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Much sociological research on the environ-
ment has focused on how certain conditions
of nature have come to be recognized as
environmental problems. This type of re-
search identifies how environmental prob-
lems are defined through public claimsmak-
ing and other largely social aclivities. Less
research has focused on processes involved
in the development of scientific technigues
for monitoring the environment and how
these techniques are embedded within so-
cial networks. This is the general topic for
this paper. | will describe how certain mon-
itoring techniques became accepted and
standardized in the case of acid rain and
ozone depletion, and, more importantly, how
their standardization helped shape some
dimensions of these problems.

The question of the social underpinnings
of various monitoring technigues in particu-
larly timely in the case of global warming.
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Current scientific and public debate address,
among other things, how to empirically con-
firm global warming. What are the signals
of global warming? What sort of socio-tech-
nical networks are being constructed to iden-
tify climate change? How will these networks
shape the environmental problems itself?
This paper focuses on a specific aspect of
the problem of standardization of the moni-
toring technologies: their scale. Will global
warming/climate change be constructed
solely as a global problem, or will there be
sufficient flexibility for its scale to be reduced
to regional or local problems as well, if war-
ranted? Flexibility surrounding the global
scale of measurement technigues is poten-
tially consequential for the size and dynam-
ics of the climate change problem.
Implications of current climate monitoring
techniques for the assessment of global
warming are as yet unknown. However, it
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may be useful to look at other related envi-
ronmental problems to analyze the impor-
tance of monitoring networks, Two problems
which provide a good comparison are acid
rain and ozone depletion. We will examine
how, in each case, the process of establish-
ing standardized monitoring networks influ-
enced the scale and particular dynamics of
the problem. These two cases will then be
used to address potential consequences of
the choosing on of the existing techniques,
such as “fingerprinting” or measurement of
temperature increases, in the current scien-
tific controversy over techniques for detect-
ing global warming.

Actor/Network Theory

My analysis draws upon some insights from
actor/network theory (Callon 1986; Latour,
1987). Actor/network theorists distinguish
between “global networks” and “local net-
works”. Global networks persist beyond in-
dividual laboratories, consisting of a set of
relations between an actor and its “neigh-
bors” and also among the neighbors them-
selves (Law and Callon 1992). Global net-
works allow for the acquisition of space, time
and resources (a “negotiation space”) so that
projects can be undertaken within “local
networks” (e.g, a scientific laboratory). Ac-
tors must perform “balancing acts” to main-
tain stability between the “outside” or actors
within the global network and the “inside”
or actors within the local network (Callon and
Law 1989). Scientists may enroll actors into
a network in an attempt to make their own
activities or laboratory an “obligatory pas-
sage point” for these other actors to reach
their goals (Law and Callon, 1992). For ex-
ample, scientists or other network builders
may attempt to persuade foundations or
governmental actors that they might only or
more easily achieve their agendas by sup-
porting scientists’ activities: the scientific
laboratory becomes an obligatory paint of
passage for governmental actors to reach
their goals.
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The standardization of monitoring tech-
nolegies can be a significant feature of sci-
entists’ networks. As machines are used in
laboratory wark, they may become stand-
ardized through the process of successful-
ly passing “trials of strength” and through
their negotiated acceptance among other
scientific and non—scientific actors. That is,
the standardized technologies are stabilized
and “black—boxed” so that the data they pro-
duce are generally accepted without ques-
tion as representative of nature. The tech-
nology becomes an important actor in link-
ing together global and local networks be-
cause i, and the data it produces, can eas-
ily pass back and forth. Data produced by a
geiger counter, for example, can easily pass
from a local site to national and internation-
al arenas.

Coupled with the pertinence of actor/net-
work theory for examining standardization
of monitoring technology is its possible rel-
evance for comparative studies. Thus far,
there have been many case studies of indi-
vidual technologies, programs of research
or scientific knowledge-claims which employ
actor/network theory; however, there have
been far fewer comparative analyses. With
analyses of case studies, a researcher typ-
ically can draw conclusions about the proc-
esses involved in building a network and why
it was successful or unsuccessful. Compar-
ative analyses, on the other hand, may help
to more easily visualize both the scale of
networks and how they “could have been
otherwise” given a contrast with another
somewhat similar case.

A comparative analysis may be especial-
ly useful in analyzing the current network
building surrounding the controversy over
techniques for detecting a global warming
signal. The analysis below focuses on both
the acid rain and ozone depletion cases and
draws out some implications for the current
controversy surrounding global warming. As
will be shown, some significant differences
fell along the lines of scale and flexibility built
within the networks in the acid rain and
ozone cases, which may be relevant for the
global warming case.
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Acid Rain: Taking Local Measurements
Seriously

Separate acid rain monitoring networks ex-
ist in the U.S., Canada, Europe and Scan-
dinavia. My analysis will focus on the U.S.
network for reasons of brevity and familiar-
ity. This network is called the NADP/NTN
(National Acid Deposition Program/Nation-
al Trends Network) precipitation chemistry
network which now consists of about 200
sites. The construction of this network was
important for how acid rain itself became
constructed as an environmental problem
and for the types of scientific research fo-
cused on it. The idea for a U.S. acid rain
monitoring network was first propagated in
the early 1970s by Ellis Cowling of North
Carolina State University who had recently
returned from a trip to Sweden where he had
met with Svente Oden and other acid rain
scientists. Cowling approached other scien-
tists, the Environmental Protection Agency,
members of Congress and others to devel-
op support for the network. Initially he was
unsuccessful in obtaining federal support,
but was able to enlist the interests of sever-
al State Agricultural Experiment Station
(SAES) leaders. These leaders were inter-
ested in interregional projects, especially if
they would expand the visibility of SAES by
addressing national problems (Cowling
1987). They gave Cowling $12,000 to be-
gin organizational work.

Cowling and others began drawing up
plans and held meetings with interested
members from SAES. In its early stages,
about 15 stations sent representatives. Of-
ficial sponsorship for the project nitially
came from SAES in the North Central Re-
gion of the U.S., but collection sites were
established in other areas as well (Gallo-
way and Cowling, 1978). The project was
called the National Atmospheric Deposition
Program (NADP). A decision to join the pro-
gram and construct a monitoring site was
initially on a voluntary basis. A scientist had
to raise sufficient funds(about $4000-$5000
per site) and agree to the terms of the re-
search protocol. In exchange, data about

precipitation chemistry from their site and
others were available for analysis. Though
originally in 1978 there were 15 sites, the
network expanded rapidly and by the mid-
1980s included about 200 sites (Bowersox,
Sisterton and Olsen 1990).

At first, each site contained only a wet
depasition collector with a dry collector list-
ed as optional equipment. When NADP sci-
entists first began meeting, they reached
guick consensus about the high quality of
wet deposition data because of the availa-
bility and widespread use of wet deposition
collectors. This technology consisted of a
sterile bucket, which would open and close
with each precipitation event, with a precip-
itation gauge attached to the bucket to con-
firm that the lid was working properly. Each
Tuesday morning at 9 a.m., precipitation
samples were collected and conductivity and
pH tests were performed at each site. The
weekly samples were then sealed and sent
to a central analytical laboratory located at
the Illinois Water Survey (IWS) in Cham-
paign, IL. Scientists there already had in
place extensive facilities supported by the
U.S. Department of Energy and their site
was chosen for analytical procedures be-
cause of their alleged high quality work and
their interest in taking on the task. Scien-
tists at each individual site were responsi-
ble for paying IWS for the analysis conduct-
ed on their samples. This analysis included
measurements for volume, pH, conduct-
ance, sulfate, nitrate, chloride, phos-
phate,calcium, magnesium, sodium, potas-
sium, ammonium and any other tests re-
quested by individual scientists. The IWS
eventually published a manual document-
ing their analysis procedures (lllinois Water
Survey, 1986) and NADP and other scien-
tists have accepted their work as of high
quality.

The collection of dry deposition, on the
other hand, was much less straightforward
because of the importance of surface for dry
deposition (McFee 1986). The atmosphere
interacts variably with different surfaces
yielding, all else being equal, different lev-
els of dry deposition. Initially, scientists at
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some sites put out an open plastic bucket
to collect dry deposition (one that would
close during a precipitation event). Howev-
er, this practice was criticized because of
the surface problem: a plastic bucket is sim-
ply representative of a plastic surface which
is quite rare in nature. There was significant
debate about this problem in the late 1970s
and it was eventually agreed that monitor-
ing of dry deposition would be optional at
each site. This decision helped strengthen
the network by making an unruly actor un-
necessary for its survival.

Once formed, the network expanded in
the late 1970s and received a major boost
in the 1980s with the creation of the National
Acid Precipitation Assessment Program
(NAPAP). NADP served as a sort of model
for NAPAP but the latter brought extensive
federal funding to acid rain research. NA-
PAP expanded the monitoring network cre-
ated through NADP with a new network
called the National Trends Network (NTN).
This network established sites (using the
same protoccl and central laboratory as
NADP) with attention given to better repre-
sentation of the diverse ecoregions across
the U.S., especially those particularly sus-
ceptible to the effects of acid rain (Bower-
sox et al. 1990). NTN also added a new so-
phisticated dry deposition collector to the
network.

Overall, this standardized collection net-
work was important for the construction of
acid rain as an environmental problem." The
network brought about accepted scientific
data which identified the existence of acid-
ic precipitation and showed its regional dis-
tribution. It also made acid rain more visi-
ble as organizations, collections of scien-
tists, maps of acid rain, claims by scientists
and other inscriptions were made available
for public dissemination.

Also, this particular network opened the
acid rain problem for construction and re-
search at several levels of scale. The net-
work was flexibly a local, regional and/or
national phenomenon according to scien-
tists’ interests. Data could be linked to and
used for analyses of research problems at
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particular sites (e.g., spruce decline on Cam-
els Hump Mountain in Vermont (Scherbat-
skoy and Klein, 1983), mobilization of alu-
minum and poisoning of fish (Schofield,
1976)), for regional research problems (e.g.,
acidification of lakes and streams in New
England (Cogbill and Likens, 1974), trans-
port of acid rain precursors in particular ar-
eas) and more national-scale research
problems (e.g., transport of acid rain pre-
cursors from the midwest to northeast). The
network was flexible and constructed in such
a way that scientists’ aftention was direct-
ed at different levels.

The flexibility of scale in the network also
impacted different publics’ perceptions and
use of the acid rain phenomenon. By the
early 1980s in the U.S., the concept “acid
rain” was multiply interpreted to mean dif-
ferent things in different contexts. Farmers
and fishermen, for example, localized acid
rain to explain crop failure and lack of fish-
ing success; environmental organizations re-
gionalized and nationalized the phenome-
non to reinforce arguments for more strin-
gent national clear air laws. Other groups,
such as representatives of the electric power
industry, could flexibly vary the scale of acid
rain to draw attention to uncertainties in
knowledge. Consequentially, the flexible
scale of the acid rain phenomenon helped
delay formation of acid rain policy in the U.S.
precisely because this flexibility could be
used by various social groups holding op-
posing political interests. So whereas the
data gathering network was formed by sci-
entists to fulfill diverse research interests, i
was less suitable for producing quick legis-
lative policy.

Ozone Depletion: The Construction of
A Global Scale Phenomenon

In contrast to the acid rain case, stratospher-
ic ozone depletion was quickly defined as a
global environmental problem even as
ozone monitors, which were then in place
(early 1970s), were largely local (vertical
column) indicators of ozone levels. As the
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environmental problem gained increased
attention, there was a concerted effort within
the scientific community to globalize an
ozone monitoring network, both through a
standardized network of Dobson stations
and through monitoring technology aboard
satellites. These separate networks were
impeded by three main problems. First, the
definition of (and consequential actions of
defining) ozone depletion as a global phe-
nomenon created a setting in which atmos-
pheric scientists overlooked extreme region-
al variability. Second, there was less tightly
controlled data handling and upkeep of
measurement instruments than in the U.S.
acid rain network, which led to mistrust of
data that did not meet prior model-based
expectations. Third, the overlap of data col-
lection procedures (though generally bene-
ficial) helped produce, in a particular in-
stance, an ambivalence in reporting and
analyzing key data in a timely manner.

In the early 1970s, several scientists pub-
lished theories on the potential effects of
nitrous oxides and chlorine in the destruc-
tion of ozone in the stratosphere (Crutzen,
1970; Johnston, 1971; Nicolet, 1971; Stolar-
ski and Cicerone, 1974; Molina and Row-
land, 1974). These theories, coupled with a
proposed SST fleet and rising levels of chio-
rofluorocarbons (CFCs) production, helped
drive the construction of ozone depletion as
a new environmental problem and led to
calls for elimination of the SST fleet and pro-
duction and use of CFCs.” They also stimu-
lated an interest within the atmospheric sci-
entific community both to develop atmos-
pheric models that predict future ozone loss
and a means to measure actual ozone de-
pletion. Since CFCs are highly stable com-
pounds (providing for multiple uses), once
emitted, they remain in the atmosphere for
many years and eventually rise into the strat-
osphere. In the stratosphere, they eventu-
ally break apart in the presence of solar ra-
diation, releasing chlorine atoms which act
as a catalyst in the break—up of ozone mol-
ecules. Because CFCs were emitted world-
wide (though with major international dispar-
ities) and, more significantly, because of

their long-term presence and global disper-
sion in the stratosphere, atmospheric sci-
entists quickly labeled ozone depletion as
a global problem.

Unlike the acid rain case inthe U.S., there
has been a relatively long history of ozone
measurements. The main instrument for
measuring ozone (until the 1980s) was the
Dobson spectrophotometer originally devel-
oped by the physicist Gordon Dobson (Cagin
and Dray, 1993). The instrument measures
the relative intensities of pairs of wave-
lengths in the Huggins ozone absorption
band (300-350 nanometers). One wave-
length in each pair is strongly absorbed by
ozone and the other is not. From these dif-
ferences, one can deduce the total vertical
calumn of ozone from that surface point
which is measured in Dobson units (cf. Lon-
don and Angell, 1982; World Meteorologi-
cal Organization, 1989). Gordon Dobson
was the first to use the spectrophotometer
and to place them in different parts of the
world. The rather loosely connected network
of about a dozen Dobson stations estab-
lished in the 1930s increased considerably
in 1957 during the International Geophysi-
cal Year along with increased global geo-
physical and atmospheric research. In 1957
Dobson published a complete description of
and instructions for operating the instrument
which facilitated their use (Dobson, 1957).
By the early 1980s, there were about sixty
Dobson instrument stations in the northern
hemisphere and ten in the southern hemi-
sphere (Cagin and Dray 1983).

With the growth of Dobson stations and
emergence of the ozone depletion problem,
members of the World Metecrological Or-
ganization (WMO) attempted to standard-
ize the equipment and develop a more for-
malized network of global ozone data. For
ozone measurement precision, the Dobson
spectrophotometer must be periodically rec-
alibrated and maintained and measurements
must be adjusted according to several back-
ground conditions such as directness of sun,
temperature and cloudiness. To minimize
variability, the WMO in 1974 designated a
World Primary Standard Dobson Spectro-
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photometer No. 83 (referring to the 83rd in-
strument built) which was maintained at the
World Dobson Spectrophotometer Central
Laboratory in Boulder, Colorado (WMO,
1989). Dobson instruments around the world
could then be calibrated either directly
against No. 83 or indirectly through inter-
calibrations with Secondary Standard Dob-
son spectrophotometers calibrated in Boul-
derin 1977 (WMQ, 1989). Coupled with this
attempt to standardize eguipment, an effort
was made to collect and publish global
ozone data through the auspices of the In-
ternational Ozone Commission {established
at the UN Conference on the Human Envi-
ronment held in Stockholm in 1972) and the
Canadian Atmospheric Environment Serv-
ice. If Dobson station operators wished, they
could report daily and monthly ozone meas-
urements to one of these organizations
which would collect and publish resuits in
the “Red Books” (Cagin and Dray 1993).
Despite these attempts to standardize and
globalize the Dobson ozone data gathering
network, several problems emerged which
inhibited its momentum. One problem relat-
ed to variations among stations in upkeep
of their equipment. Some station operators
were more fastidious than others about cal-
ibrating and replacing equipment which was
notorious for deterioration and drift. Varia-
bility in upkeep led to some distrust about
accuracy of ozone data, especially meas-
urements that lay outside of levels predict-
ed by atmospheric models. Second, ozone
data obtained from each station were de-
pendent upon careful measurements of sev-
eral background characteristics (noted
above). Although standard techniques were
developed to factor in these characteristics,
there was always some distrust about
whether these techniques were followed
accurately at each station. Unlike the U.S.
acid rain network where most of the analy-
sis was conducted at a central laboratory,
ozone measurements were calculated at
each separate station. Third, there was an
uneven global distribution of Dobson sta-
tions. A majority were in the Northern Hem-
isphere (and on the continents of North
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America and Europe) which limited their
capacity to provide information about glo-
bal trends. Fourth, most Dobson stations
provided total column measurements of
ozone (including the troposphere and strat-
osphere). But these standard measurements
gave little information about the vertical dis-
tribution of ozone, which was key to meas-
uring two different types of ozone related
problems (i.e., presence of ozone in the trop-
osphere and lack of it in the stratosphere).
This problem was solved at a limited number
of stations with the use of “Umkehr” tech-
nigues. This involved using Dobson spec-
trophotometers to take measurements of
radiation at pairs of wavelengths at several
angles (60° to 20°) from the solar zenith sky.
These measurements were then compared
to determine vertical layers of ozone level
and, in practice, nine layers from the ground
to 48 km. altitude were generally used (Lon-
don and Angell, 1982; WMO, 1989). How-
ever, only a limited number of stations (about
12) have performed umkehr measurements
for a sufficient length of time to allow for
trend analysis of czone changes (Reinsel
et al. 1984) and these techniques were lim-
ited by the same problems noted above at
Dobson stations.

Because of the inadequacies of the Dob-
son network in providing global coverage,
there was much interest among atmospheric
scientists in monitoring ozone by satellite.
Similar technology could be used to meas-
ure backscattered radiation from the earth,
which would identify ozone levels following
similar principals used with Dobson technol-
ogy. Efforts first began during the 1960s with
NASA scientists at Goddard Space Flight
Center. Their original intention was to use
measurements of ozone as information for
weather forecasting — ozone levels being a
good tracking device for high and low pres-
sure areas (Cagin and Dray, 1993). One
NASA scientist — Donald Heath — had a plan
for a “backscatter” instrument which would
compare outgoing infrared light (which has
been “backscattered” off ozone molecules)
with incoming scattered ultraviolet light on
that same molecule (Cagin and Dray, 1993).
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Since both measurements could be per-
formed by the same instrument, one would
not have to worry about continual calibra-
tion because the two measurements would
be relative to each other (WMQO, 1989). With
the support of Arlin Krueger — another NASA
scientist — this instrument was eventually
included aboard NASA’s Nimbus 4 satellite
launched in 1970.

Although the instrument worked, it was not
sufficiently sensitive to determine whether
ozone was being depleted by chlorine, which
was an emerging interest among NASA
technicians because of emissions from
Space Shuttle flights (Cagin and Dray,
1993). An improved SBUV instrument was
placed aboard Nimbus 7 launched in 1978.
This instrument known as the Total Ozone
Mapping Spectrometer (TOMS) included an
optical apparatus which would provide hun-
dreds of wavelength observations every few
seconds as the satellite circled the globe,
with slight variation of angle with each or-
bit, from equator to pole (WMQ, 1989; Cagin
and Dray, 1993). TOMS measured not only
total column and altitude profiles of ozone
but also made measurements over a broad
geographical area at the same point in time.
This produced an immense amount of ozone
data with global coverage.

Unfortunately, TOMS was not the pana-
cea that some anticipated. Although the
same spectrophotometer was used to meas-
ure hackscattered radiation and solar UV
irradiance at the same wavelengths (thus
providing a measure of the amount of radi-
ation absorbed by ozone), a diffuser plate
was used to transform solar irradiance into
a radiance comparable in magnitude with the
backscattered earth radiance (WMO, 1989).
This piece of equipment was an important
actor in one set of measurements, but not
the other, and this plate began to degrade
and became less reflective over time. This
degradation introduced an element of dis-
trust and uncertainty among atmospheric
scientists in data produced by the satellite,
especially when these data contradicted
predictions from atmospheric models. This
distrust was evident when Donald Heath at-

tempted to publish a paper in Science in
1981, which reported that global ozone had
declined by one percent during the 1970s
based upon combined data from Nimbus 4
and Nimbus 7. The paper was rejected
based mainly upon the assumed unreliabil-
ity of the diffuser plate (despite calculations
introduced by Heath to control for this deg-
radation) and because this measured de-
cline was far beyond that predicted by strat-
ospheric models (Cragin and Dray, 1993).

A second dilemma emerged partly as a
consequence of the success of Nimbus 7in
providing global coverage of ozone levels.
The amount of data produced became over-
whelming for scientists and technicians at
NASA. To relieve some of this overload (and
because of an element of distrust in the in-
struments), NASA scientists programmed
their computers to exclude from catalogu-
ing data points which fell outside of the
range of 180 and 650 Dobson units under
the assumption that these measurements
must result from equipment failure. Although
these data were not completely discarded,
they were excluded from any analysis until
1984 when a NASA technician noticed scme
particularly low readings while reviewing the
previous year's measurements and brought
them to the attention of other NASA scien-
tists. These low readings were checked
against the Red Books and upon finding
nothing to corroborate them, they were again
rejected as due to equipment failure (Cragin
and Dray, 1993).

The rejection of these data was also con-
sistent with the main focus at NASA on glo-
bal ozone depletion. Particularly low read-
ings in specific regions were less interest-
ing, given the construction of a global prob-
lem, than global averages. Without some
provocation to look in a different direction,
the combination of the amount of data pro-
duced, distrust of anomalous readings and
continued attempts to standardize TOMS
technology resulted in the reproduction of
efforts to globalize the scale of the ozone
depletion problem.

The provocation to focus on particular
regions of the stratosphere came in 1985
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with the publication of research by a team
of British scientists called the British Ant-
arctic Survey (Farman et al., 1985). The
Survey, with Joseph Farman as its leader,
had been measuring ozene from a Dobson
Station in Halley Bay since 1957. Around
1980 they began noticing significant drops
in ozone readings during the Antarctic
spring. At first, they assumed equipment
failure and ordered new Dobson equipment.
The next year similar measurements were
observed, but again they were not reported
{not even to the Red Book) under the as-
sumption that something must have gone
wrong. Among other things, members of the
British station assumed that if the low ozone
levels were real, they certainly would have
been identified by TOMS equipment aboard
satellites which made many more measure-
ments in the area than their one Dobson
station. Farman even prevented a doctoral
student from publishing his research which
was based upon these particularly low read-
ings. In 1984 their results at Halley Bay were
corroborated with those from another Brit-
ish station on Argentine Island and finally
in 1985 their data and analysis appeared in
the journal Nature.

With the publication of these results,
NASA scientists retrieved the data discard-
ed by their computers and were able to con-
firm the existence of an ozone “hole” over
Antarctica which appeared each spring. With
the TOMS technology, they also construct-
ed maps of the ozone hole (some in bril-
liant colors) which were widely published in
the scientific and popular press. The discov-
ery of the ozone hole led to a rush of scien-
lists attempting to explain the processes
behind it and to a reemphasis on the regional
peculiarities (mainly a polar focus) of ozone
depletion.

The failure of the British team to report
the results immediately reflected several
features of the emerging science of ozone
depletion. Dobson technelogy was embed-
ded in an actor/network which de—empha-
sized local and regional variability. This was
due to, among other things, the voluntary
upkeep of equipment (leading to some dis-
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trust of local, specific measurements), vol-
untary reporting of data, and the assump-
tion that new globally—based satellite tech-
nology was replacing the network. These
factors were coupled both with the domi-
nance of 1-dimensional models of predic-
tions of ozone depletion, which also de-
emphasized regional or local variation, and
with the construction of a public global ozone
depletion problem,

This case demonstrates the significant
role which types of monitoring technology
and the networks within which they are em-
bedded can play in shaping environmental
problems. Dobson technology, though with
a potential for local strength, was linked to-
getherinto a “weak” global network in which
local and regional variability was de—empha-
sized. Satellite monitoring technology,
though holding the capacity for either region-
al or global emphasis, was situated in a net-
work in which the latter was emphasized
leading to neglect of regional and local
ozone depletion problems. This case dif-
fered from acid rain in which monitoring tech-
nologies were embedded in a network which
emphasized regional problems and within
which local measurements were considered
to be “strong” because of the strict adher-
ence to standardized protocols.

Global Warming/ Global Climate
Change: Problems with Models and
Methods

Some of the points raised in these two cas-
es, | would suggest, offer insights into po-
tential outcomes of the contemporary sci-
entific controversy over monitoring tech-
nigues in the global warming/ giobal climate
change case. Both acid rain and ozone de-
pletion can be subsumed within the global
climate change (GCC) problem, however,
the primary component (and what | deal with
here) of GCC is the existence and effects
of global warming attributed to changes in
greenhouse gas emissions. That is, to what
extent is planet Earth warming up beyond
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what may be due to natural fluctuations in
global temperature, and what are the con-
sequences?

Although there are many unanswered
scientific questions related to global warm-
ing, one much debated issue involves the
detection of global warming and whether it
can be attributed to greenhouse gases. At-
mospheric scientists have developed theo-
ries and models that predict (within certain
parameters of uncertainty) that past, current
and future emissions of greenhouse gases
will increase global temperatures. But how
does one actually measure global warming
to determine whether these models and the-
ories are correct?

One approach has been to gather togeth-
er historical records of temperatures and
other indicators of global warming or cool-
ing to detect whether contemporary trends
are significantly different than what one
might expect from natural variations. This
effort has included an examination of world—
wide land surface and ocean surface tem-
peratures since the mid—19th century. Data
are available prior to this time, but their spa-
tial coverage is considered too poor for sci-
entific usage (Folland, Karl and Vinnikov,
1990). The combined land surface air and
ocean surface temperatures indicate a glo-
bal warming trend of 0.45 0.15°C since the
late 19th century (Folland et al., 1990). How-
ever, this trend both falls within model pre-
dictions for natural global temperature vari-
ability (on the upper end) and within model|
and theoretical predictions for global warm-
ing attributed to greenhouse gas emissions
{on the lower end), so scientists’ do not con-
firm or refute the global warming theory.

Some scientists have looked elsewhere
for historical indicators of global warming.
These include precipitation and evaporation
variations, tropospheric temperature and
moisture variations, sub—surface tempera-
ture variations, sea—ice extent and thickness
and glacier retreat. These data can provide
independent indicators of global warming or
lack thereof. Results from these different
indicators neither completely confirm nor
deny the global warming trend, either be-

cause of insufficient data or because of con-
tradictory resulis. For example, Oerlemans
{1994) uses data on the retreat of glaciers
in all regions of the world to identify a linear
warming trend of 0.66 0.100K over the past
100 years which is in agreement with land
and ocean temperature increases. Howev-
er, studies of temperatures in the upper trop-
osphere and fower stratosphere show a
trend of declining temperatures since the
1960s, which is the opposite of predictions
of the effects of greenhouse gases (see
Folland et al., (1990) for a review of these
data).

The inability to confirm or deny a histori-
cal global warming trend attributed to the
greenhouse effect has led atmospheric sci-
entists to look for other techniques which
might quickly identify future warming trends.
The best data to confirm or deny the trend
are mean global temperatures. This would
invclve monitoring temperatures until global
warming or lack of it can be statistically sup-
ported. The problem with this approach is
the potentially long period of time that might
be required to obtain data sufficient for sta-
tistical significance. Fifty years of data may
be necessary it warming is sufficiently slow;
if global warming proceeds more rapidly, the
detection time will be reduced but it may be
too late for preemptive action to prevent
catastrophic effects.

To avoid these scenarios, some (e.g.,
Wigley and Barnett (1990) and Santer, Wig-
ley and Jones (1993)) have proposed the
use of a “fingerprint” method. This involves
identifying a multivariate signal of global
warming by comparing the structure of
changes in several indicators (or one indi-
cator at several places) with the structure
of change predicted by models of the green-
house effect. In practice, this would typical-
ly involve comparing changes in indicators
across regions (such as mean temperatures
and precipitation levels) and/or seasons.
The appeal of the fingerprint technique for
some scientists is that multiple data sourc-
es might provide the statistical power to con-
firm or deny the greenhouse effect/ global
warming theory much earlier than univari-
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ate techniques.

Recently, the fingerprint method has come
under critique by Schneider (1994) and oth-
ers. They argue that such a fingerprint tech-
nique would require a greenhouse model (for
comparative purposes) that is sufficiently
sensitive to many different regionally heter-
ogeneous climatic relationships, time—evolv-
ing and able to distinguish between natural
climatic variations (that are different across
regions) and the effects of anthropogenic
emissions. Such a model, Schneider (1994)
argues, is still a decade away. Consequen-
tially, he proposes (for policy purposes) the
use of univariate methods such as global
mean temperature trends while eliminating
the requirement of statistical significance
levels normally used in scientific research.

Conclusion: The Consequences of
Methodological Choice

This current controversy bears watching in
social studies of science and might be in-
formed by the acid rain and ozone deple-
tion cases. These cases suggest that ths
consequences of the outcome of this con-
troversy (if there is one outcome) may en-
tail more than merely resolving how quickly
global warming is confirmed or refuted. One
important area of focus is the emerging so-
cial networks (and potential battles between
them) around global climate change moni-
toring technigues. The fingerprint method
requires significant work by the atmospher-
ic modeling community to develop compu-
ter models (or a major model). The univari-
ate method requires specific climatic meas-
urements, especially historically based, such
as temperature trends, glacial retreat, sea
ice volume, thickness of ice sheets, etc..
This research would be conducted by other
scientists from diverse fields. This method
also potentially requires acceptance of a
reduction in levels of statistical confidence
(save some major finding), which increas-
es the possibility in the future of being
wrong.
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More significantly, the acid rain and ozone
depletion cases suggest that what becomes
accepted as standard procedures for detect-
ing global warming may influence the scale
of the environmental problem. The finger-
print method, while potentially contributing
to confirmation or denial of global warming,
also may be useful for identifying more lo-
cally based environmental peculiarities that
are likely to occur with global warming. The
fingerprint technique brings with it some
scientific attention to regional specifics,
while also making possible a comparison of
regional data. Univariate techniques, on the
other hand, are directed to the global scale,
which may foreclude early identification of
locally or regionally—based climate problems
and solutions. As with ozone depletion, a
univariate approach to global warming could
gloss over regional, potentially catastroph-
ic, climate changes. On the other hand, if
sufficient flexibility and strength is built into
local networks in the global climate moni-
toring network (as with acid rain), these
changes may not escape attention.

This scientific controversy over global
warming detection is ongoing. Which moni-
toring techniques win out (or whether any
of them do) is yet to be determined. As so-
cial analysts of science, it behooves us to
employ an actor/network perspective to
watch this controversy, but also to bear in
mind comparisons with other controversies
and problems. The important issue is not
only how particular socio—technical relation-
ships result in one monitoring technique win-
ning out over another, but how the winning
technique may shape the nature of this and
other environmental problems.

NOTES

1. | have discussed the construction of the acid rain
controversy in more detail elsewhere {see Zehr
1994),

2. See Roan (1989) for a review of the development
of the ozone depletion controversy.
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