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‘This is a major, and deeply thoughtful, contribution to understanding uncertainty and risk. Our
world and its unprecedented chalienges need such ways of thinking! Much more than a set of
contributions from different disciplines, this book leads you to explore your own way of perceiving
your own area of wark. An outstanding contribution that will stay on my shelves for many years.’

Dr Neil T. M. Hamilton, Director, WWF International Arctic Programme

‘This collection of essays provides a unigue and fascinating overview of perspectives on uncertainty
and risk across a wide variety of disciplines. It is a valuable and accessible sourcebook for specialists
and laypeople alike.’

Professor Renate Schuhert, Head of the Institute for Environmental Decisions and Chair of Economics
at the Swiss Federal Institute of Technelogy

‘This comprehensive collection of disciplinary perspectives on uncertainty is a definitive guide to
contemparary insights into this Achilles’ heel of modernity and the endemic hubris of institutional
science in its role as public authority. I gives firm foundations to the fundamental historic shift now
underway in the world, towards normalizing acceptance of the immanent condition of ignorance and
of its practical corollaries: contingency, uncentral, and respect for difference.’

Brian Wynne, Professor of Science Studies, Lancaster University

‘Bammer and Smithson have assembled a fascinating, important collection of papers on uncertainty
and its management. The integrative nature of Uncertainty and Risk makes it a landmark in the
intellectual history of this vital cross-disciplinary concept.

George Cvetkovich, Director, Center for Cross-Cultural Research, Western Washington University

Uncertainty governs our lives. From the unknewns of living with the risks of terrorism to developing
policies on genetically modified foods, or disaster planning for catastrophic climate change, how
we concepiualize, evaluate and cope with uncertainty drives our actions and deployment of
resources, decisions and priorities.

In this thorough and wide-ranging volume, theoretical perspectives are drawn from art history,
complexity science, economics, futures, history, law, philosophy, physics, psychology, statistics
and theology. On a practical level, uncertainty is examined in emergency management,
intelligence, law enforcement, music, policy and politics. Key problems that are a subject of focus
are environmental management, communicable diseases and illicit drugs. Opening and closing
sections of the beok provide major conceptual strands in uncertainty thinking and develop an
integrated view of the nature of uncertainty, uncertainty as a motivating or de-metivating force, and
strategies for coping and managing under uncertainty.

Gabriele Bammer is a Professor at the National Centre for Epidemiology and Population Health at The Australian
Nationat University and a Research Feliow at the Hauser Center for Nonprofit Organizations at Harvard University.
Michael Smithson is a Professor at the School of Psychology at The Australian Nationat University,
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Uncertainty, Complexity
and the Environment

wephen Dovers, Michael Hutehinson, David L indenmayer, Adrian Manning,
Franklin Mills, Paul Perkins, jason Sharples and lan White

COMPLEXITY AND UNCERTAINTY IN RESOURCE AND
ENVIRONMENTAL POLICY AND MANAGEMENT

“nis chapter characterizes uncertainty in the resource and environmental policy
tomain, and research, policy and management responses. [t moves from a
eral orientation to a pracdcal and empirical one to illustrate contemporary
allenges. The first section offers a general perspective on the domain and the
~irms of and responses to uncertainty. Summary tables are used to convey
~ajor features of the domain as space does not permit full description {(for
“orther detail see WCED, 1987; Berkhout et al, 2003; Page and Proops, 2004;
retfen et al, 2004; Dovers, 2005). Later sections examine a CONtEMpPOrary water
-ioply, catchment management and disaster recovery case study to extend these

seneral themes.

The parameters of the domain

ource and environmental policy and management cover multiple resource
wcks, environments, and policy and management sectors. They aim to undet-
:nd and manage interventions in interdependent human and natural systems.
> original managerial focus of the field was on preserving a sample of high-
~rofile species and selected natural areas, and managing pollution and scarce
~ssources, Today, a wider array of environmental resources is included and
managing the environment” holds equal place with the need to manage people
ad societies and their interactions with natural systems. Moreover, the salient
“ime-span has been stretched into the future, and the simple trade-off of
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Table 21.1 The constituent issues of sustainability
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environment versus development replaced by the harder chalienge of integra:

ing the two,

This chapter covers only selected aspects of this domain, although resource:
and environment are now embedded in the larger, more problematic arena <
sustainability. Sustainability (or sustainable development) entails the integrar
of environmental, social and economic considerations in policy over the Lo,

term, with commitments stated in international and national policy and ia+

Table 21.1 identifies the constituent issues of sustainabiliry, with subsets (1)
(2) representing traditional resource and environmental issues, subset (3} exter
ing and deepening those, and subset (4) covering social and €CONOMmIC 155ues
imperatives. Multiple uncertainties confront those attempting to infegrate

subsets.

Most governments and many non-government sectors have made poic.
commitments to sustainability. Sustainability is best understood as a hig
order social goal akin to other such goals like democracy, jusdce of the nike +
law — a complex, contestable challenge spanning generations (Connot ane
Dovers, 2004). Three major elements ate common to policy and legal coditic:
tions of sustainability (including the foundational 1992 UIN Rio Declarancr
The first element is 4 pattern of economic and human development
protects opportunities for future generations to use natural resources and enis
a healthy environment, while allowing for human development goals, especian
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1. [ssues of socisty
ind the human
ondition

' population growth

' BCONOMIC
development,
poverly
food security
resource security
and equity
health and disease
rapid urbanization
human rights and
environmental

justice

skills, education
and empowerment
debt and trads
inequities

lenge of integrar-

ithough resources
slemadc arena of
ils the integration;
lcy over the long
! policy and law:
‘hsubsets (1) and
subset [3) extend-
a0mic issues and
‘o Integrate these

ave made policy
ood as a higher-
e or the rule of
ns (Connor and
1d Iegal codifica-
10 Declaration).
welopment thar
»utces and enjoy
goals, especially

for the world’s poor, to be met in the near term. The sccoad is the recognition of
major social and policy goals, including:

The third element is principles for policy- and decision-making, including:

Uncertainty and environment

Specific issues {see Table 21.1 for examples) are the usual focus of attention, but
the natare of sustainability problems can be best appreciated through the identi-
fication of common undetlying attributes of subsidiary policy problems. Table

21,
tion, in sustainability than in many other policy domains. Other domains (service
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recognizing the importance of biodiversity and ecological life-support
systems; and
treadng environment and development in an integtated rather than a

separate Way.

factoring in short- and long-term considerations;

integrating environmental, social and econormic concerns in policymaking;
taking precautionary measures i the face of uncertain but possibly serious
environmental degradation (the ‘precautionary principle’);

considering global implications of domestic policy directions;

using innovative policy approaches (for example participation, institutional
change and market mechanisms); and

involving communities in decisions that affect them.

2 presents atiribures encountered more often, and mote often in combina-

Table 21.2 Asributes of policy problems in sustainability

RN o PR 2 I S L R AW

8
9

30
11
12
13
14
15

Broadened, deepened and highly variable spatial and temporal scales.

Possible ecological limits to humar activities; threshoid effects in system pehaviour,
Otten cumulative rather than separaie snvironmental impacts of human activities.
Irreversible impacts, policy urgency and high stakes.

Complexity within and connectivity belween probiems,

Parvasive risk and uncertainty; lack of or poor guality Information.

New moral dimensions (e.g. non-human species, future generations); muttipie
interests/vaiues.

Systernic causes in patterns of production, consumption, settfement and govemnance.
Paucity of uncentested or well-cleveloped research methods, policy instruments and
rnanagement approaches.

Koy assets/values not iraded in formal markets, thus nat assigned economic value.
Pocrly defined policy, managernent and propesty rights, roles and responsibifities.
Mixture of public and private costs and benefits.

Demands and justification for community participation in poticy and management.

A need for integrativedinterdiscipinary research and policy approaches.

Novelty, articutated on policy agendas cnly In recent times (i.e. since the Rio Declaration
—UN, 1892).

Source. Dovers (1997]
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delivery, economic policy and so on) may not themselves be simple, but sigrit : the imps
cant sustainability problems demand forms of knowledge and policy responsu: ' tions.
different from those readily available in traditional policy-oriented disciplin:
and professions.

Attribute 6, uncertainey, is 2 prime characteristic in part determined by ot
attributes (for exarople scale, limits, pootly defined rights and ethical issues risks under
Three attributes (3, 8, 11) closely related to uncertainty warfant recogniti: f residual and
Atrribute 5 (complexity and connectivity) refers to multiple interactions ' of forms o
nataral and human systems, Rarely can one problem be attended to in isolatio 1995), this
in cither research ot policy (for example estuatine fisheries” productivity is de
mined by upstream land use, tightly coupled fire regimes and water viela i
forests). Complexity and connectivity shape uncertainty through multiple cause-

The impact
Eragmentati

risk, wl
outcon
fesearc
river);

uncert

and-effect linkages.

Tntegration across policy and management sectors, 1o capture multin:
environmental issues as well as connections to social and economic factors, i
primary imperative in sustainability, inviting integrative or ‘whole-of-governmen: o : precisi
strategies (addressing attribute 115 Systemic causes (attribute 8} is another crite : ' believ:
attribute, requiring attention to underying (indirect) causes of problems as v scientd
as the traditional policy target of proximate (direct) causes. For example, high poe scale);
capita energy use, and thus urban pollution and greenhouse gas emnissions may ignora
directly caused by private vehicle use and household energy consumptiorn. : ' where
these stem from a form and structure of urban settlements that necessitai : impac
reliance on private vehicles, price stractures and user knowledge. : precip

Uncertainty is a major research and policy challenge, both for specific issus
and the larger agenda. The following lists identify sources and forms of unce: : These det

tainty and the range of actual or proposed scientific and policy responses. 1o : A pr
human—0

change 2
based on

proposed chief sources of uncestainty are:

dhe nature of human and natural systems (for example frequency 2 _
abundance of biota, climate variability, streamflow patrerns, nutrient o ' _ acknowle
energy fluses in ccosystems, and non-marketed resource consumption); edge bast
the nature and importance of interactions within and among clements «2 ' 15 COTSLY
these svstems {for example species interdependence, critical limidog nuts understa

or material cycles, community reliance on resources and environmeniz edge out
of ancer

assets, and resilience to climate shifts);
of Smith

the nature and importance of haman impacts on natural systems;
future changes in human and natural systems, and whether ‘natural’ VANCE, €
human-induced drivers of change are more significant; Rest
changing political agendas and societal values, and the range of stakeholde: levels of
in future policy debates; : general”
the efficacy of approaches to informing decisions in the absence of suit ﬁ into umy
cient knowledge, such as predictive modelling and inference from Hmite:d ' ' operatic

data; and
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the impact of past, current and proposed policy and management interven-
tons.

¢ impact of multiple sources of uncerrainty is typically compounded by
‘ragmentation of responsibilities across portfolios and agencies. The scope of
“isks under consideration has increased from quantitative risk, towards including
-esidual uncertainty, qualitative approaches to risk assessment and 2 wider array
£ forms of uncertainty. Drawing on Wynne (1992) and Dovers and Handmer
71995), this shift moves through the following definitdons:

o risk, where believable probability distributions can be assigned to possible
outcomes; that is, we know the odds (for example the likely impacts on well-
rescarched aguatic species of the release of a known chemical residue Into 2
rivet);

¢+ uneertainty, where the direction of change is believed to be known, but
precision in predicting the scale or probability of impacts is not possible and
believable probability distributions cannot be assigned (for example current
scientific consensus regarding human-induced climate change on the global
scale); and

s ignorance, where not even the broad directions of change are known, and
where thresholds and surprise are understood as likely (for example local
impacts of climate change, which may involve increased or decreased
precipitadon and unforeseeable changes in extreme cvents).

These definitions convey both the degree and &ind of uncertainey.

A proposidon relevant to policy interventons in poorly understood
human-natueal system interactions is Wynne's (1992) claim that uncertainty wiil
change and probably increase following policy or technological commitments
based on imperfect knowledge. This does not imply an aversion to change but
acknowledges the dynamic nature of systems we intervene in and of our knowl-
edge base. Uncertainty does not simply exist ‘out there in the environment’, but
is constructed and negotiated in human society. To include this in deepening
understanding and framing policy, some have diawn on a wider body of kaowl-
edge outside the dominant natural sciences to incorporate ‘non-scientific’ forms
of uncertainty — Dovers and Handmer (1995), for example, emphasize elements
of Smithson’s (1989) typology of ignorance, such as taboo, distortion and irrele-
vance, common features of sustainability debates.

Responses to uncertainty have changed over time. Table 21.3 identfies three
tevels of response to uncertainty in addressing the social goal of sustainability:
general principles informing the policy style adopred; frameworks to extend this
into implementation and within which specific strategies can be chosen; and
operational tools and techniques w inform policy- and decision-making,
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Table 21.3 Hierarchy of responses to uncertainty in the resource and environment domain : Here,
(level 2).7
rional pob
1. Principies (general  The 'precautionary orinciple’ {widely codified, some specification) Hardiﬂg 4
instructions codified  'Adaptive management’ {rarely codified or specifisd)
in palicies and laws)  Monitaring

] n

{evef Componenis (selected)

|14

2. Frameworks Risk Management standards (2.g. Australian Standard 4360) cert

{hrough which Assassment procedures {8.g. environmental impact assessment,
principles are applied  strategic environmental assesement, sustainability assessment) pre
and technigues Others {e.g. 18O 14000 Environmental Management, TGM)
chosen)

‘Adaptive
3. Toofs and a} Proximate or direct causes and impacts: managerr:
lechriques (selected » research and monitering
examples) moaelling and inferencs :
poiicy monitaring and evalusation _ : Managerr
environrmental impact assessment seetings
risk assessment 3 : systems, €
axpert judgement - cocperative leaming § :
extended cost-benefit analysis
non-rrarket valuation E managem
regret matrices fminimax, maximes) From
performance assurance bonds : he illaste:
mufti-criteria analysis {deterministic) ' Risk Mar
mediation, negotiation, conflict resclution
small-scale defiberative technigues (e.g. citizens' juries, focus : i
groups, charettes, mutti-critera mapping) _ uncertair
* population viability analysis : Strategic
= regulatory safe minimum standards : : sroject-o
° couft procesdings .
) Undertying or indirect causes and impacts: : ;
* long-term research and monitoring : tions of |
policy monitoring and evaluation : : ‘MMarsden
strategic environrental assessment
sustainabllity assessment, integrated assessment : The tm i
strategic risk assessment :
exper! judgement
mediation, negotiation .
multi-criteria analysis (heuristic) : uacertair
large-scale deliberative techniques {deliberative polls, B demande
consensus conferences); institutionalized small-scale techniciuss ' intellectu
® COMMmissions of enguiry
* court proceedingg :
¢ institutional reform to enable the above . ' UnConne
fntegration through institutional reform ' 1 acom
» interdeparimental committees, interagency procasses ; nolicyma
* commigsioners for environment/sustainability ; :
+ sustainability policy units within central agencies
* mega-departments : i
* regiocnak-scale integration of environmental, social and scora : neompt
policy : nhilosop
* integrated catchment management : anphied i

o
A7

informin;

changes 1

SECtors, it

less unde:

Two rece

endorsen

and the
Lrovers, |

Sowrce: Dovers (2005) : conarts (¢




Lincertainty, Complexity and the Environment 251

¢ and environment doyia Here, we can only touch on principles (level 1 in Table 21.3) and frameworks

{level 2}, The ‘precautionary principle’ is widely codified in natonal and inrerna-
donal policy and law, although implementation has only begun (see, for example,
Harding and Fisher, 1999; Fisher et al, 2006}, A standard definition is:

:d, some specification) 7
specifiec)

Wohere there are Hrreals of serions or irreversible damage, lack of full scieniific
certainty shall not be wsed ar a reason for posiponing coit-gffective measures /o
prevent environmental degradation. (UN, 1992, Principle 15)

n Standard 4360)
al impact assessment,
tainability assessrment)
agement, TOM)
‘Adaptive management’ proposes that, in the face of complexity and uncertainty,
management interventions be framed 25 hypotheses to aliow action while also
informing steuctured learning over time. First applied in bounded ecosystem
management contexts, the idea has been extended to policy and insdtutional
settings (Gunderson et al, 1995; Dovers and Mobbs, 1997), However, some
systems, such as estuaries or species populations, may be hysteretic, where small
changes result in catastrophic collapses not easily reversed. For these, adaptive
management involves risk,

From level 2 in Table 21.3, standards and decision-support frameworks can
be lustrated by two examples. The Australian,/WNew Zealand Standard 4360
Risk Management (Standards Australia, 2004) is being applied in many policy
sectors, including the environment, providing a framework for handling risk and
uncertainty and suggesting specific methods {Standards Australia, 2000).
Strategic environmental assessment extends the long-standing practice of
project-oriented environmental impact assessment to identify and ameliorate
less understoed (in other words more uncertain) indirect environmental implica-
tions of policies, plans and programmes, and is mandated in some jurisdictions
(Marsden and Dovers, 2002).

g
. citizens' juries, focus
o)

sessment
The imperatives of inclusion and integration

Two recent imperatives are relevant for conceprualizing and responding to

uncertainty. The integration of environmental, social and economic factors
erative polls,

demanded by sustainability requires bringing together previously unconnected
srali-scale techniques)

inteliectual and policy traditions and forms of data and analysis. The universal
endorsement of community participation as a policy principle brings previcusly
unconnected values and interests together, w be Integrated or at least waded off
in a4 comprehensible manner. The implications of expanded participation in

;??j grocesses policymalking for confronting uncertainty can be ilustrated by burdens of proof
lencies and the way in which tesponses to uncertainty are justified (Cranor, 1999;

Dovers, 2006). Reliance on mathematical probability in the sciences might be
1l, soctal and ecanomic incomprehensible to someone from the humanities working in narrative or
philosophical argument, and vice versa. Very different burdens of proof are
applied in an environmental debate by scientists (95--98 per cent confidence), the

courts (for oivil law, the balance of probabilities), neeclassical economic models
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(dependent on assumptions), local residents (strong precaution) ot the mediz
(variable, largely unburdened?). All are relevant politically in a democranic
system, if not equally valid intellectually. Even within disciplines, significant
variation occurs. Empirical ecologists and ecosystem theorists can disagres
substantially when predicting anthropocentric impacts on the basis of incom-
plete data and pocrly understood system processes.

Iategration is the aim of many level 3a and b {Table 21.3) aptions such as
deliberative techniques and multi-criteria analyses. Creating institutional settin
and policy processes conducive to applying such techniques is the point of level
1-2 and 3c. Currently, many methods are still being developed and no cross-
disciplinary consensus exists on the efficacy of specific tools or how to choos:

from the toolkit.,

We have provided an overview of uncertainty int the resource and environ
mental domain, To ground this perspective, we turn now fto aspects o
uncertainty in an illustrative case study: the Cotter River catchment in south-
eastern Australia, a conservation and water catchment area devastated by firs
and drought in 2003, This case study evidences the multiple forms of uncer-
tainty that typify the domain, multiple disciplinary and other perspectives, and
the importance of non-linear change and short- versus long-term factors driving
policy and management decisions. Recalling Table 211, this case typifies the
situation where uncertainties are confronted in a suite of interacting issucs.
involving traditional resoutce management and conservation challenges
cconomic development, fundamental ecosystem resilience, and human health

and wellbeing,

AN ILLUSTRATIVE CasE: THE COTTER CATCHMENT'

Australia’s capital city, Canberra, obtains much of its water from dams in tfx
484-square-kilometre Cotter River caichment within the Australian Capits.
Terditory (ACT). The catchment comprises Namadgi Natdonal Park and adjaces:

protected catchment reserves under native (upper catchment) and plantation

(lower catcchment) forests, Supplementary supply is accessed from the Googon.
Dam in the Queanbeyan catchment in nearby New South Wales, which is un
a variety of land uses necessitating higher levels of water treatment. While in
mittent water supply shortages have been experienced in the past, an adequiis
quantity and quality of water has been enjoyed since 1967, with increasi
commitments to the environmental flow requirements of rivers.

Past management of the catchment has been passive, cateting for watey

T

supply and natare conservation, along with subsidiary uses including plants
forest production and recreation, but in a fragmented fashion typical of rescy

management. An integrative mechanism, the Cotter Catchment Managemem:

Committee, was discontinued in 1987, and soon afterwards primary statutor:

authority for water passed to the muld-utility ACTEW Corporation. Land ans
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environmental management are the responsibility of ACT Urban Services, a
federation of customer-focused businesses and regulatory units. Environment

ACT is one of those, with responsibilities for overviewing warter policy, and

within it ACT Parks and Conservation manages Namadgi National Park. The
f.ower Cotter is largely outside the Park and ACT Forests manages the Lower
Cotter plantations and monitors water quality throughout them, reporting
results to the Environment Protection Authority.

The ACT Water Resoutrces Act 1998 appointed Eavironment ACT as co-
regulator for water with the ACT Prices Comrmissioner. Water in dams and pipes
in the Cotter comes undet a different management regime. Before 2000, the
clectricity and water utility ACTEW Corporation had sole responsibility, 2 model
typical of previous Australian water management. After 20006, ACTHW
Corporation became a government-owned holding company with interests in
providing water and wastewater services. The ACT Government, through
ACTEW Corporation, owns the water and wastewater netwotk and infrastruc-
ture. The public—private joint venture company ActewAGL is an clectricity,
natural gas, water and sewerage services urility that contraces its services to
ACTEW Corporation. ACTEW Corporation buys bulk water from the ACT
Government and contracts ActewAGl. to treat water and reticulate it o
communities and industey in the ACT, who also pay for sewerage and waste-
water treatment by ActewAGL. ActewAGL returns almost half of the water
abstracted to the Murrumbidgee River as high-quality treated wates, as part of
environmental flow obligations negotiated by Environment ACT. Because of
the fixed-fee contract, the major incentive for ActewAGL I8 cost minimizaton.
Monitoring of rainfall, quantity and quality of water in dams and catchments is
contracted to ECOWISE Environmental, a subsidiary of ActewAGL.

Enter drought and fire

This administratively complex but largely unproblematic situation was shaken by
ewo events embodying significant uncertainty and extreme impacts. A prolonged
droughr across much of Australia from 2002 forced attention on sustainable
supply and use of water, including in the ACT, and drove major policy reform
via 4 National Water [nidative (COAG, 2004). Following dry conditions, extreme
weather caused wildfires in January 2003 that burnt 98 per cent of the Cotter
Catchment, including the bulk of the ACT forest plantation estate, and
destroyed 500 houses. Four people died in one of the most extreme fire events
in the scteled history of one of the wotld’s most fire-prone countries (for general
information, sec Bradstock et al, 2002; Cary et al, 2003).

The fires removed much of the ground cover and riparian vegetation, and in
some areas consumed soil organic martter, greatly increasing the potential for
erosion. Large amounts of charred ozganic matter wete also produced (Wasson
et al, 2003). Intense rains in March 2003 shifted fire debris and sediment into the
Corin and Bendora Reservoirs, Bendora is the off-take storage for Canberra’s
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water supply system, and an estimared 19,300 tons of inorganic sediment ana constructe
1900 tons of organic matter were deposited there in the afrermath of the fires : society havi
{(Wasson et al, 2004). Salvage logging operations in the lower catchment added : _ When life,
soil disturbance. Sediment inflows caused major water quality problems, making : becomes «
the water unfit for redeulation for extended periods. Runoff following the fire: ' grounds.
caused unprecedented increases in principal water quality parameters - turbidity. : The su
iron, manganese, phosphorus and nitrogen — by up to two orders of magnituac : : nifers som
over previous events (White et al, 2005). These water quality problems severew ' decision-s
disrupted domestic water supplies, requiring water restrictions and construction of choice a
of an AU$40m water-treatment plant. The back-up capacity of Googong
Reservoir proved crucial in mainraining supply. _ The post-,

As well as impacts on life, property, water and plantation forests, extensiv
conservation reserve areas were moderately or severely burnt, along with vanou:
bullt assets within Namadgi Park. The short- and long-term implications
biodiversity are unclear — the intensity and extent of the burning had
recorded precedent (although previous, less-documented fires may have bad
comparable impacts), on top of existing uncertainties about the viability o
wildiife populations in the absence of disturbance.

The combined impact of the fires, post-disaster recovery, drought, an:
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and biodiversity conservation. In addition, future human-induced clim
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water availability and the likelihood of extreme weather events (see IPCC, ZUH
Fragmented approaches to understanding environmental processes an<
framing responses have failed to cater to multple social demands. Integrarc:
approaches are widely viewed as necessary and are prescribed in contempor
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systems through participatory research 2nd management is increasingly accep
as necessary. [n situations such as the Cotter, things deeply valued by
community are contested and at risk - their own physical safety, the amenity
their landscape, adequate water supply, wildlife. For better or worse, policy =
be informed not only by science and other expert knowledge systems, but i

cultural, community and political knowledge and imperatives. Uncertain:

Favironm
fesponses
AITAngenu
When cor
[mitiative
storage o
scope for




rganic sediment and
ftermath of the fires
“carchment added v

rameters — turhid
rders of magnirude
y problems severel:
15 and constructios
acity of Googong

n forests, extensive
-along with vatious
1 implications for
¢ burning had ne
ires may have hac
ut the viabiliry o

ery, drought, and
ACT policy and
leNt managemen:
al enquiries have
1 environment of
long-term policy
3 and uses, Chief
use in the Cotter
induced climare
ogical processes,
see IPCC, 2001

! processes and
inds. Integrated
o contemporary
arch, as well as
ly unconnected.
yrests, biodiver-

‘her knowicdgc
singly accepred
valued by the
the amenity of
iwse, policy will
ystems, but by
Uncertainty is

Uncertainty, Complexity and the Fnvironment 255

constructed in human systems, not in natural systems, and various interests in
society have very different constructions and burdens of proof (or of disbelief),
When life, property and valued environments are at risk, that observation
becomes not merely theoredeally interesting, but compelling on practical
grounds.

The summary menu of options for integration presented in Table 21.3
offers some ways forward, but debate surrounds all these research approaches,
decision-support techniques and institutional options, both singly and in terms
of choice across sitwations.

The post-fire response

We now briefly explore how the ACT policy community handled the aftermath
of the 2003 fires, and what this suggests about scientific and policy capacities to
handle uncertainty and complexity. Although compressed in time and politically
charged, the issues in the Cotter are typical of, and the responses, on balance, no
better or worse than in, other complex environmental management contexrs.

The sheer magnirude of post-fire emergency response and rehabilitation
produced delays, frustration and politicization. While public health, community
amenity and inital disaster recovery operations have been largely successful,
coordination of longer-term policy remains unsettled. In rhe case of water
supply, while ACTEW commissioned immediate response and restoration
studies, the operations of a Non-Urban Taskforce overtook their efforts,
Thereafter ACTEW concentrated on fast-tracking infrastructure and planning
tor furure water-supply security. The Taskforce concentrated on broader aspects
of land management, with more detailed work left to existing agencies or recom-
mended ro new non-statutory committees.

Complex relationships between key policies such as the Namadgi National
Park Management Plan, the Molonglo Catchment Action Plan, the ACT
Natural Resource Management Plan and the Think Water, Act Warer Strategy
(ACT Government, 2004 remain problematic. Responsibilities for initiating
(or reviving lapsed) long-term monitoring of key landscape functions are
scattered, although poor performance in previous monitoring has also left a
legacy of insufficient time series dara. The location of responsibility for
ntegration is being contested among agencies and units, The placernent of
more water responsibilities in the Chief Minister’s Department (including in a
central sustainability unit), the merging of ACT Forests and ACT
Bnvironment, and the creation of an advisory catchment commitice are partial
responses, but they coatrast with more integrated catchment management
arrangements existing elsewhere in Australia (see, for example, Ewing, 2003).
When considered against the demands of the new, pervasive National Water
Initiative (COAG, 2004, Connell et al, 2005) and cross-border supply and new
storage options, 2 highly uncertain policy environment emerges, with great
scope for disharmony.
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Further, some long-term policy questions have been pre-empted br
emergency response strategies, particularly in cases where change instrumens:
{action or management plans and so on) are developed to tight timetables, bu
within previous policy frameworks, by threatened organizational units. In the
case of integrated management of the catchment, tension exists berween the
previous preservationist culture across specialized agencies, the decimates
plantation sector and emerging ideas of a managed landscape producing mult:-
ple outcomes {for example water vield, minimizing wildfire risk, and naturs
conservation).

The institutional and organizational arrangements for policy, regulation an:
management are becoming more rather than less complex, uncertainty has
increased, and the ability to extract and apply best practice knowledge :
weakened. In contrast, the US Burnt Arcas Emergency Response model (1>
Dol, 2001) offers a model for achieving completed restoraton plans supporte:
by scientific assessment within weeks of an event. Broad comumunity acceptance
and reduced politcization result, as does more rapid implementation of restor:
tion projects.

Finally, the complexity of natural resource systems and human values pos:
difficulties for community engagement and challenge public confidence ix
government leadesship and agencies’ ability to deliver tmely and equitab
outcomes. The gap between short-term demands by prominent players in p
debates is inconsistent with the need for long-term investment in research a
adaptive management through transitional investment steps. Single issue foci
inconsistent with the integrated logic of sustainability. In these circumstance:
excessive reform poses risks for hard-pressed officials on the one hand, and -
risk that the public will revert to sclfish demands for 'more” water, rather thar
agreeing to an optimal portfolio of water supply and conservation measures,

the other. Suitable policy and institutional settings for handling such complexi::
and uncertainty (level 3, Table 21.3) temain to be developed.

DiscussioN: UNCERTAINTY AND PoLicy WINDOWS

The Cotter situation exemplifies generic challenges raised by uncertainn

resource and environmental management, Understanding and managing muln-

ple factors, processes and vatues in an integrared fashion on the landscape scos
is an accepted social goal, but supremely difficult. The challenges are synthes
in the following summary, which highlights key uncertainties and reflects

T

number of other attributes of sustainability problems identified in Table 23.2.

Considerable uncertainty attaches to important, single variables, a function
the nature of the phenomena and/or poor monitoring, The abundance.

histoties and vulnerabilities of most species are insufficiently understood 7 -

confidence in management interventions. The parameters of climate o
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hence streamflow variability are not well understood, a result of relatively
short (less than 100 years) meteorological records, and the local and regional
impacts of climate change are highly uncertain. Consequently, the frecquen-
cies of extremc weather events and associated large-scale fires arc

unpredictable.

Key interests, and the values associated with these, as manifested in land
uses, economic activities and environmental and other fand management
goals, are affected by multiple processes and variables. For example, wildlife
populations wilt be influenced by fire regimes and climate change, just as
water supply will be. Fire regimes are determined by a range of natural and
human factors. The uncertaintics in each of these is compounded by intet-

action with othet, also uncertain factors.

policy responses. Key vardables and processes, such as forest regrowth,
population dynamics of wildlife populations, climate change and sediment
movements in catchments, operate over decadal or longer spans, making
believable predictions of future conditions exvemely difficult. These long-
term contingencies are difficult to address under the constraints of
short-term administrative and political timescales and similarly short

planning and research funding cycles.

designed to achieve desired outcomes are also uncertain. The uptake and
impact of water-saving behaviours and technologies, currently actively
promoted, are not clear. Likewise, the effectiveness of revegeration strat-
egies for wildlife conservation and the dynamics of water vield from
fire-affected catchments are pootly understood, as is the effectiveness of
strategies to reduce fire risk at the urban—rural interface.

nated through integrated policy responses, further uncertaintics arise as
requisite institutional designs and organizational structures. There are no
‘blueprints’ for organizational reform for integration, and integration
opposes the tradizion of specialization and vertical hierarchy that underpins
traditional systems of public administration. Thus institutional and policy
reform to create more tesilient, robust and adaprable capacites is in irself
something o be approached in an explicitly experimental fashion.

An underlying issue is the ability of research to inform decision-making 1n 2
timely fashion. In cases such as the Canberra fires, that timeline may be very
short. Even in more ‘relaxed’ contexts, time demands on decision-makers are
invarizbly stricter than those researchers would consider necessary to produce
quality data. In the natural sciences, long-term monitoring and enhanced under-
standing of issues such as hydrological systems, weather and climate,
biodiversity, and vegetation responses, and especially of the interactions among
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them, is one answer to framing responses to uncertainty. In many areas
however, long-term research and monitoring have been weak., Whatever the
timescales, thete is the challenge of reconciling different constructions of uncer:
tainty — epistemological, theoretical, methodological — so that stakeholders share
an understanding of the interactions among interdependent phenomena.

However, even with much better undesstanding of narural processes and
human variables, sound responses to uncertainty are unlikely in the absence o
approptiate management regimes, policy processes and institurional systerr:
capable of utilizing such information. The fragmentation and lack of coordins
tion across policy sectors exacerbare uncertainty, and proven ways of ensurning
integration across the traditional silos of research organizations are seill scarce
Tnstitutional fragmentation invites the social sciences to contribute, including » i
the various decision- and policy-support methods refersed to in Table 21.3, o
sufficient time to choose and utlize appropriate data and techniques may be o
be available. Nevertheless, time should be available to enact immediat
tesponses while concurrently constructing the institutional capacities and estal
lishing information streams to enable longer-term adaptation.

Natural systems are rarely stable, and sudden changes may produce opportu:
nities for positive change, or for rushed and poor decisions, Policy systems
are unstable, and the idea of ‘policy windows’ captures those oceasions when the
sensitivity of policy and management agencies to the need for reform will T
heightened (Dovers, 2005; see also Howlett, 1998):

1
-
T,

»  More predictable policy windows result from situations such as the leac
period to a government’s annual budgeg review of a policy prograrnnme
publication and consideration of a major review such as a state of enviren
ment report; finalizaton of an intergovernmental agreement requi
implementation; or an clecton, whether that returns the old government i

2 new administration.

s More unpredictable policy windows result from events such as scientity
discoveries; unforeseen environmental changes (drought, wildfires, poliutic:
episodes); sudden realization of policy faiture; or an unexpected rise in i

influence of an interest group.

Constructive use of policy windows requires maintaining long-term informati:
capacities (for example weather and climate data, biodiversity monitoring, an:’
analyses of the impacts of current management interventions), and connect:
these to processes determining future policy and management. Maintaining s
links has proved difficult in most places and defines the challenges of adapts
management: seeking the best possible information; including different koo
edge systems; and deciding and acting, but in a way that enables learning and &
recognition that uncertainty, complexity and sudden change are inevitable.
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NOTE

I The organization detail in this case is accurate for 20032006, and thus during the fire-

related issues discussed.
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Analysis for the Bebavioral and Social Seienses (Springer-Verlag, 1987} and co-editor of Resolving
Suctal Dilepensas: Dynaomic, Stractural, and Intergronp Aspects (Psychology Press, 1999}, His primary
research interests are in judgement and decision-making under uncertalnty, social dilemmas,
applications of fuzzy set theory to the human sciences, and statistical methods for the human
sciences.

E: Michael. Smithson(@anu.eduau
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ROBY™N ATTEWELL is a statistcian accredited by the Australian Sratistical Sociery. Until
recently she managed the Canberra Biostatistics office of Covance Pry Lid, a global contract
tesearch company focusing on drug development. Her experience in statistical consulting
spans over 20 vears, with a range of industry, government and academic chients, She has co-
authored over 60 papers in the medical and public health lirerature on topies including the
effects of exposure t¢ ashestos, solvents, heavy metals, nitrogen dioxide and blue-green algac,
At Covance, she designed, managed and analysed epidemiological studies and clinical wials,
She is now a senior adviser on research into performance management for the Australian
Federal Police.

F: Robyn. Attewel@afp.govan

STEPHEN BUCKMAN is a professor of physics and Research Director of the Australian
Research Council Centre for Antimarter-Matrer Studies which is hosted by the Research School
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of Physical Sciences and Engineering at The Australian National U aiversity. His research inter-
€5ts are in experimental atomic and molecular physics and involve both fundamental and
applied studies of the way in which electrons, posicrons and photons interact with matter. He
has published more than 125 peer-reviewed papers in this field in internatonal journals and
books and is the author of several major review articles. He is a fellow of the American Physica]
Sodiery, fellow of the Tnstitute of Physics UK and 2 fellow of the Australian Institute of
Physics. In 2000--2001 he was the tecipient of the Fulbright Senior Scholar Awaed for Austraiia,
E: Stephen.Buckman@anu.eduau

ANN CURTHOYS is the Manning Clark Professor of History in the School of Sccial
Seiences at The Australian Natiogpal Eniversity. She has wrirren an many aspects of

Austraifan history, including media, journalisim, race relations, gender and Cald War history.

Recent boeks include Freedam Ride A Freedamrider Remrembers (Allen and Unwin, 2002}, winner
of the Stanner Award for the best published contribution to Ausualian Indigenous Studies,
and, with John Docker, /s History Fiction? (University of New South Wales Press and
University of Michigan Press, 2005). Her latest book (with Ann Genovese and Alexander
Reilly) is Rights and Redemption: Histary, F.am, and Indigenous Peopl, appearing in 2008 with
UINSW Press. She is currently engaged on a major new study of the relationship berween
indigenous peoples, the British Empire and colonial self-government. She is a fellow of the
Australian Academy of the Humanities and the Academy of Social Sciences of Australia,

E: Ann Curthoys@amu.edu.an
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Pty Ltd. She has worked as a strategist and futurist for over 23 vears. In the futures arena, she
specializes in furures thinking, development of foresight methods and process design, facili-
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STEPHEN DOVERS is a professor in The Fenner School of Environment and Society at
‘The Australian National University, where he undertakes research and teaching in policy and
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Associate Bditor of Earironmental Science and Policy and the Austratasian Jenrnal of Esnvironmental
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LIZ FURLER worked in the Australian healeh sector for over 25 years, mainly as a senicr
manager within government health authoritics at both Commonwealth and state levels, Her
academic qualifications are in social work, Her public service career bas maialy focused on
policies, plans and programmes w strengthen public health and primary healtheare, based on

a commitment to tackle inequalities in health. At the timme of writing her chapter she was
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SHA GRISHIN is Head of Art History at The Australian National University. He studied
art history at the universities of Metbourne, Moscow, London and Oxford and has scrved
several rerms as 4 visiting scholar at Harvard University. He works internationally as an art
historian, art critic and curator. In 2004 he was elected Fellow of the Australian Academy of
the Humanides and in 2005 was awarded the Order of Australia for services to Australian art
and art history. He has published extensively and among his 17 published books are The Arf af
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Aysralia (Mitchell Libseary Press, 1993, Jobn Welseley: Landmarks (Craftsman House, 1998)

and Garry Shead and the Eretic Muse (Craftsman House, 2001). He has worked for many years
as an art critic for the Australian and international press,
E: sasha.grishin@anu.eduau

ATAN HAJEK studied statistics and mathemacics at the University of Melbourne and ok
an MA in philosophy ar the University of Western Untario and a PhD in philosophy at
Princeton University. He taught for 12 years ar Caltech. He joined the Philosophy Program at
the Rescarch School of Social Sciences at The Australian National University as Professor of
Philosophy in 2005. His research interests include the philosophical foundations of probabil-
ity and decision theory, epistemology, the philosophy of science, metaphysics, and the
philosophy of religion. His publications include “What conditional probability could not be’
(Spnibese, 2003), for which he was awarded the American Philosophical Association’s 2004
Article Prize, and “Waging war on Pascals Wages (Philosaphical Review, 2003), which was
selected by The Phiosopher’s Annual as one of the ten best articles in philosophy in 2003. He s
comptleting a boek with Oxford University Press eneitled Arrsis and Flaloes: Probabilities,
Conditionals, Desires and Belzeft,

B alanh@coombs.anueduan

JOHN HANDMER is Innovation Professor of Risk and Sustainability and Director of the
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Professor at The Australian Nasional University. He is a research programme leader in the
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National University and an MA from the University of Toronto. Before joining RMIT he was
at the Flood Hazard Research Centre of Middlesex University in London, where he was
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and sustainability through providing the evidence base for policy and practice in fire and
emergency management.
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MICHAEL HUTCHINSON is Professor of Spatial and Temporal Analysis at the Fenner
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assessment of the impacts of climare change. His Australin-wide terrain and climate maodels
have underpinned much of the natural resource and environmental analysis carried out by
Ausealian universities and government instirutions over the lasz 25 years.

E: Michael Huschinson@anu.edu.au
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{precaution) and legal decision-making. She is a former member of the Gene Technology
Hehics Committee (Australian Federal Government) and the author of numerous publica-
tdons in environmental law. She was co-editor, with Elizabeth PFisher and René von
Schomberg, of an international collection of essavs on precaution, [mplemeniing rhe
LPrecantionary Principle: Perspectives and Progpects (Edward Elgar, 2006},

E: Judith, Jones@anu.edu.au

ROGER KASPERSON is a research professor and Distinguished Scientist at Clark
Universiey in Worcester, MA. He has published widely in the fields of risk analysis and global
envitonmental change. His current research focuses on vulnerability to environmental
change and risk analysts. He is a member of the US Nadonal Academy of Sciences and the
American Academny of Arts and Sciences.

E: rhasperson(@clarku.eda
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Schooel of Environment and Society atr The Australian National University. He works on
biodiversity, forest ecology and management, woodland conservation and agricultural
management, plantation design, and wildlife biclogy. He has established six large-scale
landscape experiments in south-castern Australia and published widely {19 books and 265
scientific publications) from these multifaceted snadies.

E: David Lindenmayer@anu.edu.an

STEVE LONGFORD is a former Australian police officer who served as a detective, a
senior intellipence analyst and a behavicural anzlyst, He is now Managing Direcror of the
Canberra-based consulting and training firm Intelligenee Dynamics. He has spent the last five
years researching and combining different facets of profiling, intelligence, psychology, decep-
tion detection, body language, neuro-linguistic programming and interview methodologies
into a single tool called Behavioural Inteliigence. He has provided expert input into investiga-
tion of the Scuth Auswralian Snowtown murders, the NSW Panadol/Herron extortion and
the Childers backpacker hostel fire and, most recently, has been a consultant to the
Indonesian Natonal Police on the Bali bombing,

I stevel@intelligencedynamics.com.au

ROD LYON is Director of the Strategy and Internadonal Program at the Austealian
Strategic Policy Institute in Canberra, Previously, he was a senior lecturer in international
relations at the University of Queensland, where he taught and researched in the arcas of
international security, conflict stadics and civil-military relations. He has also previously
worked as a strategic analyst for the Office of National Assessments. His primary research
interests include a range of security-related issues, such as Australian security, nuclear strategy
and shifts in the pattern of conflicts,

E: RodLyonf@aspi.org.au

JOHNMACKEY is the Woodwind Lecturer at The Australian National University School of
Music, Jazz Depattment. John has performed professionally since the age of 14 throughout
Australia, the US and Burope. He has performed with and supported such international
greats as B. B. King, Ray Chatles, Woody Herman, Johnay Griffin, George Shearing, Ronnie
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Richie Cole, Kenay Werner, Jim McNeely, Lew Tabackin, Toshiko Akiyeshi and James
Moody and national greats including Dale Barlow, James Morrison, Vince Jones and Don
Bureows, He lecrures in advanced imptovisation techniques and the psychology behind effec-
tive practice techniques, and conducts improvisaton wotkshops throughout the world. His
interests in research are varied, including a desire to have the brain mapped while improvis-
ing, to ascertain which parts of the brain are being udlized during this process. He has
appeared on over 10 albums and his solo album Paniano Drive was released July 2005 on
Enigma Records.
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ADRLAN MANNING is a research fellow at the Fenner School of Eavironment and Society
at The Australian National University and conducts research in the field of landscape
ecology, conservation biclogy and restoration ecology. His mazin research project is the
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MICHAEL MCFADDEN is Senior Advisor, Performance and Planning for the Aastralian
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enforcement-related issues. He has published in 2 number of fields including organizational
psychology, human resoutce management, public administration, road safety, cost-benefit
analysis and law enforcement. His current research interests are in modelling illicit drug
markets, developing performance measares for federal law enforcement, and trend analysis
of terrosist activiry.

E: Michael. McFadden@afp.govan

FRANKILIN MILLS is a research fellow at The Australian National University with a joint
appointment at the Research School of Physical Sciences and Engineering and the Fenner
School of Environment and Society. His primary research interests are numerical modelling
of the chemistry in planetary atmospheres (Venus, Barth, Mars and Titan) and spectroscopic
remote sensing of planerary surfaces and aunospheres (Venus, Harth, Io, Buropa and
Callisto). He also is interested in the relationships among climate change, international
secutity and sustainability. He has written or contributed to more than 50 technical reports,
iournal ardcles and book chapters, including more than 20 peer-reviewed papers in interna-
tional journals and books. Prior to joining The Australian National University in 2003, he was
selected in 2000 as  NASA New Investigator in Barth Science. He was selected in 2006 to be
a suppottag investgator for the Buropean Space Ageney’s Venus Express mission.

E: Prank Mills(@anu.edu.an

MICHAEL MOORE was an independent member of the Australian Capiral Territory
Legislative Assembly for four terms from 1989 o 2001, before stepping aside prior to the
2001 election. He was the first Australian independent member to be appointed as 2 minister
1o a government executive. His portfolios included Health, Community Services,
Corrections, Housing and Manager of Government Business. He provided a focus on the
development of e-government across all portfolios with a special concentration on health.
He was responsible fot significant change management involving legislative and regulatory
reform. On retiring from politics, Michael worked as 2 consultant with government and
private sector companies ro deliver better oucomes using robust engagement techniques and
evidence-based advice, He hofds a postgraduate diploma in education and a master’s degree
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in population health and is an adjunct professor with the University of Canberra. He was o
councillor with the Institure of Public Administration and was Chair of Public
Administration Today, the kev National Journal Committee. He is now Chief Executive
Officer of the Public Health Association of Auseralia,

E: mmoore@phaz.net.ac

PASCAL PEREZ is an associate professor at the Research School of Pacific and Asian
Studies at The Australian National University. He is also a graduate school lecturer with the
Master of Applied Anthropelogy for Development (MAAPD). He is a specialist in integra-
tve social simulation, using multi-agent svstems technologies to explore complex and
adaptive systems. He Is convenor of the Human Ecosystems Modelling with Agents
International Network, and Co-Chair of the Modelling Working Group in the Giobal Corzl
Reef Targeted Project (World Bank). Tn 2002 he received an Australian Research Council
International Linkage Fellowship.

Fi: Pascal Perez(@anu.edu.au

PAUTL PERKINS has a background in public and private sector senior management and is an
adjunct professor with the Fenner School of HEavironment and Sociery at The Australian
National University. Flis rescarch interests are in sustainable development policy and educa-
don, integrated catchment management, water trading and instmational and transitional
dysfunction. He is Chair of The Barton Group (Envirenment Industry Development Action
Agenda), Australia’s National Environmental Education Council and the Australian Science
Festival and an adviser to Australian federal, state and territory governments on sustainability,
water policy and instirutional reform.

E: Paul Petkins@anu.eduau

STEPIEN PICKARD is Assistant Bishop, Anglican Diocese of Adelaide and Associate
Professor (Academic Associate) at Charles Sturt University, Prior to 2007, he was Director of
5t Matk’s National Theological Centre and Associate Professor and Head of the School of
Theology at Charles Sturt University for nine vears. His area of teaching and research is
systematic theology, with a particular interest in the relationship between the sciences and
theology. In this area he has been iavolved with the Templeton Foundation in the US as
recipient of a coutse award and more recently as a member of a Local Society Initiarive in the
area of economies and theology. Mis othet main area of research is the interaction of church
and culture and he has published a number of chapters and articles in recent years in the area
of communication, community and undecidability. He has just completed a project on a
theology of collaborative ministry based on dialogue with the sciences of emergence.

E: spickardi@adelaide anglican.comuau '

NICK PIDGEON is Professor of Applied Psychology at Cardiff University. His primary
research looks ar how scientific uncertainties, public attitudes and institutional responses
wgether form a part of the dvnarmics of a range of environmental risk conrroversies, includ-
ing those of climate change, nuclear power, genetically modified agriculture and
nanotechnologies. He has also researched the human and organizational preconditions to
major technological accidents and was elected a fellow of the Soclety for Risk Analysis
International in 2003, He was first author of the influential chapter on risk perception and
communication in the Roval Society’s 1992 Report on Risk, co-author (with B, Tugner) of Man-
Made Disasters (Butterworth Heinemann, 1997) and co-editor (with R. Kasperson and .
Slovic) of The Social Amplification of Risk {Cambridge University Press, 2003).

E: pidgeonn(@Cardiffacuk
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20y PINSKER is a university medallist from the School of Political Science and
Internatonal Studies at the University of Queenland. He holds a first-class honours degree in
inrernational relations and has lectured in international and East Asfan security and in terrox-
istn srudies. His publications include work on the US—China~Taiwan relationship published
by the Australian journal it Intarnational Affairs.

B debear@iprimus.com.au

ATLEEN PLANT tragically died during the producton of this book. She was Professor of
Iaternational Health at Curtin University of Technology in Perth, Western Australia and
Deputy Director of the Australian Biosecurity Cooperative Research Cenire. She was a
medical epidemiologist with particular expertise in outbreak investigation and surveillance
and control of infectious diseases. She had published over 100 papers, reposts, books and
chapters. Her work leading the World Health Organization’s SARS team in Vietnam
described in Chapter 4 was awarded the People’s Medal for Health by the Vietnamese

Cyovernment in 2003,

JOHN QUIGGIN is a Federaton Pellow in econotrics and political science at the University
of Queensland and is prominent both as a research economist and as a commentator on
Australian economic policy. He has published over 750 research articles, hooks and reports in
fields including environmental economics, risk analysis, production economics and the
theory of economic growth. He has also wtitten on policy topics including unemployment
policy, micro-economic reforss, privatization, competitive tendering and the management of
the Murray-Darling river systern.

E: j.guiggin@ug.edu.au

JEROME RAVETZ is an associate feliow at the James Martin Institute for Science and
Civilization at the Said Business School, University of Oxford. His main current interestis in
the questions of how — and whether — novel technologies can be made socially responsible.
He is also exploting theoretical issues of systems failures. His latest book, 1 No-nonsense Guide
15 Seience (New Internationalist, 2006), is an clementary introducdon o the new social, ethical
and philosophical problems of science. His seminal work, Scientific Knowledge and ifs Svcial
Problems {Oxford University Press, 1971; Transaction Publishers 1996), explored issues that
are now becorming salicnt, Selected essays were published as The Merger of Kunowledge with Power
(Mansell, 1990). With Silvio Funtowicz he co-authored Uucertainty and Quality in Science for
Policy (Kiuwer, 1991). Together they developed the theory of post-normal science, which
applies when ‘facts ate uncertain, values in dispute, stakes high and decisions urgent’.

E: jerome-raverz(@tiscali.co.uk

ALISON RITTER is an associate professor at the National Drug and Alcohol Research
Cenrre  at  the University of New South Wales and 2 visiting fellow
2t The Australian National Unjversity. She is the Director of a major multi-
institutional illicit drug policy research programme, the Drug Policy Modelling Program. The
goal is to advance illicit drug policy through improving the evidence base, developing new
policy decision-making tools, and understanding the best mix of policy options (law enforce-
ment, prevention, treatment and harm reduction) and the ways in which these different policy
options dynamicalty interact. She is Executive Editos of the Drug and Aol Review, President
of the Australasian Professional Society on Alcohol and Drugs and Vice President of the
Tnternational Society for the Smdy of Drug Policy.

B a.ritter(@msd.unsw.cdu.au
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JASON SHARPLES has a B3¢ and BMath(Hoas) from the University of Newcastle,
Australia, and a PhD in pure mathematics from the University of Canberra. Previously 2
postdoctoral fellow at the Centre for Resousce and Environmental Studies at The Australian
National University, where he wotked on spatio-temporal analysis of climatic variables such
as rainfall and evaporation, he 1s now Research Associate with the Australian Defence Force
Academy, University of New South Wales, where he works on the Bushfire Cooperative
Research Cenrre’s HighFire Risk Project.

E: jsharples(@adfa.edu.aun

TAN WHITE is Professor of Water Resources at The Feaner School of Environment and
Society at The Australian Natdonal University. He has been prominent for several decades in
cesearch in Australia, the Pacific [slands and elsewhere in areas including groundwater hydrol-
ogy, catchment analysis and acid sulphate soils,

F: Ian White(@anu.edu.au
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