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The Emerging Technologies Project

a Started WithiNRC committees completed at
ORNIE

m Objective: Identiiy Ways toradaiess! //SkS o1
eIrergg tecno/eg/es; drawingren

EXpPeriencewihitechnelogiestnowintplacer(nuclear
POWEN Fadieactverwaste managemeni, DNA
manipulation; ete:)

Early experence With' currently: emerging technologies
(Rane-, bie=, and Infa=")

Deaductionsfromsfundamental knewledge ofiFsecial
PrOCESSes (risk perception and assessment; Cemmons
management, International Institltiens and Networks;
sclence communication and: utilization)



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 judgments are related to whet

ner a

possible consequence Is dreaded, especially if

the effects are potentially unboundec

= Population segments differ in risk judg

ments

(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)



Seme; additional, generic lessons

[lechnology acceptanceris itndamentally:arseocialiprecess

Seclallimpetiments are mone lIkel/ o alse sk
communication; cemes:late

BUlldingrtrtistTtnreugh puklici paicipation CanNNCHEase
thellikelineee el aCCeptance

BotinGary: erganizations that Hak-proalcers' anausers | of
InfermationralbeuitfrsSk are important

Infermation abelt-ieneits aften’developed more
ageressivelyithanrabeutrsks eading tergovernance
chiallenges: later

Non-governmental “policy NEtWOrKsS™ can| pertonm
IMportant sk goVermance flnctions

Reference: P.C. Stern, T.J. Wilbanks, S. Cozzens, and E.A. Rosa,

Generic lessons learned about societal respoenses to: emerging
technoeloegies perceivead as imvelving risks:: ORNL/TM-2009/114. Oak
Ridge National Laboratory, 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



ldentifying Goevernance Principles for
Risksi of Emerging Technolegies

x Can the Ostrem geverhance pPrnciples: e
appliedrouitsiderthe’ demainroirthe Kinas of
COMMENS; she: studied?

a Can they e exteneead ok
Glehal nattirel reSeUCES
RISKSI Ol teChNoIogy,

s New paperaddiesses these guestions

Reterence: P.C. Stern, Design principles ior glehal
COMMONRS: natural reseurcesrane emerging
eCNNGIeQIes.  /nternational Joulrial o e Comninions;
2011, 5:213-232.
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Characteristics of Local Resource Commons:
Why the: Theory Might net Generalize

a Geegraphiciextent: tens e thelisanes, ol kim2
x NUmBer o appropraters: tens te thelsanas
x Commons;are degradedintentionally.

x AppPrepraters share an Interest Inf Presernving the
COMMONS

x Apprepriatersishare: commeoentinstitiutionalrane
culttiral  context

= Resources regenerate on a human time scale, so
learning-is a feasible:management strategy
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How! Global Resources are Different

(Geeg scale "ecaliReseUees Glelkhal ReseUrCes
# of users JThousands Billiens
Salience Resouce use Is Resource use'ls a

CONSCIOUS PUKPOSE

Bypreduct el Intent

DirStAkUWen 6l
INLErests, PoeWer

Benefitsianad costs
Internal ameng tsers

Significant externalities;
INtErest and pPewer
diferentials

Cultures; Istitttions

HEMOYENEOUS

HEtEregENEnUS

Feasinility eliflearming

Geoa

Simited

Regeneraton time

[lessithan a generation

More than a ' generaton

Ease off understanding
reseurce

Feasiblewithout
scientific training

Scientifically cemplex;
limited predictive:anility.

ReseUurce dynamics

Stable rules

Changing rules

Llearning transfer across
places

Possible

Difficult
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Applicability of Ostrom’'s 8 Design Principles

n Delinebounaanes iorappropriatorsianaresourcess Not
applicalie

s Delieties congrient Wit ecol00/6al:Conaltions::
DifficulFteridentify the conaditions; enierce glehalruies

n Allowianiostiusers to participate;s Size ol group; Need to
Uneerstanasciencermakertnis aifiicul

= 0/adToNItorS accoltap/es Chaliengesincltideneed for
glohalimoenitenng, Uncertainty adout \What tormonitor,
andralversity o these moniterssheuldraccolnt to

N i4pp/y graguatea; sanctons: s Sanctioning autiorHty IS
Imitead

= [LOW-CcOStcontiictresolition-"IDISCONNECHSI DELWEEN
parties and generations makes @ifficult

s EXxteniial authontes permitiocal contiol: Need to
facilitate lecal control and learning; also limit
externalization

m /Nestea /ayers of organization. same as above 13



How Emerging Technolegies are Different from
Resource Commons

5 SOMme are integratedr giokal 'systems; Uk seme
arerglekal eniyAintdistieutien

n lireversinlelprocessesiaie’endemic

n Seientific.complexity; Uncertainty, and Ignorance
are rife

n Strengs conflicts-of Malues-petween, deveiopers
and affected parties

x Strong cenflicts of Interest, teo

x Nature of the rsksiincompletely: knewn
(Incltding -an-expectation of surprises)
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Implications of the Differences

s Need'Tor science. s crtical

x Need fer anticipating Hsks: (not enly.
managing them) s alsercrtical

a Stireng Interestsiimply need termsulate
science Troin-policy (Red "Book model)

s Interestsiand value differencesimake: that
iteasible;-calling for analytic aeliveration
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A Revised Set of Design Principles

/nvestn seienceitor Understand reseuree/iechnelogy and
[tSHnteractions With Users: and these: aliectied

EStanlISHIGERenaenEmnonioHAg, accountakle tortie
Interesten anadafiected parties

EHSUReNTIeanIgitl PartCIpaHo e PaltIESINNEIMING
QUESHIoNS; INterpPreting SCience; and develeping rules

Integrate’seleritiiG analys/siana BroaalyIsaseda.
aeliperanorn

HIgher-1evel actors shoulaiaclitae PAaric/ipal o, Ol
IOWer-Ievelactors

EHgayelana connect avanen/ oriastiional Jo/iiis;
globaliteriocal; inimakingrules; monitorng; and
sanctioning

Planiior instituional:adaptatnon: ana.change: (Iterative: risk

management)
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Additienall Principles Suggested: by,
Gloebal Commons Problems and

Emerging lrechnoloegies

u /RVesth Selece

n /ntegrate; Seleiniic. analy/sIs Wit oIeaa ) IWASeq.
aelllberanon

8 P/ANerRIASHIUHoRAZea a0 aplalon, aia CrHange
(teratvernskamanagenent)

. Erigagelavanen;ornstiinenal iornns (not enly.
IeVEISTeiorganization)

Source;r: Dietz, Ostrom; and Stern, The struggle tor goevern the
commons; Science, 302:1907-191.2;
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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



