise had been so involved intihéding of the LBA towers that
he was considered indispensable. However, unlikeatimer technician, he never
expressed his discontent about his position toThese two technicians were often
fought over by students and researchers who nebdedfor their particular projects,
and were constantly criss-crossing the Amazon ito floe different data collecting
projects they were asked to help install or rureifbBxpertise made them more secure
than the other technicians principally becauseeaehers told me, they were
"trustworthy" - and this in part because they hi@yed so long working in the LBA,
they had amassed an enormous amount of experientiee first case, however, my
informant was tired of being stuck as a data cleamel technician and wanted to
move on, and, as it turned out, the second infotn@st his job due to personal

reasons.
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Alongside the forest technicians, who have beenentorless formally trained, and
these special cases, there are several other rearepent members of the research
site ZF2, who have nothing to do with data coll@cti Their job is to ensure the
smooth functioning of the lodging. This involve®king after the trails, cleaning the
lodging or cooking the food. One told me that etlesugh he had been working there
for 5 years, and had @arta assinadahe still did not feel like his voice was heard:
"the big ones don't listen to the little ones",tbéd me. Other workersy{(@o de obra
were often drafted in to help with the heavy phgkitabour involved in the
installation of projects, and they expressed simslancerns. Their concern was in
part due to a peculiarity of the Brazilian laboystem, which they referred to as the
vinculo empregaticioAs a technician explained to me, what this méargractical
terms was that none of them could be used consistas workers for too long a
period, or they had the right to request a saléhys meant that they were kept on a
sort of short cycle: they would be used for ongeuty and then another person would
be contracted, and then perhaps they might beinged next project - or not. But the
effect, again, was destabilizing and this staceaiding rhythm does not lend itself
to a sense of progression. As one worker in thstijpoo told me, he travelled two
hours by bus to get to the LBA from the outskitdvtanaus, and was told there was
no work for him. But he knew there was work, it wast being given to someone
else. Why did the LBA choose the other person’kéa@asim. "We're all in the same
boat", he told me forlornly. "Everyone needs wdfk. manage to get a good job, |

won’t come here anymore."

The forest technicians and the workers are in aesercluded from the possibility of
gaining scientific "credit" for their work, but igeneral this mattered little to them.
When | asked whether they minded not being givee dtedit in researcher’s
publications or studies, many would tell me thatytdid not. The important exclusion
for them seemed to be from the other benefits, ascimoney and stability. They
indicated to me in various and often indirect wtha they did not like the uncertain
position they found themselves in with regards deilng continuous work. They felt
their exclusion from this as a form of unstable iofnitity, which manifested itself
throughout the constantly shifting membership efeéxtended workforce of the LBA.
This instability seemed to be felt most keenly bgse who were least specialized -

thus the manual workers were the most affectedsidered to be more "replaceable”
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than the forest technicians who have spent yeaessing experience. As one moves
further away from the LBA office and into the fores seems as if the sensation of
precariousness increases. Whereas those with eacbwith the LBA can be assured

of a salary, those who are workers find themsebagsstantly worrying about where

the next job will come from, let alone whether thveyl ever be able to progress "up

the ladder”.

This movement in and out of the forest, | observegart of an already-established
hierarchy of movement, whereby the "topdf) researchers tend to stop going into
the field, and the instruments, data, favours, gaiton and technicians tend to
circulate around the different research sites. &d&eml students remarked to me, the
higher up the scientific hierarchy you go, the Iges go into the field. Although a
scientists' name can circulate (cf Biagioli 20a8§¢ ideal would be for the researcher
to be able to remain in the office. It was alwagsething of an event when a top
researcher from the LBA went to ZF2, because it sash a rare occurrence. The
movement that defined the top researchers of th& WBs, rather, international and
volitional. They decided when to travel, and thdiei travelled to another state in
Brazil, or less often to another country in orderconduct research or to engage in
collaborations** Many of the well-known researchers that worked fumhe at the
LBA had postgraduate degrees from illustrious to#bns abroad, such as Harvard or
universities in Holland. There were several stuslentthe LBA who had spent or
planned to spend a term at a university in Europghe USA. Several people
previously associated with the LBA had left to d@teD in Holland, the USA or the
South of Brazil, in Rio Grand do Sul or S&do Palilovas clear in the way people
talked of them and sought to achieve them thatetli@®ign credentials were highly

41n more general terms within STS literature, thebitity of scientists or "trained
personnel" (Barnes and Edge 1982: 20) has beed imotke context of the transfer of
knowledge about procedures, experiments and insmtsy{Collins 1985; Law 1973; Barnes
and Edge 1982). In the case of the LBA, when &ifpr" researcher arrived, and there would
often emerge a new collaborative relational forovatusually including the exchange of
knowledge for the use of the infrastructure. Sduwexsearchers from outside Brazil and even
from the South of Brazil, visited during my fieldviko of those | observed and had contact
with, it seemed clear that there was always atghst an informal exchange of information,
many times the sharing of expertise in an instruroethe formal sharing of data, and in one
case a lecture series. This information transfey med in order for the results of experiments
to be proven via repetition (Collins 1985), but wasondition of the foreign researcher's
"mobility”, as manifest in their presence in the @mn.
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valued. This international movement was therefateamly volitional; it also brought
with it prestige. The executive manager of the LBAs almost impossible to
interview because he was always travelling. Henoftent to Sdo Paulo or Brasilia or
even further afield - but never, to my knowledgeimy the year | was at the LBA,
into the forest. Students conducting postgraduatgess went into the forest only to

conduct their short-term data collection experiraent

In contrast, then, to the sporadic intrusion okfgn researchers, the past academic
sojourns of the "top" researchers, and the fregpeslbnged absences of the students,
the forest technicians travelled in and out of fibrest, around different researcher's
projects. Going into the forest was linked witheatain sort of activity and assigned
to a certain level of employment. This level of éoyment was invariably seen as
involving manual labour. Wheany researcher went into the forest - "to the fielad (
campQ - they expected to have to behave differentlyeyrdressed differently, ate
what was cooked for them, slept in a hammock amohtsall day out in the forest,
often carrying heavy equipment, driving a quad kokdixing instruments. However,
this period, as well as being optional and occadjomas limited normally to a day or
two. The constant movement into and out of thesbtey the forest technicians
becomes elided with being shuttled around the systeexchanges that | discussed in
the previous chapter. This movement allows thestotechnicians only to circulate

around the system, without being in control of tleevn circulation.

The Elision of Exclusion and Indifference

This hierarchy | have described generates a seinegctusion. There is a sense in
which those who do benefit from the LBA, in ternfspoofessional recognition and
funding that they accrue, do so at the expensesoplp who are easy to ignore but
nevertheless crucial to the process. This exclusemm be coordinated analytically
with by-now familiar concerns as to the exclusidntlee putatively 'non-scientific’
from our understanding of the production of sci@n#nowledge. This concern is a
double one. It indicates an impoverished understgnaf the process of the
production of scientific knowledge on the part obcial scientists, and it

simultaneously indicates that technicians mightbetecognized as crucial actors in
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this process and therefore not gain just or fatomgpense by those who are in a

position to give it to them.

This double exclusion has been increasingly doctedemn the social scientific
literature since historian of science Steven Shajygw attention to technicians’
conspicuous absence from the descriptions of stieta#tboratories. In a much-cited
article, he suggested that the technicians of Beyboratory in the 17th century
were "doubly invisible" (1989: 556): firstly to Beyand his philosopher-gentlemen
peers, and secondly to contemporary historianssaniblogists who study science (cf
Daston 1992:611). Of course, 17th century senséslias to the relation between
master and servant are no longer probable reasahdaontemporary invisibility of
technicians in laboratories - and the ethnograplabsut them. Shapin also
maintains, however, that a major factor determirtimg various ways that different
laboratories configure the relation between scistand technicians today lies in the

"evaluative distinction between skill and knowledpgity" (Shapin 1989: 562).

Organizational theorists Stephen Barley and BetthBg (1994) similarly offer this
distinction between skill and knowledge (or eveiwaen experience and education),
as one source of the ambivalent status enjoyedbiemporary scientific technicians
working in two laboratories in a University in théSA. They also suggest it might
account for the invisibility of technicians withihe sociology of science literature,
concerned as it is with "scientific knowledge" amat "scientific work" (ibid: 87).
The importance of the distinction between what mémhns know and what they do
has been confirmed by many studies done with aiyps of technicians, ranging
from emergency medical technicians to computer supgechnicians (Nelson and
Barley 1992; Pentland 1991; Scarselleta 1992; T1aP868).

One of the functions of scientific technicians hese descriptions is to serve as
"brokers" between "physical entities and a world syimbols that presumably
represent the physical® (Barley and Bechky 1994). 8&boratory technicians
therefore mediate between the world of instrumants procedures, and the world of
ideas, data and publications - this latter being tbalm of the "scientists". The
technicians thus produce usable data for the ssisntand are responsible for the

caretaking of the instruments that produce the.dBtaso doing, they serve as
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"buffers" between the scientist and the messy waddthe laboratory (ibid.).
Recognizing their interstitial role between the a@te and the abstract also brings
into relief their not-quite fit into the categories"skilled" and "knowledgeable"”, that
manifests itself a "status ambivalence" (ibid.)hia context of a university workforce.

This literature pinpoints a lot of the charactecsbf the LBA technicians that | have
highlighted. Its focus on the role of the techmsiaas mediators between nature and
the data is one | share, and the notion of "stamaisivalence"”, resonates with the data
cleaners’ liminal position between researcher authrtician, (as | describe it in this
chapter and the fifth). Without wanting to lose thehness of these images of
technicians "brokering” reality on the "empiricdaterface" (Barley and Bechky
1994: 98), | would like to recall some featurescsfpeto the LBA data cleaners, that
| have already described in the previous chapters limportant to reiterate my

argument here because | intend subsequently td points flaws.

J and R both have master's degrees. Both havedglvearked on their "own" data.
Both are keen to continue to do so, but for whatesason are unable to. They have
instead taken jobs &®lIsistasworking with other's data. These technician-resesns
straddled two forms of recognition - money and witiie credit (cf Biagioli 1998).
They thus felt immobile or excluded insofar as thegre prevented from "carrying
the data forward", without being able to, or eveanting to, fully express that. They
also lacked the full job security that might comeni starting a PhD. This endowed
them with a specific sort of liminality.

Instead of attributing these researcher-technitialm®inal position to an
institutionally-entrenched asymmetrical relationtveen knowledge and skill, |
proposed instead the possibility that it was thedpct of differing relations that
obtained between the data and the people in quesetations that were themselves
emergent from the work being done on the data demto carry it forward into
knowledge. The data cleaners did not see themsab/gsst skilled workers, but as
technician-researchers, and the work that theydithe data made it capable, in turn,
of creating them as particular kinds of liminal estific subject. It was precisely
becausehis work was effective along the trajectory tteadtakes from mere "skill"

to knowledge, which is also a trajectory along whasvnership coalesces, | argued,
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that the data cleaners felt themselves to be limimeot simply because they were

considered to be liminal by the institution thagyttwere in.

This relation between data and ownership was, Qgestgd, what generated the
particular form of exclusion that |I encountered whebserving the LBA data

cleaners. Whether or not it can be applied in o#wentific settings can only be

ascertained ethnographically, but my argument \was taking the relation that the

technicians have to the product of their laboure data - as a focal point could also
be more nuanced way of accounting for the diffeesrnmetween different technicians
in different settings. Rather than suggesting thair position was due to a singular
(and erroneous) conception of the relation of skiknowledge, this permitted the re-
analysis of that very relation - which is whatfawct, these particular technicians were
themselves brokering by being involved in the tfamsation of 'mere' data into

knowledge'*®

L's (the electronics technician) knowledge of elmutcs, on the other hand, did not
pertain to the data at all. As he told me, he hadnterest in what happened to the
data after he had finished with it. His sense ahwbility was only financial, and he
did not expect to be able to make any claim ond#i@ that he had helped create.
Similarly, the forest technicians | have descritgeh as the data collectors and those
who looked after the lodging at ZF2, were generalhy at all worried about being
excluded from gaining scientific recognition - evénwhen | asked them, they said
they would not mind being mentioned in publicatiombey were more concerned
about their work being recognized and recompensedther ways, through job

stability and salary.

Within the LBA, then, different technicians havdfelient relations to the product of
their labour - the data. One interesting resulttro§ difference was that several
researchers and students | spoke to about thewss@every indignant and outspoken
on the forest technicians' behalf concerning th&tk of recognition in terms of

credit, even though the technicians themselveadhdeemed to have very little to say

115 Barley and Bechky (1994) suggest that comparativeies are viable given the relatively
stable job title of "technician™" across the US wWorke, and, one might add, its unionization. |
would suggest rather that it perhaps might be wioking at the differences between them.
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about it. The exception was the informant who wasing from data collector to data
cleaner, who was quietly indignant that his work lo® recognized in terms other than
financial by those higher up in the LBA hierarchyiem we talked about it; but I
suspect this is because he was already "transgigbmnto a data cleaner - that is, his
relation to the data was, in fact, changing. Butagelly, | noted that the LBA forest
technicians for the most part have no interestwming, claiming or controlling the

data at all.

The LBA forest technicians and other members ofMieo team who collected the
data in the forest are only partly-involved in 8ystems of exchanges because almost
invariably, they were circulatinground these systems, being exchanged between
projects and researchers who needed their helswhilhe forest, or ensuring vital
maintenance work was done on the instruments onothiers. They never authored
the exchanges, and were not concerned with theatosft the flow of datd® The
technicians, from this perspective, become a vddusdsource- with all the non-
agential connotations of the word - for anyone wanto conduct research in the
forest'!’ Several times during my fieldwork, there were skithes over who would
get to have certain forest technicians for themjgmts - on one occasion, for example,
J and E were both vying for one particular teclaricwho was at the time working at
another research site on a different project. El@egeéhim to put up her scaffoldings
near Manaus, and J needed him to help find the sienfor the SGC tower in the
North of the Amazon. He did not have much of a saywhich he did. What
characterizes the participation of the forest temhns in these exchanges then is their
exclusion from certain positions in them - they everever the ones making the

exchanges, they were the ones being exchangedyeasei

Concerning the invisibility of women in 17th centuscientific practice, Donna
Haraway has arguegbgdce Shapin) that a classification such as gender Waypd a

relationship, not a preformed category of beinga rossession that one can have"

18 Nor, in fact, did they express any problems wittefgners - in fact, all of them told me
that they had always had good relations with thei¢m researchers they had worked with,
and had in many cases learned a lot from them.

17n fact, it was a rule | heard often repeated Ieyrbers of the LBA that no foreign
researcher was allowed into the forest without dp@iccompanied at least by a "mateiro”, a
“forester" - someone who knew the forest and cguide them.
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(1997: 28). It is through their relationships -n@n, to other entities - that women
emergeas invisible, and this process is politically antéllectually charged. Gender
is always "gender-in-the-making" (ibid.). The inzBsnibility of women and the
prominence of men in science is therefore, accgrdm Haraway, a constantly
emerging relational configuration. This configueoatticontributes to "the continually
vexed boundary between the "inside" and the "oatsiof science" (ibid.: 29).

Haraway therefore explores how "most men and almam weremade simply

invisible, removed from the scene of action eithelow stage working the bellows

that evacuated the pump or offstage entirely” (i8 italics mine).

My description of scientific subjectivities-in-thmaking chimes with Haraway's

relational approach. The way that the forest texhns talked about their positions
within the LBA certainly bears testament to theeextto which they feel themselves
to be unconsidered or invisible. | would argued(dmave made a similar argument
concerning the liminality of the data cleaners) thavas exactly through the forest

technicians' relation to the data that their irhilgy was constantly renewed. They
become invisible because they did not have a ogldt the data. They often seemed
to have very little interest at all in it, or in athhappens to it. Their invisibility was

manifest in their incessant but arrhythmic cirdolat around these systems of
exchange, alongside all the other entities thathtnige considered to be "merely

logistics”, and ignored in the same way.

But it is important to be careful here of the dau@ss inherent in the invisibility of
technicians - both within the eyes of the orgamrafor which they work, and to the
social scientist who analyzes that organizationis Tdouble invisibility relies on a
singular notion of exclusion. The endless circolatiof the workers and forest
technicians around the system contains within ithbtheir exclusion from the
scientific credit system, and their exclusion frgyh security and financial stability.
These, however, are not the same exclusion. Evémeifforest technicians have a
sense of injustice concerning their employmenty tde not have this over their
exclusion from intellectual credit. As far as mos$tthem are concerned, they might
be ignored intellectually by those who make use¢hefr sweat and experience, but
their battle lies elsewhere. Even if the foreshtecians do not feel any relation or

claim to the data, this does not make them excludedhat they are is in fact
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indifferent. In the case of the LBA forest technicians at léastl this became more

evident the further from the office | went), whated make an increasing difference is
financial security and stability. It is from thikat they feel excluded; it is here that
they feel their voices are ignored. They do notl feecluded from scientific

recognition, because they do not seek it.

My model of data exchange and ownership - like nmestlels - cannot take account
of indifference to itself except by rendering thdkat are indifferent to it, invisible.
The invisibility caused by their exclusion from vttraatters to them is therefore all
too easily elided with the invisibility due to théndifference. Both are made manifest
in the same circulating movement, and in the satia®s at the bottom of the LBA
hierarchy**®

The Office and the Forest

How, then, can we take account of the forest texamis indifference, which is also
what makes them unique? | propose that it is ptessibsubvert the two movements |
have identified. Instead of seeing the movementamd out of the forest as
constitutive of their circulation and therefore rgian index of their exclusion, one
can assume the perspectofehat movement in and out of the forest. | argu teir
movement in and out of the forest is what makesfohest technicianspecifically
what they are. This is not to say that their exolusrom international travel, and
from job and financial security is in some way tped or neutralized by this second
perspective. One movement does not eclipse the ettleey are in one sense, the
same movement "seen twice" (Riles 2001: 69). Nowsdver, does one movement
exclude, explain, represent, or exhaust the o@@untenancing the doubleness of the
forest technicians' exclusion does not involve iyerevealing them twice over in a
single fashion; it involves allowing them, in thdeuble way, to be more than just

"visible" or "invisible" from a given perspectivErom the perspective of the data, the

18 Shapin makes another very interesting observatimeerning the place of the 17th
century technicians as "sources of labor and masextensions of his master’s will" (1989:
557), pointing also to the way that Boyle would/reh his technician's eyes and ears, in
much the same way that J talked about the tecmati&GC as her "eyes". That is to say, J
does not do the same sort of work as the technibigtrhe acts as simply an extension of the
work that she does. The question here is, whatdelee the technician do, apart from act as
an extension of a network in which he has no appanéerest?
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forest itself dwindled the further the data tradlfrom it. From the perspective of the
forest, however, it is the data that dwindles, #meh disappears, taking with it the

researchers who come to collect it.

The journey into and out of the forest serves dmmasformative axis. The forest
technicians certainly had capacities that the rebeas did not, but these were tied to
the forest. | often heard a particular forest téclns being told that he was
invaluable; another technician was one of the tpesple in the LBA who knew how
to build a tower; no-one could drive a four-by-fdike yet another, who managed to
negotiate the most perilous tracks even in theipguain. Mark remarked with awe
at skill with which one forest technicians drovguad bike along the trail at ZF2, and
at the dexterity with which the knots were tiedttkapt the precious instruments
secure on the back of it. On numerous occasiogeqis suffered from the lack of a
forest technician to help install the equipmentcarry the heavy batteries, or erect
scaffolding, or collect data. But these capacitre=ant little back in the office, and
indeed, the forest technicians themselves seemetiand subdued when back in the
LBA building. They appeared out of place, even, andomfortable. When | asked
them, all of them - from data collector in the Miagroup to the workers - told me
that they loved going into the forest, that thaswadny they did the job. In fact, going
into the forestonstitutedheir job. Their capacities were expressed onlhanforest,
and this is why they were valuable but also inVesiivom the perspective of the

system of exchanges.

The transformative potential of this movement ind aout of the forest was

demonstrated very forcefully to me during a triwdk near the end of my fieldwork
to the newest of the LBA's research sites, knowBadbinas. This was the site where
a 300 m tower (known as ATTO) was going to be bailong with several smaller
towers; these smaller towers were in fact themsebvesmaller project, known as
CLAIRE. Both projects were the result of a colladt@n between INPA/LBA, UEA,

and the Max Planck Institute in Germany, and haghbgiven a top priority in the

LBA agenda. What this meant in practice was thatftinest technicians were almost
all working there, which caused some grumbling agsbrthe other members of the
LBA who needed them. The site was still in thdyeatages of construction during

my fieldwork, and severe rains had delayed the nessyof the work considerably.
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The research site was on a Biological Reserve céll@uma, 330 km northeast of
Manaus. The access was very difficult. A trail badbe built to even reach the chosen
research site, and the river had to be full endogtarry the building material to the
trail, but not so swollen it was dangerous. Everyoffien, an enormous truck would
draw up outside the LBA building in Manaus, and a@pa group of extremely
muddy workers, and several broken quad bikes, arcels of rubbish onto the

pavement.

The first towers to be built were the smaller CLEIROwers, which were to be used
to collect pilot data on trace gases. | had takgipaip with two members of the Max
Planck Institute who were in charge of the Germide sf the CLAIRE project, A
and B. We were travelling with H, the chief techarcof the LBA. H was something
of a mythical figure in the LBA, having been in cga of tower construction since its
very beginning. He was generally reticent and dyighoken, but no-one in the LBA
was in any doubt that he had authority. A and B te@rto conduct some pilot
measurements from the tower that had already bedh m order to do so they
needed a generator to provide a clean energy sémpligeir instruments, so we were
also travelling with the electrician the LBA usedho was an old friend of H's. My
informal role was as translator for A and B, sat tthey could communicate with H
and with the team of workers who were constructitggsite and the tower.

A and B were also planning to confirm the site floe next CLAIRE tower. The
director of the Max Planck department had givendberdinates of the new site to
them. Three or four towers were to be built, andate scientific criteria had to be
met concerning their positions in relation to eather, in relation to the prevailing
wind, and in relation to the topography of the lamtl the homogeneity of tree-top
cover.’?Using these criteria, the coordinates had beeiteémn back in Germany
using Google maps, and duly brought out by A, ttegget manager, to present to H.
However, as we made our way through the forest avi@PS to the spot that had been
selected — A casting her eyes around warily fokea@and already complaining of the
heat — H started to shake his head. "This is dyreahlly bad spot" he pronounced
emphatically when we had arrived. It was full oladeor dying trees, which would

19 This was due to considerations of the towers’ tffidiats", as discussed in previous
chapters.
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soon fall, not only endangering the tower, but alseating clearings in the canopy.
The site of the first tower had already been chdrmece due to its proximity to a
clearing in the canopy, which would affect the tudmce rate of the wind above the
trees, an important aspect of carbon flux that edeid be kept as homogenous as
possible. H wandered around with the GPS, tryinfinid a suitable spot, as A wilted
under a tree and protested that they should togéothe coordinates that she had with
her. Eventually, H found somewhere he liked the&kloba little better, although he
was still not terribly happy with it. A was alsoraeus about it — she knew that her
boss had very carefully chosen the previous coatdgand it was up to her therefore
to decide against that choice in her boss' absdfrmeeveryone present, however,
including her, it was clear that she had no realash H's experience of the forest and
knowledge of building towers had to be the basistifi@ decision. What made her
nervous was knowing that she would have to exglainer boss back in Mainz why
she had made the decision to change location. iShaaken out of the forest, her

decision would look much less convincing.

This event stuck in my mind because it was sucHearcexample of the way
knowledge and skill change as one moves in andbthe forest. We were in the
depths of the Amazon, with no way for A to contaetr boss. In this place, H's
knowledge and skill mattered more. But she alsonktieat trying to convey this to
her bosswhen back in Mainzvas going to be difficult. Thankfully, B told m#e
whole of the ATTO and CLAIRE committee had takeneapedition to the forest the
year before, in the planning stages of the profeoe of them had almost collapsed in
the heat, and they had all got soaking, hungryweatwhilst trekking through the
forest. So they all knew at least a little, B saadbout what it was like to try to
construct a research site in the forest. But ewenA%s boss might find it hard to
understand. This was not a case of H knowing atheuforest, and the scientists not
knowing. Both knew about the forest, but in differevays. And it was the movement

into and out of the forest itself that changedriiationship between these two.

The transformative aspect of this movement was algparent during the more
guotidian trips into the forest to the researck &F2. Driving off on one of these was
always exciting. Those who usually went from thecigroup were used to making

this trip together, and would always stop at theesaervice station on the way to
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pick up newspapers for those staying in the forast] coca cola and biscuits to
supplement lunch. If there was no-one more sergoormpanying them, they would
joke and gossip continuously. Due to the shortdgmis, we would often share space
with data collectors from other LBA groups who alseeded to go into the forest,
giving the excursion an added hint of novelty amdiety. Even if someone more
senior was also on the trip, there was always a&malaxed and informal feeling than
in the office. This would intensify as we went het away from the city. As we
turned off the motorway and into the dirt trackople would usually start telling
stories of the animals they had seen in the past,rhany jaguars, snakes or packs of
jungle pigs, vying in a friendly fashion for the stalramatic sighting. Pulling up to
the alojamentg there would be affectionate shouts of greetinghearged, and more
jokes, before people would start preparing theuigment to go their separate ways
into the different data collection sites in theefstr— normally either to the hydrology
sites along the streamsigdrapés), or the leaf litter collection sites for

biogeochemistry, or the towers.

There was a markedly different rhythm to life i lorest. Those who came from the
Micro group would usually spend a great deal ofetimp the tower K34,
reprogramming the dataloggers, or installing nestriments, or trying to work out
what was wrong with the sensors. This was oftelow process, because everything
had to be first ferried up and down the towerhdyt were working on instruments at
the top of the tower above the canopy of the tréles, heat of the sun would
sometimes impede their work. Although there wasnheabe an internet connection
at K34 that allowed whoever was on the tower takpaa skype chat to R or J in the
LBA office, the antennae were often struck by Ilmghg, making the connection
rather unpredictable. Sometimes times it was imptessto know whether the
problem had been fixed until we arrived back atltiaging and were able to radio the
LBA office. Sometimes, the problem could not bevedlin a day, and so we would
have to spend another day or two unexpectedly & Bmt in the context of the
forest, none of these occurrences seemed like kesthat could have been avoided;
it was just what was involved in trying to instafl fix equipment in the middle of the
Amazon. It took time, and it did not always works A explained, soldering battery
connections in the lab, for example, and soldetiregn in the forest were two very

different tasks.
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The forest technician | spent most time with washigdrology data collector. | often
accompanyed him as he did his rounds of data ¢mife¢rom one data collecting
platform @Eessap to the next. | was astonished at the distancewdidd walk (at
times by himself) through the forest, sometimesrytag heavy equipment.
Sometimes we passed big trenches or trees with taigs attached, remnants of past
experiments and now grown over with vines and ceven forest debris. He would
spend hours in the forest by himself, collectingad&dom the various different
collection points, or sitting by the side of tigarapés monitoring their flow rate and
conductivity. He did not get bored, he told mehailigh sometimes he has been
scared — especially when one researcher askedohaollect data at night. "You get
totally paranoid about jaguars!" he said, laughifige equipment he dealt with was
sometimes only half-working, and he knew all of thibles and flaws of each data
system he worked with — "each sensor has a diffgg@blem"” he told me. | asked
him if doing the same thing every week got borit8@pmetimes" he said. "But | think
it's important. And every week is different — evénh have already understood the
logic of the work". He enjoyed having the time hink, and he enjoyed being in the
forest. | ask him if the researcher for whom he hadked at night had thanked him

in his thesis, and he simply shrugged, not bothered

At lunchtime and in the evenings at ZF2, people ld@onverge back on the lodging
again for meals, which the chef masterfully serupdising the food that was brought
in every week from the city by the LBA logisticata. Rice, beans, and some sort of
fried meat was usually accompanied by salad —eab#ginning of the week at least,
as by the end the fresh produce was a little willede were staying for several days,
hammocks would be slung up on the second floor, shmvers taken before sitting
down to eat. And after dinner, we usually playeghee to see who had to do all the
washing up. This consisted in trying to guess hoanynbeans each person had in
their closed hands, and always ended with whoopaugfhter as the two last people
engaged in a dramatic duel of bluff and counteffplith the pile of dirty plates and
dishes that the loser would have to scrub loomingnously on the table behind
them. If it was not too late, someone might chgleesomeone else to a game of pool
on the pool table that had been set up in one @fbldck rooms of the building,

amongst all the old gas analyzers and data loggezsh By that time, however, most

201



people were exhausted from the day's work, anddvbelin their hammocks, several
snoring loudly. You had to get as much sleep as gouid in case the guariba
monkeys woke you with their howling in the earlynmiag. The contrast with the air-

conditioned and contained nine-to-five routinelad office could not have been more

stark.

But people could also be excluded from this sense&ommunity — not in an
intentional fashion, but simply because of themperary status. This was most
apparent when foreigner researchers came. Unabkedp up with the banter in
Portuguese, they would end up spending their tim#éhé alojamentoreading or on
their laptops. Several knew at least a little Ryuse and would try to join in the
conversations from time to time — but even thouggrd were rarely any obvious
limits demarcated, there was still a tangible sensghich those who worked all the
time incampowere a tight-knit, and to a certain extent cloggdup. Being someone
who obviously enjoyed being in the forest granted gome access, as | found out
after a while. But this sense of community that finest technicians had was very
strong and never more so than when it was thredierseewas demonstrated when a
foreign researchers' data storage device wentmgis$his contained all the data that
the researcher had collected over several weeksr Wsioking for it in his belongings
and all around the lodging, he had to tell the he&dogistics. He took it very
seriously, and a sudden pall was cast over ZF2.faitest technicians and logistics
team told me that they had been informed that Yerex is a suspect”. They were
indignant at such an accusation. They rallied fogretand told me, and anyone who
would listen, that it was ludicrous and offensigehink that one of them had taken it.
The device turned up in one of the cars a day orlaser. But the incident
demonstrated how immediately the ZF2 "crew", asink of them, came together at
the sign of any threat — as a family might. As ohéhem told me: "we're more like a
family here". This sense of family was not resattto the research site ZF2 — as they
circulated around all the different projects, therkers generally all knew each other,
and had done, in some cases, for over 10 yearanyAbne research site most people
would know several of the other people there. Theae always a sense of cohesion

and belonging.

202



But the further one went into the forest, the mmme needed knowledge that was not
one's own. In the more isolated research sites|.B#e projects were dependent on
local people who had very little if any interesttive research the researchers were
conducting. In order to gain legal access to agotetl area such as Uatuma — which
would allow the researchers access to highly dasiréundisturbed" forest — the
project had to employ members of the riverine comities that lived on the reserve
as workers during the construction of the &ffeDuring the time we spent at the
emerging research site at Uatuma, we ate foodttigalocal people had caught and
fished. On one occasion, one of the local workérkegal up a tortoise to take back to
cook for dinner. A was horrified and, gesticulatwglly, begged them to let it go.
Laughing at her, they did so, but after she walded saw them casting about for it
again — a tortoise is a particular delicacy. | dstteem what they thought of the tower
being built, and if anyone had explained to thenatwhwas for. "Yes, [H] explained.
It's for monitoring leaves or something” one of ntheéold me vaguely. Utterly
indifferent to the scientific possibilities of thiewer, they wanted to know if | could
ask H to put an antenna on the top of it so thaydcget a better signal on their

mobile phones.

"What happens in the forest, stays in the forestie acontece no mato fica no
mato, the forest technicians would jokingly say toteather from time to time. They
meant that secrets could be kept in the forestalsat that there was a safety there, a
sense of belonging impervious to the outside. Vary clearly, albeit unintentionally,
captures the dynamic | want to draw out. What "lesygp) in the forest is, from one
perspectivedata and data certainly does not stay in the forédta$ to come out in
order to become certified data. But the forest nextns do not have any interest in
the data. The movement in and out of the forestaissformative, in that moving in
and out of the forest served as a sort of scaleagced by which certain knowledge
assumed more or less importance: what was impariahe forest was not useful in

the office, and vice versa. But this movement atsediates between two very

1201 tried to gain access to these communities, @eoto investigate how they saw the arrival
of this flurry of scientific activity in their teitory. | went to speak to the NGO that was in
charge of the relation between the Reserva anGtivernment, and they seemed amenable
to my plans. However, the LBA researcher in chafghe ATTO project told me that | was
either part of the LBA team, or working with thenamunities. It would look very bad for the
LBA if | did something inappropriate whilst workinge communities, as the LBA were
responsible for me.
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different places. These are certainly not mutudtlyined as each other's opposites,

but each appears very differently when viewed ftbenperspective of the other.

Indifference as Relation

If, in Chapter 5, | made a case for a certain gbdcientific sociality, there is a case
here for an alternative sort of sociality, one whatepends instead on work that is
"not scientific". This work happens out in the feirein the periphery, or at the
margin. As far as the researchers are concernedpdnt of the forest that the
technicians deal with is precisely the part thastrhe excluded in order fohemto
maketheir sort of knowledge. They are made invisible, alenith the forest itself
and all sorts of other entities and relations, rideo that the sorts of singularizations
that are characteristic of scientific knowledge dan carried out, as discussed in
Chapters 1, 3 and 4. If we are to take the twotiooa as different perspectives on
each other (Strathern 1991), then the techniciaosld be seen not only from the
perspective of the office, as brokers between s@ieworld and forest, but also from
the perspective of the forest. Here, they appeaxpsrts in the forest, or in what is
"not scientific"*?! If we take both of these two locations, and thevemeent that
mediates between them, seriously, what emergestisimply a paradigm in which
the researchers are knowledgeable whereas theideeis are skilled. Instead it
becomes clear that the importance or power of uara@apacities, all of which can be
parsed into "skill" and "knowledge" if desired, dgas as you move in and out of the

forest.

In this description, the incessant circulation agbthe systems and the movement in
and out of the forest are in a sense,damemovement. However, they are the same
movement "seen twice" (Riles 2001: 69). One cararsgp them, even though they
occur at the same time, and are the same things ateethe same thing differently.

On the one hand movement in and out of the foresh imarker of the forest

12L1n order to complete this switch analytically, dwid of course need to describe how the
researchers could also become something else fremdint of view of the forest. Without
having a very clear idea of this, it is certairlye that the researchers are also transformed by
their trips “into the field”, although this is shify more difficult to describe as they still came
into the forest for data. Nevertheless, the Wendydés they built to protect the instruments
that were attacked by termites or colonized by b&smmed like very clear signals of the
forest’'s indifference to their attempts - the féielack of a relation with their data activities.
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technicians' exclusion: it is contained within acadnstitutive of their circulation
within the system. On the other hand, however +ather, from the perspective of
that very movement — other possibilities open upe Thovement itself starts to
"scale" the analysis, and becomes a transformatii& along which the technicians
and the researchers can both travel. As MarilyatB#rn remarks, "it is possible to
say of places that a place is both a point alosgade — as one travels from one to
another, places seem separated by distance thaeaaeasured — and is also the only
point at which one can ever "be" — the place fromclv all distances are calculated"
(2002: 92). In this sense, the forest and the effice both simultaneously points
along a scale, and perspectives from which suchtponay emerge. However, this
potential for figure-ground reversal also contawmghin it its own potential for
transformation. Making the forest technicians Jesidoes not necessitate including
them in the systems from which (from the perspectit/that system) they seem to be
excluded. But equally, remaining sensitive to thekclusion does not mean
desensitizing oneself to what escapes that exclusitie index of what escapes
exclusion is theirindifferenceto at the system of data exchange or scientific

recognition

Indifference proffers itself ethnographically aslaallenge to analyses that turn on
notions of inclusion, exclusion, visibility and isiility. It is because of the forest
technicians’ indifference to the systems that | wgimg to describe that | was forced
to acknowledge the potential that their movemenama out of the forest had for
being somethingother than a movement of inclusion or exclusion. | ssgge
provides its own system altogether, with its owrorelography of elision and
separation from the other logics, movements oraditiels. If the technicians are
excluded from one sort of movement along a socanemic scale that would allow
them to "progress”, they are also at the same t@dorming another sort of
movement, which constantly shifts them onto anotuale altogether. This scale at

times touches the previous one, but it is not empassed by it.

Indifference is also at odds with stories of resise. Resistance appears when
guestions of inclusion and exclusion are at stakd, when hegemonic discourses are
understood to be both salient and contested. Thraugensitivity to exclusion and

resistance anthropologists often try to attainra@odouble vision, in order to be able

205



to see both the dominant and the subordinateceagaine time (cf Haraway 1997: 38-
39). This double vision may even reveal ways inowhthe two are mutually
dependent upon the other (Coombe 19883p that their relation is a "continuous
mutual disruption — the undoing of one term by titeer" (Coombe 1998: 9).
Indifference, however, is not disruption, nor igasistance. It is not even "friction”
(Tsing 2005). It is, | suggest, in analytical teratdeast, the index of difference that
most escapes our analyses. The transformative "afise-forest” does not only
provide a means for each pole to give a perspectivehe other. It also allows for
one extremity to slip out of focus altogether. Toeal people at Uatuma, for instance,
are not determined by their relation to the LBA &owand do not care about the data
it produces. It is, however, remarkably hard togkeegrip on indifference in one's
description; it too slips out of focus. The movemi@nand out of the forest, that takes
the forest technicians away from concerns abowt dat ownership, itself becomes
constantly re-engaged in that from which it progid® escape route. The movement
in and out of the forest is at the same time tiwgtkthat separates, and the thing that
connects, these two perspectives.

Conclusion

In this chapter, | have approached the subjecthefforest technicians, and their
exclusion from the systems of scientific claims.alitoroader sense, | have explored
the extent to which exclusion and inclusion areethgjgnt upon singular perspectives.
As a result, the exclusion/inclusion duality camstimes shift in and out of focus. In

this case, it was the technicians' indifference seaved to effect this shift.

| have described the forest technicians' sensastébility and precariousness within
the LBA organization, as well as their restrictina certain position within these
systems of data exchange, and a certain movememtdirout of the forest. Although

122 As Rosemary Coombe writes of resistances to IPnes) "the law must be understood not
simply as an institutional forum or legitimatingsdourse to which social groups turn to have
preexisting differences recognized, but, more allycias a central locus for the control and
dissemination of these signifying forms with whiifference is made and remade. The
signifying forms around which political action mébés and with which social rearticualtions
are accomplished are attractive and compellingipegcbecause of the powers legally
bestowed upon them." (Coombe 1998: 37)
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the forest technicians certainly are excluded ftbennetworks of exchanges, it is also
true that they were to a certain extent indifferemthese networks - they had no
interest in carrying the data forward into knowledgr claiming it. In fact, they
presented a particular sort of double situatiorwlimch they were both excluded, and
also just absent. Even though the exclusion thigyrfest keenly was a financial one,
they cannot be exhaustively described throughdiwen of exclusion and inclusion.
Their exclusion was manifest in their constant nmeget in and out of the forest. This
movement is at the bottom of the hierarchy of mosets that those in the LBA
perform. However, the technicians' indifference ttus hierarchy allows this
movement to become its own, separate perspectheaad tried to explore the various
entanglements of the different types of movemesnthay separate themselves from

and then come to depend upon each other for stgnite.

| have argued that the movement between office &vést has a radical

transformative potential for skill and knowled§@lt becomes a scale along which
the capacities held by the forest technicians camemassuming different proportions
in and out of the forest. Thus the office and fowe® connected through this scale,
such that all who travel along it must suffer certaansformations. However, the
forest and the office are also different perspestivgiving rise to two separate
socialities. They create two distinct spheres frehich people can be included or
excluded. The forest technicians' indifference,uggest, is an escape from this
oscillation between perspectives; but it remainsige to describe or to use, for in
every attempt, it becomes connected up, or relatedme way, to some discourse of

exclusion.

123 The movement from office "into the field" is ofuse a transformative one in
anthropology as well, providing a comparison wqtinsuing at a later date.
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Conclusion

The Nature of Data - summary of argument

Over the course of this study, | have followed ttig#A data from collection to
dissemination. | have delved into the specific waysvhich those researchers and
technicians | worked with effectively made informoat about the Amazon forest. |
have described how data comes to be data - whaicenformation is considered to
be data, and other information, error. | have deeetbn the processes by which data
becomes certified and trustworthy, in order fotatbe taken up subsequently and
employed in the production of scientific subjedias, scientific communities and
claims about the world. | have demonstrated howvelmg the production of the LBA
data is a complex process that overflows itseld, ismot sufficiently described using
the conventional and particular terms of a repriegemal, binary idiom. But in
refusing the language of representation, | do ntgnid to deny it. | have sought,
instead, toextendthis idiom substantially in each chapter. As bpgwsed at the
beginning of the thesis, this is the essence ofodwllation between identity and
difference that characterizes what it is to takersze seriously anthropologically.
The scientific practice of the LBA seems to be bodpresentational, and non-
representational. These two identifications holdhimi them a myriad of different
binary opposites. The LBA simultaneously affirmsclsudescriptions, and breaks
away from them. In the same way, studying the tletithe LBA produces engenders
a simultaneous sense of identity and estrangeri@ote researchers | worked with
do understand reality as singular, and nature &ngand they do not imagine that
they are creating that which they study. Yet at s@mme time, my research
demonstrates that if one draws out the subtletfetha@r understanding and their
practice then it becomes clear that they do noplsirmake singular representations
of a universal reality. It was the aim of this aopological description to take
account of this oscillation, rather than to denfytdemanding that matters come to

rest on one side or the other. My aim was, asN8aurer puts it, neither to get "back
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to business" with empirical fervour, nor to merédygld more voices" (Maurer 2005:
11).

In the first chapter, | described in detail thesatpts of a student from the LBA to
extract data from the forest. In order to know wkhe was measuring, she had
constantly to battle the threat of the incessdatiomality that constitutes the Amazon
forest. | argued that her efforts, augmented inaggart by the use of different
scientific instruments, worked to introduce a positof zero relationality into the
forest. Only once such a position had been attamesl she able to start measuring
the particular relation she was interested in. Desg or understanding what she
was trying to achieve demanded a shift in how tinary subject/object (constitutive
of representational logic) is understood. It isenfassumed that when there is more
subjectivity, there must be less objectivity, andewersa. However, the notion of
objectivity that this implies is clearly not appr@te to capture how E is producing
data. She is keen to remoa# superfluous relations, including not only thosatth
might be considered "subjective", but also thosevéen other objects in the forest,
herself, others involved in the project, and sofar.from denying that her work was
reductionist, | argued that it was in fact muunlre reductionist than is assumed by
studies that focus on critiquing only the exclusminthe scientist-as-subject from
scientific knowledge. The specific relation, so ™d&athe social sciences, between
human subject and inanimate object was, as farnaaseconcerned, just one amongst
many relations that needed to be excised, sileaceghored. Why, then, | concluded
by asking, privilege it amongst all others as tlasi® for critique? Why not also
guestion the removal of the relation between, smprene and honeybees? Or any of
the other myriad of relations that E must occludeider to achieve a moment of
singularity and stability in amongst the quagmifeaations, all in turn relating to

each other, that is the Amazon forest?

In the second chapter, | looked again at the walatif nature to data; but I did so
through an examination of the mechanics of measeménas the vector of
guantification. The necessity of discretizationtb@ process of measurement was
apparent in my ethnography. Measurement, one &@satold me, "breaks up” the
world. This was an action that occurred often dymmy fieldwork. The footprints of

the tower, parcels of air, molecules of gas —gpresent instances of this "breaking
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up”. In as much as discretization is ddnesomething, this implies a conception of
nature or the world as not discretized. It implileat the "world is in analogue”, or
that the world is "continous”, as my informants Wwbgay. | discussed at length the
ways in which this trope of discretization is ubtqus. It does not only appear in the
specific terms of digitizing the world. It also wrlles quantification as the basic
scaling practice of observational science. | ex@domeasurement's most crucial
properties using another infamous example of timeesdynamic — origin myths, in
this case Amerindian. Having shifted the descrgtilynamic from a binary between
“real" (world) and "representation” (measurement)ohe between the continuous
(world) and the discrete (measurement), | arguatttiese two dynamics do not map
onto each other. The discrete is not any less tteal the continuous. It is real,
however,in a different way| pushed this difference even further by suggesthat
the reason that reality does not share its conaéptordinates with nature is because
measurement is actually what introduces the nagioreality into the world. Reality
is not “in nature”. Nature, for my informants, ivgn and unquestioned because it is
that which is being measured. Reality, on the olfaerd, is the form that nature takes
when it is measured, or known quantitatively. lordy real because it could be false.
For the data to be convincing, it is what it mustdlmown to be. Knowledge, for my
informants, is therefore dependent upon uncertathiy inevitable fact that what is
known is also not-known. It is for this reason ttie metrologists, those researchers |
accompanied who specialize in mensuration, attenghtertainty as constitutive of
measurement. | concluded by proposing an asymraktripartite understanding of
scientific cosmology: nature, uncertainty, ahdnreality/representation. Uncertainty
lies as thaneansby which the first is produced from the last. Agahis schema did

not aim to deny the representational logic, bugxtend it.

In the third and fourth chapters, | examined how rlw data becomes certified data.
Data is separated from nature in the same movethemigh which it is made more
and more real and trustworthy. In Chapter 3, | destrated how raw data can be used
to develop an understanding of the relation betwaeiguity and singularity of
meaning in the science of the LBA. Anti-represaatatl ANT analyses of network
building and the construction of black boxes depepdn opposing ambiguity to
singularity. It is their claim that a fact becomese when its meaning is no longer

disputed. The raw data complicates this dynamicesamat. It appears not as a
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singular entity, but rather as a "unique ambiguib¥ielling on this tension in the raw
data, | drew attention to how sought after and phwembiguity can be when it is
unique. Researchers from all over the world coméhéo Amazon and undergo all
sorts of ordeals in order to obtain raw data. Sumingpthe understanding of nature
as chaotic relational excess that | documentechithe first two chapters, | also
demonstrated that the "rawness" of raw data issaltref its hyper-relationality or
connectivity to the world. It is raw data becausstill has too many of the wrong
relations in it, relations such as that betweennkgument and bees, or lightning and
the tower. It therefore has the possibility of lgegither data, or error — it contains
within it the potential to be real or false. Intfait is neitherof those things. Instead it
encapsulates the tension between the two, or ttemial for the relation between the
two to emerge. This, as | also argued in Chapter the effect of measurement: to
introduce the relation between real and unreaflada and error. Attending to the raw
data in this way, as it is and not for what it viidcome, establishes the necessity of
taking account of those entities that in a senseepist the networks of ANT, if those
networks are taken to be a function of singulaiaradf meaning, or "black-boxing".

| also drew attention to the implicit temporal bdurg that occurs in anti-
representational, constructivist accounts of thH®i¢ation of facts. | suggested that
there is always something that pre-exists the adcand, perhaps provocatively,
called these "somethings", "pre-network entitiédiey are examples of what Bruno
Latour calls in one case a "vague, cloudy grey taumoge” (1999a: 45). If | am right,
what is important is not creation or constructibng rather the substitution of the
"right relations to the world" for the "wrong ralats to the world". The real-
represented binary might then be to revealed aataeatror binary instead, where

error is all the bits of the world that are not andhvestigation - ‘the rest’, as it were.

In the fourth chapter, | turned to the process Iyctv this relation between data and
error is solidified and fixed. This is called "cheag the data”, and consists in
weeding out those wrong relations to the world t@istitute the data’s "rawness".
Effecting this transformation of the raw data in&stified data is no mean task. There
are several key mechanisms by which it occurs.fireeis the transferral of the raw

data into a pre-existing structure in order to tilma undifferentiated mass of numbers

into values of phenomena, such as wind speed, roradioxide concentration.
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These values are then verified by ascertaining hérethey have transgressed the
“range" or not. If they have, then the data clesrmgin painstakingly adjudicating
whether they are still what one of them referredaso"inside the possible”. This
involves relating the data values to each othethabthe phenomena in question are
re-composed inside the data set. Is it possiblesineh a value could exist, given the
other values that it must relate to? If the answees, then the data is data — and has

always been so. If the answer is no, then it isrerrand has always been so.

This seems, if time-consuming, at least straightésd. However, what was
remarkable was the self-referentiality of thesecpdures. The range is itself
composed of data, and making the data set cohesr@chieved, not by establishing
its external relations to nature or the world frevhich the data has come by but
instead by establishing its internal relationstself. There is no reference backwards,
or if there is it is only to theelatorio detailing the conditions of data collection that
accompanies the raw data. Moreover, thilatdrio does not accompany the certified
data after the cleaning process. It is left behard] in fact needs to be left behind, in
order for the data to become certified and tramelards and outwards from the LBA.
Far from needing epistemological justification,sthuircularity is necessary for the
data to arrive at the state of being referent,eatity, toitself, a state in which it is
both representation and referent, simultaneo@ytified data therefore reconfigures
conventional ideas of correspondence as the ragetgsmal relation by turning itself

inwards: certified, trustworthy data correspondgdelf.

| concluded the fourth chapter and first part & thesis by introducing the notion of
"compaction”, drawn in part from the work of Dondaraway and Marilyn Strathern,
in order to clarify this relation of internal cosondence that certified data displays.
Through the cleaning process, one side of thignatecorrespondence compacts into
the other. The data becomes more and more re&littner away it gets from its raw
state, and the further away it gets from the for@stBruno Latour suggests, the more
work is done on it, the more real it becomes. H@®vewhat compaction stresses (that
ideas of "black boxing", for example, do not) is ttollapse of one side of the reality-
representation relation into the other. Compaasamot the progressive eradication of
the other side, and neither is it hybridisationtlod two. Compaction is when the

analogy caves in altogether — but only in orddsdseparated out again. Separation is
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the subsequent drawing apart of the terms of taiwa, and is thus the realization of
the potential for meaning that is inherent in tb#apse. Therefore, the fourth chapter
ended with a brief synopsis of the process of gabauction, that aimed to re-think
the reality-representation relation in terms o$ttiynamic. Data begins when "world"
as an undifferentiated substrate is separatedcfé&tized”) through measurement to
give uncertainty and raw data. Raw data, as an@uobs material, is then separated
through data cleaning to give error and certifieatad Certified data is itself a
compacted form of the relation between reality eptesentation, which can go on to
be separated in different way$® Undifferentiation, ambiguity and compaction
emerge in between different moments of separatiwme of these stages — world,
raw data, certified data — are either realitiesapresentations. They are a related
series of different separations and compactiongyTéan be seen as real, or as

representational or they can be given any numbethar denominations.
The Social Life of Data - summary of argument

| ended the first part of the thesis by suggedtivag it is the capacities given the data
by becoming certified that allow it to become aiabcand in a sense socializing,
scientific object. This is the theme that animatessecond part of the thesis — what
might be called the "sociality" of the researchansl technicians of the LBA. This
part is made up of two chapters. In the first, ¢bafive, | explored the way that the
LBA data is capable of engendering boundaries atffiekentiations. | identified two
different models of data exchange for the LBA datedels that give rise to two
different kinds of scientific community. One is prised on a logic of "flow", and the
other on a logic of "exchange". In the first, dst@pen-access and free, and the point
of the exchange is in fact to overcome boundamgEserating the notion of an
inclusive, limitless scientific community. In themnd, the data flow is controlled
through a series of bound exchanges, and is net e one of the tenets of this
second model is that one has to have a relatidnirimrder to become a part of it, this
system generates and perpetuates its own mutatils.liThese limits are keenly felt
by those involved. The two models, it bears insgstiare separate and distinct: one is
not an idealized version of the other. Their coHagion accounts for many of the

1241n Chapter 5, | suggested that one of those wafgs isto be both means and end to
knowledge, which might also be seen as the distindtetween form and content.
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misunderstandings (such as contested accusationdgtaftheft) that occur during

scientific collaborations.

In the second part of the chapter, | turned to esklthe individuals involved in these
communities, and their relations to the produdhef communities, the data. | argued
that there is a relation of mutual co-productiotwle®n people at the LBA and the
LBA data. The data cleaners work on the data, beitdata also works on the data
cleaners. Many studies of scientific property thave emphasized the impossibility
of ownership in scientific practice. In the LBA, wever, | found that the crucial
relation between data and researcher or techneganindeed understood to hinge on
the question of ownership. There was an intricaterplay between "ownership" and
the transformation of data into claims about theldvdrhe data cleaners are not in a
position to convert the data that they produce kmtowledge, but they have invested
significant work into it. | suggested that this wagives them a sense of entitlement
towards the data that they cannot convert intolangtelse. Unlike other researchers,
who do have the means to convert data into knowledg technicians, who do not
work on the data at all, the data cleaners areesugul between owning and not
owning the data, and therefore between scientiflgjextivities. This gives them a
feeling of liminality, or of being stuck. The ainf the chapter was to re-animate
discussions concerning creativity and subjectiitgcientific practice, by elaborating
a generative system of scientific sociality thahsuon relations between people and
things, most notably data. It is a closed and rdrential system of mutual co-

creation.

The sixth and final chapter then challenged thisetl and self-referential system by
asking how those who have no relation to the diasdl aould figure in such a system.
| denominated these people the "forest technicidfst' the most part they are local
people from Manaus, who go in and out of the fomdkecting data, constructing
research sites or ensuring the research sites amtaimed in working order. The
system sketched out in the previous chapter seemedessarily place these actors in
a position of being excluded from it. This is cerka how they appear, endlessly
circulating around the research sites, going in@urtcof the forest. Paying attention to
their exclusion, however, indicated they do notact feel excluded in this way. Any

sense of exclusion they have relates to job secamidl finance. In terms of the system
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of data exchange, they feel indifferent. If theidifference can be masked by the
imputation of exclusion, their incessant circulatias index of their exclusion also
contains another movement, the movement in andobuthe forest. From the
perspective of the forest, the forest techniciangrge as agents of their own sort of
sociality at the research sites. Although these damains — the office and the forest
— are opposed, it is the movement between themghia¢ index of their indifference.
This movement is transformative, and is neitherogep nor aligned, but mediative.
As such, the forest technicians’ indifference appeshnographically as an important
but elusive relation. The implicit concern of tliecond part of the thesis was to
explore how conflicting discourses may not simflact each other, but may instead
provide entirely new avenues for enquiry. The ficlapter therefore suggested that
informants’ "indifference" is one relational meams mediate such enquiries.
Indifference treads between exclusion and inclysumsibility and invisibility. But it
also inevitably becomes entangled up with thosdonst negating itself in the

descriptive process.

What Next?

As well as being an ethnography, this thesis wasnded as a re-description of
scientific practice. The study of data in the LBAegents an opportunity to re-
consider the real-representational relational idittrat has long dominated social
studies of science, by dwelling in the oscillatidoetween recognition and
estrangement that studying science elicits. In g¢bisse, this thesis has constituted a
sustained effort to take science seriously antHompeally.*?® It was also intended as
an example of making explicit the recursivity thstbuilt into such attempts. The
extension, or re-working, of representational logffected in the first part, and the
reconsideration of scientific sociality pursuedhe second, are both recursive moves.

125 Thjs allows for comparisons to be made with ottr@wledge-practices that have
previously been imagined in only one wAythe end of the fourth chapter | suggested one
example might be different processes of what inMest might be thought of as
objectification and subjectification, or what | lcaintological alchemy", in Amerindian
societies.
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Both are intended to refigure the forms that comestmeasily to hand when

anthropologists seek to describe scientific practicd knowledge.

Another, perhaps less obvious, set of targets dich sefiguring are the notions of
complexity prevalent within anthropological theamg. In the LBA researchers'
understanding of the world, the whole seems tougnbeing always beyond or bigger
than the sum of its parts, precisely because iagdwhas the capacity to be smaller.
This is, | suggested, a result of the fact thatfdrest, and by extension the world, is
always potentially further divisible. There are al® more relations inside the
relations, more terms inside the equations, moatesanside the scales. However,
data, because it carries its own reality withstable to becomenore real than the
world. This excess in the data is compounded bydlational capacity that the data
is imbued with. It can travel, be copied, indexshkared, compared. It outstrips the
world as it leaves it behind. In this situation therld somehow becomesnallerthan
the sum of its parts: the parts become bigger thanwhich they are abotf® As Lev
Manovich describes it in his account of the databas cultural form, "Jorge Luis
Borges’s story about a map which was equal in gzéhe territory it represented
became re-written as the story about indexes aadl#ta they index. But now the

map has become larger than the territory" (Manot@®9: 85)-%’

Thus one avenue for enlightening and recursive eois@n between the LBA
practice and anthropological knowledge is mereakgiMy description of an ever-
expanding world, as seen through the eyes of tearehers of the LBA, will not be
new to anthropologists. The impossibility of degliwith an ever-increasing
complexity has been thoroughly addressed in Maig{nathern’s work, most notably
in Partial Connections(1991). She describes the dizzying complexity tha
anthropologist faces in trying to organize his @r ldata across different scales.
Trying to hold something steady by which to compgemerates the sensation of
endless insufficiency. The closer one looks, theremioternal variation appears,

eclipsing the importance of the initial boundarigawn around phenemona in order

1261 thank Martin Holbraad for this insight.
127 See also Geoff Bowker (2008), for an investigatbthe context and repercussions of this
shift for memory practices in the sciences.
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to organise one’s knowledge of them. This sensafdrathern maintains, is derived
from an understanding of the world as composedsaféte entities that can only ever
provide a partial perspective on the entire phemmme- what Strathern denotes a
"pluralist” perspective.

Strathern’s alternative trope is that of the frheta form in which complexity does
not in fact increase but is conserved at everylleYet although this proposal has
proven immensely fruitful for social scientific thrizing (see for example Kelly
2005; Jensen 2007; Holbraad and Pedersen 2009 etitnographically bounded and
to a certain extent specific. Although the fradtaim employed is a Western one, the
motive for employing it is Melanesian. Because alist Western understanding of
the relation of parts to wholes that encompass tteenevinced by the relation of the
individual to society, for example) does not undefdelanesian notions of sociality
or knowledge, it is therefore insufficient to deberthem. The fractal in Strathern’s
description thus becomes the form that spans thepar ethnographic engagement
and the recursive move that resulted from it. Aslescriptive device, it neatly
encapsulates one particular ethnographic relatiothe case of my thesis, however,
with its particular ethnography, a different formigit be required. Such a form
would have to confront the specific difficultiessolved in studying science. It would
have to take account of the specific mereology aithdthat generates the sensation
that the world is endlessly smaller than the sunitopartst?® It could be used to
rethink the discussion of partiality, as itself @ntemporary anthropological
merography?® offered in the introduction. If | do not offer su@ form here, this
thesis is nevertheless a step towards identifjieggeometry it might take.

A reflexive comparison of this sort represents @@napt to productively negotiate the
line between anthropology and that which it studies say this, however, is not to
exhaust the recursive potential in the argumehts/e presented. This move could be
propelled even further if it was turned back orlitsThis would not involve asking

how anthropological ideas that present themselgesoaparable to scientific ones

128 preferably, such a form would also capture thereéxo which the ethnographic relation in
question is governed by the extent to which scsgsitdata is anthropological knowledge,
when ideas of knowledge and data do not map ortio ether.

129 No reference is intended here to Marilyn Strattsesaparate but related notion of
“merographic connections” (Strathern 1992: 72).
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might fare in such a comparison. Rather, the gorestiould be whether the very

premise of this study could be refigured by whaihtains. In such a move, the very
means of the comparison would become the grount rieads to be refigured.

"Taking seriously" would figure, not as an end pobbut as a constant re-beginning
(cf Stengers 2000 [1993]). My question, at the ehthis thesis, is: what can taking
science seriously teach us about the taking sdyimisanthropologists? | can only

indicate the salient direction that such a recersnove might take. The discussion
around "taking science seriously” with which | stdr this thesis is based on
anthropological conceptions of identity and diffeze. Anthropological discussions
of endo- and exo-anthropology, of the relation leetwthe two, and of what "taking

seriously" could signify, are the means by whiclhewpologists explore the insides
and outsides of their own discipline, and their dimowledge.

What is at stake in taking science seriously isaootectly ascertaining how near or
far the scientist as Other is to the anthropolodiat rather describing the different
ways of conceiving and 'doing' proximity and distanidentity and difference,
strangeness and sameness encountered in the Tiedd Other of the Other may
always be other, as Viveiros de Castro suggestsithisi means little if ideas of
Otherness differ across that gdpThis thesis has documented the ways in which
data itself encapsulates, and is the result ofwkendge-practices of inclusion and
exclusion, internality and externality, differeraed indifference. It has described the
different ways in which limits and boundaries aomstrued, imagined, talked about,
constructed, dissolved and employed by the teclamécand researchers | worked with
when they work on their data. | have already cRey Wagner: "[A]nthropology will
not come to terms with its mediative basis angitfessed aims until our invention
of other cultures can reproduce, at least in ppiecithe ways in which those cultures
invent themselves" (Wagner 1981 [1975]: 30). Tle® applies to the ways that those
we study invent their Others, and even the ways$ @therness is constituted for

them. The question is one of ethnographic spetifail the way down, as it wefé

130 As strathern writes : "It is all very well for Gldns to state that "all social actors...are
social theorists" (1984:335), but the phrase isrmapty one if techniques of theorizing have
little common ground” (1987:30).

131 The reason that Viveiros de Castro’s work is sgaging is, | suggest, exactly because of
its ethnographic loyalty to the Amerindians he &adand their concern with negotiating
relations with "enemies" - Others (e.g. see Viveile Castro 1998). This is what makes it
appealing to wider audiences: the ease with wielrécursive move can be effected.
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But how can anthropology allow that specificity rve beyond itself, in order to

deal with and negotiate its own sense of the usal@r
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