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Article Stephen R. Dovers and John W. Handmer 

Ignorance, the Precautionary Principle, 
and S;us;tainability 

This article explores decision and policy making for 
sustainability in the face of pervasive uncertainty, and 
questions the utility of the much-vaunted precautionary 
principle. It is argued that a more detailed understanding 
of different types, sources, and contexts of uncertainty is 
required. The idea of 'ignorance auditing' is proposed as 
a potential framework. 

THE SUSTAINABILITY-UNCERTAINTY PROBLEM 
Resource and environmental management are now debated 
within the framework of sustainability, or sustainable develop- 
ment (1-3). This gathers the full range of issues of environment 
and development on one agenda, recognising the seriousness and 
connectivity of climate change, biodiversity, pollution, resource 
depletion, under- and overdevelopment, and global security. 
Recent decades have seen many reforms targetted at specific 
issues and sectors. While reducing some impacts, incremental 
improvements have not diminished the total impact on the bio- 
sphere, which is a product of the very direction and nature of 
human society (4, 5). At the global level there are issues such 
as biodiversity, climate change, desertification, and population 
growth. Locally, there are day-to-day environmental-manage- 
ment problems, such as local land-use planning, impact assess- 
ment and effluent licencing. It is hard to prioritize this range of 
issues. Using policy problem attributes including spatial scale, 
longevity and magnitude of impacts, reversibility, mensurability, 
nature of cause, political tractability and public concern, we 
suggest a simple scale as follows (6): 

Micro-problems; spatially and temporally discrete (i.e. 
bounded), not fraught with uncertainties; addressable within one 
political boundary using existing technologies and institutional 
structures. 

Meso-problems; significant issues, but not posing systemic 
threats to the present pattern of production and consumption, or 
an overwhelming challenge to extant policy processes. 

Macro-problems; the big, global issues of sustainability- 
multifaceted, fraught with uncertainty, with major implications 
for both natural and human systems, spatially and temporally 
diffuse and highly connected to other issues. 

This simple scaling will be used to differentiate between is- 
sues and associated policy problems. Advance in traditional en- 
vironmental practice, addressing the simpler, more tractable 
micro-problems, is unlikely to address the macro-problems, or 
the overall challenge of sustainability. 

There are many questions in sustainability that remain unre- 
solved, and many contradictions need to be reconciled (7). One 
of the most difficult challenges is policy formulation in the face 
of uncertainty (3, 8-10). From the local and discrete to the 
complex and global we are uncertain of the nature and causes 
of environmental change, the shape of future societies, the se- 
verity of long-term impacts, and the processes that underlie 
natural systems. There are always risks to be assessed, ignorance 
to be reduced or best guesses to be made. Granting an effluent 
licence or permitting logging in a small area of old-growth for- 

est; even such simple micro-problem questions stretch our 
knowledge and predictive capacity. The uncertainties are far 
greater with the macro-problems: in the case of climate change 
we scarcely know the direction of change at meaningful scales. 
The traditional view was that science would solve issues and that 
we could proceed with, if not certainty, at least a trustworthy 
quantification of the odds upon which to base decisions (11). 
This hope has been destroyed by the scale of human-induced 
environmental change and the spatial and temporal complexity 
of natural systems. Quantifying the risk is often no longer pos- 
sible, so we must make decisions in the face of what is com- 
monly termed uncertainty. Furthermore, crucial policy decisions 
are demanded now, well before any semblance of certainty. The 
engine of human development in recent centuries, the resolving 
power of science, has been overrun by the macro-problems of 
sustainability. 

New approaches are needed to handle scientific, and eco- 
nomic, political, and social uncertainty in researching and de- 
ciding policies for sustainability. One approach which has been 
put forward is the precautionary principle; does it offer a solu- 
tion? 

THE PRECAUTIONARY PRINCIPLE 
The precautionary principle (PP) is defined in the 1992 Austral- 
ian Intergovernmental Agreement on the Environment (IGAE). 

Where there are threats of serious or irreversible environ- 
mental damage, lack offull scientific certainty should not be 
used as a reason for postponing measures to prevent envi- 

A haul of 
Orange Roughy 
(Hoplostethus 
atianticus) from 
Australian waters. 
The management of 
this species is 
complicated by their 
slow maturity and 
longevity-maturity at 
over 30 years, with 

4 08\40 cm fish being 
between 70 and 150 

-years old. Photo: 
Australian Fisheries 
Management 
Authority. 
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ronmental degradation. In the application of the precaution- 
ary principle, public and private decisions should be guided 
by: 
(i) careful evaluation to avoid, wherever practicable, seri- 
ous or irreversible damage to the environment; and 
(ii) an assessment of the risk-weighted consequences of 
various options. 

The PP evolved in Europe (12-15), has been widely adopted, 
and is promoted as an important and effective principle (16-19). 
It appears in the 1992 Rio Declaration and in a number of other 
important documents (2, 20-22). Interpretations of the PP vary, 
but themes recur in the literature. The following elements have 
been suggested, beyond official definitions (23): 
- uncertainty is unavoidable in sustainability issues; 
- uncertainty as to the severity of the environmental impacts 

resulting from a development decision or an ongoing human 
activity should not be an excuse to avoid or delay environ- 
mental protection measures; 

- the principle recommends an anticipatory or preventative ap- 
proach, rather than a defensive one which simply reacts to 
environmental damage when it becomes apparent; and 

- the onus of proof shifts away from the environment or those 
advocating its protection, towards those proposing an action 
that might harm it. 
In the context of international law, Cameron and Abouchar 

proposed four elements required for interpretation of the PP (14): 
the evidentiary threshold (serious or irreversible impacts); the 
burden of proof (on the polluting state, similar to the legal no- 
tion of the balance of probabilities); the positive obligation (to 
actively apply the principle); and a policy for action in the face 
of uncertainty (liability for omissions, such as a breach of inter- 
national law). Young proposes four levels of application of di- 
minishing strictness (19). The first, a strict form of the princi- 
ple, where costs may be serious or irreversible or uncertainties 
great, insists on complete reversibility and stresses a strong 
burden of proof on development proponents. The second de- 
mands a large safety margin and use of the best available tech- 
nology. With increasing confidence as to impacts being accept- 
able, the third level requires best available technology to be used 
if this is not excessively expensive. The fourth level, where en- 
vironmental losses are neither serious nor irreversible, relies on 
conventional cost-benefit analysis. 

Operational limitations of the PP have been identified by a 
number of analysts (12, 13). A distinction must be made between 
the actual wording in official policies, and interpretations in the 
literature. Concentrating on the former, one way to proceed is 
to deconstruct the IGAE definition quoted above, to explore 
whether its five constituent elements represent anything con- 
ceptually or practically useful; and also to illustrate that the 
above interpretations of Cameron and Abouchar, and of Young, 
while informing, leave some important elements of the princi- 
ple still undefined: 

Serious environmental damage. We often do not know the 
scale of ecological, social or economic disturbance arising from 
potential environmental change. At best we might have reason- 
able consensus as to the possible range, and know that the im- 
pact might be serious. Also, whatever the state of scientific 
knowledge and trustworthiness of predictions, judgements as to 
seriousness will differ on moral or perceptual grounds. 

Irreversible environmental damage. Irreversibility is defined 
in environmental economics as involving environmental func- 
tions and services which cannot be replaced, or which could only 
be restored in the long term or at great expense (19, 24). Such a 
definition is insufficient. And again, different moral positions 
will influence judgements. Also, judgement as to irreversibility 
depends upon the definition of seriousness, and the time allowed 
for replacement. On the really hard issues, we again simply do 

Woodland, floodplain, monsoon forest and escarpment country in 
Kakadu National Park, Northern Territory, Australia. Management must 
balance the values of archaeological sites, indigenous people, nature 
conservation, uranium mining, recreational amenity and commercial 
tourism. Photo: S. Dovers. 

not know what is reversible or not. Decisions favoring conser- 
vation can usually be reversed, however difficult politically, 
whereas decisions favoring development will always have some 
degree of irreversibility (25). Any use of nonrenewable resources 
(e.g. coal) is, in practice, irreversible; the unresolved question 
of substitutability between human-made and natural capital lies 
at the center of this. 

Taking these two points together, two problems emerge. First, 
is the cyclic paradox that you cannot be certain about uncertainty, 
or knowledgable about ignorance. We cannot prevent the unan- 
ticipated: the PP still leaves us bound by present knowledge. 
Second, when speaking of risks and consequences, we must 
recognize the reality of spatial or temporal translocation of en- 
vironmental and human costs. A decision involving risk may not 
involve costs for those responsible for the decision, but for peo- 
ple in another place (e.g. in poorer countries) or time (future 
generations). 

Full scientific certainty. Certainty constantly changes; not so 
long ago science was certain that CFCs did no harm to the en- 
vironment. It is difficult to predict topicality even a decade for- 
ward. Conversely, it is easier to say where certainty is lacking, 
but this would include most of the difficult issues in 
sustainability, which suggests that the PP should apply for each 
and every issue. This may be salutory, but not particularly in- 
forming. Also, the PP does not offer any inherent recognition 
that there may be different types of uncertainty requiring dif- 
ferent approaches. 

Box 1. Wynne's taxonomy of uncertainty (17). 

Risk: - system behavior is basically known, and outcomes 
can be assigned a probabilistic value. 

Uncertainty: important system parameters are known, but 
not the probability distributions. 

Ignorance: what is not known is not known; and the 
degree increases when the level of action or commitment 
based on what we think we know increases. 

Indeterminancy: causal chains, networks or processes are 
open, and thus defy prediction. 
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Careful evaluation. This is an imprecise injunction; to the 
extent that it recommends more research, it is hardly an arrest- 
ing revelation. Additional research generally, and, more specifi- 
cally, detailed assessment of projects, is desirable; this is the 
traditional reaction to uncertainty. This was a basic recommen- 
dation of the WCED and the Australian NSESD (1, 20), and the 
argument has often been made that a more sustainable society 
would be more information-rich and -sensitive (26). 

Assessment of risk-weighted consequences. It is not clear what 
a risk-weighted assessment is. A technocratic risk expert might 
emphasize the risk-the probability of a specific event-and 
discount the consequences of low probability-large consequence 
events. The affected (risk-bearing) public would emphasize the 
consequence and discount the typically small probability (27, 
28). The notion of risk implies assigning quantified probability 
distributions; with the macro-problems of sustainability this is 
rarely possible. 

It is clear that the PP is a composite of value-laden notions 
and loose, qualitative descriptors that are in themselves subject 
to intense debate. Central is the notion of preventative or antici- 
patory action perceived to accompany the principle. It seems 
sensible to anticipate serious environmental damage and to act 
to prevent it, but this is the paradox of the PP. Told to antici- 
pate environmental damage, the decision maker is left pondering 
how to anticipate the uncertain, indeterminate or unknown. Ac- 
cepting that purely reactive responses cannot be entertained, and 
that anticipatory-preventative responses have this inherent limi- 
tation, the obvious question is what can augment such an ap- 
proach. 

The elements of the PP have formed the basis of conserva- 
tion arguments for many years. Practically, these arguments are 
now formally adopted in policy, albeit vaguely. As Young states, 
'the principle institutionalises caution' (19, 29). More impor- 
tantly, it states that clear yes-no answers are rarely available and 
that decisions must be made in the face of uncertainty. Unfor- 
tunately, it does not define caution or the degree to which it 
should be exercized. While the PP may be useful in certain 
contexts, it will never be operational as a technique to support 
policy and decision making. It warns us, in policy or law, that 
when it comes to the environment and when the impacts may 
be serious, we should err on the side of caution-an attempt to 
institutionalize a value shift in society. The PP is a moral in- 
junction, reminding decision makers of this societal expectation. 
This raises the question; are there alternatives? The next step is 
to identify other approaches to risk and uncertainty that may be 
applied instead of or in concert with the PP. 

OTHER APPROACHES 
The PP is an addition to existing techniques and approaches used 
in environmental assessment. More research is the traditional 
response; it is being applied to sustainability issues now, and we 
assume that this continues. The following techniques either re- 
quire research or serve to focus research on uncertainty. How- 
ever, research attempts to reduce uncertainty, not to elucidate 
ways in which we can operate effectively in the face of uncer- 
tainty. Other techniques to assist policy formulation in uncer- 
tain situations include (30): 
- quantitative risk assessment (QRA) (31); 
- ecological risk assessment (ERA) (32-36); 
- techniques in cost-benefit analysis (maximax and minimax, 

safe minimum standards) (37-41); 
- environmental performance assurance bonds (42); 
- no-regrets options (43). 

These offer operational techniques to inform decision mak- 
ing in the face of uncertainty in some situations. All are subject 
to ongoing debate as to their usefulness, particularly concern- 
ing difficulties associated with rendering the complexities of 

natural systems into a useful form in policy-choice situations 
(41). None offer any way around the essential problem; that po- 
litical or moral judgements are demanded-once these have been 
made, the techniques can help us to think about a problem more 
clearly. However, they are only suited to discrete problems fea- 
turing measurable processes; not to complex, immeasurable 
meso- to macro-problems, at least not in the sense that they ad- 
vance decision making ability any more than the moral choice 
that precedes them. 

Does the PP offer anything more than these techniques and 
approaches? The PP, and all the other approaches noted above, 
offer mechanisms which may help make better decisions in some 
situations. The question is which will be best when, and which 
situations demand new approaches? Less immediately opera- 
tional are the principles (the PP, no-regrets, general version of 
safe minimum standards). More operational, but limited in scope, 
are the techniques (QRA, ERA, minimax, etc.). However, we 
would argue that none offer an obvious choice. If one persists 
with the PP-given its official adoption we have little choice- 
the other techniques are possible means of operationalizing the 
principle in certain situations. The challenge is deciding which, 
if any, are suitable in a specific context. Furthermore, the prob- 
lem remains of how to address the macro-problems of 
sustainability-that is, although we might be able to make ob- 
jective and rational decisions in discrete situations, the cumula- 
tive and systemic unsustainability problem remains. This brings 
the discussion back to the broadest level. 

RISK, UNCERTAINTY, OR JUST PLAIN 
IGNORANCE? 
Too little attention has been paid to the nature of risk and un- 
certainty. Funtowicz and Ravetz offer a heuristic model of ap- 
proaching problems in science, identifying three problem-solv- 
ing strategies on the two axes of system uncertainty and decision 
stakes (8). 

i. 'Applied science', used where uncertainty and decision 
stakes are both low, in the face of what they term 'technical un- 
certainty'. These are the micro-problems of sustainability; deci- 
sion problems in discrete, project situations, where we would use 
the term quantifiable risk. Available techniques are operational 
here. 

ii. 'Professional consultancy' involving more qualitative 
judgements, used where either uncertainty or decision stakes are 
moderate, in the face of 'methodological uncertainty'. These are 
the meso-problems of sustainability (e.g. land degradation, 
fisheries, air pollution), and we use the term uncertainty (direc- 
tion of change known, but cannot assign probability distribution). 

Box 2. Faber et al. taxonomy of ignorance 
(10). 

- Closed ignorance 
- Open ignorance 

- reducible 
- personal 
- communal 

- irreducible 
- complexity (chaos) 
- novelty (genotypic change) 
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Available techniques are of questionable validity at this level. 
iii. 'Post-normal science', used where both are high (i.e. glo- 

bal environment change); where 'facts are uncertain, values in 
dispute, stakes high and decisions urgently needed'. Here they 
define 'epistemological uncertainty'. These are the macro- 
problems of sustainability, and we would suggest the term ig- 
norance. Available techniques are not useful in any practical 
decision-support sense here and may even be highly mislead- 
ing. 

The placement of the PP in policies and conventions is a step 
forward in pursuing sustainability, but a limited and poorly-de- 
fined step. It would not be wise to place too much faith in it to 
solve the sustainability-uncertainty problem. Also, its present 
championing rarely recognizes that it is one of many available 
approaches or that there are different kinds of uncertainty. 
However, none of the other techniques and approaches offer a 
viable alternative. A further analytical step back is required to 
examine these concepts of risk, uncertainty, and ignorance more 
closely. This will allow a better understanding of these as they 
apply to sustainability, and enable clearer analysis of the ap- 
proaches that are suitable. 

A good deal of work has been done on classifying different 
forms of uncertainty. Taxonomies have been constructed, and 
three are noted here: Wynne's in Box 1; Faber et al. in Box 2; 
and an adapted form of Smithson's, repeated in part 3B of Box 
3 (10, 17, 44). Here, we simply note some pertinent factors. 
These taxonomies state a critical fact: uncertainty or ignorance 
are not monolithic but can be seen to take many different forms. 
Many analyses and policy debates are not cognizant this, rec- 
ognizing only quantifiable risk and then something else called 
uncertainty. For each type there will be implications for research, 
policy, and management. Smithson's taxonomy offers the most 
detailed and, we argue, logically consistent framework, in part 
because it flows from a more general philosophical and linguis- 
tic analysis. The division between error and irrelevance is the 
passive voice-active voice separation of 'to be ignorant of and 
'to ignore'. This recognizes ignorance as socially constructed and 
negotiated; not simply out there in the environment, but rather 
residing in and defined by humans. In Smithson's schema, 'un- 
certainty' and risk ('probability') become subsets of 'ignorance'. 

The three taxonomies stress various aspects and use different 
terminologies, but none in itself offers an operational framework 
for the sustainability-uncertainty problem. All offer useful 
insights and are valuable even if only to stress that there are 
many ways of viewing this matter. The main points relevant to 
the arguments here are: 
- uncertainty or ignorance are not unitary, but comprise differ- 

ent types and aspects; 
- ignorance is a social construct; 
- there always will be ignorance that is for practical purposes 

irreducible; 
- the notion of absolute ignorance (closed ignorance, irrel- 

evance, surprise); and 
- degrees of ignorance existing between individual and societal 

levels. 

AN ANALYTICAL FRAMEWORK FOR IGNORANCE 
AUDITING 
The broader notion of ignorance presents a more informing 
perspective of the sustainability-uncertainty problem, but also the 
task of rendering it useful. A framework is required for assess- 
ing the detail of ignorance in sustainability; demanded for a more 
sophisticated understanding of what must now be called the 
sustainability-ignorance problem, and to be able to decide what 
existing techniques can be applied or new approaches needed. 
Such a framework can further explore and give meaning to a 
moral injunction such as the PP. We propose the idea of igno- 

Box 3. An analytical framework for ignorance auditing 
in sustainability. 

1. Guiding principles for any analytical framework 
- applicability to sustainability and to policy 
- detail required, but limited by practicality 
- recognition of temporal dynamism of ignorance 
- complexity, and compounding and interacting ignorance 
- acceptance of the approximation of all classifications 
- recognition of sources and sectoral dynamism 
- recognition of variable causes in human systems 

2. Broad kinds of ignorance 
- apparently reducible 
- apparently irreducible 
- self-generated 

3. More detailed classification of types of ignorance 

3a. Gradients of ignorance: 
- reasonable certainty vs. complete ignorance 
- individual vs. societal ignorance 
- reversible vs. irreversible impacts 
- urgency and scale of the issue 

3b. Taxonomy of ignorance (adapted from Smithson (44). 
Irrelevance (to ignore) 
- untopicality (outside cognitive/intuitive domain) 
- undecidability (believed insoluble/not requiring 

verification) 
- taboo (socially enforced ignorance) 
Error (to be ignorant of) 
- distortion (of knowledge) 

- confusion (distortion via wrongful substitution) 
- inaccuracy (distortion in degree) 

- incompleteness (of knowledge) 
- absence (incompleteness in kind) 
- uncertainty (incompleteness in degree) 

- ambiguity (equivocal meanings) 
- probability (risk) 
- vagueness (indescribability) 

4. Interactive sources and causes of ignorance 
Sources: 
- in natural systems 
- in human systems 
- in the interactions of the two 
Causes: 
- realized lack of knowledge 
- differing societal values 
- inconsistent legislative and policy settings 
- intentional distortions 
- taboos 
- indifference (perceived unimportance) 
- apparent irrelevance 

5. Identifi cation of current recognition of ignorance, 
and existing mechanisms for addressing it 

6. Policy integration considerations 
- avoiding inconsistencies 
- seeking synergies 
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rance auditing (Box 3). Initially, we rec- 
ognize three broad kinds of ignorance: 
- apparently reducible ignorance, which 

can, given sufficient resourcing and 
effort, be reduced to inform decisions 
within appropriate time frames; 

- apparently irreducible ignorance, 
which cannot be usefully reduced, at 
least not in the time frame within which 
decisions must be made; and 

- self-generated ignorance arising from 
human systems, either in practical 
forms such as inconsistent policy set- 
tings, laws or institutional missions, or 
in such socially constructed forms as 
taboos or untopicality. 
The self-generated category is particu- 

larly important as it is the least recognized 
form. It directs attention from the object 
(environment) to the subject (humans) 
(45). Recognizing ignorance that is prac- 
tically irreducible, and thus the need to 
manage uncertain situations and not sim- 
ply rely on science, represents a major 
change from traditional approaches. These 
three kinds of ignorance will invoke 
varying policy responses. However, be- 
yond this general orientation more detail 
is required and needs to be structured in 
a repeatable form. In ignorance auditing, 
'audit' means a formalized and systematic 
examination of something not usually 
subject to such treatment in development, 
project or policy appraisal. The first ob- 
jective is to describe, in a consistent fash- 
ion, the various types of ignorance evident 
in the context of a particular environmen- 
tal problem. The second objective, not 
pursued here, is to consider the resulting 
policy impiications. 

Box 3 lists the six components of an 
analytical framework for ignorance au- 
diting, a tentative proposal reflecting the 
themes discussed above. It is not possible 
to describe the framework in detail here; 
the following simply outlines the rationale 
for each component (30). 
- Guiding principles have directed the 

construction of the framework, and are 
included so that any subsequent adap- 
tation remains cognisant of important 
factors. 

- Three broad kinds of ignorance, de- 
scribed above. 

- The classification of ignorance has two parts. The recogni- 
tion of four gradients of ignorance overcomes the tendency 
of classifications of ignorance or uncertainty to imply the 
possibility of finite definition of the various types of ignorance 
evident. In fact, long gradients exist and placement along these 
will be an imprecise art. The typology of ignorance used here 
is adapted from Smithson (44). 

- Sources and causes of ignorance are as relevant for policy 
considerations as the types of ignorance, and will vary. Also, 
in any practical context there will be multiple sources of ig- 
norance, including sources that interact with possibly com- 
pounding results. 

- Identifying existing processes and mechanisms for address- 
ing ignorance turns attention to policy implications. The aim 

Dust storm over Melbourne, 1983. Slow, Inexorable ecological change In the form of land 
degradation, manifesting as a sharp event, capturing the attention of urban dwellers and the 
media. Photo: Emergency Management Australia. 

Devastating bushfires, Sydney, 1994. The ensuing debate concerns the relative arguments for 
extreme precaution through annual hazard reduction burning, aesthetic amenity, and 
maintenance of ecological values. Photo: Emergency Management Australia. 

is to ensure that existing wisdom and practice is not ignored, 
and to emphasize presently overlooked aspects which require 
closer attention. 

- Policy integration is included in relation to self-generated ig- 
norance, and the central challenge in sustainability of inte- 
grating ecological, social and economic concerns. The em- 
phasis is on avoiding inconsistency between (and ignorance 
caused by) different policy goals and instruments, and con- 
versely on seeking synergy between policies. 
Applying the framework raises the question of strategic di- 

rections. Given an open future (10) and the impossibility of 
prediction, what lies beyond the anticipatory or preventative 
approach that many interpret the PP to recommend? A possible 
answer is an adaptive approach: a 'proactive resilience' based 
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on openness and adaptation in the face of changing, unpredict- 
able operating environments (46). This would be a radical de- 
parture from present conditions. 

CONCLUSION 
The precautionary principle is not a policy panacea. Nor is it an 
empty set, but could become one if we assume it offers answers 
it cannot. However, it has been widely adopted and no other 
approach offers an alternative. In one sense, the moral injunc- 
tion of the PP is no more operational than the injunction it was 
meant to inform; sustainability. The primary use of the PP is to 
fly the flag of ignorance and uncertainty and hold the policy fort 
until a framework is developed to improve our overall under- 
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