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WD 2008. Conclusions on exemptions and disproportionate costs. Water
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A. Preamble for NeWater Synthesis Products
Water managers and policy makers face many challenges. They have to meet
various, often conflicting demands with limited resources, and often lack
effective tools for successful adaptive management. Furthermore, most
decisions have to be taken under conditions of high uncertainty (e.g. with regard
to climate change). To assist water managers and policy makers in meeting
these challenges, the EU-funded NeWater project has promoted/ fostered the
concept of Adaptive Integrated Water Resources Management (AWM). The
concept is based on the notion that the best way to manage water resources is to
increase our capacity to learn from experience and to adapt to change and
uncertainty.
AWM acknowledges various kinds and modalities of uncertainty: that there is
(and always will be) a lack of knowledge concerning how different parts of the
water system interact, how the system works and how it will change over time.
For this reason, this management approach aims both to identify new
information, e.g. utilizing tools to support adaptive monitoring, as well as tools
better able to assess future development, and to improve the capacity of actors
to process this information and draw meaningful conclusions from it. In other
words: “Adaptive management is learning to manage by managing to learn”.
Different from other management approaches, at its core AWM asks for an
assessment cycle that builds on the participation of all relevant actors during the
management process. To become fully effective, the management process needs
to be open for, and to encourage, change in a way that is transparent and
understandable to all actors. Joint decision-making with the aim of sustainable
water resources management must not be torpedoed by the varying capacities of
stakeholders for protecting their interests and/or being able to acknowledge the
necessity of a whole-system approach.
NeWater has dealt with a number of issues and achieved interesting results,
both in terms of new methodologies and results as well as experiences to
support AWM in practice in seven different case study basins. These include the
Rhine, Elbe, Guadiana and Tisza basins in Europe, the Amudarya in Central
Asia, and the Orange and Nile basin in Africa.
Most of the results have already been published in reports or journal articles and
have also been published on the website of the NeWater project. However,
experience shows that the richness of the results may easily lead even an
interested person to become swamped in details and information. The project
team has therefore identified twelve synthesis products:
1. Management and Transition Framework
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2. Uncertainty Guidelines

CIS 2007. Exemptions to the environmental objectives under the Water
Framework Directive: Policy paper.

3. Answers to Policy Questions
David, E.E. 1975. One-armed scientists? Science 189(4204): 1.
4. Climate and water adaptation book
EC,
2007.
Questions
and
answers
on
REACH.
http://ecb.jrc.it/DOCUMENTS/REACH/REACH_PROPOSAL/Questions_and_
Answers_on_REACH.pdf.

5. Water resources scenarios for CS regions
6. Cross comparisons of adaptation strategies across regions

Fisher, E., 2008. The ´perfect storm´ of REACH: charting regulatory
controversy in the age of information, sustainable development, and
globalization. Journal of Risk Research 11(4): 541-563.

7. Process for analyzing dynamic vulnerability and adaptive capacity
8. Special issue on participation

Harris, A., 2008. What Spaceguard did. Nature 453: 1178-1179.
9. Guidebook (merged WB 4 and WB 3 activities)
HC 2006. Scientific advice, risk and evidence based policy making. Seventh
report of Session 2005-06, London.

10. NeWater portal

Houck, O. 2003. Tales from a Troubled Marriage: Science and Law in
Environmental Policy. Science 302(5652): 1926-1929.

11. Training material
12. Online curriculum
All synthesis products were presented at the final NeWater conference in
November 2008. The document at hand contains the synthesis product No. 2.

Claudia Pahl-Wostl
NeWater project Coordinator
April 2009

Jamieson, D. 1996. Scientific uncertainty and the political process. Annals
AAPSS, 545: 35-43.
Mooney, C. 2007. An inconvenient assessment. Bulletin of the Atomic
Scientists 63(6): 40-47.
NAS 2005. Thinking strategically: the appropriate use of metrics for the
Climate Change Science Program, Washington, D.C.
NRC 1979. Carbon Dioxide and Climate: A Scientific Assessment. National
Academy Press, Washington D.C., 22 pp.
Oreskes, N. 2004. Science and public policy: what's proof got to do with it?
Environmental Science & Policy 7: 369-383.
Parr, D. 2005. Unlike climate science, GM is full of uncertainties. Nature 436:
328.
Raiffa, H. 1997. Decision Analysis: Introductory Readings on Choices Under
Uncertainty. McGraw Hill.
Shapiro, S.A. and Glicksman, R.L. 2002. Risk Regulation at Risk: Restoring a
Pragmatic Approach.
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access to justice on environmental matters. The European Union aligned EU
legislation with the requirements of the Convention before ratifying it in 2005.
The third right – access to justice – has so far only been fully transposed into
Community law with an effect on Community institutions.
The EU Directives (2003/4/EC and 2003/35/EC) which implement the
provisions of the first two rights also stipulate the requirements to enable access
to an independent review before a court of law or another independent body
established by law. Where applicable and in line with domestic law, NGOs are
considered as having an interest in the environmental decision-making
procedure, and thus have a standing before court. Where this is not the case,
NGOs can take indirect path and lodge complaints with the Commission or file
a petition to the European Parliament.

Summary
In this final chapter we explored how uncertainty can be addressed in
policy and regulatory instruments. How the future turns out to be does not
necessary invalidate decisions made under the condition of uncertainty.
What is of relevance to decisions made under uncertainty is the extent to
which the various sources of uncertainty have been properly identified,
characterised and accounted for in the final choices.Various regulatory
and policy instruments can be used to fully account for uncertainty and
risk. We have described some of these instruments, including the appeal
to sound science, the precautionary principle, back-end adjustments of
regulatory instruments and economic and financial instruments. Public
oversight is crucial to all of these instruments, and thus an indispensable
principle of good environmental management.

B. Foreword
Much has already been discussed in connection with uncertainty in scientific
and decision-making arenas. Increasingly, this topic has become unavoidable
for policy makers, manager practitioners and the various stakeholders involved
in water management. At the same time, uncertainty has also been subject to
numerous scientific studies, triggering new developments and theories.
However, despite the great advances and growing awareness in respect of
uncertainty, coping with it in areas such as water resource management still
constitutes a notably problematic issue, posing significant challenges for
decision making. Finding themselves faced with a Babylonian confusion,
decision makers are left with the responsibility of identifying an appropriate
response to uncertainty in a world where many different – and sometimes
contradictory – strategies exist for doing so.
The following “uncertainty guidelines” specifically address the topic of
uncertainty in adaptive water management. Taking a practical stand, these
guidelines also aim to enhance the appreciation of uncertainty and its
implications for water policy-making and management practice. In this way, we
hope to contribute not only to raising awareness of the multiple sources, types
and impacts of uncertainty, but also to providing decision makers with effective
strategies and instruments for handling uncertainty in an adaptive way.

Marcela Brugnach
April 2009

References and further reading
Baba, A., Cook, D.M., McGarity, T.O. and Bero, L.A. 2005. Legislating "sound
science": The role of tobacco industry. American Journal of Public Health,
95(S1): S20-S27.
CIS 2005. Environmental objectives under the Water Framework Directive:
Policy summary and background document.
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Insurance is another group of economic instruments. In this case, the risk (and
uncertainty) is transferred to somebody else (the insurers) in exchange for a risk
premium. In other words, the insured person or entity pays (affordable) risk
premiums to prevent major, unaffordable losses. Insurers can protect themselves
from major and concentrated losses by sharing the risk born (and risk premium)
with re-insurers.
Rare but concentrated and major losses (e.g. damage due to a hurricane) can
exceed the capability of a single insurer or re-insurer to indemnify the losses. In
such a case, the insured or insurer may pool risk using bonds (catastrophic
bonds or CAT bond), in exchange for a premium payout. Since the payout
depends on the magnitude of the loss occurred, it contains an in-built incentive
to reduce future risks.
Other financial instruments used to hedge against risk and uncertainty are
derivates such as futures, options or weather derivates. Futures are contracts to
buy or sell an asset on or before a future date at a price specified today7. For
example, a farmer seeking risk reduction may choose to sell his/her crops in
advance, at a price negotiated well before harvesting. Options are similar to
futures, with the difference that future transactions are not binding; the owner of
an option can but does not have to buy/sell. Weather derivates are used to hedge
against risk associated with adverse or unexpected weather conditions8.

6.6 Citizen control of flexible policy enforcements
The involvement of public interest groups helps to retain public oversight of
policy implementation and to ensure that flexibility does not taint the lack of
response, or that uncertainty is not used as an excuse to deter action where this
is not warranted.
The Liability Directive provides some empowerment for non-governmental
organisations (NGOs) to request a review of regulatory actions or lack thereof,
and to submit evidence demonstrating environmental damage or an imminent
threat of such damage.
The provisions of the UNECE Aarhus convention9 provide a much broader base
for this right. The convention consists of three basic environmental rights
(pillars): access to information, public participation in decision-making, and
7

Wikipedia, http://en.wikipedia.org/wiki/Futures_contract

8

Wikipedia, http://en.wikipedia.org/wiki/Weather_derivatives

9

Convention on Access to Information, Public Participation in Decision-making and Access to
Justice in Environmental Matters, signed on June 25, 1998 and entered into force on 30 October
2001.
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quality to its original state. For example, if a river is polluted by an industrial
accident, the responsible factory has to pay for the clean-up operations.
The Environmental Liability Directive (ELD) aims to prevent and remedy
environmental damage by making operators financially liable for threats of or
actual damage. The underlying principle is that of the “polluter pays” principle,
also applied under the Water Framework Directive. For the purposes of the
directive, environmental damage includes 'measurable adverse change in a
natural resource or measurable impairment of a natural resource service'
imposed on protected species and natural habitats, water and land.
To work in this sense, though, the damage must be attributable to one or more
polluters, and the causal link between the polluters and the damage must be
clearly established5. The onus of proof of such a connection is on those who
accuse an establishment of being responsible fro environmental damage. That
is, the burden of proof lies with the public authorities as guardians of a healthy
environment. Since gathering evidence to satisfy the standard of proof imposed
can be slow and cumbersome, the liability scheme provides insufficient
protection in many cases.
To increase compliance with Community environmental legislation, in 2007 the
Commission brought forward a revised proposal for a directive to protect the
environment through criminal law (criminal liability). The proposal establishes
a minimum set of serious environmental offences to be considered as criminal
offences, making it possible to impose heavier penalties, including prison
sentences. Such offences include the emission or discharge of materials into
water causing the death or injury of any person, or substantial damage to water
quality.

6.5 Market-based instruments

C. About this guidelines document
There are many useful guidelines documents extant that dip into various aspects
of uncertainty. Better to exploit their potential to assist practical water resource
management, the current guidelines (or better, meta-guidelines) link up those
documents in a manner that will be particularly useful for those interested in
adaptive management.
This document contains six chapters, which provide a brief introduction to
selected uncertainty topics and point to additional reading for deeper
exploration. It is not intended to remain as a static piece of text. The first
chapter explains the concepts of uncertainty; types, sources and ways to
characterize the different levels of ‘incertitude’. The second chapter provides an
overview of how uncertainty is manifested in practical water management and
how existing guidelines documents can help to handle these uncertainties. The
third chapter describes the adaptive management proposal for coping with
uncertainty. The fourth chapter offers an overview of existing guidelines
documents and suggests how these can be used at different water resource
planning stages. The fifth chapter dips into the relational aspects of uncertainty
and methods for handling frame differences. Finally, the sixth chapter explains
what uncertainty means for policy and decision making, and what regulatory
and others instruments are available when addressing uncertainty.
There are many useful topics not included among the initial chapters. For
example the initial essays provide little guidance for somebody interested in
conducting quantitative uncertainty assessment on its own. Instead, the
emphasis has been placed on helping readers to make sense of uncertainty,
rather than teaching them scientific skills.

Market-based instruments are financial incentives created, for example, by
subsidies, taxes, price signals or market creation, encouraging changes in
technology, behaviour or products6. We have already mentioned a number of
economic instruments, such as providing consumers with information about the
safety of a product and financial liability for damage caused to the environment,
health or private property.

5

Directive 2004/35/CE on environmental liability with regard to the prevention and remedying
of environmental damage
6

Environmental
Programme
www.ceit.sk/wwwisis/sap1.htm
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irreversible harm, a ‘lack of full scientific certainty shall be not used as a reason
for postponing cost-effective measures to prevent environmental degradation’3.
The precautionary principle has stirred heated debates in the past and even more
so after having been adopted as a fundamental post of European environmental
legislation. Currently, many regulations subscribe in some manner to
precaution. The WFD, for example, requires that action is taken in situations
where it is otherwise uncertain that the environmental objectives will be met by
the given deadline. Yet the major overhaul of EU legislation, inspired by the
precautionary principle, applies to the EU chemical regulation. In a groundbreaking move, the burden of information provision and data collection has
been shifted to producers and merchants of chemical substances.
In 2006, the regulation EC/2006/1907 (Registration, Evaluation, Authorisation
and restriction of Chemicals, REACH) created a single regulatory framework
for all 30,000 or so chemical substances produced or distributed within the EU4.
REACH obliges manufacturers and importers to register chemical substances,
and to supply information on their properties, straight and downstream uses,
experimental results, and to outline future tests, potential hazards and exposure
scenarios for specific uses; in other words, all of the information required to
assess the impact of these substances on human health and the environment.
The amount of information required is proportional to the tonnage in which
these substances are produced or traded, as a proxy for the potential exposure.
Precaution comes in several forms (EC 2007): while assessing the safety of
substances, scientific uncertainty is interpreted as giving rise to the greatest
concern. In risk control, in awaiting the outcome of additional tests, operators
are required to take measures to counteract the potential risk. Exposure to
substances of great concern has to be minimised at all times. And where severe
risks are assumed, the Commission or Member States may issue immediate
restrictions.

6.4 Liability
Imposing liability on those who have caused environmental damage means they
(polluters) have to pay for the measures required to restore the environmental

3

Principle 15 of the Rio Declaration on Environment and Development, arising from The
United Nations Conference on Environment and Development, Rio de Janeiro from 3 to 14 June
1992,
http://www.unep.org/Documents.Multilingual/Default.asp?DocumentID=78&ArticleID=1163

4

The Regulation applies to all substances (i.e. including those in use prior to 1981) produced or
imported in quantities above one metric tonne..
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rationalization. Their application, however, needs to be justified (see also
subsection 6 on citizen control). The EU Commission and the Water Directors
of the EU Member States have detailed which qualifying conditions need to be
met CIS, 2007; WD, 2008.
Although there is a relationship between the situations under which the various
exemptions are appropriate and admissible, there is no hierarchy as to which of
them should be considered first. Rather, different adjustments need to be
considered in parallel. Neither of the extensions is allowed to permanently
compromise the attainment of environmental objectives in the other
downstream water bodies. Nor can they excuse the failure to meet the
provisions of another law within the Community.
Deadline extension is most appropriate if the objectives cannot be met by 2015,
and if the synergetic, time-lagged effects of other environmental obligations are
likely to enable a good ecological status by 2027, i.e. before the end of the third
6-year planning cycle made compulsory by the Directive. If the uncertainty is
too great or if the cost of all of the necessary measures is 'disproportionately'
high, the competent authority may consider less stringent objectives. Their
justification, however, will have to be re-examined during the next planning
cycle. In both cases, however, granting an exemption for a specific quality
component (CIS 2007) does not mean that other elements are allowed to
deteriorate or their improvement potential can be ignored.
The status of deterioration due to new hydro-morphological modification and
'sustainable human development activities' is the most complex exemption. It is
applicable in situations of overriding public interest and where concerns related
to human health and safely overweight the foregone benefits to the
environment. The concept of 'overriding interest' has been detailed in the
context of other EU legislation (particularly Habitat Directive 92/43/EEC),
where it embraces, among other things, activities to protect fundamental values
and essential public policies. The process of making a decision about whether or
not to grant an exemption will have to be well informed, transparent and
inclusive, and less burdensome alternatives should be explored first. The
provisions of the 'Aarhus Directives' described further below start to play a role.

D. Credits
The production of this document has involved the collaborative efforts of
Marcela Brugnach (USF), Hans Jørgen Henriksen (GEUS), Peter van der Keur
(GEUS) and Jaroslav Mysiak (FEEM), hereafter referred to as editors or core
group.
All partners share the credits for the definition of the document’s content and
conceptual orientation. The authorship of the various chapters is shared in order
of contribution as follows:
Chapter 1. Brugnach M., van der Keur P. and J. Myšiak
Chapter 2. van der Keur P., Brugnach M., Myšiak J. and H.J.Henriksen
Chapter 3. Brugnach M. with contributions from Bharwani S. and R. Taylor
Chapter 4. van der Keur P., Brugnach M. and H.J. Henriksen.
Chapter 5. Brugnach M., Henriksen H.J. and A. Dewulf
Chapter 6. Myšiak J.

Other NeWater partners and associated researchers contributed valuable advice,
informed opinion, knowledge and local assistance to the analysis here reported.

6.3 Precautionary principle
In a popular sense, the precaution principle stands for ‘better safe than sorry’,
that is in situations in which an action (or lack thereof) might cause severe or
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Public debate and negotiation, as well as the science-assisted assessment of
relevant policy options are keystones of public policy making. The central
question is how to harness science for environmental policies without yielding
to it.
In a broader sense, sound science means that scientific work has been conducted
in a manner congruent with the principles of good scientific practice, i.e.
honestly, without prejudice or self-interest, respectful to the methodology used,
transparently and reproducibly, without concealing any qualification of the
results. In a narrower sense, it refers to the rigour applied when testing scientific
hypotheses and theories. It usually means that the proposed scientific proof in
favour of a proposition has to meet high requirements before the proposition is
accepted.
Often, however, the high standard of proof is evoked to prevent regulatory acts,
such as listing a species as endangered, or restricting the use of a chemical
substance that is thought to harm human health or the environment. According
to this view, regulations are only justified after the harm has been
unambiguously proved. Furthermore, only evidence that satisfies high scientific
standards of proof should be admissible in public policy making. What
constitutes such unambiguous proof may still be interpreted or challenged in
favour of one's own position or values. As Houck noted, "Every lawyer knows
what 'good science' is: the science that supports his or her case. All of the other
science is bad. If you are opposed to something, be it control of dioxin or of
global warming, the science is never good enough" (Houck 2003p. 1928).
In many situations, reasonable concerns exist before an acceptable proof can be
provided. These concerns may be addressed through small-scale experiments
and further research, while in the meantime taking measures to reduce the
adverse effects, should there be any. Advances in data gathering, processing and
assessment that are practical for these purposes and that narrow down the range
of policy responses compatible with the available evidence can force positive
developments in policy, even in situations in which hard scientific proof
remains elusive (Oreskes 2004).

6.2 Mandated flexibility
Environmental legislation allows for some flexibility to tighten or relax the
policy provisions to fit local circumstances and to take uncertainty into account.
In the Water Framework Directive (WFD), this flexibility is provided by
various exemptions such as extensions of deadlines, less stringent objectives
and the deterioration of the quality status as a result of natural or human causes.
However, the exemptions allow water authorities to weigh in uncertainty,
technical feasibility, costs and benefits, i.e. policy factors beyond scientific

xii
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Figure 6.1. Examples of the regulatory instruments and guidance attached to the types
of uncertainties explained in the chapter 3.

6.1 Sound science
Science plays a crucial role in contemporary environmental policy, and quite
rightly so. Science has helped us understand environmental processes, avert
looming threats and environmental disasters, and work out ways to tackle them.
In recognition of this role, the EU Treaty requires that 'available scientific and
technical data' (Article 174) is used to design sound environmental policies.
Similarly, the EU 6th Environmental Action plan (6EAP) requires the
application of the 'best available scientific knowledge'. In addition, the Water
Framework Directive (WFD) highlights the role of scientific risk assessment for
the determination of potentially adverse effects of priority hazardous
substances. The call for the accountable use of science (best available
knowledge, sound science and scientific integrity principles) and scientific
advice is also stipulated elsewhere2.
The sound science principle does not mean that management actions are
determined solely on scientific knowledge. Science cannot resolve policy
controversies that are rooted in different values or interests, nor can it compel
policy closure in situations in which this is precluded by scientific uncertainty.

2

For example, the Commission decision of 5 August 2008 establishes an advisory structure of
Scientific Committees and experts in the field of consumer safety, public health and the
environment (2008/721/EC), and a Communication by the Commission stipulates the collection
and use of expertise by the Commission: principles and guidelines. “Improving the knowledge
base for better policies”, COM(2002) 713 final from 11.12.2002
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Uncertainty
concepts for use in
AWM

Uncertainty?
The concept of uncertainty can be hard to grapple with. Many definitions
and concepts of uncertainty exist, the relevance of which for practitioners in
water resources management may not be easy to grasp. This introductory
chapter is meant to give the user a feel for what uncertainty means in
general, and especially in the context of water management, as well as how
a typology can support a better understanding. Sources of uncertainty in
water management are introduced by means of examples taken from reallife situations in which awareness of uncertainty is important.

The concept of uncertainty has been studied and developed in many different
disciplines. Each discipline has focused on particular aspects of uncertainty, and
has evolved its own way of addressing it. While these efforts have resulted in
different theories, diverse perspectives and approaches to handling uncertainty,
they have also generated ambiguity with regard to comprehending what
uncertainty actually is and how it should be treated. We believe that a first step
in developing uncertainty guidelines is to make the method of dealing with
uncertainty more compatible with the practice of water management. This
ambition should start with formulating the concept of uncertainty in a
transparent and comprehensive manner so that decision makers can better judge
the merits of alternative ways of action. In an attempt to do so, we present here
the basic concepts of uncertainties: namely, what is uncertainty, where does it
come from and how can it be represented.

1.1What is uncertainty?
Frequently, uncertainty is considered an attribute associated with the quality of
scientific or technical information. Within this view, uncertainty is understood
as a deficiency, something that is not known about the system (i.e. river basin),
which could eventually be reduced or eliminated by pursuing more research or
collecting more data. Such forms of uncertainty can be due to many different
factors: for instance errors in measurements, missing data and lack of
understanding about the system’s behaviour.
However, there is much more to uncertainty than what is not known about a
system. When addressing river basin management issues, the interpretation of
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problems is also influenced by how a problem is framed, mediated by the
experiences, know-how, values, beliefs, as well as the role, of the people
involved in the decision-making process. Hence, it is not only technical or
scientific information that counts, but also the social context that gives sense
and meaning to a problem setting, and to the available information. More often
than not, decision makers are faced with a situation in which there are different
perceptions and conflicting views about a particular issue. Sometimes, this
situation can be corrected with more information; but often “more is not always
better”. In such situations, solutions lie not simply in achieving a better
description of the system but in recognising that there can be many different,
and equally valid, ways of making sense of reality.

Box 1.1 Many definitions of uncertainty exist, for example:
More than one outcome is consistent with our expectations (Pielke 2001)
Lack of precise knowledge as to what the truth is, whether qualitative or
quantitative (NRC 1996)
Uncertainty refers to the situation in which no unique and complete
understanding of the system to be managed exists (Newater project)

1.2 Examples of situations in which uncertainty arises
Uncertainty in water management can be the result of multiple and diverse
factors. In this section we describe some common situations in which
uncertainty can arise.
Data scarcity, lack of theoretical understanding: Models are widely used in
environmental assessments, and hydrological models, specifically, are important
tools in water management. An individual model might not explain the full
variability observed in the data, and/or the available data might not be sufficient
to provide an unambiguous explanation and proof of scientific hypotheses and
theories. A problem in this context, then, is a situation in which different
models, or parameter sets, seem to explain the available data equally well. This
case is illustrated by an example taken from the HarmoniCA uncertainty
guidelines (Refsgaard et al. 2006). The county of Copenhagen, as the
responsible water management authority in this instance, asked five groups of
Danish consulting firms to conduct studies of the aquifer’s vulnerability to
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Policy responses to
uncertainty

2

pollution in a 175 km area west of Copenhagen, where the groundwater
3

abstraction amounts to about 12 million m /year. The five consultants utilized
significantly differing approaches, i.e. statistical methods, advanced
hydrological modelling of both groundwater and surface water systems using
the MIKE SHE code, simpler groundwater modelling approaches, and an indexbased method, e.g. DRASTIC (Aller et al. 1987).

Figure 1.1 Different nitrate vulnerabilities estimation from different modelling
approaches (Refsgaard et al. 2006). Reprinted with permission. Copyright Elsevier.

The conclusions of the five consultants in respect of vulnerability to nitrate
pollution are shown in Figure 1.1. It can be readily observed that the five
estimates differ substantially from each other. In the present case, no data exist
to validate the model predictions, because the five models have been deployed
in order to make extrapolations towards unobservable futures. It is, thus, not
possible, using existing field data, to tell which of the five model estimates is
most reliable. The differences in prediction originate from two main sources: (i)
data and parameter uncertainty and (ii) conceptual uncertainty. However,
despite the presence of significant data and parameter uncertainty, the main
cause of the differences lies in the different conceptual models used by the five
consultants. In this case, the differences between the five best estimates are
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striking and clearly do not provide a sound basis for deciding anything with
regard to which areas should be protected.
Model dependency of data: Uncertainty may either stem from observational data
(data uncertainty) or from data derived from models (structural or conceptual
uncertainty). The boundary between data and model uncertainty is not always
clearly distinguishable. For instance, the global data sets (e.g. global mean
temperature, global sea level) are assembled from different sources,
preprocessed (filtered, interpolated, checked for quality and consistency,
unfettered from influence of other phenomena) and aggregated, and all along
these steps ‘intermediate’ models are used (Edwards 1999).

Hutton, J., Balzagette, J. and B. Reed. 1997. Organisation in the mind. In: Jean
E. Neuman, Kamil Kellner and Andraea Dawson-Shephard (Ed.): Developing
organisational consultancy. London: Routledge. Pp. 113-126.
Klinke, A. and O. Renn. 2002. A New Approach to Risk Evaluation and
Management: Risk-Based, Precaution-Based, and Discourse-Based Strategies.
Risk Analysis, 22(6):1071–1094.
Turton, A., Roux, D.J., Hattingh, H.J., Claassen, M. and G.A. Maree. 2007.
Governance as a Trialogue: Government-Society-Science in Transition.
Springer, 354 pp.

Ambiguity: A classical example of ambiguity is the answer given by the Delphic
oracle who, asked by Croesus, king of Lydia, whether he should attack Persia,
replied that if he did pursue this campaign, he would destroy a great empire.
The oracle did not say which one – the Persian or Lydian. While Croesus
believed the former, the latter interpretation came to be true. On some water
management issues, a large agreement in understanding a problem may exist
among participants. However, similarly to what happened to Croesus and the
oracle, for other issues there can be more than one possible interpretation. This
situation may result in ambiguities or conflicts among participants concerning to
the problem and its solution.
Self-fulfilling prophecy: Much of the recently observed financial turmoil has
been attributed to uncertainty and self-fulfilling prophecy (SFP). A SFP is a
prediction that is basically false but which sets off a chain reaction that
eventually makes the prediction become true. For example, rumors that a bank
is facing a tough time may cause clients of that bank to withdraw their assets,
and by doing so to bring down an otherwise stable bank.
Rapid change: In the eve of 2008 New Hampshire Democratic Party
presidential primary, all of the polls credited Barack Obama with a roughly 10point lead. The actual outcomes could not have been more different: Hillary
Clinton won by a margin of around 3%. In the aftermath, several reasons were
posited for the pollsters’ collective failure. A broadly supported explanation was
that the polls were too slow to register a reversal, brought about by Clinton’s
emotional appearance just days before the primaries took place.
Non linear behaviour, thresholds: Complex systems’ variability, non-linear
behaviour and the existence of multiple feedbacks may cause a shift from one
stable equilibrium state to another, moreover on a rather short timescale. The
research of late MIT meteorologist, Edward Lorenz, demonstrated that even a
simple system possessing only a few variables can generate behaviour that is
unpredictable, although only on very short time scales. In respect of weather
forecasting, he demonstrated that if the simulations began with a small deviation
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Huston, T. 2007. Inside Out. The Society for Organizational Learning, Inc.
Cambridge, MA.

in initial conditions, the forecasts a few days ahead displayed very different
results.

Scharmer, C.O. 2007. Theory-U. Leading from the future as it emerges. The
social technology of presencing. Boston.

Uncertainty in past, present and future: Uncertainty can distort our
understanding of what happened in the past, or what are the present conditions
of environment, or what changes can reasonably be expected to occur in the
future. If we want to learn about, say, ocean temperatures in ancient times, since
we cannot simply hold out a thermometer and measure these directly we fall
back on various so-called proxies. These may take the form of plants or animal
fossils with known temperature preferences, or isotopic variations linked to the
sought-after measures. In this manner, it may be possible to reconstruct the
magnitude and pace of environmental changes that occurred millions of years
ago. The choice of the proxies, their uneven availability and the contingencies
of their analysis mark the reliability of these reconstructions. Sometimes, these
reconstructions, even if they are carried out correctly, yield contradictory
results.

Further reading
Bromley, J. 2005. Guidelines for the use of Bayesian networks as a
participatory tool for Water Resource Management. Based on results of the
MERIT project. CEH, Wallingford.
Brugnach M., A. Dewulf, C. Pahl-Wostl and T. Taillieu. 2008. Towards a
relational concept of uncertainty: about knowing too little, knowing too
differently and accepting not to know. Ecology & Society, 13(2).
http://www.ecologyandsociety.org/vol13/iss2/art30.
Dewulf, A., M. Craps, R. Bouwen, T. Taillieu and C. Pahl-Wostl. 2005.
Integrated management of natural resources: dealing with ambiguous issues,
multiple actors and diverging frames. Water, Science and Technology, 52:115124.
Dewulf, A., M. Craps and G. Dercon. 2004. How issues get framed and
reframed when different communities meet: case study of a collaborative soil
conservation initiative in the Ecuadorian Andes. Journal of Community and
Applied Social Psychology, 14:177-192.
Gray, B. 2003. Framing of environmental disputes. Pages 11–34 in R. J.
Lewicki, B. Gray, and M. Elliott, editors. Making sense of intractable
environmental conflicts: concepts and cases. Island Press, Washington, D.C.,
USA.
Gray, B. 2003. Freeze-framing: the timeless dialogue of intractability
surrounding Voyageurs National Park. Pages 91–125 in R. J. Lewicki, B. Gray,
and M. Elliott, editors. Making sense of intractable environmental conflicts:
concepts and cases. Island Press, Washington, D.C., USA.
Henriksen, H.J. and H.C. Barlebo. 2008. Reflection on the use of Bayesian
belief networks for adaptive management. Journal of Environmental
Management, 88:1025-1036.

66

Uncertainty in AWM: Concepts and Guidelines

The present environmental conditions, or rather the factors influencing them,
are values that may be beset with uncertainty since they are not directly
measurable, or else because measurement is imprecise or biased. For example,
the instrumental record for global ocean temperature shows a sudden cooling of
about 0.3°C in 1945. This is an artefact that can be explained by the different
ways of measuring sea surface temperature in the 1940s, and therefore related to
data uncertainty. Limited understanding of environmental processes is also the
source of uncertainty in forecasts and future projections, with additional factors
such as technological progress and social responses playing an important role.

1.3 How can uncertainty be classified?
Uncertain situations in water management, examples of which are mentioned in
the previous section, can occur for a variety of reasons. From the point of view
of a decision maker the most common situations that can be distinguished are:
1) The relevant and generally accepted knowledge is available for those who
make important decisions (certainty); 2) There is lack of knowledge about
certain aspects relevant for the due choices and those who have to make these
choices are aware of this lack (uncertainty); 3) There is relevant knowledge but
this is not available to those making choices (uncertainty as a result of failure of
knowledge sharing or transfer), 4) Some aspects of the managed system are
hidden to our understanding that may substantially alter the outcomes of the
choices (uncertainty due to ignorance -sometimes seen as an end of the
uncertainty continuum). Since these types of uncertainty relate to scientists’
attempts to analyze and explain the observed phenomena, we refer to them as
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connected to the application of scientific method or reasoned and qualified
opinion.
An additional situation, which denotes a different dimension in the nature of
uncertainty, stands for the multiple ways of making sense of reality. It captures
the differences in perceptions, values, and beliefs that decision makers may hold
about a river basin problem. For those who are making decisions, this means
that there are many possible and equally valid ways of interpreting a problem
that need to be taken into account.
For a decision maker, knowing what type of uncertainties is present in the
context of a particular problem is paramount to the process of devising an
appropriate course of action. To facilitate this task several typologies and
classifications of uncertainty have been developed. The reader can refer to Box
1.2 for an example of a typology used in the NeWater project. Different types of
uncertainty suggest different strategies for coping with them. It then becomes
the responsibility of the decision makers to identify which uncertainty is more
important, what knowledge is available and thus to determine how he or she
wishes to act in response.

Summary
In this chapter, we have explored various strategies that can be applied to
cope with different, sometime conflicting, perspectives on a problem. We
also have outlined a range of methods and tools that can be used to support
the processes of learning and negotiation. While from the viewpoint of
AWM the preferred strategy is dialogical learning, its application may not
always be feasible. In the next chapter, we explore some of the regulatory
instruments that decision makers have at their disposal when implementing
solutions.
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as hot or cold depending on how much interdependency among parties is
recognized. In cold conflicts, these interdependencies are not taken into
account, and the attempt to deal with the problems at hand is made while
maintaining distance between the parties. When managing problems, this
strategy can ultimately lead to a strategy of negotiation. Contrary to negotiations
in which the goal is to achieve a win-win solution, the major aim for actors
using this method is to gain or restore power.
A number of methods and tools can support the above-mentioned strategies. For
example, awareness-raising campaigns, information activities, personal letters,
brochures, and educational activities can be used to support rational problemsolving or persuasive communication strategies. Conversely, group model
building, role-playing games, organization in the mind or interactive workshops,
and facilitation may be more appropriate in assisting dialogical learning,
making present/co-presencing or negotiation approaches. Finally, methods such
as lobbying, protests, using veto or blockage power, or non-compliance with
regulations can be more suitable in supporting oppositional modes of action
strategies. For more information on methods and tools that can be deployed to
support various strategies for learning and negotiation, the reader can refer to
http://www.harmonicop.org.
However, we would like to emphasize in the present uncertainty guidelines that
strategies can not, or should not, be generally imposed without considering the
context and the specific situation at hand. Dialogue is certainly preferable, but it
may not be possible for all contexts or in all situations. Obviously, the act of
dealing with multiple knowledge frames is demanding and it requires
considerable professional experience; in such cases, familiarity with a range of
tools becomes paramount. Given the dynamic nature of dealing with frame
differences and processes of conflicts, the evolution of what can be described as
the most appropriate methods may alter with time, and from situation to
situation. In the end, decisions tend to be made against a background of
different sets of norms and values, which vary within different stages of
economic development and political evolution. The implication is that for some
contexts and situations, considerable training would be required before some of
the tools listed below could be used effectively; moreover, these tools might
even be difficult to apply at all, in the absence of sufficient support from the
various communities of practice.
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Box 1.2 Typology of uncertainty used in NeWater
In NeWater three types of uncertainty were identified: unpredictability, incomplete
knowledge and multiple knowledge frames. In most water management problems, all
of these three types of uncertainty are present.
Unpredictability: This type of uncertainty refers to the inherently unpredictable
aspects of a system that are due to inherent natural variability or complex system
behaviour. With this kind of uncertainty, we accept the unpredictability of the system
as something that will not change in the foreseeable future.
Incomplete knowledge: This type of uncertainty refers to situations where our
knowledge is incomplete. This can be due to a lack of information or data, to the
unreliability of the available data, to lack of theoretical understanding, or to
ignorance. This kind of uncertainty can, in some situations, be reduced given
sufficient time and means.
Multiple knowledge frames: This type of uncertainty refers to different, sometimes
conflicting, views about the best way to understand the system. Ways of
understanding the system can differ in terms of opinions where to place the
boundaries of the system, or what to place in the focus of attention. Certain
information can be associated with entirely different meanings (e.g. about what the
most urgent problems are) or there can be contradictory evidence about the likely
implications. This kind of uncertainty can be called ambiguity and results from the
presence of multiple ways of understanding or interpreting the system, which can
originate from differences in professional backgrounds, scientific disciplines, value
systems, societal positions and so forth.
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1.4 Common ways of representing Uncertainty
There are many different ways of representing uncertainty. Which is the most
appropriate depends on the type and quality of information available.
Uncertainty can be expressed in a quantitative manner or in a more qualitative
way. The expression of uncertainty in a qualitative sense includes
methodologies such as expert elicitation (see Slottje et al. (2008) for examples)
and NUSAP (Funtowicz and Ravets 1990). With respect to quantitative
uncertainty, likelihood measures and confidence intervals are among the best
known representations.
Likelihood. Likelihood is often described in terms of frequency, derived from
observation or model analysis; it refers to how often a certain event may occur.
A one-hundred-year flood is described as a level of flood water expected to be
reached or exceeded on average once in a hundred years. It is also referred to as
the 1% flood, expressing the probability of the flood occurring in any single
year. The probability of an event P(x) is defined in terms of the ratio of chances
for and the total chances. For example, by rolling a 6-sided dice, all possible
outcomes have the same probability, i.e. 1/6. If the dice is thrown many times,
each value is rolled nearly the same number of times. Figure 1.2 shows
outcomes and probabilities for rolling two dices.

Figure 1.2 Probability expressed by rolling two dices and outcomes (adapted from
http://commons.wikimedia.org/wiki/File:Dice_Distribution_(bar).svg). Reprinted with
permission.
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This strategy aims at reaching an agreement through negotiation, despite the
existence of frame differences. The expected outcome is the settlement of a fair
deal reached through calculative involvement (a search for win-win solutions).
To this end, actors engage in information sharing and a positioning strategy.
This course of action is different from the dialogical approach in so far as actors
take or hold strategic positions, and do not necessarily communicate their
individual goals or listen to other actors’ points of view. Different negotiation
strategies are possible – from distributive or win-loose strategies, where an
assumed fixed pie is divided through negotiation of positions, to more
integrative win-win strategies, where the interests underlying certain positions
are explored with a view to forging mutually beneficial agreements that create
value. Many authors support the idea that negotiation is more realistic than
dialogical approaches. Some commentators discuss this approach using slightly
different terminologies (e.g. “give and take”).

5.1.6 Oppositional modes of action

This strategy is based on the idea of imposing a particular frame through power
strategies or restoring the balance of power between different frames. ‘Cold
war’ strategies or open conflict are the vehicles for this type of action. As a
result, the application of this strategy has the potential to lead to a freeze or to
the dominance of certain powerful groups, which means that only particular
views will be accepted as valid. This situation is often encountered when parties
have a history of confrontation or lack of collaboration. Conflicts can be defined
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Organisation-in-the-mind refers to the mental constructs of the organization that
influence actors’ decisions and actions, rational as well as irrational,
unconscious and unintended feelings, imagery and relationships constituting
the order of the organization and its particular way of being in so far as this is
registered “in the mind” of participating actors, where meaning is partly
conscious and partly unconscious.
Co-presencing (Scharmer 2007; Dumas 2008)
Co-presencing is a way of understanding systems that goes beyond suspicions
of assumptions, which is sensing from the field or learning from the future, in
which actors can apply scenario analysis, leading to the establishment of a
common vision of how the future could develop. Such prototyping can be
combined with the technique of Appreciative Inquiry (Cooperrider and Whitney
2000), where in the “Dream Phase” members of the organization co-create their
preferred future. This strategy suggests that actors need to access a different
source of learning, where actors’ inner worlds gradually become more mature.
Failure to address exterior obstacles is most often due to interior barriers within
actors themselves (Huston 2007). Co-presencing means collectively sensing,
tuning in and acting from the perspective of individual actors’ highest future
potential (by sensing from their deepest personal reservoirs).

5.1.5 Negotiation approach

The full description of uncertainty requires that the probability of each expected
event or outcome is known. In the above example, when all outcomes have the
same probability, the probability distribution is uniform. However, if more die
are rolled, the sum of these rolls is not uniformly distributed. With increasing
numbers of dies the initial uniform distribution give way to a triangular and
finally to a more bell-shaped curve, known as normal (or Gaussian) probability
distribution. Similarly, probability distribution functions (PDF) of temperature
or rainfall may change in course of climate change (e.g., Karl et al., 2008).
Complete PDF can be obtained either from observation, models or from expert
judgments. Often, however, the available information does not allow for the
construction of a full PDF, in which case expert judgment may provide a more
qualitative description, e.g. directions of change.
Confidence. Information about future outcomes and their likelihood can be
determined through model simulation, expert judgement or informed
deliberation. Trust levels in respect of how these have been estimated
constitutes important additional information, known as “confidence”.
Confidence can refer to perceptions of correctness in the context of a model or
statement, but can also reflect the way in which the underlying analyses and
deliberations were carried out.
Type I, II (and III) errors. In statistical theory, two sources of errors are usually
considered: 1) that of rejecting a hypothesis (the so-called Null Hypothesis),
even though it is correct (type I error); 2) that of accepting a hypothesis
although it is wrong (type II error). Both types are interconnected. The type I
error is associated with excessive skepticism, but suppressing this skepticism
means accepting higher levels of type II error, as shown in Figure 1.3.

Figure 1.3 Type I and II errors.(http://www.staff.vu.edu.au/sarath/Business-

stats/error.gif). Reprinted with permission.
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Therefore, setting high standards of proof for type I errors may under certain
circumstances (e.g. where the motto “safe unless proven to be hazardous”
prevails), mean that a potentially dangerous substance fails to be banned. In the
same situation, the application of the precautionary principle (“better safe than
sorry”) would mean that placing more emphasis on reducing type II errors (i.e.
not regulating a substance that turns out to harm people’s health or the
environment), is at the cost of higher levels of error (i.e. not banning the
substance even though it is harmful). An additional error III type has been
suggested for various other mistakes, such as rejecting a hypothesis for wrong
reasons, giving a right answer to the wrong problem, or framing the problem
wrongly. This issue is explored at more length elsewhere in the current
document.

5.1.4 Making present / Co-presencing

Summary
In this chapter, we have argued that uncertainty is a multidimensional
concept. While it can refer to a number of different aspects of a river basin
system, we have introduced here the most relevant characteristics and
sources. Using this chapter as a source of general background information,
in the next chapter we explore the importance of uncertainty in the specific
context of water resource management.

Edwards, P. (1999) Global climate science, uncertainty and politics: data-laden
models, model-filtered data. Science as culture 8(4): 437-472.

This strategy aims at shaping the roles of the participants in organizations (or in
network organizations, e.g. adaptive learning cycles), and/or the Self of people
to a more authentic or self-aware level. The expected outcome is to ‘make
present’ the emotional experience of being part of the organization as seen from
the role holders’ position – e.g. a systemic and psychodynamic type of learning
that embraces not only the rational, but also irrational, ways of knowing (e.g.
from emotional experiences, which is not just a property of individual actors,
but also entails a factor of the emotional experience of the organization as a
whole). This strategy attempts to initiate social innovation by changing not only
the way in which actors approach their problems, but in addition how they
manage their roles and themselves as change agents within their roles. This
strategy has similarities with dialogical learning in so far as it follows a
systemic approach. However, it also differs since its methodology includes
psychodynamic approaches for analyzing situations and person, group,
organization interrelationships.

Funtowicz, S.O. and J.R. Ravetz. 1990. Uncertainty and quality in science for
policy. Kluwer Academic, Dordrecht, The Netherlands.

There are two main ways in which making present / co-presencing can take
place:

Karl, T.R., G.A. Meehl, C.D. Miller and W.L. Murray. 2008: Preface in
Weather and Climate Extremes in a Changing Climate. Regions of Focus: North
America, Hawaii, Caribbean, and U.S. Pacific Islands. T.R. Karl, G.A. Meehl,

Organisation-in-the-mind-workshops (Armstrong 2005; Huffington 2004)
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eventually change their own views during this process. So, ambiguities are
handled by engaging all actors in an interactive process of communication in the
search for a shared view. When adopting this approach, all actors must be
considered as equally respected partners with equally valid opinions. The
mutual involvement of as many actors as possible is a requisite for successful
application of the strategy, as well for the process outcome to become effective.
Even though this approach is theoretically sound, its use can entail the
drawback of requiring a common language and the need for sufficient time and
resources to carry out and facilitate the dialogue. Furthermore, what participants
say during meetings may not always represent how they will in reality act after
leaving the workshop. Dialogical learning, in principle, can take place by frameenlargement interventions (see Gray (2004) for further reference), by the
following means:

C.D. Miller, S.J. Hassol, A.M. Waple, and W.L. Murray (eds.). A Report by the
U.S. Climate Change Science Program and the Subcommittee on Global
Change Research, Washington, DC.
National Research Council (1996). Science and Judgement in Risk Assessment,
Washington DC: Taylor & Francis
Pielke Sr., R.A., 2001: Comments on "IPCC report cautiously warns of
potentially dramatic climate change impacts". EOS, 82, 394, 396.
Refsgaard J.C., van der Sluijs J.P., Brown J.D. and van der Keur, P:. 2006. A
framework for dealing with uncertainty due to model structure error. Advances
in Water Resources, 29: 1586-1597. Copyright Elsevier.

•

Exploring one’s own frame repertoire is accomplished by a series of
exercises that enable participants to identify or classify their own frames
in comparison to an array of other possible ways of framing the
situation.

Slottje, P., van der Sluijs, J.P. and A.B. Knol. 2008. Expert Elicitation:
Methodological suggestions for its use in environmental health impact
assessments. RIVM Letter report 630004001/2008

•

Perspective-taking exercises encourage disputants to begin to hear
(without judgment) the ways in which other disputants experience the
conflict. One way of accomplishing this is through establishing listening
dyads, in which parties exchange their whole story frames with others
involved in the dispute and try to weave a joint story that includes each
of their relevant experiences.

Further reading

Exploring stereotypes involves a counterintuitive appreciative process of
finding value in that which a stereotype denigrates.

Morgan, M.G. and M. Henrion. 1998. Uncertainty. A guide to dealing with
uncertainty in quantitative risk and policy analysis. Cambridge University Press,
Melbourne.

•

Beven, K. 2009. Environmental modelling: An uncertain future? Routledge:
London.

Saltelli, A., Tarantola, S., Campolongo, F., and M. Ratto. 2004. Sensitivity
Analysis in Practice. A guide to Assessing Scientific Models. John Wiley &
Sons.
Orrin, H.P. and L. Pilkey-Jarvis. 2007. Useless Arithmetics. Why
Environmental Scientists Can’t Predict the Future. New York: Columbia
University Press.
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rational approach in the sense that it involves actors whose expertise ought to be
communicated, it differs in its emphasis on creating a joint definition among
those experts and target group representatives whose involvement and
competencies are oppositional. The expected outcome of this approach,
therefore, is that the target group will adopt or imitate the argued expert
opinion. In water management, such a strategy has traditionally been chosen at
training sessions or workshops where the purpose has been to discuss how
technical innovations, such as irrigation technologies, can be improved and
adopted. A prerequisite, therefore, is that problems are relatively simple, and
solutions are at hand and feasible.

5.1.3 Dialogical learning

This is the basic strategy advocated for social learning processes. Social
learning, by definition, has to handle on the one hand a complex technical task,
and on the other a social relational activity. As the name indicates, this strategy
implies the handling of frame differences through dialogue and learning. The
underlying rationale is that by constructive and reciprocal communication it is
possible to develop a mutual understanding of how different solutions will
influence different actors and may provide more robust solutions to complex
challenges. In this way, actors can learn about each other’s perspectives and
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translating facts into practice. From a participatory point of view, this approach
entails the disadvantage of being unilateral, and thus of not generating coownership or shared sense of responsibility, so that as soon as the provider of
information is no longer active the development of a unique view based of
factual information may no longer be feasible.
When cognitive problem solving is the strategy applied, the problem is thought
to be technical and uncertainty is mainly considered in terms of a lack of
knowledge pertaining to facts. Data collection or the use of experts and research
can alleviate the situation. However, information gathering, expert knowledge
and science do not always support the claim of uncertainty reduction in the
presence of ambiguities. A common response to expert knowledge and research
outcomes, that support parties actively involved is counter expertise. which may
end up in a less useful debate or process where different parties initiate research
or data collection that support their own views and claims of truth.
Subsequently, research questions and strategies may be commissioned by one of
the stakeholders and the resultant findings then used strategically in the process
of problem solution, without really solving the initial problem due to the
multiple knowledge frames involved

5.1.2 Persuasive communication

Uncertainty and
decision making
in water
management
This strategy aims at dissolving ambiguities by communicating the
meaningfulness of one particular frame of reference. Even though similar to the
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ambiguities and conflicts among participants about precisely what the problem
is, what is certain or uncertain about it, and what the possible alternative actions
for coping with it are. For water management practice, this implies that decision
makers need to know how to deal with such differences and conflicts, and also
how to find ways of acting that can integrate the multiple and equally valid
perspectives.
AWM proposes to handle frame differences by engaging participants in a
process of learning and negotiation in which viewpoints can be exchanged and
approached constructively as a means of arriving at mutually acceptable
solutions for all participants. In this chapter, we present some of the strategies
that decision makers can use to deal with such potentially difficult situations
(Figure 5.1). We also enumerate the tools that may be used as support when
selecting the strategies presented in the learning and/or negotiation process.

Figure 5.1 Coping with uncertainties by learning how to deal with frame differences

5.1 Strategies and Methods to deal with framing uncertainty
There are many different ways in which actors can deal with frame differences.
This does not necessary imply that they will reach a consensus, but it may help
them in developing a shared definition and in searching the spectrum of
solutions (eventually including possible win-win solutions). In practice, this
goal can be achieved in different ways. For example, on occasions a shared
approach or solution can be negotiated through mutual activities, while at other
times actors can focus on changing the way in which they view their roles and
explore the organization from a different position. The idea here is that the
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Uncertainty in water management?
In the previous chapter, we introduced the concept of uncertainty. This
chapter focuses specifically on uncertainty in integrated water resources
management. What are the most important forms of uncertainty? At what
stage in the decision making process do they emerge? How can they affect
decisions? Being aware of these issues, taking uncertainty into account in
water management, as well as adapting to changing situations by learning,
are the keys to any transition towards adaptive water management.

River basin management comprises numerous factors that are difficult to assess.
The status of the river basin system in question, together with the way in which
it functions and the implication of possible decisions, cannot be fully known.
These unknowns introduce uncertainty into the decision-making process. For
decision makers, this circumstance implies that ways have to be identified for
dealing with such limitations and for making decisions that are robust to these
uncertainties. This situation directly affects the ways in which decision makers
isolate the important issues, how they set their goals and how these goals are
then translated into decision criteria. Furthermore, uncertainties also determine
the way in which the impact of alternative decisions is evaluated and the
conclusions that lead to possible implementations. In this chapter, we explore
how significant these uncertainties can be for management, and also consider
what the uncertainties associated with river basin systems are, and where in the
decision-making process they manifest themselves.

2.1 The significance of uncertainty in water resources
management
Uncertainty can be understood as a range of reasonably expectable future
conditions that need to be taken into account. For example, the uncertainty
value in assessing the probability of a one-in-a-hundred-year flood needs to be
offset by an adequate safety margin, the size of which depends on the risk
strategy of the decision maker (contingent to some extent on whether he or she
is “risk aversive” or the opposite). Water supply provisions need to ensure
enough water for critical sectors under conditions of drought, etc. These
provisions may incur significant costs. In some cases, the mere existence of
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uncertainty can stir up self-perpetuating responses, much the same as we have
observed in the recent financial turmoil. Similarly, the likelihood of floods may
reduce property and land prices in the affected areas. Decisions taken under
conditions of uncertainty may turn out to under- or overestimate the challenges
to which they constitute responses.
In 2007, Economist reported a story of Australian farmers who, persuaded by
favorable rainfall forecast after a multi-year period of drought, took out loans or
sold the expected crops on futures markets. As the rainfall turned out to be
much less than predicted, many farmers were not able to pay back their loans or
were forced to buy the corn at a much higher price than the price at which they
sold it in order to fulfil their contractual obligations. On the other hand, a skilled
prediction of year-to-year climate variation caused by the El Niño-Southern
Oscillation (ENSO) has been shown to be a practical instrument in informing
farmers and hence reducing damage (Adams et al., 1999)
Furthermore, insufficient protection can be the subject of legal prosecution. In
2008, a federal judge ruled that U.S. Army Corps of Engineers can be held
accountable for the damages caused by levees and floodwalls failure in the
aftermath of the Katrina hurricane, the costliest ever natural disaster to hit
United States. In Europe, failures to achieve the “good” ecological status of
water bodies as prescribed by the Water Framework Directive (WFD) may be
the subject of EU law infringement procedure. The Commission may bring the
case before the European Court of Justice; financial fines for non-compliance
are also possible. Efforts to meet the WFD objectives will need to be stepped up
as the impact of climate change becomes more pronounced. In some cases, the
more stringent objectives may slip away. Uncertainty thus requires policy
decisions that can look far into the future and allow expected future conditions
to feed into current decision making.
Overall, the factor of uncertainty is particularly relevant to river basin
management because it can frustrate policy and decision making in numerous
different ways. Policy uncertainties are associated with how public policy
choice is viewed and framed (ambiguity), and with values and expectations
held. Wider issues that must not be overlooked in any consideration of the
policy options under discussion include financial considerations (e.g. are the
costs disproportionally high), legal bearings (e.g. can we effectively ensure
implementation) and ethical implications (e.g. who bears the bulk of the
burden). Scientific uncertainty renders these trade-offs even more difficult (the
reader can refer to chapters 5 and 6 for more detail on policy instruments and
negotiation processes to support policy-making).
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How can we handle different perspectives?
Coping with frame differences in decision-making processes is
unavoidable. AWM proposes to deal with such differences in a
constructive manner through processes of learning and negotiation, so that
awareness about differences is exchanged and recognized, and conflictive
issues efficiently dealt with using appropriate methods. In this chapter, we
explore some of the strategies that can be applied when dealing with
conflicts and different perspectives. Even though we attempt to cover a
broad spectrum of situations, solutions to some conflicts may require other
types of strategies that are not addressed in this chapter (e.g. reforms of
formal institutions).

Using expert knowledge and/or gathering more information are two of the most
common responses for coping with uncertainty in decision making. However,
while in some cases doing so can lead towards better problem understanding by
reducing or eliminating uncertainty, the ambiguity introduced in the
participatory processes requires a different approach. In participatory projects,
involving multiple actors from a variety of backgrounds, the encounter of
multiple valid frames is unavoidable. Government, society and science
represent different, complementary communities of practice. To be effective,
participation requires the establishment of appropriate feedback loops and
exchange of information with the purpose of informing the decision-making
process. This means that any solution, if it is to be representative, requires that
the understanding of the problem from the perspective of other communities has
been taken into consideration. Also, however, in more technically run projects
multiple ways of framing can emerge – e.g. between different disciplines or
expertises, or between implementers and end users at the time of
implementation.
In such situations, more information is not always better. As suggested by
adaptive management, solutions to problems do not lie in the dilution of
differences through providing universal descriptions of problems, but rather in
dealing with differences in such a way that a richer understanding of the
problem can be achieved. To this end, strategies for the framing and reframing
of the issue at hand, supported by tools that support frame integration,
connection or reframing, become a condition for making progress in addressing
ambiguities. The encounter of multiple knowledge frames may result in
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2.2 Identification of uncertainties in river basin systems
Being aware of and able to identify uncertainty in integrated water resources
management is a prerequisite for the development of and transition to adaptive
integrated water resources management (AWM), and further enables coupling
to tools for managing uncertainty at various stages in the AWM process. During
recent years, uncertainties associated with climate change have become
predominant issues in river basin management. Topics such as the affect of
climate variability on local weather patterns or on the frequency or intensity of
future flooding or drought events in river basins, and the issue of how future
climate may influence water availability or quality, have taken on a high
priority in decision making.
Uncertainty related to climate variability arises from two quite different sources
- ‘incomplete’ knowledge and ‘unknowable’ knowledge. ‘Incomplete’
knowledge affects much of our model design, whether climate models (e.g.
poorly understood cloud physics) or impact models (e.g. the little known
physiological responses of plants to changing atmospheric nutrients). Further
advances in science (and computing technology) will reduce uncertainty
originating in these areas. ‘Unknowable’ knowledge arises from the inherent
indeterminacy of future human society and of the climate system. Human (and
therefore social) actions are not predictable in any deterministic sense, and we
will always have to create future greenhouse gas emissions trajectories on the
basis of indeterminate scenario analysis. The climate system as a complex nonlinear dynamic system is indeterminate, and even with perfect models and
unlimited computing power for a given forcing scenario a range of future
climates will always need to be simulated (Hulme and Carter 1999), see Figure
2.1.
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Figure 2.1 The range of carbon emissions scenarios, 1990-2100 indexed to 1990
values, in the Special Report on Emission Scenarios (SRES) database (modified from
Hulme and Carter, 1999). Reprinted with permission.

However, there is much more to river basin management than its climate.
Uncertainty in water management is associated with many different aspects of
the river basin system, including economic, natural, legal, institutional, social,
political and technical dimensions. Ascertaining which uncertainties are more
important or have priority depends to a high degree on the views of the decision
makers and the wider context of the problem. In a set of “dialogues on
uncertainty” conducted during 2006, decision makers from different river basins
(Elbe, Upper Guadiana, Kromme Rijn, Wupper) identified and described what,
in their opinion, represented the major uncertainties affecting their river basins.
For a detailed view on the Elbe case study to Krysanova et al. 2008.
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Learning how to
deal with
differences

Box 2.1 To facilitate decision makers organizing the process of uncertainty
identification, in NeWater the river basin system is considered to be
composed of three subsystems: the natural, the technical and the social
system. Although these are analytical categories and the subsystems are
interlinked in a complex human-technology-environment system, it is useful
to distinguish to which part of the system an uncertainty refers to.
Natural system: It refers to the natural system, including climate, water
(quantity and quality) and ecosystem.
Technical system: It refers to the technical elements/artefacts that are used to
intervene in the natural system, with infrastructure and technologies (e.g.,
dams, irrigation systems).
Social system: It refers to the social system, considering its economical,
cultural, legal, political, administrative and organizational aspects.
Applying the typology of uncertainty to the three subsystems of the water
management regime, a comprehensive view of the existent uncertainty can be
obtained:

Natural system
- climate impacts
- water quantity
- water quality
- ecosystem
- ...
Technical system
- infrastructure
- technologies
- innovations
- ...
Social system
- organizational
context
- stakeholders
- economical
aspects
- politic aspects
l l
t
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Unpredictability

Incomplete knowledge

Unpredictable behaviour
of the natural system
E.g. what will be the
highest water level next
year?

Incomplete knowledge
about the natural system
E.g.
erroneous/unreliable
measurements of water
levels?
Incomplete knowledge
about the technical
system
E.g. to what water level
will this dike resist?

Unpredictable behaviour
of the technical system.
E.g. what will be the side
effects of using newly
developed pesticides on
human health
Unpredictable behaviour
of the social system
E.g. how strong will the
reaction of stakeholders
be at the next flood?

Incomplete knowledge
about the social system
E.g. what are the
economical impacts of a
flood for the different
stakeholders?
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Multiple knowledge
frames
Multiple knowledge
frames about the natural
system. E.g. is the main
problem in this basin the
water quantity or
ecosystem status?
Multiple knowledge
frames about the
technical system. E.g.
should we raise dikes or
create flood plains?
Multiple knowledge
frames about the social
system. E.g. do we need
to impose insurance
against floods or adapt
the legal regulations
about spatial planning?
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2.3 When do uncertainties manifest?
Uncertainties can manifest themselves at different stages in the decision-making
process. This cyclic process starts with planning and continues into the
implementation of agreed measures, action plans and progress monitoring.
Active stakeholder involvement is the key to providing feedback on any stage in
the decision-making process and may result in adjustments and in parts of the
cycle being repeated. Key drivers in this process, such as climate change and
socio-economic developments, are inherently uncertain, as illustrated through
several examples in chapter 1. New management strategies (adaptation) must be
continuously formulated through learning from previously implemented
strategies. This goal can be achieved by iteratively comparing new adaptation
strategies with existing policies or practices under alternative scenarios. In what
follows, we consider an AWM decision-making cycle with the following stages
(stages in Figure 2.2 are indicated within parentheses):
1. Agenda setting (Establish status and goals [1]; Build commitment to reform [2])
2. Problem setting (Analyze gaps [3])
3. Direction setting (Prepare strategy-action plan [4]; Build commitment to action [5])
4. Implementation (Implement AWM framework in action plan [6])
5. Evaluation (Monitoring and evaluate progress [7])

Summary
In this chapter, we have seen how uncertainty guidelines documents can
assist in dealing with uncertainty in adaptive water management.
Uncertainty guidelines were described and linked to stages in the adaptive
water management cycle. Some of these have broad applicability, whereas
others are more specialized. Also, it is clear that uncertainty due to multiple
views on water management issues is very common, and deserves special
attention. This topic is elaborated further in the next chapter.
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Figure 2.2 The adaptive water management cycle in which interactions and
uncertainties are explicitly taken in account (adapted from Jønch-Clausen (2004)).
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Guidelines on method
for uncertainty
assessment

Provides UA
guidance on

Data uncertainty, e.g. Data

• Qualification and

Uncertainty Engine (DUE)

quantification of data
uncertainty from

http://harmonirib.geus.info/in
dex.shtml

monitoring and for use in

Expert elicitation, e.g.

• Elicit subjective

Stanford-SRI protocol

judgments from experts in

www.nusap.net/downloads/to
olcatalogue.pdf

data

NUSAP

• Expert judgement of
reliability and systematic
multi criteria evaluation
of knowledge base.

Stakeholder involvement:

Problem framing,

BBN/MERIT

contribution of local
knowledge, peer review

www.merit-eu.net

Below, uncertainties in the AWM decision-making process are identified and
briefly described for each stage (van der Keur et al., 2008).

(coloured boxes indicate at which
stages the guidelines are applicable)

Stage 1

7

1

3
6

and quality assurance

7

5

7

1

7

6

7

5

4

1

2

5

4

1

2

5

Multiple model simulation

•

Recent international developments

stakeholders. Therefore uncertainty at this point is related to multiple frames –
i.e. several equally valid views – and can be dealt with by involving different
stakeholders in a participatory process. Uncertainty in assessing water resources
is related to a) assessment of present and b) future situations. The present
situation is typically assessed by means of monitoring data and possibly
supplemented by the use of environmental models. The uncertainties here are

4

principally related to limited knowledge or data variability, and may be reduced

production and

by the introduction of more data and on occasions better models. In contrast, the

assessments of measures

assessment of future situations is far more difficult and uncertain, since it
demands extrapolation beyond the actual monitoring of data and present societal

• Probabilistic modelling
input to models

• Multiple model

7

1

2

conditions/ behaviour. Uncertainties here are associated with data and models,
and (very importantly) with assumptions about future pressures and other

3
6

5

external conditions, and are typically dealt with through scenario analysis.

4

Moreover, uncertainty is connected, secondly, to progress towards AWM

Stage 4

frameworks; and thirdly, to the effects of international developments. Progress

account of model
structure uncertainty

7

1

towards a management framework within which issues can be addressed and

2
3

6

50

Progress towards IWRM frameworks

respect to different, and often conflicting, interests held by various sectors and

simulation for taking
www.harmoni-ca.info

•

process of knowledge

by propagating uncertain
www.harmoni-ca.info

4

Water Resources Issues

identification of, water resources management issues. Uncertainties exist with

in policy making
Monte Carlo analysis

5

•

The starting point of the AWM decision-making process is the initial

3
6

2

2

3
6

1

3

4

3
6

Establish Status and Goals.

2

modelling

the case of few empirical

www.nusap.net

AWM steps

5

agreed, and overall goals achieved, must be monitored.

4
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Build Commitment to Reform.

Stage 2

7

1

2
3

6

5

4

•

Political will

•

Consciousness raising

•

Multi-stakeholder dialogue

.
Stage 2 is focused on building a commitment to decide on and implement the
reforms necessary to achieving the goals specified in the previous step.
Uncertainty exists with respect to how much political will can be mobilized, and
in which direction. The process of consciousness raising implies that
acceptance among political decision makers, water managers, stakeholders,
practitioners and the general public is needed for the water management process
to proceed. The main uncertainty here is whether a common understanding of
the need for reforms can in fact be established. A multi-stakeholder dialogue
needs to be conducted to decide on how the reform process should be performed

On occasions, it is already known what kind of uncertainty assessments have to
be made with regard to a specific task in water management. In such cases,
comprehensive guidelines on how to identify the kind of uncertainty dealt with
are not required, and the broadly ranging guidelines (meta guideliness)
presented in Table 4.1 can be skipped, as well as perhaps also the more specific
guidelines in Table 4.2. In general, in cases of unpredictability or incomplete
knowledge, strategies that allow for evaluating and quantifying the effects of
uncertainty – such as sensitivity, uncertainty and scenario analyses – become
important (Brugnach et al. 2007).
Sensitivity analysis is a general approach to understanding the behaviour of
simulation models that may be used to represent and analyse the dynamics of
the system under consideration. Sensitivity analysis implies studying the
relationship between information flowing in and out of the model (Saltelli et al.,
2004). The analysis aims at measuring the sensitivity of an output to variations
in input factors, such as parameters or input data. Uncertainty analysis
constitutes another commonly used approach of uncertainty evaluation. It
measures the uncertainty of models’ results. This class of analysis is concerned
with estimating the overall uncertainty of model output given the uncertainty
associated with parameters or input data. Scenario analysis is another approach
for understanding the effects of uncertainty. It aims at simulating different
possible scenarios, each of which embeds different assumptions about the
future.

and what the ultimate conclusions will be. Here again, uncertainty is related to
the different, often conflicting, interests among stakeholders.

Appropriate guidelines for performing such uncertainty assessments can be
found in Table 4.2 and 4.3, where specific tools are listed. For the resources of
methods listed in Table 4.3, reference is occasionally made to the metaguidelines in Table 2, in which a range of available tools are included.

Table 4.3 Examples of uncertainty guidelines arranged after methodology for use
in environmental sciences. Coloured boxes in third column indicate at which AWM
stages the guidelines are applicable.
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Table 4.2 More specific uncertainty guidelines applicable within environmental
sciences. Coloured boxes in third column indicate at which AWM stages the guidelines
are applicable.

Uncertainty Guideline

Provides guidance on

Guidelines for assessing

• Uncertainty on data and

data uncertainty in river

models in decision-making

basin management studies

process in support of WFD

(result of EU HarmoniRiB

implementation

Analyze Gaps.

Stage 3

AWM steps
7

1

2

7

3
6

5

4

1

2
3

6

5

4

•

WR management functions

•

Gaps to meet WR goals

•

Management potentials and constraints

project)
• Use of data management
http://harmonirib.geus.info/

model

index.shtml

uncertain data

Draft Guidelines on the

• Review of models used in

Development, Evaluation,

environmental assessments

for

achieved. The uncertainty in gap analysis is firstly related to water resources
management functions such as formulation of policies for international co7

1

2

operation on e.g. transboundary waters and water allocation. The sources of
3

and Application of
Regulatory Environmental

A gap analysis is carried out to identify how agreed-on goals can best be

handling

• Assess quality data used

6

5

4

(models of) the environmental system, and c) conceptual understanding (models

Models (EPA-CREM)

of) the socio-economic systems. Uncertainties related to the institutional

• Evaluate model
http://cfpub.epa.gov/crem/c

uncertainty that pertain here are a) multiple frames; b) conceptual understanding

frameworks predominantly emerge from multiple frames, while uncertainty

conceptual uncertainty;

related to water use efficiency standards possesses elements of both

rem_sab.cfm
• Perform sensitivity and

environmental system understanding and new technological developments.

uncertainty analyses.
A Comprehensive Strategy

• Uncertainties concerning

of Hydrogeologic

hydrogeologic data and

Modeling and Uncertainty

models

Secondly, another process at stage 3 involves gaps to meet water resources
7

1

2

goals: i.e. an assessment of the gaps that exist between agreed goals, the status
3

6

Analysis for Nuclear
Facilities and Sites (NRC-

• Scaling behaviour of

NUREG)

hydrogeologic variables.

5

4

http://www.nrc.gov/reading

based on the present situation and future pressures in terms of specific water
resources issues such as water allocation, water quality and ecological status.
Uncertainties here are primarily related to data and models associated with the
natural system. Thirdly, uncertainty related to management potentials and
constraints principally stems from the multiple frames among different actors at

-rm/doccollections/nuregs/contract/

different management levels, as well as ambiguities in water management,

cr6805/cr6805.pdf

which at the policy-making level can be dealt with by rendering multiple views
more transparent for all actors involved; e.g. by data improvement, models and
monitoring.
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uncertainty

• Identification of
methodologies for

Stage 4

7

Preparing a Strategy and Action Plan.
1

2
3

6

5

4

•

Enabling environment

•

Tools and guidelines

•

Monitoring system

•

River basin action plan

http://www.rff.org/rff/Docume
nts/RFF-RptRegulatoryChoices.pdf

incorporating uncertainty in
analysis

7

necessary measures with regard to the enabling environment, including changes
in legislation and changes in institutional frameworks and the establishment of

5

4

1

2

• Communicating
uncertainty to decision
makers
[4] Overview of existing

• Valuation studies in terms

guidelines and manuals for

of reliability and validity

Following the gaps analysis in stage 3, the Strategy and Action Plan describes
establishing an enabling environment, which implies the finalized design of

2
3

6

the economic

the road towards fulfilling agreed-on goals. The key elements are fourfold. First,

1

• Model and parameters
http://www.aquamoney.eco

uncertainty for economic

logic-

models

7

3
6

5

4

events.de/sites/download/a
quamoney-overviewguidelines.pdf

links to national and international policies. These tasks are primarily the
responsibility of the political system and central government. Hence,
uncertainties in this respect are mainly related to political systems. Secondly,
tools and guidelines, which include the preparation of plans for the development
of necessary new types of tools, as identified in stage 3, and the preparation of
guidelines for the various involved actors. Sources of uncertainty in this case
can often be reduced by making available further information and through
commissioning studies. Thirdly, the design of a monitoring programme to check
the extent to which the agreed goals will be met. This programme must be
tailored to monitor the efficiency of the specific measures included in a river
basin action plan (see below). Uncertainties here are related to analyses of
which parameters need to be monitored, and moreover with which spatial and
temporal frequency, in order to ensure the desired level of accuracy in the
monitoring programme. The uncertainty therefore mainly concerns our

Another type of uncertainty guidelines document focuses on specific topics for
which various guidelines supporting uncertainty assessments already exist. For
example, guidelines documents have previously been developed within the
groundwater or surface water domain, and such documents provide guidance in
applying an uncertainty assessment that is related to the collection of field data
or the use of hydrologic models in ground or surface water. This is very useful
if water managers need to know how uncertain a particular results model
simulation is, since policy making is often based on simulation results, and
adopted measures based on uninformed decisions may be very expensive in the
long run. In Europe, guidelines documents have been developed that support
uncertainty analysis for Regulatory Impact Assessments (RIA), within the
context of Water Framework Directive (WFD) implementation; e.g. with
respect to environmental data, models and economy. Similar documents provide
guidance for implementation of US environmental legislation – for instance, for
the US-EPA on applicability and uncertainty aspects of environmental models.
In Table 4.2 below, examples of such more specific uncertainty guidelines are
listed.

conceptual understanding of natural systems. Fourthly, preparation of a river
basin action plan with a programme of measures that can be implemented as a
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Table 4.1 Examples of uncertainty guidelines of generic character for use in water
management. Coloured boxes in third column indicate at which AWM stages the
guidelines are applicable.

Uncertainty Guideline

Provides guidance on

RIVM/MNP Guidance for

• Problem framing and
identification of interests,

and Communication

disputes, problem type and

(series)
www.nusap.net/downloads/
toolcatalogue.pdf

structure

and effects of a number of alternative options in order to arrive at a final plan.
Feedback from the stakeholder involvement (which forms part of stage 5) is

AWM steps

crucial at this point. Uncertainties here are related to: a) Effects of measures,
where uncertainties originate from natural systems (uncertainty on data and

context analysis:
Uncertainty Assessment

means of achieving the agreed goals. This stage includes an analysis of the costs

7

1

models for predicting effects in nature), technical systems (uncertainty

2
3

6

5

4

regarding new technical developments that may affect the efficiency of
individual measures), and social systems (behaviour of actors in response to
actor-related measures such as economic instruments); b) costs of measures,

• Communication of
uncertainty between

where uncertainty is related to the costs of implementing a measure that

stakeholders iv); Use of

originates from social systems (data); c) degrees of acceptance of measures are

methods for conducting

uncertain since it can not be known exactly how people will respond. This

uncertainty analysis, find

aspect of uncertainty can be reduced through the deployment of participatory

appropriate tools

processes.

• Review and evaluation of
uncertainty analysis
Uncertainty in the

• Framing of modelling

environmental modelling

process in WFD planning

process

process
7

www.harmoni-ca.info -

1

2

• Designing analysis of
measures using models

Building Commitment to Actions.

Stage 5

7

3
6

5

4

1

2
3

6

5

4

•

Political adoption

•

Stakeholder acceptance

•

Commit financing

• Implementation of

Stage 5 is performed in close interaction with Stage 4, and represents the

measures and use of models

participatory process of the main part of Stage 4. It contains, first, the political

for monitoring effects

adoption of legislative institutional changes that require central political

• Evaluation of effect of

acceptance. Uncertainty in this regard is therefore associated with the political

measures by means of

system; secondly, stakeholder acceptance of river basin action plan

modelling effort

implementation is crucial for successful implementation; c) commit financing,

Not a certain thing: making

• Typify uncertainty using

where financing is organized at national, regional or local governmental level

regulatory choices under

classification scheme

and/or from stakeholders.

46

Uncertainty in AWM: Concepts and Guidelines

Uncertainty in AWM: Concepts and Guidelines

27

Stage 6

7

Implementation of the AWM framework
1

2
3

6

5

4

•

AWM framework

•

AWM leadership

•

River basin action plan

Stage 6 is associated with the following uncertainties: first, implementation of
reforms that often imply considerable changes in established structures and
roles, as well as a shift in power between management institutions; secondly,

Uncertainty guidelines?
In the field of natural resources management, and also, to a lesser degree, in
social systems, quite a few uncertainty guidelines have been developed to
support a broad range of users in addressing uncertainty. Some of these are
useful in helping water management practitioners to deal with the
uncertainties identified in the previous chapter. In this chapter, we describe
a select number of recently developed uncertainty guidelines, indicating
where in the adaptive water management process they may provide
assistance.

AWM leadership, implementation of the AWM framework and specific
measures in the river basin action plan will require strong leadership, i.e. the
issue of whether the capacity of key decision makers, institutions and
stakeholders at all levels is sufficient to adapt to changing situations is vital; and

4.1 Uncertainty guidelines resources for Adaptive Water
Resources Management

thirdly, the level of implementation of a river basin action plan affecting many
stakeholders is related to the degree of acceptance of specific elements of the
plan by stakeholders and whether it can actually be implemented. Uncertainty in
this respect is therefore associated with a) the political system; b) stakeholder
acceptance of river basin action plan implementation – crucial for successful
implementation; c) commit financing: financing organized at national, regional
or local governmental level and/or at the level of stakeholders.
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For the implementation of AWM, policy makers and practitioners need
guidance in the process of understanding the concept of uncertainty in support
of interpreting the implications of uncertainty for policy making. Most
guidelines applicable within water resource management have focused mainly
on uncertainties that are related to environmental monitoring and modelling,
whereas the subject of uncertainty that is related to socio-economic factors has
received much less attention. Uncertainty guidelines may direct the user to
methods for qualifying or quantifying uncertainty in the modelling process, i.e.
to assess the quality of the data used and evaluate models with respect to the
degree to which they correspond to the system being modelled, and to perform
sensitivity and uncertainty analyses. This allows a model user and policy maker
to be better informed about the confidence that can be placed in model results.
In addition, they play an important role in the problem-framing process as well
as in communicating uncertainty to stakeholders. Guidelines documents on
uncertainty are often structured according to an uncertainty typology, and
several guidelines hitherto have followed such terminologies for directing users
towards specific tools or documents for dealing with classes of uncertainty.
Examples of uncertainty guidelines that address a broad range of applicability
are shown in Table 4.1.
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Monitor and Evaluate Progress (7)

Stage 7

7

1

2

•

AWM framework

•

River basin action plan

3
6

5

4

The monitoring of progress and evaluation of process inputs and outcomes are
necessary facets of information that may facilitate important adjustments to the
course of actions. In this respect, choosing proper descriptive indicators is
essential to the value of monitoring. The key processes and related uncertainties
are: first Monitoring of AWM framework, which involves monitoring progress
in terms of implementing an enabling environment, new tools, guidelines and
capacity development, as well as monitoring how well indicators are suited to
reflecting real-life situations; secondly, monitoring of river basin action plan,
which entails monitoring the state of water and environment as well as the
socio-economic costs and the benefits of the plans implemented. Uncertainties
here are related to a) the monitoring data themselves, and b) to their
interpretation in so far as this depends on conceptual understanding.

Summary
Uncertainties at various stages in adaptive water management have been
identified and described. At this point, it becomes important for water
management practitioners to know how these uncertainties can be addressed.
In other words, guidance on how to deal with uncertainty in specific
situations is required, and examples are presented in the following chapter.
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Summary
In this chapter our goal was to raise awareness of some of the possibilities
available for taking uncertainty into account in adaptive water
management. Having these strategies in mind, it is then the responsibility
of the decision makers to determine the most appropriate mode of action.
In Chapter 4, we explore how recently developed uncertainty guidelines
address the issue of uncertainty in environmental resource management at
various stages in AWM. Two of the most common responses for handling
uncertainty in decision making are information gathering and the use of
expert knowledge. However, the ambiguity introduced in participatory
processes requires a different approach. As suggested by AWM, learning
how to deal with these differences becomes essential for finding solutions
that can adapt to changing conditions. To address this issue, Chapters 5
and 6 focus on strategies of learning and negotiation, and regulatory
instruments respectively.
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backgrounds. Relevant strategies for coping with this type of uncertain situation
are (see Chapter 5 for details in this topic):
•

Cognitive problem solving

•

Persuasive communication

•

Dialogical learning

•

Making present/Co-presencing

•

Negotiation approach

•

Oppositional modes of action

AWM approach to deal with uncertainty
The adaptive management general approach for dealing with uncertainty is
to create a capacity, through learning and adaptation, for responding flexibly
and effectively to changing and unknown conditions. In the present chapter,
we explore this proposal, and also look at possible ways of handling
uncertainty.

3.2 How can these strategies be applied?
As suggested by the above strategies, handling uncertainties in adaptive
management can imply engaging in very distinctive and diverse activities.
These activities can range from the elimination or quantification of uncertainty
to redefined problems and negotiating their solution. This different to more
traditional managing approaches, where the emphasis is place on eliminating or
reducing uncertainty so that the system can be better controlled. In contrast,
AWM builds on the assumption that improving factual information may not be
always possible since problems are complex, urgent, unpredictable, and in most
cases more than one interpretation is possible. As a consequence, AWM
emphasizes the importance of learning how to live with uncertainty, and how to
create solutions that can adapt to quickly changing conditions.
In any situation many different sources and types of uncertainty will be present
simultaneously. As such, more than one solution or combination of solutions
may be available. Which strategic path is most appropriate for a particular
situation can only be determined by the decision maker. While the decision
maker might favour one strategy over the other, changing the focus of the
problem and approaching the situation with qualitatively different strategies is
another available option. For example, changing the focus from incomplete
knowledge to multiple knowledge frames implies learning how to look at a
situation from different perspectives, accepting that each perspective can only
give a partial view on the problem. From a strategic point of view, this way of
understanding uncertainty opens up new possibilities for solutions. Dealing with
uncertainty is thus not only focused on factual information, but also allows for
the reframing of a problem, and, in the process, for going beyond current
definitions to think in terms of new visualizations of the problem.
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AWM is conceived as a systematic process for continually improving
management policies and practices by learning from the outcomes of
implemented management strategies. In this process, it is recognized that:
i) Humans are an integral part of the system to be managed. They have
the dual role of making decisions about a system of which they are
part.
ii)The system to be managed is subject to change due to environmental
and socio-economic developments.
iii) Ambiguity may arise when defining operational targets for the
different management goals to be achieved.
iv) Conflicts of interests may be inevitable and will require
participatory goal setting to create inclusive and adaptive solutions.
v)Accurate representations of the human-technology-environment
systems to be managed are not feasible.
vi) Reduction or total elimination of uncertainty may not be
possible. Learning how to live with uncertainty is unavoidable.
Knowledge gaps can be reduced by insights gained during
implementation.
A fundamental aspect of AWM, along analogous lines to integrated water
resource management, is the involvement of multiple actors, each with their
own interests and management approaches, many of whom have responsibility
for specific issues. With their respective interests often being in conflict or
mutually incompatible, management approaches can become polarized and
fragmented. Involving even a small diversity of stakeholders can create
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complexities that quickly become obstacles to the development of a
satisfactorily integrated plan in the absence of a strategy that is capable of
incorporating a range of perspectives and iterations. A major concern is that
with increased uncertainty and increased demands from different sectors and
water users, planning becomes even more complex.
Box 3.1 In NeWater, AWM has been defined as a means of improving
management via a systematic approach; accommodating change through a
learning process; taking into account the outcomes of measures that have
been implemented. Intended to be an iterative process that involves the
moto ‘learning to manage by managing to learn’, AWM refers to the
implementation of policies and management activities as steps towards
filling critical knowledge gaps and labels a process that entails problem
assessment, design, implementation, monitoring, evaluation and feedback.
Through this approach, integrated water resource management can be made
more resilient, more equitable and more effective (The reader can refer to
the Newater webpage for further information http://www.newater.uos.de
/index.php?pid=1045)

•

To use expert opinions

•

To improve the communication between scientist and decision makers

Used in combination these strategies can serve to identify where more research
or better data is needed, to make more accessible already existing information,
or devise new or more efficient monitoring plans. When evaluating the
feasibility of these strategies, it is important to consider the cost, time and
urgency of the strategies as well as the fact that completing knowledge does not
always yield the desired results – new uncertainties may be uncovered.
The present guidelines do not address this topic directly, since it has already
been the subject of a great deal of research and developments. For more
information on how to work on improving knowledge the reader can refer to the
existing guidelines presented in Chapter 4.

3.1.3 Strategies to support: Learning to deal with differences

AWM’s general approach to uncertainty is to create solutions that are flexible
and easy to adapt to changing conditions and unexpected developments. To
respond to emerging circumstances over time, AWM claims that it is necessary
to build and sustain a capacity for collective action. From a practical viewpoint,
this implies that decision makers not only have to learn how to deal with
deficiencies in knowledge with regard to past, present and future states of the
system to be managed, but also with the conflicting views and ambiguities in
understanding that may result from including a diversity of stakeholders in the
decision-making process.
In order to capture both the technical and social aspects of water problems,
AWM suggests that technical or scientific-based solutions are complemented by
more innovative ones, based on deliberation and empowerment, which can open
a space for dialogue and transformation. To this end, AWM considers
participatory processes such as social learning or negotiations to be important
tools
in
adaptation.
Social
learning
(HarmoniCOP,
http://www.harmonicop.uos.de/) refers to the dialogue process necessary in
developing a mutual understanding of a problem and its solution. This implies
that people learn how to deal with differences in a constructive way by learning
about others’ points of view and being prepared to change their own. AWM
contends that this process of learning is essential for the implementation of
changes leading towards practices that are capable of adapting to changes and
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Figure 3.3 Coping with uncertainties by learning how to deal with frame differences

Learning how to deal with difference is essential for coping with multiple and
sometimes incompatible perspectives about a problem, and ultimately for how
to deal with the problem as a whole. The sources of these differences are
myriad, including, for example, the existence of different scientific
backgrounds, differences between context-specific experiential knowledge and
general expert knowledge, and different societal positions or ideological
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•

Not to plan for strategies but to improvise them, developing and
implementing them in the timeframe of unfolding events.

The present guidelines do not address this topic directly, since it has already
been subject to a great deal of research and developments. For more information
on how to accept “not knowing”, the reader can refer to the existing guidelines
presented in Chapter 4.

3.1.2 Strategies to support: Work on improving knowledge

Figure 3.2 Coping with uncertainties by working on improving knowledge

In cases where the situation involves lack of knowledge, uncertainty could be
reduced or even eliminated by carrying out more research, collecting more or
better data, or assessing how lack of knowledge can affect the description or
understanding of a situation.

uncertain conditions. (For more information about AWM, the reader can refer to
the guidebook or training material).

3.1 How can a decision maker determine what is an appropriate
strategy for coping with uncertainty?
Dealing with water management issues implies having to cope simultaneously
with multiple sources and types of uncertainty. As explained in the previous
chapter, many aspects of the water system can be uncertain. Additionally, these
uncertainties can be of different types. For example, following the typology
used in NeWater, the natural, technical and social system may be associated
with factors that are unpredictable or subject to incomplete or ambiguous
knowledge. Thus, in almost all problem situations, the decision maker is the one
who, depending on his or her own interest and possibilities, will determine the
focus of analysis and its solution. For instance, for one decision maker the
technical aspect of the problem might be the most relevant, while for another
the social conflicts generated by deficit in water might represent the focal point,
opening different possibilities for acting and handling decisions.
In order to determine how best to act under conditions of uncertainty, it has
been suggested that in addition to knowing what is uncertain (e.g. water
availability, water quality, etc.), it is necessary to identify what type of
uncertainty is present. Since the type of uncertainty constitutes an important
determinant for those strategies that can be applied in different situations (the
reader can refer to Box 3.2 to learn how this issue was handled in NeWater).
For example, an unpredictable situation requires a different course of action
from one that is characterized by misinformation due to poor-quality data. In the
first instance, the decision maker should accept that he or she can know no
more, while in the second case collecting better data can improve the
interpretation of the problem.

Relevant strategies can be summarized as follow:
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•

To estimate uncertainty ranges (e.g., confidence intervals)

•

To collect more data or to carry out scientific research to improve
factual knowledge.

•

To use simulation models to determine the effects of imperfect
knowledge

•

To propagate uncertainty in models
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3.1.1 Strategies for support: Accepting not knowing (better)
Box 3.2 In Newater, strategies for dealing with uncertainty have been
grouped into three main categories, based on their usefulness to cope
with unpredictability, incomplete knowledge, or with multiple
knowledge frames. The underlying rationale is that the type of
uncertainty to a great extent determines the strategies needed. For
example, at a general level it can be stated that coping with
unpredictability requires “accepting not knowing”; dealing with
incomplete knowledge requires “improving factual knowledge” and
coping with multiple frames requires “learning how to deal with
differences”.

Figure 3.1 Coping with uncertainties by accepting not knowing

When faced with a (partially) unpredictable and (partially) uncontrollable
phenomenon that has potential negative effects, there are several relevant
strategies. These can be summarized as:

In what follows, we explore in more detail some of the supporting strategies that
may be used to cope with unpredictability, incomplete knowledge or multiple
knowledge frames. While the list of strategies presented is not intended to be
exhaustive, nor by the same token to restrict the use of strategies to only one
type of uncertainty, it provides a clear view of the diversity of strategies than
can be applied under different circumstances.
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•

To develop robust solutions that are suitable under different possible
future scenarios.

•

To diversify the measures and solutions applied, making sure that at
least one measure is effective under each of the possible scenarios, even
when some of the measures could fail (e.g., using dykes and
floodplains).

•

To deal with the consequences of the unpredictable phenomenon,
instead of with the phenomena itself – damage control – (e.g., physical
or financial damage control in the event of a flood).

•

To use several strategies in combination as a means of better controlling
the negative effects of the consequences (e.g., combining robust
solutions with damage control).

•

To consider temporary adaptation strategies applicable within the
timeframe of an unfolding event (e.g., a storm surge barrier that is
closed only under extreme weather conditions).
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•

To develop robust solutions that are suitable under different possible
future scenarios.

•

To diversify the measures and solutions applied, making sure that at
least one measure is effective under each of the possible scenarios, even
when some of the measures could fail (e.g., using dykes and
floodplains).

•

To deal with the consequences of the unpredictable phenomenon,
instead of with the phenomena itself – damage control – (e.g., physical
or financial damage control in the event of a flood).

•

To use several strategies in combination as a means of better controlling
the negative effects of the consequences (e.g., combining robust
solutions with damage control).

•

To consider temporary adaptation strategies applicable within the
timeframe of an unfolding event (e.g., a storm surge barrier that is
closed only under extreme weather conditions).
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•

Not to plan for strategies but to improvise them, developing and
implementing them in the timeframe of unfolding events.

The present guidelines do not address this topic directly, since it has already
been subject to a great deal of research and developments. For more information
on how to accept “not knowing”, the reader can refer to the existing guidelines
presented in Chapter 4.

3.1.2 Strategies to support: Work on improving knowledge

Figure 3.2 Coping with uncertainties by working on improving knowledge

In cases where the situation involves lack of knowledge, uncertainty could be
reduced or even eliminated by carrying out more research, collecting more or
better data, or assessing how lack of knowledge can affect the description or
understanding of a situation.

uncertain conditions. (For more information about AWM, the reader can refer to
the guidebook or training material).

3.1 How can a decision maker determine what is an appropriate
strategy for coping with uncertainty?
Dealing with water management issues implies having to cope simultaneously
with multiple sources and types of uncertainty. As explained in the previous
chapter, many aspects of the water system can be uncertain. Additionally, these
uncertainties can be of different types. For example, following the typology
used in NeWater, the natural, technical and social system may be associated
with factors that are unpredictable or subject to incomplete or ambiguous
knowledge. Thus, in almost all problem situations, the decision maker is the one
who, depending on his or her own interest and possibilities, will determine the
focus of analysis and its solution. For instance, for one decision maker the
technical aspect of the problem might be the most relevant, while for another
the social conflicts generated by deficit in water might represent the focal point,
opening different possibilities for acting and handling decisions.
In order to determine how best to act under conditions of uncertainty, it has
been suggested that in addition to knowing what is uncertain (e.g. water
availability, water quality, etc.), it is necessary to identify what type of
uncertainty is present. Since the type of uncertainty constitutes an important
determinant for those strategies that can be applied in different situations (the
reader can refer to Box 3.2 to learn how this issue was handled in NeWater).
For example, an unpredictable situation requires a different course of action
from one that is characterized by misinformation due to poor-quality data. In the
first instance, the decision maker should accept that he or she can know no
more, while in the second case collecting better data can improve the
interpretation of the problem.

Relevant strategies can be summarized as follow:
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•

To estimate uncertainty ranges (e.g., confidence intervals)

•

To collect more data or to carry out scientific research to improve
factual knowledge.

•

To use simulation models to determine the effects of imperfect
knowledge

•

To propagate uncertainty in models
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complexities that quickly become obstacles to the development of a
satisfactorily integrated plan in the absence of a strategy that is capable of
incorporating a range of perspectives and iterations. A major concern is that
with increased uncertainty and increased demands from different sectors and
water users, planning becomes even more complex.
Box 3.1 In NeWater, AWM has been defined as a means of improving
management via a systematic approach; accommodating change through a
learning process; taking into account the outcomes of measures that have
been implemented. Intended to be an iterative process that involves the
moto ‘learning to manage by managing to learn’, AWM refers to the
implementation of policies and management activities as steps towards
filling critical knowledge gaps and labels a process that entails problem
assessment, design, implementation, monitoring, evaluation and feedback.
Through this approach, integrated water resource management can be made
more resilient, more equitable and more effective (The reader can refer to
the Newater webpage for further information http://www.newater.uos.de
/index.php?pid=1045)

•

To use expert opinions

•

To improve the communication between scientist and decision makers

Used in combination these strategies can serve to identify where more research
or better data is needed, to make more accessible already existing information,
or devise new or more efficient monitoring plans. When evaluating the
feasibility of these strategies, it is important to consider the cost, time and
urgency of the strategies as well as the fact that completing knowledge does not
always yield the desired results – new uncertainties may be uncovered.
The present guidelines do not address this topic directly, since it has already
been the subject of a great deal of research and developments. For more
information on how to work on improving knowledge the reader can refer to the
existing guidelines presented in Chapter 4.

3.1.3 Strategies to support: Learning to deal with differences

AWM’s general approach to uncertainty is to create solutions that are flexible
and easy to adapt to changing conditions and unexpected developments. To
respond to emerging circumstances over time, AWM claims that it is necessary
to build and sustain a capacity for collective action. From a practical viewpoint,
this implies that decision makers not only have to learn how to deal with
deficiencies in knowledge with regard to past, present and future states of the
system to be managed, but also with the conflicting views and ambiguities in
understanding that may result from including a diversity of stakeholders in the
decision-making process.
In order to capture both the technical and social aspects of water problems,
AWM suggests that technical or scientific-based solutions are complemented by
more innovative ones, based on deliberation and empowerment, which can open
a space for dialogue and transformation. To this end, AWM considers
participatory processes such as social learning or negotiations to be important
tools
in
adaptation.
Social
learning
(HarmoniCOP,
http://www.harmonicop.uos.de/) refers to the dialogue process necessary in
developing a mutual understanding of a problem and its solution. This implies
that people learn how to deal with differences in a constructive way by learning
about others’ points of view and being prepared to change their own. AWM
contends that this process of learning is essential for the implementation of
changes leading towards practices that are capable of adapting to changes and
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Figure 3.3 Coping with uncertainties by learning how to deal with frame differences

Learning how to deal with difference is essential for coping with multiple and
sometimes incompatible perspectives about a problem, and ultimately for how
to deal with the problem as a whole. The sources of these differences are
myriad, including, for example, the existence of different scientific
backgrounds, differences between context-specific experiential knowledge and
general expert knowledge, and different societal positions or ideological
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backgrounds. Relevant strategies for coping with this type of uncertain situation
are (see Chapter 5 for details in this topic):
•

Cognitive problem solving

•

Persuasive communication

•

Dialogical learning

•

Making present/Co-presencing

•

Negotiation approach

•

Oppositional modes of action

AWM approach to deal with uncertainty
The adaptive management general approach for dealing with uncertainty is
to create a capacity, through learning and adaptation, for responding flexibly
and effectively to changing and unknown conditions. In the present chapter,
we explore this proposal, and also look at possible ways of handling
uncertainty.

3.2 How can these strategies be applied?
As suggested by the above strategies, handling uncertainties in adaptive
management can imply engaging in very distinctive and diverse activities.
These activities can range from the elimination or quantification of uncertainty
to redefined problems and negotiating their solution. This different to more
traditional managing approaches, where the emphasis is place on eliminating or
reducing uncertainty so that the system can be better controlled. In contrast,
AWM builds on the assumption that improving factual information may not be
always possible since problems are complex, urgent, unpredictable, and in most
cases more than one interpretation is possible. As a consequence, AWM
emphasizes the importance of learning how to live with uncertainty, and how to
create solutions that can adapt to quickly changing conditions.
In any situation many different sources and types of uncertainty will be present
simultaneously. As such, more than one solution or combination of solutions
may be available. Which strategic path is most appropriate for a particular
situation can only be determined by the decision maker. While the decision
maker might favour one strategy over the other, changing the focus of the
problem and approaching the situation with qualitatively different strategies is
another available option. For example, changing the focus from incomplete
knowledge to multiple knowledge frames implies learning how to look at a
situation from different perspectives, accepting that each perspective can only
give a partial view on the problem. From a strategic point of view, this way of
understanding uncertainty opens up new possibilities for solutions. Dealing with
uncertainty is thus not only focused on factual information, but also allows for
the reframing of a problem, and, in the process, for going beyond current
definitions to think in terms of new visualizations of the problem.
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AWM is conceived as a systematic process for continually improving
management policies and practices by learning from the outcomes of
implemented management strategies. In this process, it is recognized that:
i) Humans are an integral part of the system to be managed. They have
the dual role of making decisions about a system of which they are
part.
ii)The system to be managed is subject to change due to environmental
and socio-economic developments.
iii) Ambiguity may arise when defining operational targets for the
different management goals to be achieved.
iv) Conflicts of interests may be inevitable and will require
participatory goal setting to create inclusive and adaptive solutions.
v)Accurate representations of the human-technology-environment
systems to be managed are not feasible.
vi) Reduction or total elimination of uncertainty may not be
possible. Learning how to live with uncertainty is unavoidable.
Knowledge gaps can be reduced by insights gained during
implementation.
A fundamental aspect of AWM, along analogous lines to integrated water
resource management, is the involvement of multiple actors, each with their
own interests and management approaches, many of whom have responsibility
for specific issues. With their respective interests often being in conflict or
mutually incompatible, management approaches can become polarized and
fragmented. Involving even a small diversity of stakeholders can create
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3.3 Vulnerability assessments
Contribution from: Sukaina Bharwani and Richard Taylor

In real-life practice, the type and timing of solutions also depend to a large
extent on how vulnerable the system is, and on the nature of its coping capacity
for adaptation. Vulnerability is a measure of the level of exposure to different
types of hazards. Identifying current and emerging vulnerabilities can help in
anticipating “tipping points” in human behaviour, as well as in better
understanding the nature (timings and intensities) of major state changes in
livelihoods, resources and social characteristics.
Studies of vulnerability have much to contribute to the reduction of uncertainty
in projections of future water users’ behaviour, as well as in water management
decision making. Whereas for particularly vulnerable populations there might
be few options available (migration, or doing nothing and accepting a lower
quality of life), it can also be expected that different groups will adapt in
significantly different ways.
Vulnerability information can reduce uncertainty in this area, both in terms of
identifying popular responses, and in terms of screening decisions at the
sectoral/subnational planning level. A vulnerability assessment, for example,
can be carried out by planners to help to identify which interventions should be
prioritized. In addition, vulnerability studies (which take into account impacts)
can also be deployed to establish restrictions on certain activities (eg. excessive
groundwater pumping for irrigation).

Uncertainty in AWM: Concepts and Guidelines

41

Summary
In this chapter our goal was to raise awareness of some of the possibilities
available for taking uncertainty into account in adaptive water
management. Having these strategies in mind, it is then the responsibility
of the decision makers to determine the most appropriate mode of action.
In Chapter 4, we explore how recently developed uncertainty guidelines
address the issue of uncertainty in environmental resource management at
various stages in AWM. Two of the most common responses for handling
uncertainty in decision making are information gathering and the use of
expert knowledge. However, the ambiguity introduced in participatory
processes requires a different approach. As suggested by AWM, learning
how to deal with these differences becomes essential for finding solutions
that can adapt to changing conditions. To address this issue, Chapters 5
and 6 focus on strategies of learning and negotiation, and regulatory
instruments respectively.
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Uncertainty
guidelines
resources for use
in AWM

Stage 6

7

Implementation of the AWM framework
1

2
3

6

5

4

•

AWM framework

•

AWM leadership

•

River basin action plan

Stage 6 is associated with the following uncertainties: first, implementation of
reforms that often imply considerable changes in established structures and
roles, as well as a shift in power between management institutions; secondly,

Uncertainty guidelines?
In the field of natural resources management, and also, to a lesser degree, in
social systems, quite a few uncertainty guidelines have been developed to
support a broad range of users in addressing uncertainty. Some of these are
useful in helping water management practitioners to deal with the
uncertainties identified in the previous chapter. In this chapter, we describe
a select number of recently developed uncertainty guidelines, indicating
where in the adaptive water management process they may provide
assistance.

AWM leadership, implementation of the AWM framework and specific
measures in the river basin action plan will require strong leadership, i.e. the
issue of whether the capacity of key decision makers, institutions and
stakeholders at all levels is sufficient to adapt to changing situations is vital; and

4.1 Uncertainty guidelines resources for Adaptive Water
Resources Management

thirdly, the level of implementation of a river basin action plan affecting many
stakeholders is related to the degree of acceptance of specific elements of the
plan by stakeholders and whether it can actually be implemented. Uncertainty in
this respect is therefore associated with a) the political system; b) stakeholder
acceptance of river basin action plan implementation – crucial for successful
implementation; c) commit financing: financing organized at national, regional
or local governmental level and/or at the level of stakeholders.
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For the implementation of AWM, policy makers and practitioners need
guidance in the process of understanding the concept of uncertainty in support
of interpreting the implications of uncertainty for policy making. Most
guidelines applicable within water resource management have focused mainly
on uncertainties that are related to environmental monitoring and modelling,
whereas the subject of uncertainty that is related to socio-economic factors has
received much less attention. Uncertainty guidelines may direct the user to
methods for qualifying or quantifying uncertainty in the modelling process, i.e.
to assess the quality of the data used and evaluate models with respect to the
degree to which they correspond to the system being modelled, and to perform
sensitivity and uncertainty analyses. This allows a model user and policy maker
to be better informed about the confidence that can be placed in model results.
In addition, they play an important role in the problem-framing process as well
as in communicating uncertainty to stakeholders. Guidelines documents on
uncertainty are often structured according to an uncertainty typology, and
several guidelines hitherto have followed such terminologies for directing users
towards specific tools or documents for dealing with classes of uncertainty.
Examples of uncertainty guidelines that address a broad range of applicability
are shown in Table 4.1.
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Table 4.1 Examples of uncertainty guidelines of generic character for use in water
management. Coloured boxes in third column indicate at which AWM stages the
guidelines are applicable.

Uncertainty Guideline

Provides guidance on

RIVM/MNP Guidance for

• Problem framing and
identification of interests,

and Communication

disputes, problem type and

(series)
www.nusap.net/downloads/
toolcatalogue.pdf

structure

and effects of a number of alternative options in order to arrive at a final plan.
Feedback from the stakeholder involvement (which forms part of stage 5) is

AWM steps

crucial at this point. Uncertainties here are related to: a) Effects of measures,
where uncertainties originate from natural systems (uncertainty on data and

context analysis:
Uncertainty Assessment

means of achieving the agreed goals. This stage includes an analysis of the costs

7

1

models for predicting effects in nature), technical systems (uncertainty

2
3

6

5

4

regarding new technical developments that may affect the efficiency of
individual measures), and social systems (behaviour of actors in response to
actor-related measures such as economic instruments); b) costs of measures,

• Communication of
uncertainty between

where uncertainty is related to the costs of implementing a measure that

stakeholders iv); Use of

originates from social systems (data); c) degrees of acceptance of measures are

methods for conducting

uncertain since it can not be known exactly how people will respond. This

uncertainty analysis, find

aspect of uncertainty can be reduced through the deployment of participatory

appropriate tools

processes.

• Review and evaluation of
uncertainty analysis
Uncertainty in the

• Framing of modelling

environmental modelling

process in WFD planning

process

process
7

www.harmoni-ca.info -

1

2

• Designing analysis of
measures using models

Building Commitment to Actions.

Stage 5

7

3
6

5

4

1

2
3

6

5

4

•

Political adoption

•

Stakeholder acceptance

•

Commit financing

• Implementation of

Stage 5 is performed in close interaction with Stage 4, and represents the

measures and use of models

participatory process of the main part of Stage 4. It contains, first, the political

for monitoring effects

adoption of legislative institutional changes that require central political

• Evaluation of effect of

acceptance. Uncertainty in this regard is therefore associated with the political

measures by means of

system; secondly, stakeholder acceptance of river basin action plan

modelling effort

implementation is crucial for successful implementation; c) commit financing,

Not a certain thing: making

• Typify uncertainty using

where financing is organized at national, regional or local governmental level

regulatory choices under

classification scheme

and/or from stakeholders.
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uncertainty

• Identification of
methodologies for

Stage 4

7

Preparing a Strategy and Action Plan.
1

2
3

6

5

4

•

Enabling environment

•

Tools and guidelines

•

Monitoring system

•

River basin action plan

http://www.rff.org/rff/Docume
nts/RFF-RptRegulatoryChoices.pdf

incorporating uncertainty in
analysis

7

necessary measures with regard to the enabling environment, including changes
in legislation and changes in institutional frameworks and the establishment of

5

4

1

2

• Communicating
uncertainty to decision
makers
[4] Overview of existing

• Valuation studies in terms

guidelines and manuals for

of reliability and validity

Following the gaps analysis in stage 3, the Strategy and Action Plan describes
establishing an enabling environment, which implies the finalized design of

2
3

6

the economic

the road towards fulfilling agreed-on goals. The key elements are fourfold. First,

1

• Model and parameters
http://www.aquamoney.eco

uncertainty for economic

logic-

models

7

3
6

5

4

events.de/sites/download/a
quamoney-overviewguidelines.pdf

links to national and international policies. These tasks are primarily the
responsibility of the political system and central government. Hence,
uncertainties in this respect are mainly related to political systems. Secondly,
tools and guidelines, which include the preparation of plans for the development
of necessary new types of tools, as identified in stage 3, and the preparation of
guidelines for the various involved actors. Sources of uncertainty in this case
can often be reduced by making available further information and through
commissioning studies. Thirdly, the design of a monitoring programme to check
the extent to which the agreed goals will be met. This programme must be
tailored to monitor the efficiency of the specific measures included in a river
basin action plan (see below). Uncertainties here are related to analyses of
which parameters need to be monitored, and moreover with which spatial and
temporal frequency, in order to ensure the desired level of accuracy in the
monitoring programme. The uncertainty therefore mainly concerns our

Another type of uncertainty guidelines document focuses on specific topics for
which various guidelines supporting uncertainty assessments already exist. For
example, guidelines documents have previously been developed within the
groundwater or surface water domain, and such documents provide guidance in
applying an uncertainty assessment that is related to the collection of field data
or the use of hydrologic models in ground or surface water. This is very useful
if water managers need to know how uncertain a particular results model
simulation is, since policy making is often based on simulation results, and
adopted measures based on uninformed decisions may be very expensive in the
long run. In Europe, guidelines documents have been developed that support
uncertainty analysis for Regulatory Impact Assessments (RIA), within the
context of Water Framework Directive (WFD) implementation; e.g. with
respect to environmental data, models and economy. Similar documents provide
guidance for implementation of US environmental legislation – for instance, for
the US-EPA on applicability and uncertainty aspects of environmental models.
In Table 4.2 below, examples of such more specific uncertainty guidelines are
listed.

conceptual understanding of natural systems. Fourthly, preparation of a river
basin action plan with a programme of measures that can be implemented as a
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Table 4.2 More specific uncertainty guidelines applicable within environmental
sciences. Coloured boxes in third column indicate at which AWM stages the guidelines
are applicable.

Uncertainty Guideline

Provides guidance on

Guidelines for assessing

• Uncertainty on data and

data uncertainty in river

models in decision-making

basin management studies

process in support of WFD

(result of EU HarmoniRiB

implementation

Analyze Gaps.

Stage 3

AWM steps
7

1

2

7

3
6

5

4

1

2
3

6

5

4

•

WR management functions

•

Gaps to meet WR goals

•

Management potentials and constraints

project)
• Use of data management
http://harmonirib.geus.info/

model

index.shtml

uncertain data

Draft Guidelines on the

• Review of models used in

Development, Evaluation,

environmental assessments

for

achieved. The uncertainty in gap analysis is firstly related to water resources
management functions such as formulation of policies for international co7

1

2

operation on e.g. transboundary waters and water allocation. The sources of
3

and Application of
Regulatory Environmental

A gap analysis is carried out to identify how agreed-on goals can best be

handling

• Assess quality data used

6

5

4

(models of) the environmental system, and c) conceptual understanding (models

Models (EPA-CREM)

of) the socio-economic systems. Uncertainties related to the institutional

• Evaluate model
http://cfpub.epa.gov/crem/c

uncertainty that pertain here are a) multiple frames; b) conceptual understanding

frameworks predominantly emerge from multiple frames, while uncertainty

conceptual uncertainty;

related to water use efficiency standards possesses elements of both

rem_sab.cfm
• Perform sensitivity and

environmental system understanding and new technological developments.

uncertainty analyses.
A Comprehensive Strategy

• Uncertainties concerning

of Hydrogeologic

hydrogeologic data and

Modeling and Uncertainty

models

Secondly, another process at stage 3 involves gaps to meet water resources
7

1

2

goals: i.e. an assessment of the gaps that exist between agreed goals, the status
3

6

Analysis for Nuclear
Facilities and Sites (NRC-

• Scaling behaviour of

NUREG)

hydrogeologic variables.

5

4

http://www.nrc.gov/reading

based on the present situation and future pressures in terms of specific water
resources issues such as water allocation, water quality and ecological status.
Uncertainties here are primarily related to data and models associated with the
natural system. Thirdly, uncertainty related to management potentials and
constraints principally stems from the multiple frames among different actors at

-rm/doccollections/nuregs/contract/

different management levels, as well as ambiguities in water management,

cr6805/cr6805.pdf

which at the policy-making level can be dealt with by rendering multiple views
more transparent for all actors involved; e.g. by data improvement, models and
monitoring.
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Build Commitment to Reform.

Stage 2

7

1

2
3

6

5

4

•

Political will

•

Consciousness raising

•

Multi-stakeholder dialogue

.
Stage 2 is focused on building a commitment to decide on and implement the
reforms necessary to achieving the goals specified in the previous step.
Uncertainty exists with respect to how much political will can be mobilized, and
in which direction. The process of consciousness raising implies that
acceptance among political decision makers, water managers, stakeholders,
practitioners and the general public is needed for the water management process
to proceed. The main uncertainty here is whether a common understanding of
the need for reforms can in fact be established. A multi-stakeholder dialogue
needs to be conducted to decide on how the reform process should be performed

On occasions, it is already known what kind of uncertainty assessments have to
be made with regard to a specific task in water management. In such cases,
comprehensive guidelines on how to identify the kind of uncertainty dealt with
are not required, and the broadly ranging guidelines (meta guideliness)
presented in Table 4.1 can be skipped, as well as perhaps also the more specific
guidelines in Table 4.2. In general, in cases of unpredictability or incomplete
knowledge, strategies that allow for evaluating and quantifying the effects of
uncertainty – such as sensitivity, uncertainty and scenario analyses – become
important (Brugnach et al. 2007).
Sensitivity analysis is a general approach to understanding the behaviour of
simulation models that may be used to represent and analyse the dynamics of
the system under consideration. Sensitivity analysis implies studying the
relationship between information flowing in and out of the model (Saltelli et al.,
2004). The analysis aims at measuring the sensitivity of an output to variations
in input factors, such as parameters or input data. Uncertainty analysis
constitutes another commonly used approach of uncertainty evaluation. It
measures the uncertainty of models’ results. This class of analysis is concerned
with estimating the overall uncertainty of model output given the uncertainty
associated with parameters or input data. Scenario analysis is another approach
for understanding the effects of uncertainty. It aims at simulating different
possible scenarios, each of which embeds different assumptions about the
future.

and what the ultimate conclusions will be. Here again, uncertainty is related to
the different, often conflicting, interests among stakeholders.

Appropriate guidelines for performing such uncertainty assessments can be
found in Table 4.2 and 4.3, where specific tools are listed. For the resources of
methods listed in Table 4.3, reference is occasionally made to the metaguidelines in Table 2, in which a range of available tools are included.

Table 4.3 Examples of uncertainty guidelines arranged after methodology for use
in environmental sciences. Coloured boxes in third column indicate at which AWM
stages the guidelines are applicable.
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Guidelines on method
for uncertainty
assessment

Provides UA
guidance on

Data uncertainty, e.g. Data

• Qualification and

Uncertainty Engine (DUE)

quantification of data
uncertainty from

http://harmonirib.geus.info/in
dex.shtml

monitoring and for use in

Expert elicitation, e.g.

• Elicit subjective

Stanford-SRI protocol

judgments from experts in

www.nusap.net/downloads/to
olcatalogue.pdf

data

NUSAP

• Expert judgement of
reliability and systematic
multi criteria evaluation
of knowledge base.

Stakeholder involvement:

Problem framing,

BBN/MERIT

contribution of local
knowledge, peer review

www.merit-eu.net

Below, uncertainties in the AWM decision-making process are identified and
briefly described for each stage (van der Keur et al., 2008).

(coloured boxes indicate at which
stages the guidelines are applicable)

Stage 1

7

1

3
6

and quality assurance

7

5

7

1

7

6

7

5

4

1

2

5

4

1

2

5

Multiple model simulation

•

Recent international developments

stakeholders. Therefore uncertainty at this point is related to multiple frames –
i.e. several equally valid views – and can be dealt with by involving different
stakeholders in a participatory process. Uncertainty in assessing water resources
is related to a) assessment of present and b) future situations. The present
situation is typically assessed by means of monitoring data and possibly
supplemented by the use of environmental models. The uncertainties here are

4

principally related to limited knowledge or data variability, and may be reduced

production and

by the introduction of more data and on occasions better models. In contrast, the

assessments of measures

assessment of future situations is far more difficult and uncertain, since it
demands extrapolation beyond the actual monitoring of data and present societal

• Probabilistic modelling
input to models

• Multiple model

7

1

2

conditions/ behaviour. Uncertainties here are associated with data and models,
and (very importantly) with assumptions about future pressures and other

3
6

5

external conditions, and are typically dealt with through scenario analysis.

4

Moreover, uncertainty is connected, secondly, to progress towards AWM

Stage 4

frameworks; and thirdly, to the effects of international developments. Progress

account of model
structure uncertainty

7

1

towards a management framework within which issues can be addressed and

2
3

6

50

Progress towards IWRM frameworks

respect to different, and often conflicting, interests held by various sectors and

simulation for taking
www.harmoni-ca.info

•

process of knowledge

by propagating uncertain
www.harmoni-ca.info

4

Water Resources Issues

identification of, water resources management issues. Uncertainties exist with

in policy making
Monte Carlo analysis

5

•

The starting point of the AWM decision-making process is the initial

3
6

2

2

3
6

1

3

4

3
6

Establish Status and Goals.

2

modelling

the case of few empirical

www.nusap.net

AWM steps

5

agreed, and overall goals achieved, must be monitored.

4
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2.3 When do uncertainties manifest?
Uncertainties can manifest themselves at different stages in the decision-making
process. This cyclic process starts with planning and continues into the
implementation of agreed measures, action plans and progress monitoring.
Active stakeholder involvement is the key to providing feedback on any stage in
the decision-making process and may result in adjustments and in parts of the
cycle being repeated. Key drivers in this process, such as climate change and
socio-economic developments, are inherently uncertain, as illustrated through
several examples in chapter 1. New management strategies (adaptation) must be
continuously formulated through learning from previously implemented
strategies. This goal can be achieved by iteratively comparing new adaptation
strategies with existing policies or practices under alternative scenarios. In what
follows, we consider an AWM decision-making cycle with the following stages
(stages in Figure 2.2 are indicated within parentheses):
1. Agenda setting (Establish status and goals [1]; Build commitment to reform [2])
2. Problem setting (Analyze gaps [3])
3. Direction setting (Prepare strategy-action plan [4]; Build commitment to action [5])
4. Implementation (Implement AWM framework in action plan [6])
5. Evaluation (Monitoring and evaluate progress [7])

Summary
In this chapter, we have seen how uncertainty guidelines documents can
assist in dealing with uncertainty in adaptive water management.
Uncertainty guidelines were described and linked to stages in the adaptive
water management cycle. Some of these have broad applicability, whereas
others are more specialized. Also, it is clear that uncertainty due to multiple
views on water management issues is very common, and deserves special
attention. This topic is elaborated further in the next chapter.
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Figure 2.2 The adaptive water management cycle in which interactions and
uncertainties are explicitly taken in account (adapted from Jønch-Clausen (2004)).
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Box 2.1 To facilitate decision makers organizing the process of uncertainty
identification, in NeWater the river basin system is considered to be
composed of three subsystems: the natural, the technical and the social
system. Although these are analytical categories and the subsystems are
interlinked in a complex human-technology-environment system, it is useful
to distinguish to which part of the system an uncertainty refers to.
Natural system: It refers to the natural system, including climate, water
(quantity and quality) and ecosystem.
Technical system: It refers to the technical elements/artefacts that are used to
intervene in the natural system, with infrastructure and technologies (e.g.,
dams, irrigation systems).
Social system: It refers to the social system, considering its economical,
cultural, legal, political, administrative and organizational aspects.
Applying the typology of uncertainty to the three subsystems of the water
management regime, a comprehensive view of the existent uncertainty can be
obtained:

Natural system
- climate impacts
- water quantity
- water quality
- ecosystem
- ...
Technical system
- infrastructure
- technologies
- innovations
- ...
Social system
- organizational
context
- stakeholders
- economical
aspects
- politic aspects
l l
t
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Unpredictability

Incomplete knowledge

Unpredictable behaviour
of the natural system
E.g. what will be the
highest water level next
year?

Incomplete knowledge
about the natural system
E.g.
erroneous/unreliable
measurements of water
levels?
Incomplete knowledge
about the technical
system
E.g. to what water level
will this dike resist?

Unpredictable behaviour
of the technical system.
E.g. what will be the side
effects of using newly
developed pesticides on
human health
Unpredictable behaviour
of the social system
E.g. how strong will the
reaction of stakeholders
be at the next flood?

Incomplete knowledge
about the social system
E.g. what are the
economical impacts of a
flood for the different
stakeholders?
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Multiple knowledge
frames
Multiple knowledge
frames about the natural
system. E.g. is the main
problem in this basin the
water quantity or
ecosystem status?
Multiple knowledge
frames about the
technical system. E.g.
should we raise dikes or
create flood plains?
Multiple knowledge
frames about the social
system. E.g. do we need
to impose insurance
against floods or adapt
the legal regulations
about spatial planning?
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Figure 2.1 The range of carbon emissions scenarios, 1990-2100 indexed to 1990
values, in the Special Report on Emission Scenarios (SRES) database (modified from
Hulme and Carter, 1999). Reprinted with permission.

However, there is much more to river basin management than its climate.
Uncertainty in water management is associated with many different aspects of
the river basin system, including economic, natural, legal, institutional, social,
political and technical dimensions. Ascertaining which uncertainties are more
important or have priority depends to a high degree on the views of the decision
makers and the wider context of the problem. In a set of “dialogues on
uncertainty” conducted during 2006, decision makers from different river basins
(Elbe, Upper Guadiana, Kromme Rijn, Wupper) identified and described what,
in their opinion, represented the major uncertainties affecting their river basins.
For a detailed view on the Elbe case study to Krysanova et al. 2008.

20

Uncertainty in AWM: Concepts and Guidelines

Learning how to
deal with
differences

uncertainty can stir up self-perpetuating responses, much the same as we have
observed in the recent financial turmoil. Similarly, the likelihood of floods may
reduce property and land prices in the affected areas. Decisions taken under
conditions of uncertainty may turn out to under- or overestimate the challenges
to which they constitute responses.
In 2007, Economist reported a story of Australian farmers who, persuaded by
favorable rainfall forecast after a multi-year period of drought, took out loans or
sold the expected crops on futures markets. As the rainfall turned out to be
much less than predicted, many farmers were not able to pay back their loans or
were forced to buy the corn at a much higher price than the price at which they
sold it in order to fulfil their contractual obligations. On the other hand, a skilled
prediction of year-to-year climate variation caused by the El Niño-Southern
Oscillation (ENSO) has been shown to be a practical instrument in informing
farmers and hence reducing damage (Adams et al., 1999)
Furthermore, insufficient protection can be the subject of legal prosecution. In
2008, a federal judge ruled that U.S. Army Corps of Engineers can be held
accountable for the damages caused by levees and floodwalls failure in the
aftermath of the Katrina hurricane, the costliest ever natural disaster to hit
United States. In Europe, failures to achieve the “good” ecological status of
water bodies as prescribed by the Water Framework Directive (WFD) may be
the subject of EU law infringement procedure. The Commission may bring the
case before the European Court of Justice; financial fines for non-compliance
are also possible. Efforts to meet the WFD objectives will need to be stepped up
as the impact of climate change becomes more pronounced. In some cases, the
more stringent objectives may slip away. Uncertainty thus requires policy
decisions that can look far into the future and allow expected future conditions
to feed into current decision making.
Overall, the factor of uncertainty is particularly relevant to river basin
management because it can frustrate policy and decision making in numerous
different ways. Policy uncertainties are associated with how public policy
choice is viewed and framed (ambiguity), and with values and expectations
held. Wider issues that must not be overlooked in any consideration of the
policy options under discussion include financial considerations (e.g. are the
costs disproportionally high), legal bearings (e.g. can we effectively ensure
implementation) and ethical implications (e.g. who bears the bulk of the
burden). Scientific uncertainty renders these trade-offs even more difficult (the
reader can refer to chapters 5 and 6 for more detail on policy instruments and
negotiation processes to support policy-making).
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How can we handle different perspectives?
Coping with frame differences in decision-making processes is
unavoidable. AWM proposes to deal with such differences in a
constructive manner through processes of learning and negotiation, so that
awareness about differences is exchanged and recognized, and conflictive
issues efficiently dealt with using appropriate methods. In this chapter, we
explore some of the strategies that can be applied when dealing with
conflicts and different perspectives. Even though we attempt to cover a
broad spectrum of situations, solutions to some conflicts may require other
types of strategies that are not addressed in this chapter (e.g. reforms of
formal institutions).

Using expert knowledge and/or gathering more information are two of the most
common responses for coping with uncertainty in decision making. However,
while in some cases doing so can lead towards better problem understanding by
reducing or eliminating uncertainty, the ambiguity introduced in the
participatory processes requires a different approach. In participatory projects,
involving multiple actors from a variety of backgrounds, the encounter of
multiple valid frames is unavoidable. Government, society and science
represent different, complementary communities of practice. To be effective,
participation requires the establishment of appropriate feedback loops and
exchange of information with the purpose of informing the decision-making
process. This means that any solution, if it is to be representative, requires that
the understanding of the problem from the perspective of other communities has
been taken into consideration. Also, however, in more technically run projects
multiple ways of framing can emerge – e.g. between different disciplines or
expertises, or between implementers and end users at the time of
implementation.
In such situations, more information is not always better. As suggested by
adaptive management, solutions to problems do not lie in the dilution of
differences through providing universal descriptions of problems, but rather in
dealing with differences in such a way that a richer understanding of the
problem can be achieved. To this end, strategies for the framing and reframing
of the issue at hand, supported by tools that support frame integration,
connection or reframing, become a condition for making progress in addressing
ambiguities. The encounter of multiple knowledge frames may result in
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ambiguities and conflicts among participants about precisely what the problem
is, what is certain or uncertain about it, and what the possible alternative actions
for coping with it are. For water management practice, this implies that decision
makers need to know how to deal with such differences and conflicts, and also
how to find ways of acting that can integrate the multiple and equally valid
perspectives.
AWM proposes to handle frame differences by engaging participants in a
process of learning and negotiation in which viewpoints can be exchanged and
approached constructively as a means of arriving at mutually acceptable
solutions for all participants. In this chapter, we present some of the strategies
that decision makers can use to deal with such potentially difficult situations
(Figure 5.1). We also enumerate the tools that may be used as support when
selecting the strategies presented in the learning and/or negotiation process.

Figure 5.1 Coping with uncertainties by learning how to deal with frame differences

5.1 Strategies and Methods to deal with framing uncertainty
There are many different ways in which actors can deal with frame differences.
This does not necessary imply that they will reach a consensus, but it may help
them in developing a shared definition and in searching the spectrum of
solutions (eventually including possible win-win solutions). In practice, this
goal can be achieved in different ways. For example, on occasions a shared
approach or solution can be negotiated through mutual activities, while at other
times actors can focus on changing the way in which they view their roles and
explore the organization from a different position. The idea here is that the
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Uncertainty in water management?
In the previous chapter, we introduced the concept of uncertainty. This
chapter focuses specifically on uncertainty in integrated water resources
management. What are the most important forms of uncertainty? At what
stage in the decision making process do they emerge? How can they affect
decisions? Being aware of these issues, taking uncertainty into account in
water management, as well as adapting to changing situations by learning,
are the keys to any transition towards adaptive water management.

River basin management comprises numerous factors that are difficult to assess.
The status of the river basin system in question, together with the way in which
it functions and the implication of possible decisions, cannot be fully known.
These unknowns introduce uncertainty into the decision-making process. For
decision makers, this circumstance implies that ways have to be identified for
dealing with such limitations and for making decisions that are robust to these
uncertainties. This situation directly affects the ways in which decision makers
isolate the important issues, how they set their goals and how these goals are
then translated into decision criteria. Furthermore, uncertainties also determine
the way in which the impact of alternative decisions is evaluated and the
conclusions that lead to possible implementations. In this chapter, we explore
how significant these uncertainties can be for management, and also consider
what the uncertainties associated with river basin systems are, and where in the
decision-making process they manifest themselves.

2.1 The significance of uncertainty in water resources
management
Uncertainty can be understood as a range of reasonably expectable future
conditions that need to be taken into account. For example, the uncertainty
value in assessing the probability of a one-in-a-hundred-year flood needs to be
offset by an adequate safety margin, the size of which depends on the risk
strategy of the decision maker (contingent to some extent on whether he or she
is “risk aversive” or the opposite). Water supply provisions need to ensure
enough water for critical sectors under conditions of drought, etc. These
provisions may incur significant costs. In some cases, the mere existence of
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person-role-organisation relationship can in some cases represent a useful way
for exploring framing problems. Below, we list a series of strategies and tools
that can be applied in the development of a shared solution. Which of these
strategies represents the most appropriate option with regard to a particular
problem may depend on many different factors, such as the history of
collaboration, the initial requirements and the duration of the project. Following
(Bouwen et al. 2006), we address some of the strategies and tools for dealing
with multiple frames by briefly describing action principle, acceptance of
independence, process characteristics, possible outcomes and context
contingencies.

5.1.1 Cognitive problem-solving

This strategy aims at finding solutions to problems by trying to arbitrate the
frame differences through invoking scientific evidence. In this approach, a
scientist or expert uses factual information objectively to communicate and
inform others about his or her scientifically based insights into a problem.
While suitable for application among actors who belong to scientific or
professional communities of practice, this rational analytical approach may lead
to communication (or interaction) difficulties when actors belong to different
communities of practice, or else have very distinct perspectives (e.g.
stakeholders with strong oppositional interests). When this strategy is selected,
practitioners and water managers are informed about particular issues by an
expert or informant (an intermediary communication expert) who has the task of
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translating facts into practice. From a participatory point of view, this approach
entails the disadvantage of being unilateral, and thus of not generating coownership or shared sense of responsibility, so that as soon as the provider of
information is no longer active the development of a unique view based of
factual information may no longer be feasible.
When cognitive problem solving is the strategy applied, the problem is thought
to be technical and uncertainty is mainly considered in terms of a lack of
knowledge pertaining to facts. Data collection or the use of experts and research
can alleviate the situation. However, information gathering, expert knowledge
and science do not always support the claim of uncertainty reduction in the
presence of ambiguities. A common response to expert knowledge and research
outcomes, that support parties actively involved is counter expertise. which may
end up in a less useful debate or process where different parties initiate research
or data collection that support their own views and claims of truth.
Subsequently, research questions and strategies may be commissioned by one of
the stakeholders and the resultant findings then used strategically in the process
of problem solution, without really solving the initial problem due to the
multiple knowledge frames involved

5.1.2 Persuasive communication

Uncertainty and
decision making
in water
management
This strategy aims at dissolving ambiguities by communicating the
meaningfulness of one particular frame of reference. Even though similar to the
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rational approach in the sense that it involves actors whose expertise ought to be
communicated, it differs in its emphasis on creating a joint definition among
those experts and target group representatives whose involvement and
competencies are oppositional. The expected outcome of this approach,
therefore, is that the target group will adopt or imitate the argued expert
opinion. In water management, such a strategy has traditionally been chosen at
training sessions or workshops where the purpose has been to discuss how
technical innovations, such as irrigation technologies, can be improved and
adopted. A prerequisite, therefore, is that problems are relatively simple, and
solutions are at hand and feasible.

5.1.3 Dialogical learning

This is the basic strategy advocated for social learning processes. Social
learning, by definition, has to handle on the one hand a complex technical task,
and on the other a social relational activity. As the name indicates, this strategy
implies the handling of frame differences through dialogue and learning. The
underlying rationale is that by constructive and reciprocal communication it is
possible to develop a mutual understanding of how different solutions will
influence different actors and may provide more robust solutions to complex
challenges. In this way, actors can learn about each other’s perspectives and
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eventually change their own views during this process. So, ambiguities are
handled by engaging all actors in an interactive process of communication in the
search for a shared view. When adopting this approach, all actors must be
considered as equally respected partners with equally valid opinions. The
mutual involvement of as many actors as possible is a requisite for successful
application of the strategy, as well for the process outcome to become effective.
Even though this approach is theoretically sound, its use can entail the
drawback of requiring a common language and the need for sufficient time and
resources to carry out and facilitate the dialogue. Furthermore, what participants
say during meetings may not always represent how they will in reality act after
leaving the workshop. Dialogical learning, in principle, can take place by frameenlargement interventions (see Gray (2004) for further reference), by the
following means:

C.D. Miller, S.J. Hassol, A.M. Waple, and W.L. Murray (eds.). A Report by the
U.S. Climate Change Science Program and the Subcommittee on Global
Change Research, Washington, DC.
National Research Council (1996). Science and Judgement in Risk Assessment,
Washington DC: Taylor & Francis
Pielke Sr., R.A., 2001: Comments on "IPCC report cautiously warns of
potentially dramatic climate change impacts". EOS, 82, 394, 396.
Refsgaard J.C., van der Sluijs J.P., Brown J.D. and van der Keur, P:. 2006. A
framework for dealing with uncertainty due to model structure error. Advances
in Water Resources, 29: 1586-1597. Copyright Elsevier.

•

Exploring one’s own frame repertoire is accomplished by a series of
exercises that enable participants to identify or classify their own frames
in comparison to an array of other possible ways of framing the
situation.

Slottje, P., van der Sluijs, J.P. and A.B. Knol. 2008. Expert Elicitation:
Methodological suggestions for its use in environmental health impact
assessments. RIVM Letter report 630004001/2008

•

Perspective-taking exercises encourage disputants to begin to hear
(without judgment) the ways in which other disputants experience the
conflict. One way of accomplishing this is through establishing listening
dyads, in which parties exchange their whole story frames with others
involved in the dispute and try to weave a joint story that includes each
of their relevant experiences.

Further reading

Exploring stereotypes involves a counterintuitive appreciative process of
finding value in that which a stereotype denigrates.

Morgan, M.G. and M. Henrion. 1998. Uncertainty. A guide to dealing with
uncertainty in quantitative risk and policy analysis. Cambridge University Press,
Melbourne.

•

Beven, K. 2009. Environmental modelling: An uncertain future? Routledge:
London.

Saltelli, A., Tarantola, S., Campolongo, F., and M. Ratto. 2004. Sensitivity
Analysis in Practice. A guide to Assessing Scientific Models. John Wiley &
Sons.
Orrin, H.P. and L. Pilkey-Jarvis. 2007. Useless Arithmetics. Why
Environmental Scientists Can’t Predict the Future. New York: Columbia
University Press.
Taleb, N.N. 2007. The black swan. The Impact of the Highly Improbable
Random House, USA.
Walker W.E., Harremoës P., Rotmans J., van der Sluijs J.P., van Asselt M.B.A.,
Janssen P., Krayer von Krauss M.P. 2003. Defining uncertainty. A conceptual
basis for uncertainty management in model based decision support. Integrated
Assessment, 4(1):5-17.
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Therefore, setting high standards of proof for type I errors may under certain
circumstances (e.g. where the motto “safe unless proven to be hazardous”
prevails), mean that a potentially dangerous substance fails to be banned. In the
same situation, the application of the precautionary principle (“better safe than
sorry”) would mean that placing more emphasis on reducing type II errors (i.e.
not regulating a substance that turns out to harm people’s health or the
environment), is at the cost of higher levels of error (i.e. not banning the
substance even though it is harmful). An additional error III type has been
suggested for various other mistakes, such as rejecting a hypothesis for wrong
reasons, giving a right answer to the wrong problem, or framing the problem
wrongly. This issue is explored at more length elsewhere in the current
document.

5.1.4 Making present / Co-presencing

Summary
In this chapter, we have argued that uncertainty is a multidimensional
concept. While it can refer to a number of different aspects of a river basin
system, we have introduced here the most relevant characteristics and
sources. Using this chapter as a source of general background information,
in the next chapter we explore the importance of uncertainty in the specific
context of water resource management.

Edwards, P. (1999) Global climate science, uncertainty and politics: data-laden
models, model-filtered data. Science as culture 8(4): 437-472.

This strategy aims at shaping the roles of the participants in organizations (or in
network organizations, e.g. adaptive learning cycles), and/or the Self of people
to a more authentic or self-aware level. The expected outcome is to ‘make
present’ the emotional experience of being part of the organization as seen from
the role holders’ position – e.g. a systemic and psychodynamic type of learning
that embraces not only the rational, but also irrational, ways of knowing (e.g.
from emotional experiences, which is not just a property of individual actors,
but also entails a factor of the emotional experience of the organization as a
whole). This strategy attempts to initiate social innovation by changing not only
the way in which actors approach their problems, but in addition how they
manage their roles and themselves as change agents within their roles. This
strategy has similarities with dialogical learning in so far as it follows a
systemic approach. However, it also differs since its methodology includes
psychodynamic approaches for analyzing situations and person, group,
organization interrelationships.

Funtowicz, S.O. and J.R. Ravetz. 1990. Uncertainty and quality in science for
policy. Kluwer Academic, Dordrecht, The Netherlands.

There are two main ways in which making present / co-presencing can take
place:

Karl, T.R., G.A. Meehl, C.D. Miller and W.L. Murray. 2008: Preface in
Weather and Climate Extremes in a Changing Climate. Regions of Focus: North
America, Hawaii, Caribbean, and U.S. Pacific Islands. T.R. Karl, G.A. Meehl,

Organisation-in-the-mind-workshops (Armstrong 2005; Huffington 2004)
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Organisation-in-the-mind refers to the mental constructs of the organization that
influence actors’ decisions and actions, rational as well as irrational,
unconscious and unintended feelings, imagery and relationships constituting
the order of the organization and its particular way of being in so far as this is
registered “in the mind” of participating actors, where meaning is partly
conscious and partly unconscious.
Co-presencing (Scharmer 2007; Dumas 2008)
Co-presencing is a way of understanding systems that goes beyond suspicions
of assumptions, which is sensing from the field or learning from the future, in
which actors can apply scenario analysis, leading to the establishment of a
common vision of how the future could develop. Such prototyping can be
combined with the technique of Appreciative Inquiry (Cooperrider and Whitney
2000), where in the “Dream Phase” members of the organization co-create their
preferred future. This strategy suggests that actors need to access a different
source of learning, where actors’ inner worlds gradually become more mature.
Failure to address exterior obstacles is most often due to interior barriers within
actors themselves (Huston 2007). Co-presencing means collectively sensing,
tuning in and acting from the perspective of individual actors’ highest future
potential (by sensing from their deepest personal reservoirs).

5.1.5 Negotiation approach

The full description of uncertainty requires that the probability of each expected
event or outcome is known. In the above example, when all outcomes have the
same probability, the probability distribution is uniform. However, if more die
are rolled, the sum of these rolls is not uniformly distributed. With increasing
numbers of dies the initial uniform distribution give way to a triangular and
finally to a more bell-shaped curve, known as normal (or Gaussian) probability
distribution. Similarly, probability distribution functions (PDF) of temperature
or rainfall may change in course of climate change (e.g., Karl et al., 2008).
Complete PDF can be obtained either from observation, models or from expert
judgments. Often, however, the available information does not allow for the
construction of a full PDF, in which case expert judgment may provide a more
qualitative description, e.g. directions of change.
Confidence. Information about future outcomes and their likelihood can be
determined through model simulation, expert judgement or informed
deliberation. Trust levels in respect of how these have been estimated
constitutes important additional information, known as “confidence”.
Confidence can refer to perceptions of correctness in the context of a model or
statement, but can also reflect the way in which the underlying analyses and
deliberations were carried out.
Type I, II (and III) errors. In statistical theory, two sources of errors are usually
considered: 1) that of rejecting a hypothesis (the so-called Null Hypothesis),
even though it is correct (type I error); 2) that of accepting a hypothesis
although it is wrong (type II error). Both types are interconnected. The type I
error is associated with excessive skepticism, but suppressing this skepticism
means accepting higher levels of type II error, as shown in Figure 1.3.

Figure 1.3 Type I and II errors.(http://www.staff.vu.edu.au/sarath/Business-

stats/error.gif). Reprinted with permission.
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1.4 Common ways of representing Uncertainty
There are many different ways of representing uncertainty. Which is the most
appropriate depends on the type and quality of information available.
Uncertainty can be expressed in a quantitative manner or in a more qualitative
way. The expression of uncertainty in a qualitative sense includes
methodologies such as expert elicitation (see Slottje et al. (2008) for examples)
and NUSAP (Funtowicz and Ravets 1990). With respect to quantitative
uncertainty, likelihood measures and confidence intervals are among the best
known representations.
Likelihood. Likelihood is often described in terms of frequency, derived from
observation or model analysis; it refers to how often a certain event may occur.
A one-hundred-year flood is described as a level of flood water expected to be
reached or exceeded on average once in a hundred years. It is also referred to as
the 1% flood, expressing the probability of the flood occurring in any single
year. The probability of an event P(x) is defined in terms of the ratio of chances
for and the total chances. For example, by rolling a 6-sided dice, all possible
outcomes have the same probability, i.e. 1/6. If the dice is thrown many times,
each value is rolled nearly the same number of times. Figure 1.2 shows
outcomes and probabilities for rolling two dices.

Figure 1.2 Probability expressed by rolling two dices and outcomes (adapted from
http://commons.wikimedia.org/wiki/File:Dice_Distribution_(bar).svg). Reprinted with
permission.
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This strategy aims at reaching an agreement through negotiation, despite the
existence of frame differences. The expected outcome is the settlement of a fair
deal reached through calculative involvement (a search for win-win solutions).
To this end, actors engage in information sharing and a positioning strategy.
This course of action is different from the dialogical approach in so far as actors
take or hold strategic positions, and do not necessarily communicate their
individual goals or listen to other actors’ points of view. Different negotiation
strategies are possible – from distributive or win-loose strategies, where an
assumed fixed pie is divided through negotiation of positions, to more
integrative win-win strategies, where the interests underlying certain positions
are explored with a view to forging mutually beneficial agreements that create
value. Many authors support the idea that negotiation is more realistic than
dialogical approaches. Some commentators discuss this approach using slightly
different terminologies (e.g. “give and take”).

5.1.6 Oppositional modes of action

This strategy is based on the idea of imposing a particular frame through power
strategies or restoring the balance of power between different frames. ‘Cold
war’ strategies or open conflict are the vehicles for this type of action. As a
result, the application of this strategy has the potential to lead to a freeze or to
the dominance of certain powerful groups, which means that only particular
views will be accepted as valid. This situation is often encountered when parties
have a history of confrontation or lack of collaboration. Conflicts can be defined
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as hot or cold depending on how much interdependency among parties is
recognized. In cold conflicts, these interdependencies are not taken into
account, and the attempt to deal with the problems at hand is made while
maintaining distance between the parties. When managing problems, this
strategy can ultimately lead to a strategy of negotiation. Contrary to negotiations
in which the goal is to achieve a win-win solution, the major aim for actors
using this method is to gain or restore power.
A number of methods and tools can support the above-mentioned strategies. For
example, awareness-raising campaigns, information activities, personal letters,
brochures, and educational activities can be used to support rational problemsolving or persuasive communication strategies. Conversely, group model
building, role-playing games, organization in the mind or interactive workshops,
and facilitation may be more appropriate in assisting dialogical learning,
making present/co-presencing or negotiation approaches. Finally, methods such
as lobbying, protests, using veto or blockage power, or non-compliance with
regulations can be more suitable in supporting oppositional modes of action
strategies. For more information on methods and tools that can be deployed to
support various strategies for learning and negotiation, the reader can refer to
http://www.harmonicop.org.
However, we would like to emphasize in the present uncertainty guidelines that
strategies can not, or should not, be generally imposed without considering the
context and the specific situation at hand. Dialogue is certainly preferable, but it
may not be possible for all contexts or in all situations. Obviously, the act of
dealing with multiple knowledge frames is demanding and it requires
considerable professional experience; in such cases, familiarity with a range of
tools becomes paramount. Given the dynamic nature of dealing with frame
differences and processes of conflicts, the evolution of what can be described as
the most appropriate methods may alter with time, and from situation to
situation. In the end, decisions tend to be made against a background of
different sets of norms and values, which vary within different stages of
economic development and political evolution. The implication is that for some
contexts and situations, considerable training would be required before some of
the tools listed below could be used effectively; moreover, these tools might
even be difficult to apply at all, in the absence of sufficient support from the
various communities of practice.
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Box 1.2 Typology of uncertainty used in NeWater
In NeWater three types of uncertainty were identified: unpredictability, incomplete
knowledge and multiple knowledge frames. In most water management problems, all
of these three types of uncertainty are present.
Unpredictability: This type of uncertainty refers to the inherently unpredictable
aspects of a system that are due to inherent natural variability or complex system
behaviour. With this kind of uncertainty, we accept the unpredictability of the system
as something that will not change in the foreseeable future.
Incomplete knowledge: This type of uncertainty refers to situations where our
knowledge is incomplete. This can be due to a lack of information or data, to the
unreliability of the available data, to lack of theoretical understanding, or to
ignorance. This kind of uncertainty can, in some situations, be reduced given
sufficient time and means.
Multiple knowledge frames: This type of uncertainty refers to different, sometimes
conflicting, views about the best way to understand the system. Ways of
understanding the system can differ in terms of opinions where to place the
boundaries of the system, or what to place in the focus of attention. Certain
information can be associated with entirely different meanings (e.g. about what the
most urgent problems are) or there can be contradictory evidence about the likely
implications. This kind of uncertainty can be called ambiguity and results from the
presence of multiple ways of understanding or interpreting the system, which can
originate from differences in professional backgrounds, scientific disciplines, value
systems, societal positions and so forth.
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connected to the application of scientific method or reasoned and qualified
opinion.
An additional situation, which denotes a different dimension in the nature of
uncertainty, stands for the multiple ways of making sense of reality. It captures
the differences in perceptions, values, and beliefs that decision makers may hold
about a river basin problem. For those who are making decisions, this means
that there are many possible and equally valid ways of interpreting a problem
that need to be taken into account.
For a decision maker, knowing what type of uncertainties is present in the
context of a particular problem is paramount to the process of devising an
appropriate course of action. To facilitate this task several typologies and
classifications of uncertainty have been developed. The reader can refer to Box
1.2 for an example of a typology used in the NeWater project. Different types of
uncertainty suggest different strategies for coping with them. It then becomes
the responsibility of the decision makers to identify which uncertainty is more
important, what knowledge is available and thus to determine how he or she
wishes to act in response.

Summary
In this chapter, we have explored various strategies that can be applied to
cope with different, sometime conflicting, perspectives on a problem. We
also have outlined a range of methods and tools that can be used to support
the processes of learning and negotiation. While from the viewpoint of
AWM the preferred strategy is dialogical learning, its application may not
always be feasible. In the next chapter, we explore some of the regulatory
instruments that decision makers have at their disposal when implementing
solutions.
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in initial conditions, the forecasts a few days ahead displayed very different
results.
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Uncertainty in past, present and future: Uncertainty can distort our
understanding of what happened in the past, or what are the present conditions
of environment, or what changes can reasonably be expected to occur in the
future. If we want to learn about, say, ocean temperatures in ancient times, since
we cannot simply hold out a thermometer and measure these directly we fall
back on various so-called proxies. These may take the form of plants or animal
fossils with known temperature preferences, or isotopic variations linked to the
sought-after measures. In this manner, it may be possible to reconstruct the
magnitude and pace of environmental changes that occurred millions of years
ago. The choice of the proxies, their uneven availability and the contingencies
of their analysis mark the reliability of these reconstructions. Sometimes, these
reconstructions, even if they are carried out correctly, yield contradictory
results.
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The present environmental conditions, or rather the factors influencing them,
are values that may be beset with uncertainty since they are not directly
measurable, or else because measurement is imprecise or biased. For example,
the instrumental record for global ocean temperature shows a sudden cooling of
about 0.3°C in 1945. This is an artefact that can be explained by the different
ways of measuring sea surface temperature in the 1940s, and therefore related to
data uncertainty. Limited understanding of environmental processes is also the
source of uncertainty in forecasts and future projections, with additional factors
such as technological progress and social responses playing an important role.

1.3 How can uncertainty be classified?
Uncertain situations in water management, examples of which are mentioned in
the previous section, can occur for a variety of reasons. From the point of view
of a decision maker the most common situations that can be distinguished are:
1) The relevant and generally accepted knowledge is available for those who
make important decisions (certainty); 2) There is lack of knowledge about
certain aspects relevant for the due choices and those who have to make these
choices are aware of this lack (uncertainty); 3) There is relevant knowledge but
this is not available to those making choices (uncertainty as a result of failure of
knowledge sharing or transfer), 4) Some aspects of the managed system are
hidden to our understanding that may substantially alter the outcomes of the
choices (uncertainty due to ignorance -sometimes seen as an end of the
uncertainty continuum). Since these types of uncertainty relate to scientists’
attempts to analyze and explain the observed phenomena, we refer to them as
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striking and clearly do not provide a sound basis for deciding anything with
regard to which areas should be protected.
Model dependency of data: Uncertainty may either stem from observational data
(data uncertainty) or from data derived from models (structural or conceptual
uncertainty). The boundary between data and model uncertainty is not always
clearly distinguishable. For instance, the global data sets (e.g. global mean
temperature, global sea level) are assembled from different sources,
preprocessed (filtered, interpolated, checked for quality and consistency,
unfettered from influence of other phenomena) and aggregated, and all along
these steps ‘intermediate’ models are used (Edwards 1999).

Hutton, J., Balzagette, J. and B. Reed. 1997. Organisation in the mind. In: Jean
E. Neuman, Kamil Kellner and Andraea Dawson-Shephard (Ed.): Developing
organisational consultancy. London: Routledge. Pp. 113-126.
Klinke, A. and O. Renn. 2002. A New Approach to Risk Evaluation and
Management: Risk-Based, Precaution-Based, and Discourse-Based Strategies.
Risk Analysis, 22(6):1071–1094.
Turton, A., Roux, D.J., Hattingh, H.J., Claassen, M. and G.A. Maree. 2007.
Governance as a Trialogue: Government-Society-Science in Transition.
Springer, 354 pp.

Ambiguity: A classical example of ambiguity is the answer given by the Delphic
oracle who, asked by Croesus, king of Lydia, whether he should attack Persia,
replied that if he did pursue this campaign, he would destroy a great empire.
The oracle did not say which one – the Persian or Lydian. While Croesus
believed the former, the latter interpretation came to be true. On some water
management issues, a large agreement in understanding a problem may exist
among participants. However, similarly to what happened to Croesus and the
oracle, for other issues there can be more than one possible interpretation. This
situation may result in ambiguities or conflicts among participants concerning to
the problem and its solution.
Self-fulfilling prophecy: Much of the recently observed financial turmoil has
been attributed to uncertainty and self-fulfilling prophecy (SFP). A SFP is a
prediction that is basically false but which sets off a chain reaction that
eventually makes the prediction become true. For example, rumors that a bank
is facing a tough time may cause clients of that bank to withdraw their assets,
and by doing so to bring down an otherwise stable bank.
Rapid change: In the eve of 2008 New Hampshire Democratic Party
presidential primary, all of the polls credited Barack Obama with a roughly 10point lead. The actual outcomes could not have been more different: Hillary
Clinton won by a margin of around 3%. In the aftermath, several reasons were
posited for the pollsters’ collective failure. A broadly supported explanation was
that the polls were too slow to register a reversal, brought about by Clinton’s
emotional appearance just days before the primaries took place.
Non linear behaviour, thresholds: Complex systems’ variability, non-linear
behaviour and the existence of multiple feedbacks may cause a shift from one
stable equilibrium state to another, moreover on a rather short timescale. The
research of late MIT meteorologist, Edward Lorenz, demonstrated that even a
simple system possessing only a few variables can generate behaviour that is
unpredictable, although only on very short time scales. In respect of weather
forecasting, he demonstrated that if the simulations began with a small deviation
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2

pollution in a 175 km area west of Copenhagen, where the groundwater
3

abstraction amounts to about 12 million m /year. The five consultants utilized
significantly differing approaches, i.e. statistical methods, advanced
hydrological modelling of both groundwater and surface water systems using
the MIKE SHE code, simpler groundwater modelling approaches, and an indexbased method, e.g. DRASTIC (Aller et al. 1987).

Figure 1.1 Different nitrate vulnerabilities estimation from different modelling
approaches (Refsgaard et al. 2006). Reprinted with permission. Copyright Elsevier.

The conclusions of the five consultants in respect of vulnerability to nitrate
pollution are shown in Figure 1.1. It can be readily observed that the five
estimates differ substantially from each other. In the present case, no data exist
to validate the model predictions, because the five models have been deployed
in order to make extrapolations towards unobservable futures. It is, thus, not
possible, using existing field data, to tell which of the five model estimates is
most reliable. The differences in prediction originate from two main sources: (i)
data and parameter uncertainty and (ii) conceptual uncertainty. However,
despite the presence of significant data and parameter uncertainty, the main
cause of the differences lies in the different conceptual models used by the five
consultants. In this case, the differences between the five best estimates are
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problems is also influenced by how a problem is framed, mediated by the
experiences, know-how, values, beliefs, as well as the role, of the people
involved in the decision-making process. Hence, it is not only technical or
scientific information that counts, but also the social context that gives sense
and meaning to a problem setting, and to the available information. More often
than not, decision makers are faced with a situation in which there are different
perceptions and conflicting views about a particular issue. Sometimes, this
situation can be corrected with more information; but often “more is not always
better”. In such situations, solutions lie not simply in achieving a better
description of the system but in recognising that there can be many different,
and equally valid, ways of making sense of reality.

Box 1.1 Many definitions of uncertainty exist, for example:
More than one outcome is consistent with our expectations (Pielke 2001)
Lack of precise knowledge as to what the truth is, whether qualitative or
quantitative (NRC 1996)
Uncertainty refers to the situation in which no unique and complete
understanding of the system to be managed exists (Newater project)

1.2 Examples of situations in which uncertainty arises
Uncertainty in water management can be the result of multiple and diverse
factors. In this section we describe some common situations in which
uncertainty can arise.
Data scarcity, lack of theoretical understanding: Models are widely used in
environmental assessments, and hydrological models, specifically, are important
tools in water management. An individual model might not explain the full
variability observed in the data, and/or the available data might not be sufficient
to provide an unambiguous explanation and proof of scientific hypotheses and
theories. A problem in this context, then, is a situation in which different
models, or parameter sets, seem to explain the available data equally well. This
case is illustrated by an example taken from the HarmoniCA uncertainty
guidelines (Refsgaard et al. 2006). The county of Copenhagen, as the
responsible water management authority in this instance, asked five groups of
Danish consulting firms to conduct studies of the aquifer’s vulnerability to
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Policy responses to
uncertainty

Well, but why does uncertainty matter in policy
making?
In this chapter we will explain how to account for scientific and other
uncertainties in regulatory instruments. We will discuss several European
environmental policies to show how they allow taking uncertainty into
regulatory design.

In previous chapters (chapter 3 and 5) various strategies were presented to take
into account uncertainty in management processes. This chapter deals with
legislative mandate and guidance, as well as regimes these require for treatment
of uncertainties.
There are several ways as to how uncertainty is or can be accounted for in
regulatory design, that is: what statutory discretion and obligation the
governmental agencies have to deal with in order to address uncertainties in an
explicit way. Here we discuss some of them and refer the interested readers to
background literature listed at the end of this chapter. As examples we are using
various pieces of European environmental policy and legislation.
In figure 6.1 below, the types of uncertainty discussed in chapter 3 are
complemented with examples of regulatory instruments and guidance, further
explained in the subsequent sections. For example, for uncertainty which cannot
be reduced and in which case policy makers thus have to accept that they cannot
know better, policy makers may rely on the precautionary principle (which
provides them with discretion to make decisions in absence of clear scientific
evidence). Alternatively, they can opt for (economic and criminal) liability and
market based instruments to prompt economic operators so as to make choices
that reduces the chance that dangerous substances (such as toxic chemicals or
carbon dioxide1) are released in the environment.

1

In 2009 the US Environmental Protection Agency has classified carbon dioxide as a pollutant
to be regulated under the provisions of the Clear Air Act.
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Figure 6.1. Examples of the regulatory instruments and guidance attached to the types
of uncertainties explained in the chapter 3.

6.1 Sound science
Science plays a crucial role in contemporary environmental policy, and quite
rightly so. Science has helped us understand environmental processes, avert
looming threats and environmental disasters, and work out ways to tackle them.
In recognition of this role, the EU Treaty requires that 'available scientific and
technical data' (Article 174) is used to design sound environmental policies.
Similarly, the EU 6th Environmental Action plan (6EAP) requires the
application of the 'best available scientific knowledge'. In addition, the Water
Framework Directive (WFD) highlights the role of scientific risk assessment for
the determination of potentially adverse effects of priority hazardous
substances. The call for the accountable use of science (best available
knowledge, sound science and scientific integrity principles) and scientific
advice is also stipulated elsewhere2.
The sound science principle does not mean that management actions are
determined solely on scientific knowledge. Science cannot resolve policy
controversies that are rooted in different values or interests, nor can it compel
policy closure in situations in which this is precluded by scientific uncertainty.

2

For example, the Commission decision of 5 August 2008 establishes an advisory structure of
Scientific Committees and experts in the field of consumer safety, public health and the
environment (2008/721/EC), and a Communication by the Commission stipulates the collection
and use of expertise by the Commission: principles and guidelines. “Improving the knowledge
base for better policies”, COM(2002) 713 final from 11.12.2002
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Public debate and negotiation, as well as the science-assisted assessment of
relevant policy options are keystones of public policy making. The central
question is how to harness science for environmental policies without yielding
to it.
In a broader sense, sound science means that scientific work has been conducted
in a manner congruent with the principles of good scientific practice, i.e.
honestly, without prejudice or self-interest, respectful to the methodology used,
transparently and reproducibly, without concealing any qualification of the
results. In a narrower sense, it refers to the rigour applied when testing scientific
hypotheses and theories. It usually means that the proposed scientific proof in
favour of a proposition has to meet high requirements before the proposition is
accepted.
Often, however, the high standard of proof is evoked to prevent regulatory acts,
such as listing a species as endangered, or restricting the use of a chemical
substance that is thought to harm human health or the environment. According
to this view, regulations are only justified after the harm has been
unambiguously proved. Furthermore, only evidence that satisfies high scientific
standards of proof should be admissible in public policy making. What
constitutes such unambiguous proof may still be interpreted or challenged in
favour of one's own position or values. As Houck noted, "Every lawyer knows
what 'good science' is: the science that supports his or her case. All of the other
science is bad. If you are opposed to something, be it control of dioxin or of
global warming, the science is never good enough" (Houck 2003p. 1928).
In many situations, reasonable concerns exist before an acceptable proof can be
provided. These concerns may be addressed through small-scale experiments
and further research, while in the meantime taking measures to reduce the
adverse effects, should there be any. Advances in data gathering, processing and
assessment that are practical for these purposes and that narrow down the range
of policy responses compatible with the available evidence can force positive
developments in policy, even in situations in which hard scientific proof
remains elusive (Oreskes 2004).

6.2 Mandated flexibility
Environmental legislation allows for some flexibility to tighten or relax the
policy provisions to fit local circumstances and to take uncertainty into account.
In the Water Framework Directive (WFD), this flexibility is provided by
various exemptions such as extensions of deadlines, less stringent objectives
and the deterioration of the quality status as a result of natural or human causes.
However, the exemptions allow water authorities to weigh in uncertainty,
technical feasibility, costs and benefits, i.e. policy factors beyond scientific

xii

Uncertainty in AWM: Concepts and Guidelines

73

rationalization. Their application, however, needs to be justified (see also
subsection 6 on citizen control). The EU Commission and the Water Directors
of the EU Member States have detailed which qualifying conditions need to be
met CIS, 2007; WD, 2008.
Although there is a relationship between the situations under which the various
exemptions are appropriate and admissible, there is no hierarchy as to which of
them should be considered first. Rather, different adjustments need to be
considered in parallel. Neither of the extensions is allowed to permanently
compromise the attainment of environmental objectives in the other
downstream water bodies. Nor can they excuse the failure to meet the
provisions of another law within the Community.
Deadline extension is most appropriate if the objectives cannot be met by 2015,
and if the synergetic, time-lagged effects of other environmental obligations are
likely to enable a good ecological status by 2027, i.e. before the end of the third
6-year planning cycle made compulsory by the Directive. If the uncertainty is
too great or if the cost of all of the necessary measures is 'disproportionately'
high, the competent authority may consider less stringent objectives. Their
justification, however, will have to be re-examined during the next planning
cycle. In both cases, however, granting an exemption for a specific quality
component (CIS 2007) does not mean that other elements are allowed to
deteriorate or their improvement potential can be ignored.
The status of deterioration due to new hydro-morphological modification and
'sustainable human development activities' is the most complex exemption. It is
applicable in situations of overriding public interest and where concerns related
to human health and safely overweight the foregone benefits to the
environment. The concept of 'overriding interest' has been detailed in the
context of other EU legislation (particularly Habitat Directive 92/43/EEC),
where it embraces, among other things, activities to protect fundamental values
and essential public policies. The process of making a decision about whether or
not to grant an exemption will have to be well informed, transparent and
inclusive, and less burdensome alternatives should be explored first. The
provisions of the 'Aarhus Directives' described further below start to play a role.

D. Credits
The production of this document has involved the collaborative efforts of
Marcela Brugnach (USF), Hans Jørgen Henriksen (GEUS), Peter van der Keur
(GEUS) and Jaroslav Mysiak (FEEM), hereafter referred to as editors or core
group.
All partners share the credits for the definition of the document’s content and
conceptual orientation. The authorship of the various chapters is shared in order
of contribution as follows:
Chapter 1. Brugnach M., van der Keur P. and J. Myšiak
Chapter 2. van der Keur P., Brugnach M., Myšiak J. and H.J.Henriksen
Chapter 3. Brugnach M. with contributions from Bharwani S. and R. Taylor
Chapter 4. van der Keur P., Brugnach M. and H.J. Henriksen.
Chapter 5. Brugnach M., Henriksen H.J. and A. Dewulf
Chapter 6. Myšiak J.

Other NeWater partners and associated researchers contributed valuable advice,
informed opinion, knowledge and local assistance to the analysis here reported.

6.3 Precautionary principle
In a popular sense, the precaution principle stands for ‘better safe than sorry’,
that is in situations in which an action (or lack thereof) might cause severe or
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irreversible harm, a ‘lack of full scientific certainty shall be not used as a reason
for postponing cost-effective measures to prevent environmental degradation’3.
The precautionary principle has stirred heated debates in the past and even more
so after having been adopted as a fundamental post of European environmental
legislation. Currently, many regulations subscribe in some manner to
precaution. The WFD, for example, requires that action is taken in situations
where it is otherwise uncertain that the environmental objectives will be met by
the given deadline. Yet the major overhaul of EU legislation, inspired by the
precautionary principle, applies to the EU chemical regulation. In a groundbreaking move, the burden of information provision and data collection has
been shifted to producers and merchants of chemical substances.
In 2006, the regulation EC/2006/1907 (Registration, Evaluation, Authorisation
and restriction of Chemicals, REACH) created a single regulatory framework
for all 30,000 or so chemical substances produced or distributed within the EU4.
REACH obliges manufacturers and importers to register chemical substances,
and to supply information on their properties, straight and downstream uses,
experimental results, and to outline future tests, potential hazards and exposure
scenarios for specific uses; in other words, all of the information required to
assess the impact of these substances on human health and the environment.
The amount of information required is proportional to the tonnage in which
these substances are produced or traded, as a proxy for the potential exposure.
Precaution comes in several forms (EC 2007): while assessing the safety of
substances, scientific uncertainty is interpreted as giving rise to the greatest
concern. In risk control, in awaiting the outcome of additional tests, operators
are required to take measures to counteract the potential risk. Exposure to
substances of great concern has to be minimised at all times. And where severe
risks are assumed, the Commission or Member States may issue immediate
restrictions.

6.4 Liability
Imposing liability on those who have caused environmental damage means they
(polluters) have to pay for the measures required to restore the environmental

3

Principle 15 of the Rio Declaration on Environment and Development, arising from The
United Nations Conference on Environment and Development, Rio de Janeiro from 3 to 14 June
1992,
http://www.unep.org/Documents.Multilingual/Default.asp?DocumentID=78&ArticleID=1163

4

The Regulation applies to all substances (i.e. including those in use prior to 1981) produced or
imported in quantities above one metric tonne..
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quality to its original state. For example, if a river is polluted by an industrial
accident, the responsible factory has to pay for the clean-up operations.
The Environmental Liability Directive (ELD) aims to prevent and remedy
environmental damage by making operators financially liable for threats of or
actual damage. The underlying principle is that of the “polluter pays” principle,
also applied under the Water Framework Directive. For the purposes of the
directive, environmental damage includes 'measurable adverse change in a
natural resource or measurable impairment of a natural resource service'
imposed on protected species and natural habitats, water and land.
To work in this sense, though, the damage must be attributable to one or more
polluters, and the causal link between the polluters and the damage must be
clearly established5. The onus of proof of such a connection is on those who
accuse an establishment of being responsible fro environmental damage. That
is, the burden of proof lies with the public authorities as guardians of a healthy
environment. Since gathering evidence to satisfy the standard of proof imposed
can be slow and cumbersome, the liability scheme provides insufficient
protection in many cases.
To increase compliance with Community environmental legislation, in 2007 the
Commission brought forward a revised proposal for a directive to protect the
environment through criminal law (criminal liability). The proposal establishes
a minimum set of serious environmental offences to be considered as criminal
offences, making it possible to impose heavier penalties, including prison
sentences. Such offences include the emission or discharge of materials into
water causing the death or injury of any person, or substantial damage to water
quality.

6.5 Market-based instruments

C. About this guidelines document
There are many useful guidelines documents extant that dip into various aspects
of uncertainty. Better to exploit their potential to assist practical water resource
management, the current guidelines (or better, meta-guidelines) link up those
documents in a manner that will be particularly useful for those interested in
adaptive management.
This document contains six chapters, which provide a brief introduction to
selected uncertainty topics and point to additional reading for deeper
exploration. It is not intended to remain as a static piece of text. The first
chapter explains the concepts of uncertainty; types, sources and ways to
characterize the different levels of ‘incertitude’. The second chapter provides an
overview of how uncertainty is manifested in practical water management and
how existing guidelines documents can help to handle these uncertainties. The
third chapter describes the adaptive management proposal for coping with
uncertainty. The fourth chapter offers an overview of existing guidelines
documents and suggests how these can be used at different water resource
planning stages. The fifth chapter dips into the relational aspects of uncertainty
and methods for handling frame differences. Finally, the sixth chapter explains
what uncertainty means for policy and decision making, and what regulatory
and others instruments are available when addressing uncertainty.
There are many useful topics not included among the initial chapters. For
example the initial essays provide little guidance for somebody interested in
conducting quantitative uncertainty assessment on its own. Instead, the
emphasis has been placed on helping readers to make sense of uncertainty,
rather than teaching them scientific skills.

Market-based instruments are financial incentives created, for example, by
subsidies, taxes, price signals or market creation, encouraging changes in
technology, behaviour or products6. We have already mentioned a number of
economic instruments, such as providing consumers with information about the
safety of a product and financial liability for damage caused to the environment,
health or private property.

5

Directive 2004/35/CE on environmental liability with regard to the prevention and remedying
of environmental damage
6
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Insurance is another group of economic instruments. In this case, the risk (and
uncertainty) is transferred to somebody else (the insurers) in exchange for a risk
premium. In other words, the insured person or entity pays (affordable) risk
premiums to prevent major, unaffordable losses. Insurers can protect themselves
from major and concentrated losses by sharing the risk born (and risk premium)
with re-insurers.
Rare but concentrated and major losses (e.g. damage due to a hurricane) can
exceed the capability of a single insurer or re-insurer to indemnify the losses. In
such a case, the insured or insurer may pool risk using bonds (catastrophic
bonds or CAT bond), in exchange for a premium payout. Since the payout
depends on the magnitude of the loss occurred, it contains an in-built incentive
to reduce future risks.
Other financial instruments used to hedge against risk and uncertainty are
derivates such as futures, options or weather derivates. Futures are contracts to
buy or sell an asset on or before a future date at a price specified today7. For
example, a farmer seeking risk reduction may choose to sell his/her crops in
advance, at a price negotiated well before harvesting. Options are similar to
futures, with the difference that future transactions are not binding; the owner of
an option can but does not have to buy/sell. Weather derivates are used to hedge
against risk associated with adverse or unexpected weather conditions8.

6.6 Citizen control of flexible policy enforcements
The involvement of public interest groups helps to retain public oversight of
policy implementation and to ensure that flexibility does not taint the lack of
response, or that uncertainty is not used as an excuse to deter action where this
is not warranted.
The Liability Directive provides some empowerment for non-governmental
organisations (NGOs) to request a review of regulatory actions or lack thereof,
and to submit evidence demonstrating environmental damage or an imminent
threat of such damage.
The provisions of the UNECE Aarhus convention9 provide a much broader base
for this right. The convention consists of three basic environmental rights
(pillars): access to information, public participation in decision-making, and
7

Wikipedia, http://en.wikipedia.org/wiki/Futures_contract

8

Wikipedia, http://en.wikipedia.org/wiki/Weather_derivatives

9

Convention on Access to Information, Public Participation in Decision-making and Access to
Justice in Environmental Matters, signed on June 25, 1998 and entered into force on 30 October
2001.
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access to justice on environmental matters. The European Union aligned EU
legislation with the requirements of the Convention before ratifying it in 2005.
The third right – access to justice – has so far only been fully transposed into
Community law with an effect on Community institutions.
The EU Directives (2003/4/EC and 2003/35/EC) which implement the
provisions of the first two rights also stipulate the requirements to enable access
to an independent review before a court of law or another independent body
established by law. Where applicable and in line with domestic law, NGOs are
considered as having an interest in the environmental decision-making
procedure, and thus have a standing before court. Where this is not the case,
NGOs can take indirect path and lodge complaints with the Commission or file
a petition to the European Parliament.

Summary
In this final chapter we explored how uncertainty can be addressed in
policy and regulatory instruments. How the future turns out to be does not
necessary invalidate decisions made under the condition of uncertainty.
What is of relevance to decisions made under uncertainty is the extent to
which the various sources of uncertainty have been properly identified,
characterised and accounted for in the final choices.Various regulatory
and policy instruments can be used to fully account for uncertainty and
risk. We have described some of these instruments, including the appeal
to sound science, the precautionary principle, back-end adjustments of
regulatory instruments and economic and financial instruments. Public
oversight is crucial to all of these instruments, and thus an indispensable
principle of good environmental management.

B. Foreword
Much has already been discussed in connection with uncertainty in scientific
and decision-making arenas. Increasingly, this topic has become unavoidable
for policy makers, manager practitioners and the various stakeholders involved
in water management. At the same time, uncertainty has also been subject to
numerous scientific studies, triggering new developments and theories.
However, despite the great advances and growing awareness in respect of
uncertainty, coping with it in areas such as water resource management still
constitutes a notably problematic issue, posing significant challenges for
decision making. Finding themselves faced with a Babylonian confusion,
decision makers are left with the responsibility of identifying an appropriate
response to uncertainty in a world where many different – and sometimes
contradictory – strategies exist for doing so.
The following “uncertainty guidelines” specifically address the topic of
uncertainty in adaptive water management. Taking a practical stand, these
guidelines also aim to enhance the appreciation of uncertainty and its
implications for water policy-making and management practice. In this way, we
hope to contribute not only to raising awareness of the multiple sources, types
and impacts of uncertainty, but also to providing decision makers with effective
strategies and instruments for handling uncertainty in an adaptive way.

Marcela Brugnach
April 2009
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A. Preamble for NeWater Synthesis Products
Water managers and policy makers face many challenges. They have to meet
various, often conflicting demands with limited resources, and often lack
effective tools for successful adaptive management. Furthermore, most
decisions have to be taken under conditions of high uncertainty (e.g. with regard
to climate change). To assist water managers and policy makers in meeting
these challenges, the EU-funded NeWater project has promoted/ fostered the
concept of Adaptive Integrated Water Resources Management (AWM). The
concept is based on the notion that the best way to manage water resources is to
increase our capacity to learn from experience and to adapt to change and
uncertainty.
AWM acknowledges various kinds and modalities of uncertainty: that there is
(and always will be) a lack of knowledge concerning how different parts of the
water system interact, how the system works and how it will change over time.
For this reason, this management approach aims both to identify new
information, e.g. utilizing tools to support adaptive monitoring, as well as tools
better able to assess future development, and to improve the capacity of actors
to process this information and draw meaningful conclusions from it. In other
words: “Adaptive management is learning to manage by managing to learn”.
Different from other management approaches, at its core AWM asks for an
assessment cycle that builds on the participation of all relevant actors during the
management process. To become fully effective, the management process needs
to be open for, and to encourage, change in a way that is transparent and
understandable to all actors. Joint decision-making with the aim of sustainable
water resources management must not be torpedoed by the varying capacities of
stakeholders for protecting their interests and/or being able to acknowledge the
necessity of a whole-system approach.
NeWater has dealt with a number of issues and achieved interesting results,
both in terms of new methodologies and results as well as experiences to
support AWM in practice in seven different case study basins. These include the
Rhine, Elbe, Guadiana and Tisza basins in Europe, the Amudarya in Central
Asia, and the Orange and Nile basin in Africa.
Most of the results have already been published in reports or journal articles and
have also been published on the website of the NeWater project. However,
experience shows that the richness of the results may easily lead even an
interested person to become swamped in details and information. The project
team has therefore identified twelve synthesis products:
1. Management and Transition Framework
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