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The Emerging Technologies Project

x Startedwith NRE committees completed at
ORNIE

5 ODbjectives Identiiy Ways te address //5kS o/
eergIigleciio/og/es, aawing on

EXPEREncE Withrtechnelogies nOW I place (Ruclear
POWEN FadieactivVe Waste manadement, DNA
manipuiation) etc:)

Early experence Withl currently,emerging technoelegIes
(Rnanoe-, bio-, and info-")

Deductionfiromitindamental knewledge ol secial
PIOCESSES (Hsk peErception and assessment; Commons
management, intermational INSttUtions and NEtWOorKS;
ScIence communication andrutilization)



Some Insights
from the Nuclear Power Case

Scientists tend to focus on distinguishing large
vs. small risks; the public, on zero vs. non-zero
risks

Scientists tend to focus on the probability of a
hazard; the public on the consequences

Public concerns are strongly influenced by trust
in risk management institutions

Public concerns are related to whether or not
the consequences are known from experience



Some Insights
from Radioactive Waste Management

= Public perceptions matter in technology
acceptance, regardless of whether technical
experts think the judgments are wrong

= Public Hudgments are related to whether a
nossible consequence is dreaded, especially if
the effects are potentially unboundec

. ﬁulatlon segments differ in risk judgments
(white, male, affluent people see radioactive
waste as less risky than other people do)

= Public participation can promote confidence in
institutions and technologies




Some Insights
from DNA Manipulation

= Risks should be analyzed and assessed not only
as scientists view them but also as society is
likely to view them

= It is easier to discuss risk issues before positions
become hardened

= In many cases, risk assessment needs to be
case-specific because consequences can depend
on subtle differences in substance composition
or use



Some Insights from Research on Risk
Perception, Assessment, and Management

= Qualitative aspects of hazards are important
(e.g., dread, controllability); there are multiple
metrics of risk

= Different parties have different value priorities
and even different understandings of a risk
situation

= Usefulness of analytic-deliberative processes
that include the “spectrum of interested and
affected parties” (NRC, Understanding Risk,
1996)



Some additional, generic lessons

HIEChNOIOgY, acCeEPtance IS ftindamentally a Secial ProCEeSS

Socialfimpediments arermore likely toranSenirsk
commuUnRIGCation COmMES: late

BUlldingrtristthretdh publici participationtcantINCrEase
thelikelinoed el aCCEptance

BOURAaR/20rganizations that Ik pPredUCErS and USErS) of;
INferMation abeUt FHiSkiare Important

Information abeut BENENtS ofiten developed more
aggressivel?/ thanrabout HsKs; Ieading tor geVErNance
challenges later

Non=governmental = policy NEtWORKS Canl PEOrmM
IMPOrGaNG HSKIGOVEMaNCETUNCHONS

I\\

Reference: P.C. Stern, 11.J. Wilbanks; S. €Cozzens, and E.A. Rosa,

(Genericlessons iearned aboeut societal respenses toremenging
technoelogies perceived as invoelving, risks: ORNL/IIM-2009/114." Oak
Ridge National Laboeratory, 2009:
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Some Implications for Emerging
Technologies

= Deliberation is especially important for problem
formulation and if risks are not yet identified and
cannot therefore be quantified, BUT...

In that situation, it may be hard to get meaningful
input from the spectrum of interested and affected
parties
= Established regulatory bodies may not be
appropriately tasked because hazards are
different or applications are global, SO...

Research on commons management may be relevant



Commons Governance/Management

Elinor Ostrom, Nobel laureate in economics

The problem: limiting damage to resource
bases by private appropriation of depletable
resources accessible to all

What she studied:

local resource bases (e.g., forests, fisheries, water
sources)

institutions created by resource users
Conclusions: Eight “design principles” for
managing commons



Identifying Goverhance Principles for

Risks o Emerging Technoelogies

s Can the Ostrom ﬂovernance PrINCIPIES e
appliedreutsiderthe domainei the KInds ol
COMMONS she studied?

2 Canithey be extendeditos

Globalt natlral resoUrGes
RISKS Ol GECANGIOAY,

5 New paper addresses these quUestions

References P.C. Stern, Design prnciples for glebal
GOMMBNS: Inatural resourcesiand emerding
LECANBIOQIES. " Jrteriational Jouial 0l e Comiions;
2011, 5:213-2372.
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Characteristics of Local Resource Commons:
Why: the Tiheory: Might not Generalize

5 GEOGrapPNIC EXtEnt: tens tortheUSandsi o km2
5 NUMBER Ol apPrEPHatoLS: tENSI to thoUSanas
5 CommoEns are degradedintentienally.

s Apprepratersishare an Interest N preseving the
COMMONS

s Appropriatersisnarecommoentinstititional and
cllttral context

s REsOUKrCES regenerate onarniman time scale; so
IEarning IS a fieasible: manadement strategy.
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How! Global Resources are Different

(GEog| scale |'ocal Respuces Global Reseurces
7 Of USers lheusands BillionRs
Salience RESOUGE USE IS RESOUKCE USels a

CONSCIOUS PURPESE

Pyproeduct of intent

DirStrBULIeN 6f;
INCERESLS; POWET

Benefits and costs
INtErnallamoeng USEnS

Significant: externalities;
INtErest and PeWer:

differentials
Cultures; Institutions HOMOUENELUS HEtErogenents
Feasibility, eiflearning Geod Simitea

REJENErRAUGN LIME

[\essithan’ a generation

VIore than' a generation

Ease off Understanding
[ESOUKCE

Eeasible without
SCIENLIRC thaining

Scientifically’complex;
imited predictive anility.

RESEUNCE dyNamICS

Stable rules

Changing rules

[’earning transfer acress
places

Possible

Difficult

12




Applicability’ of Ostrom’s 8 Design Principles

s Define poundaies or appropralors and resources INot
applicable

s DeENRe N UIes CongrueRt Wil eCol0GICa] CONatoIS:
DiffictittoNdentiiy the conaitionsFeniorce glohal riles

s AllOWITIoSE USErS o) pariicipates: SiZze O group) NEEd to
Understand Seience make this diffictlt

s 0/dTionors accountab/er Challengestinclude need for
glebalimoniterng, Uncertainty anout what tormoeniter,
and diversity, O thesemoenIters shelld account to

5 Apply, dgraduated SafcHoASA SaNCHONING attAGHEYAIS
imite

5 LLOW-COST: COMNIIGE rESoIULoN IDISCONNECES DELWEENR
Parties and GeENERAtIoNS Makes difificult

8 Exterial autihorues permitiocal.contiol INEed to
facilitate locallcontrollandiearning; alserlimit
externalization

s Nested Iayers ol 0rgarizationy: Same as above 13



How Emerging Tlechnologies are Diffierent from
Resource Commons

5 SOME arelntegrated glebal systems, bUtisome
are glebal enlyAnrdisthHbution

s [FrEeversible PreCESSES alre ENUEMIC

x SCIEntific complexity, UnCertaInty, and ignerance
are rifie

s StronglconfilictsiorVvaluestbetWeen developers
and' affiected parties

= Strong)conflictsi o interest, teo

= Nature ol the riSkSHncompletely Knewn
(Including; ani expectation Of SUrPLISES)
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Implications of the Differences

s Need [or SCIEnce IS crtical

s Need for anticipating| risks (et only.
managing them):is also: critical

s Strong interests imply:need te insulate
science firomi policy (Red Book moedel)

x [nterests and Valle diffierences make: that
Infeasible; calling ior analytic deliberation

15



A Revised Set of Design Principles

" Irnvest I seienece o Understandl reseunce/technoelogy and
[tS Interactions WIthrUSers and those! affiected

) EStaplSaePERdenioniloHg) accolntapleterthe
Interestediand affiected panties

N ErisureNmeanngiil paricipa o of cFa tIES N firaming
guestions, INtErpreting sciIence, and developing rules

I IRtegrate SeletiG aralysIs aila PIoaaIPEa5Ea.
aeliperaron

HIGHEIEVEI aelors SHOUIAIaCHIlate PaltiCipanoiior:
JoWer-Ieve delors

W EHigage aria Coneet aValiery 01 isutiona] oIS,
gioebaliterecall infmaking rules, Moeniterng, and
SANCLIGNING

2 Plan ror nstitdional .adaptation) arnd. chigrge (Iterative risk

Management)
16



Additionall Principles Suggested by
Global Commons Problems and

Emerging liechnoelegies

u [RVestn Selence

s Jtegraterselenuic analysis Wit Broga PDa5ed;
Gelperanon

52/ aI O ISHIUL oG ZEd aaapPlation dlid. Cliglige
(JterauyeNisKkmanagenient)

8 LrigagelaVanen ornsututonal oS (RoE enly,
|eVEISi ot erganization)

Soureer: Dietz, Ostrom, and Sterm; fihe strtiggle tor govern the
COMMONS, Scrence, 302:1907-1912.
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Risk Governance Challenges and
Synthetic Biology

Identifying the risks before hazards are
experienced

Integrating the spectrum of interested and
affected parties with cutting-edge science and
unclear risks

Coping with surprises (e.g., unexpected
hazards)

Developing rules and governance mechanisms
that can adapt as risks become clearer

Developing institutional forms that can meet the
above challenges



