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Environmental regulation

Science and uncertainty in environmental
regulation: insights from the evaluation of
California’s Smog Check program

Louise Wells Bedsworth and William E Kastenberg

Environmental decision making is a complex
process confounded by fechnical uncertainty,
political pressure, and societal interests. New
calls for environmental decision-making frame-
works emphasize the mneed jor an holistic
approach that incorporates teckrnical and nown-
technical expertise, and participation by all in-
terested and affected parties. In this paper, we
analyze the evaluation of an environmental regu-
latory program to characterize the interaction of
science and policy and the processing of uncer-
tainty using concepts from science and technol-
ogy studies. This demonsérates the influence of
institutional goals and commitments on the up-
take and use of science and the processing of
uncertamiy in the regulatory process. We discuss
the implications of such analyses on the devel-
opment of new environmental decision-making
frameworks.

Louwse Wells Bedsworth 1s 1n the Energy and Resources Group
and Wilham E Kastenberg (corresponding author) is in the
Department of Nuclear Engmeering, University of California at
Berkeley 4103 Etcheverry Hall #1730, Berkeley, CA 94720-
1730 USA, Tel +1 510 643 0574, Fax +1 510 643 9685, E-
mail kas enbe@nuc berkeley edu

The authors are grateful to David Guston and an anonymous
reviewer for helpful comments on earber drafts of this paper
They also thank the numerous participants in the Smog Check I
evaluation process who have supported this research Funding
for this project was provided by the EPA STAR Graduste Fel-
lowship program and the Umniversity of Califorma Dissertation
Year Fellowship
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% ESOLVING COMPLEX  environmental
regulatory 1ssues requires consideration of

b %.the techmical, political, and societal imphca-
t:ons of a decision Several national studies have
recognized this requirement and have suggested m-
tegrated or holistic methods for approaching com-
plex  environmental decision makmg  Such
frameworks mclude broader societal and political
considerations, partictpation of all interested and
affected parties, and mamtaining a sound scientific
basis (NRC, 1996, Presidential/Congressional
Commnussion on Risk Assessment and Risk Man-
agement, 1997)

Existing decision-making paradigms soch as cost—
benefit analysis or utihity theery do not provide con-
ceptual or procedural connections between these
considerations Nonetheless, most of the work on
mtegrated decision making to date has centered on
constructing methods that rely on decision analytic
methods such as multiattribute utility analysis and its
variants and dervatives (Keeney and Raiffa, 1976,
Merkhofer and Keeney, 1987, Hong and Aposto-
lakis, 1993, Reckhow, 1994, Apostolakis and
Pickett, 1998)

In this paper, we explore uncertainty n environ-
mental regulation usmg methods and theones from
science and technology studies (§TS) This analysis
demonstrates why it 1s difficult, if not mpossible, to
represent environmental decisions fully using a utib-
tanan or cost-benefit methodology We examune a
specific case 1 regulatory environmental decision
making, the evaluation of Califormia’s motor vehicle
mspection and mamtenance program, and show how
mteractions of science and policy and the processing

0302-3427/02/010013-12 US$08 00 © Beech Tree Publishing 2002 13



Science and uncertainty in environmental regulation
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of uncertamty shape the regulatory discourse
through argument formation and debate

Further, we argue that an understanding of the
science pohicy nterface and the treatment of uncer-
tamty m the decision-making process provides a
strong conceptual and analytical foundation through
which environmental decision makmg can be ana-
Iyzed and understood While exploratory m nature,
this paper amms to demonstrate the power of narra-
tive or descriptive approaches, such as STS, m
the study and practice of environmental regulatory
decision making

Expertise. uncertainty and decision making

Traditional models of the science policy mteraction
represent science as a source of objective truth that
guides the decision-making process (the ‘truth
speaks to power  model) This model has served to
mform and advocate the application of cost-benefit
and utihtanan models to decision making Insights
provided by researchers m STS and other fields have
demonstrated that this model of the science policy
relationship 1s lusive (see, for example, Majone,
1989, Jasanoff, 1990, Hernck and Jamueson, 1995,
Elzinga. 1997, Jager, 1998, Jasanoff and Wynne,
1998) Sheila Jasanoff has shown how scientific
knowledge and ‘facts” are contngent and con-
structed, resultmg m thewr deconstruction m the
regulatory arena (Jasanoff, 1986, 1987, 1990)

These challenges to the authonty and legmtimacy
of science resuit m atiempts to construct boundaries
Boundaries and their associated ‘boundary work’™ are
attempts to classify knowledge, mformation, or even
people and groups as legiimate vs illegitimate, sci-
entific vs unscientific, or msider vs outsider (Giervn,
1983, Jasanoff, 1990) These processes of decon-
struction, boundary defimition, and boundary main-
tenance often bnng scientific mputs and, especially,
uncertamty mto the center of regulatory debates and
challenges both as the issues of contention and as
leveragmg tools

Simon Shackley and Bnap Wynne have demon-
strated how different mterpretations of the same
techmical phenomenon, uncertainty, or fact can serve
as a means of commumcation across these bounda-
nes between different social groups or “worlds”
{Shackley and Wynne, 1996) In thus role, facts.
phenomena, and uncertamnties serve as “boundary
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objects” or “boundary ordering devices” (Gieryn,
1983, 1999)

In addition to its mmportance at the boundaries
between social worlds, uncertamty serves as a pow-
erful means to promote action, maction, or delay m
the regulatory arena (Majone, 1989, Funtowicz and
Ravetz, 1990, van Asselt er al, 1996) Campbell
shows how uncertamty can serve as a locus of
debate among experts and as a strategic tool that
enables an expert to mamtamn authorty m a given
situation (Campbell, 1985} Susan Leigh Star has
shown how uncertamty 1s used to reify the authority
of science through the transformation of local uncer-
tainties mto globally-accepted certamties that are
managed and controlled by science, thereby mam-
tammung its authority (Star, 1985)

In addition to the discussion of its role as a rhe-
torical and strategic tool, the meaning of the word
‘uncertamnty’ has been discussed and defined by
many different researchers Several defintions and
classifications of uncertamty exist m the environ-
mental policy Iterature As Table 1 illustrates, these
range from definitions that are primanly techmeal to
those that encompass a broader, constructivist view
of scientific information and the decsion-makmng
process

The breadth m the defimition of uncertainty sug-
gests it 1s more than a statisiical or probabilistic phe-
nomenon Rather, uncertanty extends from data and
models mto suppositions based on that mformation,
probiem definttions, and the design of solutions

Table 1 Uncertamnty ciassification schemes

Researcher Classes of uncertamty

Morgan and Henrion Uncertainty in empirical guantities
(1820) Uncertainty in mode! form

Rowe (1994) Temporat uncertanty
Structural uncertainty
Metnical uncertainty

Translatonal uncestainty

Snrader-Frechette Framing uncertainty
(1896) Modeling uncertainty
tatistical uncertainty
Decision-theoretic uncertainty

Aleatory uncertainty
Episternic uncertainty
Indeterminacy®
ignorance

National Research
Counctl (1998)

Inexactness
Unreliability
Border with ignorance

Wynne (1852) Risk
Uncertainty
Ignorance
Indeterminacy®

Funtowicz and Ravetz
(1980, 1882)

Note ®There 1s an important distinchon between
indeterminacy as defined by NRC and as defined by
Wynne NRC states that indeterminacy is uncertainty
about which model to use Wynne's definition poses &
question that overiays the entire science-policy
interaction Does policy direct science or is palicy
modified to justfy science?

Science and Publhic Policy February 2002



The breadth in the definition of
uncertainty suggests that it is more
than a statistical or probabilistic
phenomenon: it extends from data and
models inte suppositions based on that
information, problem definitions, and
the design of solutions

The s classifications shown m Table 1 range
from those that are predomunantly techmcally based,
focusmg on data and models (Morgan and Hennon,
1990), through those that address uncertamnty m the
pohicy process wmcluding commumcation and prob-
fem framung (Rowe, 1994, Shrader-Frechette, 1996},
to those that address episteric hnitations to science
and the realm of ignorance (Funtowicz and Ravetz,
1990, 1992, Wynne, 1992, NRC, 1996)

Drawing on these definitions of uncertamty and
msights mto the mteraction of science and policy
from STS, we examme an environmental regulatory
process and the associated uncertamnty in detail Our
analysis demonstrates why expanded defimtions of
uncertamnty are needed to understand the environ-
mentzal regulatory process

Further, our analysis of the interection of science
and uncertainty mto the regulatory discourse pro-
vides an account of how actors 1n the regulatory de-
cision-making process construct arguments through
the presentation and ipterpretation of scientific in-
formation, and the mierpretation and emphasis on
different types and sources of uncertamnty Together,
these charactersstics of the environmental regulatory
process suggest that understanding the process of
applymg scientific mformation to environmental
regulation 18 an essential component of understand-~
mg the arguments, coniroversies, and actions mn
enviropmental regulation

Case study: Smog Check I evaluation

In this case study, we examme the evaluation of
Califormia’s enhanced motor vehicle mspection and
maintenance (I/M) program, Smog Check I /M
programrs require registered velucle owners to have
their vehicles” emussions and their enussions control
systems tested on a regular basis We have chosen to
examne this program because it contamns many ele-
ments common to environmental regulatory decision
making Metncs of success are uncertamn and non-
unsform, there 1s not agreement among the partici-
patmg and/or mterested groups on the appropriate
methods of evaluation, and political commutments
and public accountability rely on the success of the
program

Science and Publc Policy February 2002
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In addition, there are high environmental and eco-
nomuc stakes assoctated with a successful motor ve-
hicle mspectton and mamtenance program In
Califorma, Smog Check II is responsible for one
quarter of the emissions reductions outhined i the
State Implementation Plan (SIP) These reductions
are needed for the most polluted areas m California
if they are to meet the National Ambient Air Quality
Standards (NAAQS) ! If these standards are not met,
the state can lose billions of dollars i federal ugh-
way funds through sanctions imposed by the United
States Environmental Protection Agency (USEPA)

In thus paper, we analyze the evaluation of Smog
Check II, and characterize the processmg of uncer-
tamnty Spectfically. we focus on how participants
and reports present and discuss evaluation methods
and results Also we examine what types of uncer-
tamty anise m the evaluation process and how these
translate mto the regulatory discourse

Background

USEPA states that I/M programs are designed to
“ensure that vehicles stay clean in actual consumer
use [encourage] proper vehicle maimntenance and
discourage tampering with emission control devices”
(USEPA, 1994, page 1) I/M programs were m-
cluded m the 1977 Amendments to the Clean Air
Act as a way for states to attam the NAAQS, but
more prescriptive gindelines were included m the
Clean Amr Act Amendments of 1990 These required
the most polluted of the areas designated non-
attamnment for the carbon monoxide (CO} or ozone
(0;) NAAQS to mmplement enhanced mspection and
mamtenance programs > Enhanced I/M programs are
designed to measure tailpipe emussions of CO and
the precursors of O; formation, hydrocarbons (HC)
and oxides of mitrogen (NG,) In addition, the en-
hanced /M test as envisioned by USEPA, includes
the measurement of evaporative HC emussions

The Clean Air Act Amendments of 1990 and
USEPA’s final rule envisioned enhanced I/M pro-
grams as centralized, test-only programs In a cen-
tralized program, vehicles are tested at a station run
by a contractor who 1s responstble for all the testing
facilities n the region and that testing 1s conducted
at a facility separate from repair The final rule also
mncluded a requirement that all emissions tests are to
be conducted using a dynamometer, or a treadmuil-
Ike device for cars, and are to use a specific test
method called the IM240 * Inspections m USEPA’s
enhanced /M program also iest evaporative emuis-
sions from vehicles, not just tailpipe emissions
{USEPA, 1992)

Different ncarnauons of Califorma’s Smog
Check program have been m place since 1984 The
program has undergone a number of changes as a
result of techmcal improvements and regulatory re-
qurements Prior to the 1990 Clean Amr Act
Amendments, the entire state was subject to Smog
Check testing either bienmially or on change of
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ownership of the vehicle, depending on the air gual-
ity m each geographic region within the state All
testing was performed at prnvately owned service
stations usmg a two-speed tailpipe test

The Clean Air Act Amendments of 1990 reguired
that the most polluted areas of the state implement
enhanced /M as defined by the USEPA Enhanced
I/M was designed to reduce the mmpact of fraudulent
testing, tampermg, and cheating on the performance
of I/M programs by separating test and repair and to
use high-tech testing equipment surted to modern
technology vehicles (USEPA, 1995) Currently,
there are three different forms of the Smog Check
program 1n place mn different geographic regions m
Calbiforma —— basic areas, change-of-ownership
areas, and enhanced areas * Smog Check II testing 1s
only m place m the enhanced areas

The service station mdustry m California resisted
mmplementing USEPA’s enhanced I/M program be-
cause of the loss of emissions-testing revepue (re-
pairs could still be performed under a centralized
program) and the lugh cost of the IM240 test equip-
ment Because of these pressures and concerns about
consumer convemence, Califormia was reluctant to
create a completely centralized program like the one
the USEPA required

After the Clean Air Act Amendments of 1990,
Califorma entered negotiation with the USEPA and
reached an agreement mn 1994 to create Smog Check
II, the bybnd program currently m place n the
state’s most serious non-attainment areas This pro-
gram 1s an important part of the SIP, the regulatory
document the state 1s required to submut to USEPA
showmg how and when areas of the state that do not
meet the national ambient air quality standards wiil
come mto compliance

Smog Check I contains some of the elements of
USEPA’s prototype enhanced program, but mawn-
tains a network of mdependent stations that perform
both test and repair This case study focuses on the
evaluation of tlus hybnd program, which was re-
qutred after two years of program operation

Evaluation process

The USEPA’s final rule on enhanced mspection and
mamtenance programs requires states to evaluate
therr /M programs bicnmally, beginming two years
after the mmplementation of mspections (UUSEPA,
1992) In Califorma, the evaluation process is a po-
hitically contentious 1ssue for a number of reasons
To begm with, the program 1s not achieving the
enussion reductions that it is obhgated to w the SIP
(ARB, 1994, 2000} A failure to meet the SIP re-
quirements affects the state’s timehne to meet fed-
eral ar qualty standards, which can, m turn, affect
the state’s receipt of federal funding for transporta-
tion projects Smog Check II has also been a politi-
cal ‘hot’ 1ssue m Califformia since the enhanced
program was proposed followmg passage of the
1990 Clean Awr Act Amendments, attracting the
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mterest of classic car collectors, service stations, and
Motorists

Institutionally, Smog Check II evaluation 1s a
complex process as well The Bureau of Automotive
Repair (BAR), a division of the Califormia Depart-
ment of Consumer Affairs 1s responsible for over-
seemg the program Table 2 shows the regulatory
agencies mvelved i Smog Check and therr respon-
sibilities Both the Asr Resources Board (ARB) and
the Inspection and Maintenance Review Commuttee
(IMRC) are responsible for evaluating the program

While the purposes of the two evaluations are dif-
ferent (ARB prepares an evaluation to be subnuited
to the legislature and USEPA to demonstrate SIP
comphance, and the IMRC prepares an evaluation to
be given to the state legislature) the public presenta-
tion of the results highlights important differences
between the two orgamzations These differences
exist m the agencies’ mussions, commitments, and
accountability

In addtion to the political and mstitutional
challenges, the evaluation process 1s a techmcally
complex endeavor because of the difficulty both m
obtamning data and 1 selecting an evaluation meth-
odology The vanability of the driving cycle, uncer-
tamty m measurement, and the influence of dniver
behavior combimne with other factors to make 1t very

Table 2 Governmental organizations involved mn Smog

Check
Group Programimatic responsibility
Bureau of - Diwvision of the Siate Department of
Automotive Repair Consumer Protechion
{BAR) implements Smog Check
Certrfies, trains, and monitors stations
and technicians

Collects program data
Develops specifications for testing
equipment and procedures

Air Resources Board - Division of the California

{ARB) Environmental Protection Agency
Prepares State implementation Plan
(SIP)
Demonstrates SIP comphiance fo
EPA

Appointed by the governor and the
legistature to mornitor the
performance of Smog Check,
evaluate the program, and suggest
program improvements

Evaluate Smog Check and present
results to the legisiature

Hold (regular) public meetings

Inspection and -
Mamntenance Review
Committee (IMRC)

Department of Motor -
Vehicles (DMV)

Regster vehicles

Maintain database of nspection
certificates for vehicles

Send out Smog Check reminders with
registration renewal notices

US Environmentai -
Protection Agency
{USEPA}

Wrote and designed requirements for
enhanced /M

Oversees implementation of the
Clean Arr Act legislation

Oversees state programs and
evaluations

Approves/rejects SiP

Science and Public Policy February 2002



problematic to obtamn representative vehicle emis-
swons data

Given the challenges encountered i obtainng
representative data, there are often many information
gaps that must be filled in the evaluation process
When mformation 15 lacking, emissions models can
be used to fill m data gaps, but the models remam
highly uncertain These techmcal challenges prowide
a hwvely basis for regulatory debate, particularly
smce there i1s no single, agresd upon method for
program evaluation

Evaluation as regulaiory science

Given the context and the regulatory motivation for
the evaluation, the evaluation process closely resem-
bles regulatory science as defined by Jasanoff (1990,
page 80) She defines three mam components of
regulatory science knowledge production, knowl-
edge syrthesis, and prediction (1990, page 77) The
Smog Check evaluation process shows evidence of
all three knowledge production m the gathering of
enussions data, knowledge synthests i the analysis
of thus data, and elements of prediction are seen m
how this mformation 15 brought together and how 1t
1s presented as a measure of program effectiveness

Another aspect of the evaluation process that re-
flects the charactenstics of the regulatory science 1s
m the ARB’s and the IMRC's use of “boundary
work” Jasanoff describes boundary work as a pro-
cess of identifymng who is in and who is out, or m
what realm a particular 1ssue hies (1990, page 14) In
the presentation of evaluation results, the ARB and
the IMRC attempted to mamtamn a boundary be-
tween the ‘numbers’ and the policy recommenda-
vons In IMRC public meetings, the commuftee
chawrperson continually expressed a deswre to mam-
tam a separation between the “findings of fact”,” or
the evaluation results, and policy recommendations
based on these findings At one pomt the IMRC
chairperson said

“ 1 want to really emphasize — 1t 15 1mpor-
tant to separate out the empirical results from
any iecommendations The results smuply tell
us what do we know, what do we observe
Judgements about pohicy have to take mnto ac-
count such thimgs as — where do we need to be
with respect to the federal law They meed to
take into account considerations about impacts
on different umverses of citizens mn the State of
Cabformia  let us not mungle the two ™

Through this boundary construction, the commuttee
attempted to protect the findings from pobfical m-
fluences so that they remamned legitimate bases for
the committee’s policy recommendations

In the tight couphng of policy and science m the
regulatory science process, uncertamty 1s often the
locus of debate It 1s used to bolster and support
opmmons, agendas, and confiicts (Jasanoff, 1990,

Science and Public Policy February 2002
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Funtowicz and Ravetz, 1992, Ozawa, 1996, van As-
selt ef al, 1996, van Asselt and Rotmans, 1996) Ur-
certamty 1s amplified or ignored, or sometimes a
combmation of the two, depending on the motiva-
tion of different actors (Wynne, 1987)

In a regulatory decision-makmg process, un-
certamnty can be used to advocate precaution m
pursumg potentially harmful environmental choices
(the Precautionary Principle), to advocate cost-
effectiveness, or to delay regulatory action alto-
gether Uncertamty serves as an mfluential rhetonical
and strategic device m environmental regulation and
decision making

Uncertainty in the Smog Check I evaluation

Before the completion of either of the evaluations, a
member of the IMRC stated in an mterview that if
their evaluation “  shows that [Smog Check] is
falling well short of the mark, I think that you wail
get people sunply disputmg the data *’

Uncertainty n evaluation reporis

Several technical uncertainties affect the evaluation
process As was acknowledged mn almost every in-
terview conducted, the data that 1s available on I/M
program performance 1s often contradictory, difficult
to obtamn, and generally scarce In addition, many
data sources have been used to challenge the vahdity
of UM programs by supporting a charactenzation of
velcle emissions and driver behavior that contra-
dicts the charactenistics represented or addressed m
current I/M program design and the models that are
used to predict their benefits (Lawson, 1993, 1995,
Stedman ef al, 1997, 1998) Giver the controversy
over data and its use mn cntiques of I/M programs,
data selection and availability 1s a very important
component of the evaluation process

Simply put, data on vehicle emssions are needed
for the evaluation of an /M program to estimate
ermussions before and after a Smog Check II mspec-
tion n order to arrive at an estimate of program
benefits Several different sources of data were
available m the Smog Check II evaluation First,
mullions of enussions measurements are collected
when velucles have therr scheduled Smog Check IT
mspection: (close to nine milion vehicles are tested
per year) These data are contamed m the Vehicle
Identification Database (VID). and are referred to as
VID data

Second, roadside mspections have been conducted
by BAR on tens of thousands of vehucles that were
randomly pulled over In a roadside mspection,
emussions are measured usmng the Smog Check 1T
nspection protocol (roadside data)

Finally, some vehicle measurements are taken us-
g a remote sensing device (RSD) that uses a spec-
trophotometer to measure enussions i an exhaust
plume as a vehicle drives by a specific location
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Uncertainties that arise in relation to
the data are in measurement,
variability, reliability, and the data’s
ability to represent actual on-road
vehicle emissions: each of these needs
to be managed in the calculation of
program benefits

(Bishop and Stedman, 1996) Such a measurement 1s
taken without stopping the vehicle and without even,
necessanly, notifymg the driver (RSD data) ®

A number of uncertamnties are associated with
measurmg vehicle emissions i general and, specifi-
cally, m relating this data to evaluatng program ef-
fectiveness (Wenzel er al, 2000) The uncertamties
that anse i relation to the data are generally meas-
urement uncertamty, variability (aleatory uncer-
tanty). data reliabihity, and the abihty of the data to
represent actual on-road vehicle emussions Each of
these needs to be managed mn the calculation of pro-
gram benefits No smgle evaluation methodology
has been accepted by the /M community (primanlty
consisting of scientists, regulators, and technicians),
and, therefore, no one data source is accepted as
bemng the best one for evaluation

In addition to emussions measurements, regulatory
agencies rely on enussion factor models to estimate
the emssion contribution from mobile sources EPA
uses the series of MOBILE models California uses
its own series called EMFAC A complete discus-
ston of the critiques and hmitations of these models
1s beyond the scope of this paper, but numerous
studies have drawn attention to flaws mn them

Cnticisms mclude underestimating on-road vehi-
cie emussions, poor representation of high emutters,
and poor modeling of evaporative emissions {(for a
more detailed discussion of enmussion factor models,
see Futa et al, 1992, GAQ, 1997, Harley et al,
1997, Pollack et al, 1999, NRC, 2000, Sawyer ef al,
2000) Despite these criticisms, states are required to
use an approved emussion factor model n their SIPs
to demonstrate the emussion reductions that will be
achieved by an I/M program (USEPA. 1992)

Both emissions measurements and enussion factor
models were an invaluable source of mformation
used by the groups m the evaluation process Inspec-
tion and mamtenance program evaluation is an ac-
tive area of research and there is no smgle accepted
method for the evaluation of a program like Smog
Check II (USEPA, 1998, Coordmating Research
Council, 2000) As was mentioned earlier, both the
ARB and IMRC completed evaluations of the Smog
Check II program Table 3 shows elements that were
1 each of the reports, mcluding data that were used,
evaluation goals, and the treatment of uncertanty
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Each of ihe evaluation reports discussed the un-
certamnties and hinutations m the available data, and,
m each, the agency 1dentified how it was planning to
respond to, and manage, these uncertamties The two
styles were quite different The IMRC report dedi~
cated several pages, and spent a great deal of i1rme m
public meetings, discussing the uncertamties and
complexities in evaluating an I/M program In the
face of thus uncertainty, IMRC stated that 1t provided
“a range of benefit estimates that reflects the uncer-
tamnty mmherent m estumating tons-per-day emuission
reductions” (IMRC, 2000)

On the other hand, ARB bnefly discussed uncer-
tamnies 1 the data sources and then selected one
type of data on which to base 1is analysis, stating
that it was using the “best available data from a real
world standpomt” (ARB. 2000} From thus pomt on,
it did not discuss uncertamty in the data or the
analys:s, but only m relation to the IMRC report

Where data were unavailable, both evaluations
reguired assumptions to fiil m the gaps ARB used
the current version of Califorma’s emussion factor
model, EMFAC2000, to make estmates of program
performance (ARB, 2000) The IMRC evaluators
made assumptions and provided bounding estimates
to exammne the sensitivity of 1ts prediction of pro-
gram benefits to these assumptions (IMRC, 2000)

In spite of the uncertamties, each report provides
an estunate of program benefits m tons per day of
emission reductions attributable to Smog Check IT
As Table 3 shows, these estimates do overlap, de-
spite differences m the methodologies and data used
Nonpetheless, the fact that the two reports did not
match up exactly threatened the legitimacy of the
evaluatton process

Both the ARB and IMRC focused on the differ-
ences between the reports and used these differences
as a basis for crnitiqumg the other’s report and
defending its own As the two reports were released
to the same body of mierested and affected parties,
debates mevitably arose over the vahidity and appro-
pnateness of each of the studies Public debate and
discussion was facilitated by the IMRC’s regular,
public meetings that are required i the commuttee’s
govermng legislation °

Each of these reports had a different regulatory
mandate and sought to answer a different set of
questions Challenges arose over which data set was
appropriate — roadside data versus VID data Ques-
tions were posed about the method of analysis and,
m particular, the appropriate role of models Fmally,
the question arose regarding the importance and
relevance of the SIP commitment as an evaluation
cnterion These three debates formed the basis of the
regulatory discourse that developed surrounding the
evaluation process

Uncertainty n the regulatory discourse
Given the numerous uncertzinties m the available data

and models, it 1s not surprising that uncertamty was
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Table 3. Major features of the ARB and IMRC evaluation reports

Science and uncertainty i environmental regulation

Feature

Regulatory mandate

Question(s} answered in
evaluation report

iMRC Report

- State law requires reporting the State
Legtslature

- Towhat extent 1s the Smog Check program
reducing the emissions of on-road vehicles,
and does program effectiveness change over

ARB report

- Federal law requires report fo the EPA
- State law requires reporting the IMRC

- How well 1s the enhanced element of the state’s
/M program, Smag Check |l meeting the
requirements of the SIP?

time?

- What underlying causal factors make the
Smog Check program more or less effective?

- What 1s the cost and cost effectiveness of

Smog Check?

- How can the effectiveness and cost
effectiveness of the Smog Check Program

be improved?
Data sources used -

benefits of the programy)

- Roadside data to estimate emission

VID data to estimate erssion reductions -
(exhaust and assess durabtlity of repairs,
determine program avoidance {(one-cycle

Roadside pullover data to estimate exhaust
emussion reductions, average fleet emission re-
ductions (g/mile)

- EMFAC 2000 mode! used to estimate tons-per-
day emission reduction

reductions (incremenital benefits of the

program over basic Smog Check)

- Remote sensing measurements to assess

durabilty of repairs
Modeling data used

purposes
Overall predicted program HC® 86
benefits (tons per day) cOo® 1686

NO,” 83
Estimated uncertainty HC (40, 116)
{high, low) CO (864, 2235)

NO, (59, 93)
Eshmated amission reduchions Not reported

n “SIP currency”®
(tons per day)

None, did inciude ARB's EMFAC2000 estimate for
evaporative emission reductions for comparative

EMFAC 2000 used to determine the effectiveness of
the program as compared to the SIP, preaict
evaporative emission reductions

HC" 93 (evaporative + exhaust)
CO® 785
NO,® 27

Not reported

HC 28
NG, 12
CO not reported

® These numbers cannot be compared to ARB's final numbers (in the final row) because the ARB estimate is reported in “SIP currency”
which i determined using the EMFAC model These estimates of emission reductions are from analysis of the roadside puliover data

These figures represent the “best estimate” of emissions benefiis from the Smog Check |l program, including estimates of pre-

nspecton, pre-test repair, and removal of vehicles from the program area They do not include estimates of evaporative emission

benefits

°  The SIP estimates of program performance were calculated using the EMFAC7F model This model I1s now known to underestimate
emissicns Therefore, to reduce emissions 1 ton per day in EMFACTF, or “SIP currency”, it is necessary to reduce emissions more than
1 ton per day in the “real world”™ In order to compare their numbers calculated from the roadside analysis to the SIP, ARB had to

translate these values nts “SIP currency” (ARB, 2000, page V-1)

mmportant m the regulatory discourse surroundng the
evaluation However, in contrast to the evaluation re-
ports that focused on uncertamties in data and models,
the public discusston focused on the differences 1 how
these uncertamnties were addressed The uncertamnties
that were revealed and highlighted through the regula-
tory discourse lay m methodological and epistemo-
logical differences m the evaluation processes and not
m the data More specifically, the discussion focused
on the management of the uncertamnties associated
with evaluation m each of the reports The regulatory
discourse was dominated by three debates over the
selection of data, the method of evaluation, and the
evaluation criternion These debates were framed m
techmcal terms and focused on issues associated
with uncertamty m evaluation data and methods, but
also related to institutional commitments and agendas

Science and Public Policy February 2002

Selecting data what you don’t know can hurt you

Immediately, upon release of the two reports,
questions arose over which was the appropnate
type of data to use Each data set has its own hm-
ttations and advantages ARB argued that the
IMRC’s use of the VID data was not valid because it
does not account for the effect of pre-mspection
mamtenance and repair Thus, a vehicle could have
an unofficial pre-test, be repaired, and then pass the
test without bemg registered i the VID Then the
enussions benefits achieved by the pre-test and re-
pair are not counted ARB argued that this 1ssue m-
vahdated the VID data as a tool for program
evaluation In addition, VID data are subject to the
influences of fraud and cheating that occur m the
Smog Check II stations ARB argued that these
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issues mean that VID data are not approprnate for
evaluation

The IMRC evaluators, on the other hand, while
admutting lmitations, argued that the VID data pro-
vided an excellent opportunity for examining diverse
aspects of the program because of the large number
of measurements This allows the VID data to be
broken mto smaller groups to look at sub-
populations of the vehicle fleet In addition, the VID
contams several measurements for some of the veh-
cles because of the change-of-ownership require-
ment'® and allows for a temporal companson
of Smog Check II testing data before and after
mspections

At the same time, the IMRC highlighted that the
roadside data used by ARB contains potential sam-
pling brases because of socio-economuc differences
across sampling areas Other biases m the data can
arise from timing of the mspections and the hmited
population of vehicles that are captured ARB ar-
gued that roadside data are the most accurate repre-
sentation of on-road vehicle emussions because you
capture the vehicles m the condition that they are
drniven and, 1deally, you measure emissions of vehi-
cles 1n proportion to the amount that they are driven
on the road

Evaluation method getting from data to answers

A central guestion raised by each of the groups was
not only what data did the other group select, but
how did it apply that data Each group critiqued the
other’s report with respect to the evaluation method-
ology Ths focus on method seemed a natural locus
for criticism and critigue of the reports When 1t be-
came evident that the ARB study would be released
at the same tme as the IMRC’s and that they both
provided estimates of tons-per-day emussion reduc-
tions, one ARB staff member said

“  our real concern became — do the numbers
match up? And, more mmportant than do the
numbers match up, if the methodology 1s dif-
ferent, 1s 1t going to be as credible or accurate
as the methodology that was chosen for the
ARB/BAR report?™"!

Much of the debate focused on the apphcation of
data and the response to uncertamty The debate
over method became, i some ways, a battle of sim-
plicity versus complexity The IMRC cntigued the
ARB for luidmg assumptions that were made mn its
analysis and oversumplifying the analysis The
IMRC also cntiqued the ARB’s use of EM-
FAC2000, pomnting to the numerous uncertamties
and hmitations m emussions-factor models * Over-
all, IMRC argued that the ARB was not clear m re-
vealing the uncertainties and assumptions mherent in
its analysis

The ARB defended its methodology and data se-
lection, stating the methods used data that required
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The regulatory discourse was
dominated by three debates: selection
of data (what you don’t know can hurt
you}; method of evaluation (getfing
from data to answers); and evaluation
criteria (is the target 110 tons per day
emission reduction)

the fewest “leaps of faith” ' At the same time, the
ARB pomted to the complexity of the DMRC’s
methodology It questioned the IMRC about why it
did pot use a simpler methodology, stating that a
simpler method was relevant because ARB did it
that way '* Further, the ARB argued that the IMRC
report did not discuss the hmitations of the VID data
1 a manner that reflected their seriousness

Evaluanon criteria 110 15 the magic number

The third debate that domumated the regulatory dis-
course was over evaluation critenna One metric of
success of the Smog Check II program is the 110
tons per day of emussion reductions attributed to
Smog Check II m the 1994 ozone SIP Given the
uncertainty i the models used to predict program
performance 1n the SIP, the relevance of that number
as an evaluation metric was a pomnt of disagreement
For ARB, the SIP 15 a defining document, it outlines
how and when the stats will comply with clean air
guidelines As such, the ARB emphasized the m-
portance of the SIP commitment as an evaluation
metric

“  [you] can’t separate [Smog Check and the
SIP] You have Smog Check because of the
federal Clean Awr Act and the SIP Therefore,
that's the world we hve m "

For ARB, the SIP and the regulatory mandate that 1t
cammes create a world i which its relevance cannot
be ignored. and, therefore, it defined the ARB’s
evaluation method

Having a different regulatory mandate. the IMRC
does not imbue the SIP commnutment with the same
importance ' Therefore. the IMRC viewed the SIP
commutment as a regulatory artifact, and not a meas-
ure of program success that was relevant to its
evaluation The IMRC’s goal was focused on com-
pleting a ngorous and scientifically defensible
evaluation In one public meeting, the chairperson of
the IMRC stated

“  the novel and path-breaking aspect of this

report 1s that 1t attempts to get out of that
cycle —acknowledgmg the importance of the
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SIP for a legal standpomnt. but also acknowi-
edging that there 15 a big wide world out there,
lots of complex things gomg on with Smog
Check, and we want to get a grip on those '’

For IMRC, the goal was to achieve scientific 1deals
and nigor, further evidenced by its employment of
contractors from Lawrence Berkeley National Labo-
ratory, a highly respected scientific mstitution, to
perform the evaluation and the chamrperson’s fierce
atternpts to mamtam a separation between analytical
results and policy recommendations

The clash over these different mterpretations of
the SIP commmment remamed firmly entrenched
throughout the evaluation process In rts final report,
ARB wrote that, “there are stll significant dis-
agreements between the UM Review Commuttee and
[the] ARB regarding the need and importance of
considermg the SIP targets, and program perform-
ance m relation to those targets” (ARB, 2000, page
ES-3) Likewise, m its final report, the IMRC states
that the “[r]lesponsibility for evaluating Califormia’s
SIP comphance rests solely with the ARB” (IMRC,
2000, page ES-6)

Uncertanty n evaluation reports and discourse

In a sense, the concept of uncertanty changes as we
look at the evaluation reports and the regulatory dis-
course surrounding the evaluation process In the
reports. uncertamnty 1s discussed n terms of meas-
urement 1ssues, hnutations n data, and complexities
mn models However, m the regulatory debates and
discourse, uncertamnties were discussed m terms of
selection of data, methods of evaluation, and selec-
tion of evaluation critena For example, the debate
over dala selection focused on what the data can and
cannot lell you, not how uncertamn a given measure-
ment 13

These debates highlight the influence of nstitu-
tional commbments and responsibilities on the use
of scientific mformation m the regulatory process
Even though the issues that formed the basis of the
debates were framed m techmcal terms {modeling vs
empirical data, roadside pullover data vs VID data)
these issues were very closely tied to mstitutional
frames and commitments ARB defended its meth-
odology and data selection lughlighting the wmpor-
tance of the SIP commutment and its relevance to
ARB’s methods and evaluation For ARB. this cre-
ates a simphcity m its nussion and methods that 1s
reflected m s arguments m the debate For ARB,
this ?T?.ilysxs was sumply meant to “check off a
box”

The IMRC, on the other hand, defended its repre-
sentation of the uncertamties and 1ts response to the
uncertainties as bemg more robust Further, mn its
final report, the IMRC stated that the SIP was not 1ts
responstbility For the IMRC, the SIP does not de-
fine 1ts mstitutional mission or responsibility IMRC
valued the scientific credibility of its report, which 1s
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clear n 1ts focus on the robustness of its analysis as
well as m its focus on the complexity of the evalua-
tion process This importance 1s evident m the
IMRC’s chawperson’s descriptron of the report as
“novel and path-breaking” *°

The uncertamties that dommated the regulatory
discourse were not only related te the uncertamty m
the data and medels, but to how that relates to the
mstitution’s goals and responsibilities In one sense,
this creates a new layer of uncertainty mtroduced by
the uptake and application of uncertain mformation
mto evaluation methods and results Therefore, un-
derstandmg uncertamty and 1ts tmpact on regulatory
decision making 1s mcomplete 1f uncertamties m the
scientific methods and data are considered alone
Because of the relationship between evaluation
methods and regulatory goals, the domunant uncer-
tamty 1 the discourse 1s no longer one that can be
described through statistical or analytical methods
One way to better understand these uncertanties, as
1s shown by this case. 1s through descriptive or nar-
rative analysis

Discussion and implications

The Smog Check II evaluation process 1s a highly
uncertamn and contentious regulatory process that
demonstrates the influence that science and uncer-
tamty have on the construction of arguments The
available data and models are mmportant to the pro-
cess, but even more sigruficant 1s how parties select
amongst the mformation, mterpret and respond to
uncertainties, and set critenia for evaluation

The two evaluation reports were never reconciled
and nerther the ARB nor the IMRC ever fully ac-
cepted the other’s methods and results The reason
for the lack of resolution lies 1 the differences in the
groups’ mstitutional goals and commitments, and
the ways i which the two groups selected data,
analyzed that data, and set regulatory performance
standards that reflect these goals

These differences not only created the framework
within which each group conducted its evaluation,
but they also shaped the regulatory debates and dis-
course In the reports, uncertamties were discussed
and analyzed with respect to the evaluation method-
ology Then, m the debates and discourse, thus dis-
cussion extended to the mstitutional goals and
commutments that mfluenced discussion of data and
methods 1 the report With thus shufi, the uncertam-
ties that became the focus of the debate were not
only related to uncertainties 1n the data, but to how
those uncertamties were treated and responded to m
the two reports

The process of constructing a regulatory argu-
ment, n this case, about how Smog Check I s
performing, 1s complex Without analyzing and un-
derstanding how the ARB and the IMRC each se-
lected data and methods to perform their evaluation,
the source of disagreement 1s elusive Dhsagrecment
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over the value of data sources and the appropnate
evaluation methodology are not hnked to purely
technical or scientific sources, but to mstitutional
goals and commuitments, or to the context m which
the evaluation 1s being conducted

Understanding the debates and uncertamties ob-
served in the regulatory discourse requires an analy-
sis of the scientific, mstitutional, and political
components of the regulatory process as a whole and
not as separate parts Other researchers have ob-
served and noted the mfluence of interests and goals
on the construction of arguments i pohcy debates
(see, for example, Herrick and Jamueson, 1995 on
acid ram. Soneryd and Uggla. 2000 on planning de-
asions m Sweden, and Majone, 1989, Roe, 1994,
Schon and Rem, 1994 for more general discusston)

Because of the importance of how arguments are
constructed mn the regulatory discourse, the Smog
Check H evaluation process demonstrates a crucial
weakness m utilitarian decision analytic techmques
for use m understanding and developmng environ-
mental decision-making frameworks Utilitanian
methods such as cost-benefit analysis are ‘ends-
onented’, focusing solely on decision outcomes
These methods cannot account for the comtext of
the environmental decision making and regula-
tory processes In other words, they do not incor-
porate mformation on the formation of values or ar-
guments

For example, Apostolakis and Pickett (1998) at-
tempted to implement an analytic-deliberative pro-
cess, like that envisioned by the National Research
Council (NRC. 1996), for a remediation project
They used the analytic-luerarchy process to assess
the pnionties of stakeholders as mput to a multat-
tribute utility amalysis Despite several surveys and
discussions with the participants, the decision ana-
Ivtic outcome based on the multiatiribute utihity
analysis was, m the end, unacceptable to the
stakeholders (Apostolakis and Pickett, 1998) *

The reason for the faillure to find an acceptable
solution lay m the fact that the decision analytic
methods could not illumunate the stakeholders’ un-
derlying, long-term, and rather negative feehngs
about the mstitution responsible for cleanmng up the
site These feelings created the context withm which
the decision was to be made and they were not -
cluded m the analytic-deliberative process

The Apostolakis and Pickett case illustrates the
weakness m utibtanian methods as apphed to envi-
ronmental decisions Combined with the evidence of
the mfluence of mstitutional goals and commutments
on the uptake and use of science and the processing
of uncertamnty 1 environmental regulatory process
from our analysis, these cases demonstrate that an
alternative framework 1s needed to understand envi-
ronmental regulatory decision making Our analysis
demonstrates the value of a narrative and descriptive
approach for understanding the mfluence of mstitu-
tional goals and commitments on the processing of
science and uncertamty and the construction of

arguments and debates i the environmental regula-
tory process

As our analysis of the Smog Check II evaluation
process reveals, the uptake and use of scientific
mformation and uncertamnty is influenced by the
mstitutional context of the decision making To un-
derstand controversy and debate 1 the environ-
mental regulatory process, this influence needs to be
recogmzed in the methods used for the development
of frameworks for environmental decision making
Our case study demonstrates the usefuiness of narra-
tive and descriptive amalysis of the processmng of
uncertamty m the regulatory process for achieving
this goal

Other methodologies that incorporate narrative
and descriptive analysis of the environmental regula-
tory process mclude frame analysis as described by
Schon and Rem (Schon and Rem, 1994, Rein and
Schon, 1996), the STS, boundary approach em-
ployed by Jasanoff (1990), or narrative policy analy-
sis as descnibed by Roe (1994) Each of these
methods has the advantage of examuming the con-
struction of arguments and therr mnteraction m the
regulatory process Like the method employed m
tlus analysis, these approaches to understanding and
evaluating environmental decision makmng aliow for
the consideration of the context of decision makimng,
which 1s crucial for the development of effective
environmental decision making frameworks

Notes

1 The NAAQS are set by the EPA for six cntena poliutants
carbon monoxide, ozone, nitragen dioxide, sulfur diowde,
particulate matter, and lead

2 The term “attainment” refers to whether or not an area of the
country meets the national ambient air qualty standard for a
given poliutant Areas are classified by the EPA according to
theirr degree of non-aitainment extreme, senious, severe,
and worse States with areas that are out of attainment are
required to submit a plan, known as a State Implementation
Plan, to EPA, demonsfrating how and when the non-
attainment areas will come into compliance with the air quai-
ity standards Aress with more severe air pollution are
aliowed mote time to come into attanment

3 The IM240 1s a 240-second dynamometer test that i1s a sub-
set of the Federal Test Procedure, the test used to certify
that new vehicles meet emission standards and fuel
efficiency requirements

4 The areas of the state subject to Smog Check Il are the
urbanized portions of Los Angeles, Ventura, and San Diego,
the metropolitan area of Sacramento, the Southeast Desert,
and the San Joaquin Vailey

§  Excerpt from an IMRC public meeting, 3 May 2000 in San
Francisco, California

6  Excerpt from an IMRC public meeting, 18 June 2000 in Sac-
ramento, California

7 IMRC Member, interviewed by Lowise Wells Bedsworth,
Berkeley, California, 18 November 1889

8  The dnver may notice the set-up on the side of the road, and
in some cases it is used to inform drivers of their vehicle's
emissions (see, for example, Bishop et a/, 2000}, but, for the
most part, RSD can be impiemented and used without dis-
rupting traffic flow

9  Calfornia Health and Safety Code 44021, 44021 (a)(4) spe-
cifically discusses public meetings

16 The change-of-ownership reqguirement i1s designed to protect
vehicle buyers by requinng that vehicle sellers obtam a
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Smog Check cerlificate for that velucle pnor to the sale

11 Interdew at ARB, Sacramento, California, 5 June 2001

12 To llustrate the contentious nature of the use of emission-
factor models, it 1s worth noting that the BAR did not agree
with the ARBs use of the mode! either The ARB and BAR
began work on the Smeg Check |l evaluation together In
fact, analysts from BAR completed most, If not all, of the
roadside data analysis When ARB decided to use the EM-
FAC 2000 model in the evaluation report, BAR asked fo have
its name removed from the report From that point on, the
ARB fook the lead on the evaluation report in public meet-
ings, representatives of BAR would answer specific gues-
tions relating to date or the roadside analysis, but essentially
all thi other input was provided by ARB representatives

13 IMRC meeting, 3 May 2000 San Franeisco, California

14 IMRC meeting, 3 May 2000 San Francisco, Califernia

15 IMRC meefing, 19 June 2000 Redonds Beach, California

16 [t is mportant {o note here that the IMRC 15 made up of rep-
resentatives from ail mterested and affected parhies In this
debale over the relevance of the SIP, there was disagree-
ment within the committee The member who represents an
ar-qualty management district also viewed the SIP com-
mitment as a number that carned great importance in tis
area, a major non-attainment area of the state In fact, this
debale and the fact that the IMRC would not mciude a
discussion of the SIP was a major factor in his decision not
to vote to accept the IMRC evaluation report

17 IMRC meeting, 12 June 2000 Redondo Beach, Catlifornia

18 Interview at ARB, Sacramento, California, S June 2001

18 IMRC meeting, 19 June 2000, Redondo Beach, Californta

20 This mfiuence of interests and values on the processing of
unceitamnty in regulatory debates has been noted by Stiriing
in his analysis of precaution in nsk management processes
(Strling, 1988) They term the combination of nsk, uncer-
tanty, ignorance and ambiguity as "incertitude” to delineate
fiom the “traditonal” definttion of uncertanty In therr case
work, they note the tendency to try to treat ignorance and in-
tracteble uncertamty using probabiistic methods, despite
ther inadequacy

21 A sernes of papers discuss this attempt to impiement the
analytic-deliberative process using utitanian decision-
analytic tools The one cited in the text 1s an cverview, others
mnclude (Accorsi et &/, 1989z, 1988h)
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Thus 1s an mutial evaluation of the first Australian consensus conference It 1llustrates lessons
learnt from staging this method of participatory technotogy assessment (pTA} by applying
an analytical framework of three aimensions social context, institutional context, and pT1A
arrangement While Australia stands to benefit from thus style of decision-making tnere are
hurdles to be overcome When transplanting the consensus conference meodel into a new
social context, a period of anticipatory socialisation 1s needed so that orgamisers and partici-
pants are clear about what can and cannot be achieved

New calls for environmental decision-making frameworks emphasize the need for an hohs-
tic approach that incorporates technical and non-technical expertise, and participation by all
wnterested and affected parties We snalyze the evaluation of an environmental regulatory
program to charactenize the interaction of science and policy and the processing of uncer-
tamnty using concepts from S&T studies This demonstrates the nfluence of mstitutional
goals and commitments on the uptake and use of science and the processing of uncertainty
i the regulatory process We discuss the imphications of such analyses on the development
of new environmental decision-mak.ng frameworks

Thas paper 1s a study of the medsures used by what the author calls “the energy establish-
ment” m the UK to hinder the development of wave energy from the ime of the invention
mn the mid-70s of several devices designed to convert sea waves into electricity and turn 1t
info a central resource for the nation and for ather countries The paper itnks the hostility of
the Department of Energy and 1ts satellite bodies to the British Government’s plan to con-
struct ten pressurised water reactors and give a mayor rale to nuclear power, plus the nflu-
ence of the o1l and gas lobbies

The goal of this paper 15 to present a theoretical view of the co-operative relationships be-
tween firms and umiversities We have revised the main subjects and key topics that are
analysed m the literature focus on umversity-industry linkages As we have identified
Science and Public Policy as a journal tnat has published several articles about university—
industry collaboration, in the second part of the paper we present a selected and annotated
bibliography of appropriate articles that were published between 1990 and 2000 by the
journal

The development and commerciahisation of genetically modified (GM) crops continues
despite persisting uncertamties regarding environmental impacts Regulators in Canada hav
claimed that existing federal policies for assessing environmental hazards are science-
based’ and sufficiently precautionary We challenge thus by examumng the scientific data
used to approve one variety of GM canola for environmental release We argue that the
legitimacy and plausibility of the regulatory decision rests significantly on boundanes con-
structed around the definition of a ‘science-based risk assessment” We advocate a stronger
role for the precautionary pnnciple

Over the last 15 years, budgetary restrictions on government departments have, according to
some, compronused the scientific production of public R&D iaboratonies Thus article uses
bibliometric data to look at the scientific production of Canadian Federal intramural R&D
The data show the major importance of the Federal Government's contribution to the ad-
vancement of Canadian science — over a third of Canadian publications n several discipli-
nary specialities In the disciplines in which they have distinguished themselves the most,
federal researchers have, wn terms of the quality of publications, no cause to be envious of
Canadian researchers in general

The anticientificismo trend that started 1n Argentina in 1962 was a resistance to modermizd-
tion Oscar Varsavsky's best known wark of 1969 combined elements of an ultra-lefust
critique of science with a critique of the way in which Argentine science was developing
He had a very mmportant ideclogical mfluence 1n the 1370s in much of Latin America in
many techmcal and scientific groups His work was used by obscurantist elements for
repressive policics
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