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Introduction
This document supplements the GWP Handbook, ‘Catalysing Change: A Handbook for
Developing Integrated Water Resources Management (IWRM) and Water Efficiency
Strategies’.
The Integrated Water Resources Management (IWRM) concept has been around since
the early 1980s. Following dissemination of guidance, training and implementation on
IWRM, expert academics and practitioners identified areas where refinement and
enhancement were necessary. The results of that work are now being delivered through
the concept of ‘Adaptive Water Resources Management’ (AWRM).
This document explains the need for AWRM as an incremental improvement to the
recommendations made for practice under the IWRM framework, and proposes new
recommendations based on AWRM. AWRM is therefore proposed as a complementary
improvement on the conceptual foundations and practical implementation of IWRM
principles, and not a complete replacement of it. AWRM improves the foundation required
from which to realize the goals of IWRM in an uncertain and complex world.
The Need for AWRM – What did IWRM Miss?
IWRM did not focus adequately on:
An understanding of, or knowledge and practice on how to deal with, ‘uncertainty’
The complexity of human-technology-environment systems
New management approaches based on the theory of complex adaptive systems
o Interactive components and emergent properties giving rise to
unpredictability in, between, and through, systems
o Distributed system control as opposed to centralised control
The following sections of this supplement address these gaps, while the second half of the
supplement addresses the concept and implications for practice of AWRM.

UNCERTAINTY

Uncertainty
Uncertainty arises from a variety of factors ( Pahl-Wostl, C., Sendzimir, J. 2005):
•
•

•
•

“Ambiguity exists in defining operational targets for the different management goals
to be achieved and conflicts of interests require participatory goal setting (not only
by experts) and a clear recognition of uncertainties in this process”
“Outcomes of management measure are uncertain due to the complexity of the
system to be managed and due to uncertainties in environmental and socioeconomic developments influencing the performance of implemented management
strategies”
“New knowledge about system behaviour may suggest options for change in
management strategies”
“Changes in environmental and/or socio-economic conditions may demand change
in management strategies”

The need to be able to deal with and respond to such ambiguity is suggested in previous
GWP IWRM publications, specifically in the GWP Toolbox: “The global economy and
society are dynamic and the natural environment is also subject to change, IWRM systems
will, therefore, need to be responsive to change and be capable of adapting to new
economic, social and environmental conditions and to changing human values”
How should uncertainty be addressed and how should managers in the water sector
respond to such uncertainties then? Herein lays the current problem:
“How to deal with uncertainties is not explicitly addressed in current IWRM approaches.
The TAC Background paper No. 10, for example, does not include… the words uncertainty
or scenario”, and TAC Background paper No. 7 on water governance “advocates clearly
the need for governance systems to be more flexible and to take uncertainty into
account… flexible governance systems and management strategies taking into account
different kinds of uncertainties are urgently needed” ( Pahl-Wostl, C., Sendzimir, J. 2005).
This realisation has driven specific research on the topic of uncertainties, and as a result
four broad types of uncertainty can be identified:
1) Uncertainties relating to lack of knowledge
a. Uncertainty that occurs when the required knowledge isn’t available.
b. The kind of uncertainty brought about by different sets of data - data
variability.
2) Uncertainty in system understanding
a. Uncertainty arising from unknown historical paths of significance, the
interaction of system elements in feedback loops and delays.
b. Uncertainties in socio-economic systems and human behaviour where
multiple interpretations of the same phenomena are possible.
c. Uncertainties in the understanding of ecosystems of which hydrological
systems are a part.
d. Uncertainties in the understanding human-environment-technology-systems.
3) Uncertainty caused by unpredictability
a. Uncertainty inherent in the unpredictable nature of system behaviour, e.g.
climate change and extreme events.
b. Uncertainty arising from ambiguity in stakeholder perception, e.g. expected
outcomes and benefits can differ between people, groups and organisations.

4) Uncertainty in the implementation of regulatory frameworks
a. This means the uncertainty between intended strategies and those realised,
due to factors such as lack of cooperation or willingness to implement policy.
Tools which address the different aspects of uncertainty outlined above are therefore
paramount in water management. Pahl-Wostl (2006) makes the following suggestions:
“One of the strategies for dealing with uncertainty can be to gather new
knowledge to reduce uncertainties. This may include the implementation of welldesigned experiments using an adaptive management approach (Holling 1978,
Richter et al. 2003) based on the insight that the response of an ecosystem to
management interventions can be predicted only to a limited extent. Hence,
management must be able to adapt to new insights, gained during the process
of implementing measures of intervention. Numerous formal approaches exist
to represent uncertainties in models. However, whereas quite a few efforts have
been devoted to tackle uncertainty, ambiguities and social constructions of
reality have received far less attention. Moreover, it has been shown that
different perspectives on a problem domain receive increasing importance when
uncertainties in both the factual knowledge base and decision stakes are high
(Funtowicz and Ravetz 1993, Pahl-Wostl et al. 1998). Strategies for dealing with
such phenomena must build on the interpretative traditions of the social
sciences that deal with the ways in which people use knowledge from their own
experiences or other sources to make sense of the world. Strategies must also
build on the ways in which people perceive an issue, because this can influence
the communication in a group of actors. Gray (2004) provided evidence to show
that the ways in which stakeholders frame the issues can explain collaborative
success or failure. The convergence or divergence of the stakeholders’ frames
can explain the success or failure of resolving a conflict. Frames may refer to
risk attitudes, conflict management styles, role of power, power relationships,
and views of nature such as vulnerability (Hanke et al. 2002, Gray 2003, 2004).
Frames mainly arise through social interactions, and may be influenced by
social norms and/or cultures. Collective frames may also support the formation
of a group identity. Gray reported one example in which a conflict about the
formation of a nature park led to the reinforcement of a collective identity among
the stakeholders in the region who felt seriously threatened by both
environmentalist groups and the government. Hence, a strange coalition arose
between environmentalists and governmental representatives who pursued
quite different interests. The conflict was never resolved, which was attributed to
a lack of reframing and, thus, the failure to develop a joint base for
communication. Resolving conflicts must include processes of social learning
and instances of reframing.”
Further, to implement a participatory process that facilitates social learning and institutional
change, and leads to an adaptive management strategy for the restoration of
multifunctional riverine landscapes, Pahl-Wostl (2006) makes the following 9
recommendations:
1. Perform profound stakeholder analyses based on document analysis and interviews
to select all stakeholder groups;
2. Establish a shared problem perception in a group of relevant actors who have the
ability to communicate about different points of view. This may involve role playing,
knowledge elicitation, and group model-building techniques (Vennix 1996, Pahl-

3.
4.
5.
6.
7.
8.
9.

Wostl and Hare 2004). It is not required to achieve a consensus, rather social
learning implies that differences in opinion are recognized in order to deal with them
constructively;
Build trust for self-reflection to recognize individual mental frames and images, and
the ways in which they pertain to decision making. This requires good facilitation
and the need to recognize potential sources of mistrust;
Recognize mutual dependencies and interactions;
Develop possible scenarios regarding the future state of a multifunctional landscape
and new management approaches;
Identify barriers for change and possible solutions to overcome them;
Engage in collective learning and decision processes in a stepwise and iterative
fashion;
Implement joint action plans and consider institutional change and innovation if
needed;
The management of the process of change must be adaptive and lead to changes
that will enable continued adaptive management of riverine landscapes according to
the principle “managing to learn in order to learn to manage.”

Adaptive management embeds uncertainty as a fundamental principle in the management
approach, and at the same time requires a conceptual foundation grounded in an
acceptance of the complexity of human-technology-environment systems.

THE COMPLEXITY OF
HUMAN-TECHNOLOGYENVIRONMENT SYSTEMS

Complexity of human-technology-environment systems
The goal of adaptive management promoted here is to increase the adaptive capacity of
the (water) system. The focus is on integrated system design, seeking to increase the
ability of the whole human-technology-environment system to respond to change rather
than to react to undesirable impacts of change. It is therefore a pro-active management
approach grounded in an acceptance of the interdependent nature of social, technical and
environmental processes that emphasises that change must be based on a collective
learning process.
However, as Pahl-Wostl (2004) points out, we are yet far from putting into practice
integrated resources management while fully taking into account the complexity of humantechnology-environment systems, as can be seen through experiences in managing
environmental problems and resources that provide partial success stories but when
assessed over the longer term perspective demonstrate unexpected side-effects. For
example:
•

•
•

•

•

Flood control efforts such as levee and dam construction have led to more severe
floods by preventing the natural dissipation of excess water in flood plains. The cost
of flood damage has increased as the flood plains were developed by people who
believed they are safe.
Pesticides and herbicides have stimulated the evolution of resistant pests and
weeds, killed of natural predators, and accumulated up the food chain to poison
fish, birds and possibly humans.
Programs to increase the capacity of roads designed to reduce congestion have
increased traffic, delays, and pollution by attracting more people to drive with the
car and by providing incentives for a spatial segregation of workplace, residential
and shopping areas.
Policies of fire suppression have increased the size and severity of forest fires.
Rather than frequent, small fires, fire suppression leads to the accumulation of dead
wood and other fuels leading to larger, hotter, and more dangerous fires, often
consuming the oldest and largest tress that previously survived fires unharmed.
High security standards for heavily subsidized water supply systems designed to
meet maximum daily demand have lead to quite expensive and inflexible systems
and to exaggerated expectations of the public regarding the provision of services at
no cost.

Pahl-Wostl (2004) suggests that in all these cases policy makers, resource managers and
engineers underestimated the importance of feedback effects, non-linearities, time delays
and changes in human behaviour as a consequence of policy interventions. She
continues:
“Human actors typically tend to reduce the complexity and dimensions if they
are confronted with a problem to be tackled (Sterman, 2000; Vennix, 1996).
What may be more appropriately described as a messy problem situation is
often compressed into a description of a well defined problem with simple
cause-effect relationships. Open loop structures that behave quite “benign” are
assumed instead of feedback cycles. The problem of traffic congestion and the
corresponding dissatisfaction of car drivers for example have been attributed to
a lack of road capacity. However, such a simplifying approach is misleading. It
helps to handle the problem, may be successful in the short-term but the

negative effects of long-term consequences may often outweigh short-term
benefits. What has been neglected in the traffic example was the fact that more
and better roads provide an incentive for people to use the car more often and
abandon public transport, to move to a place where they depend on the car
etc.”
In order to deal with such cases more effectively the following recommendations are
made:
• Use methods that facilitate exploration of all possible scenarios of the coevolutionary development of human-technology-environment systems that may
result from policy interventions.
• Use methods that facilitate different policy problems to be matched to appropriate
management strategies.
• Address environmental problems from a wider perspective taking into account
complexities, non-linearity and the limits of control - control of environmental
problems is an illusion.
Technical systems are constructed such that they can be controlled. However, humantechnology-environment systems are more appropriately described as complex adaptive
systems where different paradigms have to be used. The next section considers complex
adaptive systems theory.

COMPLEX
ADAPTIVE
SYSTEMS
THEORY

Management Approaches Grounded in Complex Adaptive Systems Theory
“Implementation of integrated resources management that fully accounts for the
complexity of human-technology-environment systems has yet to be realised. The
increasing awareness of the complexity of environmental problems and of humantechnology-environment systems has encouraged the development of new management
approaches based on the insight that the systems to be managed are complex adaptive
systems. Complex adaptive systems are characterised by being composed of many
interacting components and emergent properties that cannot be predicted by knowing the
components alone. Control is distributed rather than central” ( Pahl-Wostl, C., Sendzimir,
J. 2005) – also see corresponding section on ‘decentralised control’ below.
The theory of complex adaptive systems (CAS) originated in the natural sciences and
articulates how interacting agents in systems adapt and co-evolve over time, and who,
through their interactions, produce novel and emergent order (see figure, below) in
creative and spontaneous ways. Latterly, academics and practitioners in the domain of
organisational science have applied complexity science to the way both organisations and
the people in them interact and operate (Beinhocker, 1998; Beinhocker, 2001; Horgan,
1995; Pascale, 2001; Plexus , 1998a; Plexus, 1998b; Regine, 1998). In this way,
implications for organisational strategy, for example, correlate closely with what Mintzberg
et al (Mintzberg, Ahlstrand, and Lampel, 1998) refer to as the learning school, where
strategy formation is acknowledged to take place as an emergent process, and the cultural
school, where strategy formation is seen as a collective process.

Chris Langton's view of emergence in complex systems (adapted from Lewin,
1999:13)
According to Olson and Eoyang (2001), a complex adaptive system (CAS) behaves or
evolves according to three key principles: 1) order is emergent as opposed to hierarchical,
2) the system’s history is irreversible, and 3) the system’s future is often unpredictable.
The agents within the complex adaptive system are thought to behave according to simple

rules in their local, and random, interactions with one another, and power is decentralised
(Johnson, 2001). In line with this, Stacey (2003a) describes complex adaptive systems in
the following way: “A complex adaptive system consists of a large number of agents, each
of which behaves according to some set of rules. These rules require the agents to adjust
their behaviour to that of other agents. In other words, agents interact with, and adapt to,
each other” (2003:237).
Six key complexity science principles which relate to specific properties of complex
adaptive systems include:

Self-Organisation & Emergence

Not everything happens according to plan. In fact, says Guy Browning, Guardian
columnist, "The Best way to plan is carefully to write everything down on a piece of paper
and then to rip the paper to shreds. This accurately reflects what happens to plans in real
life… most people do their planning after the event. This is a lot easier, because you know
exactly what happened and can come up with a very impressive plan that would have
made you look terrific had you actually done any of it." [Extract from 'How to Plan' by Guy
Browning, in The Guardian Weekend, April 26, 2003, p10.]
Why does this ring so true? One explanation can be found in the infinity of connections we
have to the world around us.
“We live in an environment where a lot of things are happening all the time. People interact
with each other, the immediate environment of equipment and things, with the external
world of customers, competitors and neighbours. They interact with the patterns and
processes of behaviour … in all these interactions, novelty is created, new things happen.
We can’t predict just what these will be because so much is going on. Who can establish
just what caused what? We can call this ‘emergence’” [Extract from p169, in “The
Leadership Dance”, by Richard, N. Knowles – 2002].
And the scary fact is, no-one is in charge of all this. “Neither the messy creative processes
nor their outcomes can be planned or intended, because long-term outcomes are truly
unknowable at the edge of chaos. In fact, the links between our next actions and their
long-term outcomes disappear, so that no one can be in control. This becomes far less
anxiety-provoking once we accept it and understand that when a system is held at the

edge of disintegration, the consequence is not necessarily randomness and anarchy,
because the edge also has an inherent order brought about by redundancy and
cooperation. That cooperation does not occur according to some blueprint, some prior
intention of the most powerful. It is true empowerment, a bottom-up process in which
agents follow their own best self-interest without waiting to be told that they may. Such
spontaneous self-organisation produces emergent strategies; that is, the interaction
itself creates patterns that no agent individually intends or can foresee. Emergence
means that it is not possible to foresee the global outcome of interaction between
individuals or to reduce the global pattern to the behaviour of the agents… When you insist
on your vision, when you try to stick to your blueprint, when you cling with so much
determination to control are you destroying the capacity of your organisation for complex
learning? When you expel the surplus resource from your organisation out into the
community, have you become more efficient but also so brittle that you cannot survive
turbulence? Is there time left for the play and the dialogue without which nothing truly new
can happen?” [Extract from, pp15,16, “Complexity and Creativity in Organisations”, by
Ralph D. Stacey, (1996).]
What’s needed for adaptive water resource management now is the ability to see that
complex systems structure themselves out of themselves, that interacting elements act
according to diverse ‘rules’, and order is created out of chaos. This is the world of selforganisation and emergence, where patterns emerge from interactions, where new
qualities arise through particular types of networks, where more highly structured
complexity is produced out of many simple components, and where, between
stakeholders, each individual outgrows its usual competencies and new ones continually
emerge.
If we think of human-technology-environment systems as complex adaptive systems, it is
possible to see how the agents in them show self-organising behaviour. Self-organisation
means that the system organises itself, i.e. in scientific terms that the single agents of the
system find and create a structure in a ‘bottom-up’ way, on their own, without having a
master-plan or an observational guide telling them how to organise.
Technical elements of self-organisation include: negative and positive feedback loops;
decentralized control; structured randomness; and, neighbourhood interactions. For
companies, this can mean that self-organisation happens when a group of individuals
decides what to do, how to do it and when to do it without anyone outside that group telling
them what and how to do it. In fact, it means that the group doesn’t necessarily know or
consciously decide to do anything. It is as if something happened as a by-product of
getting on with other things.
Research which has tried to discover more about elements in an enabling environment
that could maximise the potential of self-organisation indicates that a certain
understanding of a company based on trust and respect and the belief in self-organising
behaviour is required. This includes the ideas that: mistakes are part of a learning culture
(without blame); negative feedback is as important as positive; people should be
empowered to take on responsibility for their actions; and, control has to be decentralised.
This research also suggests that general guidelines/rules are necessary to let emergence
happen, and that people can learn from each other by sharing learning and knowledge,
through interactions and conversations with others. The idea of self-organisation is, of
course, closely linked to the notion of emergence. Emergence, as perceived in a technical
way, is the idea that in complex adaptive systems structure and order, novelty, spontaneity

and creativity emerges from the bottom up, out of the self-organising behaviour of their
agents, which makes the system itself more than its single parts (Gleich et al 2002).
SPOTTING SELF-ORGANISATION AND EMERGENCE:
Is any single person in command or control of the situation? Not when selforganisation is happening.
Is someone planning and managing the situation? Not when self-organisation is
happening.
Is there any obvious hierarchy creating order in the current situation? Not in terms
of the self-organisation that is going on.
Can you easily predict what is going to happen next? Not when things are really
self-organising and emerging.
Does the way people are interacting appear to be random? Yes, it often does appear
to be that way.
Do you see novelty emerging from the interactions between different agents in a
system? Yes, afterwards you can probably make sense of this more easily.
Could it be that if you were to look on a wide scale there might be some patterns
emerging? Yes, if you thought about you would probably be able to see some kind
of pattern emerging.
Are events unfolding themselves without a ‘leader’? Yes, when self-organisation is
going on people often don’t realize it at the time as they are so busy involved in
other things.
Is this going on continuously? Yes, absolutely.
Are people interacting with each other in simple ways? Yes, as well as very
complicated ways.
Think of an example of self-organisation and emergence from your own life at home or in
the work place, and make a note here:

Diversity

Diversity in today’s world is primarily seen as a good thing when something goes wrong
(i.e. not according to plan), because it means there is usually another direction to pursue
and all is not lost. It’s about keeping your options open. The same is true in the natural
world. Fritjof Capra writes: "In ecosystems, the role of diversity is closely connected with
the system's network structure. A diverse ecosystem will also be resilient, because it
contains many species with overlapping ecological functions than can partially replace one
another. When a particular species is destroyed by a severe disturbance so that a link in
the network is broken, a diverse community will be able to survive and re-organise itself,
because other links in the network can at least partially fulfil the function of the destroyed
species. In other words, the more complex the network is, the more complex its pattern of
interconnections, the more resilient it will be. In Ecosystems, the complexity of the network
is a consequence of its biodiversity, and thus a diverse ecological community is a resilient
community, capable of adapting to changing situations. However, diversity is a strategic
advantage only if there is a truly vibrant community, sustained by a web of relationships. If
the community is fragmented into isolated groups and individuals, diversity can easily
become a source of prejudice and friction. But if the community is aware of the
interdependence of all its members, diversity will enrich all the relationships and thus
enrich the community as a whole, as well as each individual member. In such a community
information and ideas flow freely through the entire network, and the diversity of
interpretations and learning styles – even the diversity of mistakes - will enrich the entire
community." [Extract from "The Web of Life", by Fritjof Capra, 1997, p295]
The potential for enrichment means diversity is the fertilizer of innovation and
development. Brian Arthur, of the Santa Fe Institute (a Mecca for complexity scientists),

writes: “Diversity itself provides the fuel for further diversity. Growth in co-evolutionary
diversity can be seen in the economy in the way specialized products and processes
within the computer industry have proliferated in the last two decades. As modern
microprocessors came into existence, they created niches for devices such as memory
systems, screen monitors, and bus interfaces that could be connected with them to form
useful hardware – computing devices. These, in turn, created a need, or niche, for new
operating system software and programming languages, and for software applications.
The existence of such hardware and software, in turn, made possible desktop publishing,
computer-aided design and manufacturing, electronic mail, shared computer networks,
and so on. This created niches for laser printers, engineering-design software and
hardware, network servers, modems, and transmission systems. These new devices, in
turn, called forth further new microprocessors and system software to drive them. And so,
in about two decades, the computer industry has undergone an explosive increase in
diversity: from a small number of devices and software to a very large number, as new
devices make possible further new devices, and new software products make possible
new functions for computers, and these, in turn, call forth further new devices and new
software. Of course, we should not forget that as new computer products and functions for
computers appear, they are often replacing something else in the economy… And so the
increase in diversity in one part of a system may be partially offset by a loss of diversity
elsewhere” [W. Brian Arthur (1999), ‘On the Evolution of Complexity’, in ‘Complexity:
Metaphors, Models and Reality’, Cowan, G. A., Pines, D., Meltzer, D. Eds., Advanced
Book Classics].
In terms of adaptive management at the human-technology-environment system level,
diversity is sought by means of a wider network and a richer variety of stakeholders and
network partners. Networks combine the greatest possible variations of diversity. It is this
high diversity that creates more possibilities to react flexibly to environmental changes,
meaning that the greater the variety within the system, the stronger it is. When there is so
much diversity then of course ambiguity and paradox abound, but the advantage is
realized when such contradiction is used to create new possibilities to co-evolve with the
larger environment.
Diversity and Adaptive Management
Diversity plays a crucial role in anything considered a complex adaptive system (CAS).
CAS are technically said to need a diverse set of agents to be successful and to let an
effective structure emerge. In human-technology-environment systems, this means that
the right mix of people – stakeholders - is indispensable for flexibility, adaptive capacity,
innovation and creativity. Self-organising teams cannot work if all team members have the
same strengths and weaknesses; it is the combination of different abilities that makes such
a system creative, but also adaptive. Managers respecting the principle of diversity will
therefore try to combine different variants without trying to level the differences in the
system, i.e. they will recognise and respect diversity as a particular asset. They will
moreover try to discover diversity and create the potential for discovering it. And they will
try to find means to combine diverse variants, i.e. create stakeholder teams representing
mixed frames of reference.
SPOTTING DIVERSITY:
Are differences in the human-technology-environment system flattened out or
levelled? If a manager is making the most of the diversity of system agents, e.g.

stakeholders and problems represented, the differences will probably be
emphasized, not flattened.
Does change happen easily? In a system which is truly rich with diversity, change is
happening all the time.
Does the way agents in the system interact and change appear flexible? Diversity in
and between systems can mean that a lot of potential flexibility is built in.
Does the 'system' seem strong? It may well seem strong if it includes diverse
people, relationships, activities and services, as any real representation of a humantechnology-environment system would.

The Edge of Chaos

There’s an almost magical point, that you can’t put your finger on, where stuff really starts
to happen. It’s a point between chaos and order when creativity and stability fuse, where
living systems are at their most inventive, where there is the highest chance that
something pretty distinct and unique will emerge. This happens near something called the
'edge of chaos', where there is a natural transformation from order, into chaos, and then
on into new order. But don’t be mistaken – this is not somewhere adrenaline junkies can
go on holiday.
"The edge of chaos is a condition, not a location,” writes Pascale, “It is a permeable,
intermediate state through which order and disorder flow… Moving to the edge of chaos
creates upheaval but not dissolution. That's why the edge of chaos is so important. The
edge is not the abyss. It's the sweet pot for productive change.”
Complexity scientists, who, among other things, study edge of chaos conditions, love to
use analogies from the natural world in their search for understanding. Pascale, who uses
the determined and endlessly innovative fire ant to illustrate the meaning of the edge of
chaos, is no exception. “The fire ant appears to thrive at the edge of chaos,” he says,
“When the environment becomes outright hostile (that is, nearer to chaos), surviving
colonies strive to rebuild their army of workers, which occasionally triggers warfare
between colonies… some fire ant free-for-alls escalate... workers steal rival colonies' eggs
and larvae …” Etc, etc. However, importantly, Pascale goes on to say that “Human beings
aren't ants, and organisations aren't ant colonies. But when productive agitation runs high,
innovation often thrives and startling breakthroughs can come about. This elusive much

sough-after sweet spot is sometimes called 'a burning platform'. The living sciences call it
the edge of chaos.”
“Andy Grove, the Chairman of Intel, has had a long-standing acquaintance with this realm.
He embraces it as part of his executive tool kit. Grove recalls: "By the mid-nineties, a PC
price war, abetted by the Asian economic crisis, had shaved $100 off the average price of
a computer. We had to face the disturbing possibility that the pace at which we could
introduce a new microprocessor (premium prices for a year, then priced for the middle
market a year later, and finally value priced for the low-end) was collapsing. We had to
speed up this cascade. A new product that used to migrate to the bottom of the market
over three years needed to get there in 12 to 18 months to retain our competitive edge. As
you try and make sense of the new landscape (i.e., formulate the adaptive challenge), I've
learned it is important to move the organisation quickly from denial to acceptance of
change (i.e., disturb equilibrium). Doing so usually involves 2 phases. First, you must
experiment and let chaos reign. That's important because you're not likely to successfully
stumble on the answer at the first sign of trouble. Rather, you have to let the business
units struggle and watch the dissonance grow in the company (i.e., manage the level of
distress). As this unfolds, you enter the second phases of change, which I describe as the
Valley of Death (i.e. the edge of chaos). Doing away with established practice and
established people - tearing apart before you can put together something new - is not fun.
It is wise to refrain from talking too much about where this is all going in the early stage.
Talking prematurely about changes that disrupt people's lives and are not truly believed
can undermine efforts before you really know what you are doing. But once they are in
place (i.e., the adaptive challenge has been met), it is essential for leadership to speak
clearly about what the changes mean and what the organisation is going to do. At this
point, you are at the other side of the Valley of Death and you can describe the future that
lies ahead." [Extract taken from pages 61-65, of Pascale, R. T., Millemann, M., and Gioja,
L. (2000), 'Surfing the Edge of Chaos'.]
The Edge of Chaos and Adaptive Management
The edge of chaos is the balance between structure and flexibility a human-technologyenvironment system teeters on and which needs to be the focus of adaptive management.
In complexity science, the edge of chaos, i.e. the zone between complete stability and
complete chaos, is the area, where the system is most productive. This zone, however, is
no fixed point, but rather quite a broad scale, a kind of balance, on which stakeholders
have to find their ideal position.
The notion of the “edge of chaos” is incorporated in all kinds of balance fields that can play
a role for stakeholder teams, such as finding the right balance between exploring and
exploiting activities, navigating and enabling management behaviours, etc.
SPOTTING THE EDGE OF CHAOS:
Is there lots of creative novelty emerging in the system? At the edge of chaos, there
is.
Are there lots of transitions and changes from one system state to another? Yes,
can you spot any?

History & Time

“The laws of physics allow history to exist… in principle, history could unfold far more
predictably than it does. It need not, in principle, be subject to terrific cataclysms of all
sorts… If many historians have searched for gradual trends or cycles as a way of finding
meaning and making sense of history, then they were using the wrong tools. These
notions arise in equilibrium physics and astronomy. The proper tools are to be found in
non-equilibrium physics, which is specifically tuned to understanding things in which
history matters… The historian Paul Kennedy published a book entitled The Rise and Fall
of the Great Powers. In it he laid out the idea that the large-scale historical rhythm of our
world is determined by the natural build-up and release of stress in the global network of
politics and economics. His view of the dynamics of history leaves little room for the
influence of ‘great individuals’… It sees individuals as products of their time, having limited
freedom to respond in the face of powerful forces”. But “The meaning for the individual is
more ambiguous. For if the world is organized into a critical state, or something much like
it, then even the smallest forces can have tremendous effects. In our social and cultural
networks, there can be no isolated act, for our world is designed – not by us, but by the
forces of nature – so that even the tiniest of acts will be amplified and registered by the
larger world. The individual then, has power, and yet the nature of that power reflects a
kind of irreducible existential predicament. If every individual act may ultimately have great
consequences, those consequences are almost entirely unforeseeable. Out there right
now on some red square in the field of history a grain may be about to fall. Someone trying
to bring warring parties to terms may succeed, or may instead spark a conflagration.

Someone trying to stir up conflict may usher in a lengthy term of peace. In our world,
beginning bear little relationship to endings, and Albert Camus was right: ‘All great deeds
and all great thoughts have ridiculous beginnings’” [Buchanan, M. (2000) ‘Ubiquity: The
Science of History’, London: Phoenix].
As any manager well knows, the series of decisions which an individual makes from a
number of alternatives determine the subsequent path of the individual and also the
organisation and even the human-technology-environment system. Some options are then
limited, and others suddenly available in proliferation where before they were not.
Complexity Scientist Professor Peter Allen refers to this by using the metaphor of a
branching tree, where development, or growth, takes place through a mixture of chance
and necessity. When a system, or an organisation, is near to a branching point the
Professor says it is relatively unstable, and because of this, small, chance disturbances
‘can be decisive in nudging it onto one branch rather than another’. And, he adds, “In this
way, we find that history is made up of successive phases of relatively predictable
development ‘along’ a particular branch, separated by moments of instability and real
change during which the future of the system is laid down by some rather indeterminate
chance events which push it onto one or another branch. We now see the nature of an
‘historical accident’” he says [Allen, P. M. (1997) “Cities and Regions as Self-Organising
Systems: Models of Complexity”, Amsterdam: OPA].
For adaptive managers this means that before any stakeholder makes a decision and
takes action there are a number of alternatives - after, it becomes part of history and
influences the subsequent options open to the individual and those around him or her, and
the rest of the human-technology-environment system. Therefore, system histories are
unique. Unique histories mean every decision made in the system is context specific, and
as such stakeholders have to find their own way, something readily acknowledged by
leaders at pharmaceutical giant, Monsanto. "Sometimes people at other companies think
they should imitate what we're doing” said one such leader. “The first thing I'd say is, 'Stop
looking to us. We followed our path, it has to do with our history and our business." I don't
think we are a model for anybody, although I know there are companies who are using us
as a model. If we'd had a model, I don't think we would have done as well as we have,
because we might have felt constrained to do things in a certain way that didn't fit us. The
most important thing is that this is an experiment, an experiment still in progress. ...
Because we are in times of unprecedented change, unprecedented discontinuity, you
need to keep enough flexibility so that if you face something surprising you can take
advantage of it, or recoil from it, whatever is appropriate. I think, because of the way we
work, we can do this a lot better than in the past. And my guess is that most organisations
would know how to do all this too." [Extract taken from p222-3, chapter 12, 'Monsanto:
Transformation of a Chemical Giant', in "Weaving Complexity & Business: Engaging the
Soul at Work", by Roger Lewin and Birute Regine., 2000].
History and Time and Adaptive Management
History is an important factor of anything considered a complex adaptive system (CAS).
This means that, although the future behaviour of a CAS cannot be extrapolated from the
past, the past of this system is still important for its present and future position. This means
that those representing stakeholders in human-technology-environment systems should be
aware of their past and make use of their experiences. Good experiences, however,
should not be treated as “best practice” cases that can be copied from the past and into
future successes, but as a kind of adaptable input that can help in making decisions, to

“ask the right questions”. Bad experiences should likewise not be considered “failures” that
nobody talks about and that end up as a kind of bad stigma attached to the people who
made them, but as part of a learning process that helps the company to be more robust in
the future.
SPOTTING FACTORS RELATING TO HISTORY & TIME:
Can anyone or anything go back in time and change something in the system? Not
unless time machines exist! Not many managers – or even adaptive managers have one of those.
Have decisions been made that have brought you, your stakeholders and the
human-technology-environment system to where you are collectively now? Of
course
Do you know what those decisions were and who made them? Maybe, maybe not!
Some were too far back in time.

Pattern Recognition

As already noted, human-technology-environment systems are very complex things,
packed full of rich interconnections between a diversity of elements. The ways
stakeholders connect or relate to each other is critical to the survival of the system - from
these connections and interactions patterns are formed, meaning that the relationships
between people are often more important than the actual people themselves. Interestingly,
self-organised, living networks always show similar patterns, for example, the ways in
which people group together in different areas at different times for different purposes –
the reasons and nature of their grouping may always be different, but the fact that they
group for some reason is a similar pattern that happens again and again – so grouping is a
pattern. The more dynamic the system is though, the more unpredictable patterns may
develop. In edge of chaos conditions change does not follow a linear path, so small
changes can be amplified, and produce exponential change. Novel, emergent order arises
through cycles of iteration in which a pattern of activity, defined by rules or regularities, is
repeated over and over again, giving rise in coherent order. Outcomes are produced by
different historical events and unique interactions. Through feedback loops (positive and
negative) incidences may produce an unpredictable resonance; the chaotic state has a
distinctive pattern to the fluctuations in variables – the pattern changes as order begins to
emerge from chaos.
Management theorist and consultant, Ralph Stacey explains, "Chaotic behavior has an
overall, qualitative pattern to it, within which specific outcomes are random… for example,
there is a category we call snowflakes, but within that category each individual snowflake
pattern is different. Each snowflake is clearly recognizable as such, but it is also different
from all the others because it is a record of its history as it fell to the earth. As it did so, tiny
differences in its exposure to temperature and air impurities, compared to nearby
snowflakes, were amplified into different patterns… when behavior is chaotic, there is an
important distinction between a category and the individuals constituting it. The individuals
are not all the same, they are only similar enough to warrant inclusion in the category. We
can then talk about history repeating itself and yet always being different. To see how this

relates to the world of business, consider how competitive advantage is built up in certain
geographic locations. Common patterns, at a qualitative level, can be detected in the
development of businesses around certain education institutions. Research centres of
excellence in micro electronics and information technology and Stanford and Berkeley,
together with the availability of skilled labour, played an important part in the development
of Silicon Valley in California. The availability of advanced technology made this an
attractive location for electronics manufacturers in the early stages of that industry's
development. These businesses in turn attracted component suppliers and other support
companies. What we can observe is a feedback process through which a particular
constellation of industries is built up to provide a particular set of competitive advantages.
A similar process can be observed around Cambridge in the UK… Similar patterns of
geographic development in fashion clothing and shoes can be observed in northern Italy
around Milan. The process is the same. Some initial advantage attracts a small cluster of
companies. Through feedback, support industries are attracted and so the pattern
develops. We can detect and recognize these patterns of geographic economic
development, but their specific form is unpredictable, depending to a significant extent on
chance… We can recognize geographical patterns of economic development as we
become involved in them, but we cannot predict how these patterns will evolve… the
pattern that emerges depends on many escalating small events. The 'hidden' pattern is
therefore the essential feature of the category." [Extract from p67-9, in "Managing Chaos",
by R, D, Stacey, 1992.]
Pattern Recognition and Adaptive Management
Technically, it is said that complex adaptive system (CAS) behaviour shows patterns.
These patterns can, for example, be observed in a flock of birds or the complex structures
of bee hives. Human beings have a natural urge to identify patterns in the evolving of
complex systems, which can be helpful but also dangerous in the corporate context
(because the human brain tries to identify patterns even if there no patterns). In humantechnology-environment systems, pattern recognition implies that emergent patterns, such
as informal organisation and communication structures, can be observed and made use
of. These structures challenge the official, planned organisation often deployed by
institutions, show its deficits and offer possible starting points for improving the system, by,
for example, incorporating a “shadow system”, or informal system, into the formal one.
SPOTTING PATTERNS:
Can you see direct and proportional links of cause and effect? Not really.
Are people and groups really linking in random ways? Not random, although they
may appear to be.
Are small numbers of people loosely coupled to others? Yes, if you look for this
kind of pattern, you will find it.
Are small changes amplified? They can be.
Can you see big effects coming from small changes? Sometimes.
Can you see patterns of activity being repeated over and over again? If you look
properly, yes.

INTERACTIVE
COMPONENTS
EMERGENT PROPERTIES
UNPREDICTABILITY

Interactive Components, Emergent Properties
The theory of CAS and its emergent properties (e.g. self-organisation and emergence) are
often presented through analogies from the natural sciences, in particular analogies and
metaphors of bee hives, ant and termite colonies, and birds in flight (Bonabeau and Meyer,
2001; Sole and Goodwin, 2000; Resnick, 1998; Kelly,1994; Lewin and Regine, 2001;
McMillan, 2004; Waldrop, 1992; Stacey, 1996;Johnson, 2001; Stacey, 2003b; Bentley,
2001).
Stacey (2003a) explains:
“A flock of birds might be thought of as a complex adaptive system. It consists
of many agents, perhaps thousands, who might be following simple rules to do
with adapting to the behaviour of neighbours so as to fly in formation without
crashing into each other. A human being might be seen as a network of
100,000 genes interacting with each other. An ecology could be thought of as a
network of vast numbers of species relating to each other. A brain could be
considered as a system of ten billion neurones interacting with each other. In
much the same way, an organisation might be thought of in terms of a network
of people relating to each other. Complexity science seeks to identify common
features of the dynamics of such systems or networks in general” (2003a:238).
Ants, termites, bees and wasps have stimulated fascination and interest at a general level
and individuals have come to learn about the interactive components, emergent properties
and unpredictability of complex adaptive systems because of their interest in the collective
behaviours of these species (Sole and Goodwin, 2000):
“Social insects display some of the best examples of what we call emergent
behaviour. It is difficult not to become fascinated by the abundance of patterns
shown by the work of ants, termites, bees, and social wasps. The huge nests of
termites and raid patterns of army ants travelling through the rain forests are
just two examples. We are fascinated by the collective behaviour, but also by
their ecological success: the dry weight of ants and termites in some rainforests
is about four times that of all the other land animals. In some ecosystems ants
compete successfully with rodents and other vertebrates. We find them all
around the world, from deserts to the jungle, and they are strong competitors.
Some authors even propose that this strong competitive ability leads to a welldefined partition of habitats, with ants and termites playing a central role and
solitary insects having much less ecological relevance. But while colonies of
social insects behave in complex ways, the capacities of individuals are
relatively limited… generally speaking, single ants behave in a simple way… but
then how do social insects reach such remarkable goals? The answer… comes
to a large extent from self-organisation: insect societies share basic dynamic
properties with other complex systems… individual units do not gather, store
and process information by themselves, instead they interact with each other in
such a way that information is manipulated by the collective” (2000: 147-149).

Unpredictability

Due to the complicated interconnectedness of everything, it's very difficult to foresee or to
control behavior of everything going on in a networked environment. Small things in
obscure places are continually reacting to impulses from outside or inside the network.
These reactions ricochet throughout the network and have a system-wide effect so that in
the end, no-one knows the real root cause of these effects. In a similar way, all
stakeholders exist within their own human-technology-environment and they are also part
of that human-technology-environment, and as their environment changes they need to
ensure best fit. But when they change, they change their environment too.
In a changing system this can lead to increased feelings of uncertainty. This is because,
"Although we all do our best to foresee important consequences, there is widespread
acknowledgement that this is extraordinarily hard in times of dramatic change.” “The
information revolution provides excellent examples... Some of the most famous stories of
mistaken foresight centre on managers and board members at companies like IBM and
Intel who were unable to grasp the world-changing potential of their own products. IBM
leaders once thought a handful of computers would suffice for the entire world. The Intel
board of directors discouraged the first proposals to develop a microprocessor. The
National Science Foundation has remarked that its panel of distinguished information
technology scientists and engineers is consistent in its unwillingness to predict the future

(New York Times, 1997). Efforts of the Justice Department to redress the consequences of
Microsoft Corporation's monopoly are hampered by the inability of experts to say what
operating systems might become. As Andrew Pollack said, "The gears of the digital
revolution [are] turning faster than the wheels of justice" (Pollack, 1998). Some industry
leaders were frank enough to say - two years after the deluge - that they saw the first
effective Web browser, Mosaic, as an inconsequential toy (Norman, 1997). As we write,
that experience of the unanticipated World Wide Web explosion is fresh in our memories.
In the information revolution, there are clearly strong limits on our ability to foresee what is
to come." [Extract taken from pages 11-12 of Axelrod, R, and Cohen, M. D. (1999),
"Harnessing Complexity; Organisational Implications of a Scientific Frontier."]
Allen, who has a background in theoretical physics, has written extensively in the area of
complexity science (Allen, Ramlogan, and Randles, 2002; Allen, 1997; Allen, 1982; Allen,
1990; Allen, 1992; Allen, 1994; Allen and Sanglier, 1978; Allen and Sanglier, 1979b; Allen
and Sanglier, 1979a; Allen and Sanglier, 1981; Allen, Sanglier, Engelen, and Boon, 1984;
Allen, Engelen, and Sanglier, 1984; Allen, Sanglier, Engelen, and Boon, 1985; Allen and
McGlade, 1987; Allen, 2001; Allen, Evans, and Ure, 2004).
His work focuses on the application of complex adaptive systems modelling on such areas
as environmental and urban planning, social dynamics and human systems, learning
networks, policy making, management, decision making, and innovation. Advantages of
such an approach afford the assimilation of vast amounts of data gathered from multiple
perspectives, and allow the data to be made sense of holistically in reference to questions
of historical, real time, and future import. Thus, as Allen says, researchers and policy
makers can:
“…study and understand the processes that led to the present situation. That
understanding will always be incomplete and imperfect, but, nevertheless will be
the best basis that we have on which to explore possible futures. The purpose
of our models is not to predict the future, since as we have seen feedback
mechanisms can amplify even very small events, through an instability, and
lead eventually to a re-structuring of the system. However, by exploring the
stability of the system… the possible instabilities can be explored considerably,
and in this way possible futures can be ‘tried out’ to some extent. Instead of
thinking that a failure to predict is a negative result, we should instead
understand that it is the very fact that the future is not determined that offers us
the possibility of intervening, and of affecting the outcome” (Allen, 1997).
Unpredictability and Adaptive Management
Unpredictability is a said to be a key feature of complex adaptive system (CAS) behaviour.
The notion of unpredictability implies that the development of a CAS cannot be foreseen,
i.e. not extrapolated from past behaviour and not calculated on the basis of a linear causeeffect relationship (which has been described as the “butterfly effect”).
Technically, for stakeholders in a human-technology-environment system, this means that
they should not only be aware of the potential unpredictability of their organisation as a
whole, but also of the unpredictability of the impacts of their actions on others and the
whole system. Small changes or minor events can kick-off a whole range of effects nobody
could foresee, and stakeholders should not only accept this as a reality, but also see the
positive sides of this, the opportunities this offers. If small changes can have large impacts,
you maybe do not need a large change process to enable new structures; if

unpredictability and thus uncertainty are not a threat but also a chance, then change itself
may be a source of opportunities.
SPOTTING UNPREDICTABILITY – a contradiction in terms:
Is order determined by an elite group? Not when unpredictability comes your way.
Is anyone trying to forecast or control behaviour? Not in reference to
unpredictability, it just isn’t possible. People try, but there are limits.
Are any actions isolated? Never.
Can you see interlinked groups or networks with lots of stakeholders that are acting
and reacting among each other? If you look back in time after something
unpredicted happened, it is always the case.
If something happens in one place do you see consequences elsewhere? Maybe not
obvious ones, but they are there.
When one thing changes does everything else change too? To a certain extent,
other things do change, yes, and then this changes the first thing that changed, if
you can ever say there was a ‘first thing’.

DECENTRALISED
CONTROL

Decentralised Control

Decentralised control in business terms means employing very few people as part of a
core enterprise, while outsourcing the majority of business support functions and services.
Kelly (1994) asks:
“How can any large-scale project ever get anything done with only 10 people?
For most of the industrial revolution, serious wealth was made by bringing
processes under central control. Bigger was more efficient. The ‘robber barons’
of yesteryear figured out that by controlling every vital and auxiliary aspect of
their industry, they could make millions. Steel companies proceeded to control
the ore deposits, mine their own coal, set up their own railways, make their own
equipment, house their own workers, and strive for self-containment within the
borders of a gigantic company. That worked magnificently when things moved
slowly. Now, when the economy shifts daily, owning the whole chain of
production is a liability. It is efficient only while the last hours of its relevancy
lasts. Once that moment of power recedes, control has to be traded in for speed
and nimbleness. Peripheral functions, like supplying your own energy, are
quickly passed on to another company.”
Complexity science has shown that natural systems have long functioned according to
principals of decentralisation. To show the similarity between natural and human systems,
and to help people understand how decentralised control plays a central role in humantechnology-environment systems, Resnick (1998) writes of birds, and of ants, traffic, and
economic markets:
“A flock of birds sweeps across the sky. Like a well-choreographed dance
troupe, the birds veer to the left in unison. Then, suddenly, they all dart to the
right and swoop down toward the group. Each movement seems perfectly
coordinated. The flock as a whole is graceful – maybe more graceful – than any
of the birds within it. How do birds keep their movements so orderly, so
synchronised? Most people assume that birds play a game of follow-the leader:
the bird at the front of the flock leads, and the others follow. But that’s not so. In
fact, most bird flocks don’t have leaders at all. There is no special ‘leader bird’.
Rather, the flock is an example of what some people call ‘self-organisation’.
Each bird in the flock follows a set of simple rules, reacting to the movements of
the birds nearby it. Orderly flock patterns arise from these simple, local
interactions. None of the birds has a sense of the overall flock pattern. The bird
in front just happens to end up there. The flock is organised without an
organiser, coordinated without a coordinator. Bird flocks are not the only things
that work that way. Ant colonies, highway traffic, market economies, immune
systems – in all of these systems, patterns are determined not by some
centralised authority but by local interactions among decentralised components.
As ants forage for food, their trail patterns are determined not by the dictates of
the queen ant, but by local interactions among thousands of worker ants.
Patterns of traffic arise from local interactions among individual cars.
Macroeconomic patterns arise from local interactions among millions of buyers
and sellers. In immune systems, armies of antibodies seek out bacteria in a
systematic coordinated attack – without any ‘generals’ organising the overall
battle plan” (1998: 3-4).

The complexity of human-technology-environment systems demands an adaptive
management approach in which decentralised control is an accepted way of operating.
Kelly (1994) outlines the essence of decentralised control in complex systems by means of
a counter-intuitive logic:
“The most obvious way to do something complex, such as govern 100 million
people or walk on two skinny legs, is to come up with a list of all the tasks that
need to be done, in the order that they are to be done, and then direct their
completion from a central command, or brain. The former Soviet Union’s
economy was wired in this logical but immensely impractical way. Its inherent
instability of organisation was evident long before it collapsed. […] The USSR
didn’t collapse because its economy was strangled by a central command
model. Rather it collapsed because any central-controlled complexity is
unstable and inflexible. Institutions, corporations, factories, organisms,
economies, and robots will all fail to thrive if designed around a central
command. […] Humans have a brain, but it is not centralised, nor does the brain
have a centre.”
The recognition of the importance of decentralisation has since been acknowledged in a
variety of ways all over the world, as Resnick (1998) writes:
“The decentralisation trend is evident in the ways that people organise countries
and corporations, and in the ways people design new technologies. But more
important, it is evident in the ways people think about the world. More so than
ever before, scientists are using decentralised models and metaphors to
describe the phenomena they observe in the world. Increasingly, scientists (and
others) are seeing decentralisation wherever they look. It seems fair to say that
we have entered an Era of Decentralisation. […] The spread of decentralised
ideas can be seen in organisations of all sizes and types – countries,
companies, schools, clubs. Although details are different in each case, the basic
idea is always the same: pushing authority and power down from the top,
distributing rights and responsibilities more widely. For some countries (such as
the Soviet Union) decentralisation has meant breaking apart into separate
pieces. But changes in national boundaries are not nearly as important as
changes in political and economic structures. Politically, countries throughout
the world are shifting away from totalitarianism toward democracy.
Economically, countries are shifting away from centrally controlled economies
toward market-orientated economies. As a result, decision making (both political
and economic) is becoming more decentralised that ever before. […] At the
same time, management structures within companies are also becoming
decentralised. Since the beginning of the Industrial Revolution (and even
before), companies have organised themselves as pyramid-like hierarchies.
Information flowed up the hierarchy to the top, where decisions were made and
passed back down the hierarchy. Thus, power, authority, and decision making
were centralised at the top in most corporations – and in many other
organisations that followed the corporate model. That is now changing. A 1989
Harvard Business Review article called ‘Managing without Managers’ explains:
“The organisational pyramid is the cause of much corporate evil, because the
tip is too far from the base. Pyramids emphasize power, promote insecurity,
distort communications, hobble interaction, and make it difficult for the people
who plan and the people who execute to move in the same direction” (Semler
1989). In place of the traditional pyramid, companies are ‘flattening’ their

organisational structures by getting rid of middle managers and distributing
decision-making responsibility more evenly through the organisation. The
movement started with employee participation in ‘quality circles’ in the 1970s.
Now companies are giving workers more responsibilities over production
decisions. Some are even experimenting with ‘self-management teams’ – that
is, teams without bosses (Dumaine 1990). Someday, companies could end up
with what MIT sociologist Charles Sabel calls a ‘Moibus Strip Organisation’ – an
organisation without a top or bottom.”
The implication decentralisation makes for practice is that rather than establishing a
central command post to bring order to a complex system, instead stakeholders in humantechnology-environment systems need to coordinate as a network, sharing information and
control, decentralising functions between them –making it potentially difficult to tell who is
working for whom (Kelly, 1994). Additionally, Kelly implies that a stakeholder network
would have four key traits: distributed, decentralised, collaborative, and adaptive.
Distributed stakeholder networks would:
- Have no single location – they would dwell among many places concurrently
- Not necessarily have one HQ
- Have multiple HQ for different functions and responsibilities
- Be connected through social and technological interfaces
- Not break down into a network of individuals working alone
- Encourage teams of 8 to 12 people working in a space together
For example, a very large group of global stakeholders in the pure network form could be
viewed as a system of cells of a dozen people each.
Collaborative stakeholder networks:
- Make use of strategic alliances – where symbiotic partners or even competitors are
sought
- Make borders between industries, sectors, and communications disappear into an
indefinite web
- Make wholly autonomous organisations or individuals rare
To illustrate, the metaphor for corporations is shifting from the tightly coupled, tightly
bounded organism to the loosely coupled, loosely bounded ecosystem.
For adaptive water resource management, the principle of decentralisation puts emphasis
on stakeholder engagement, participative processes, and social learning.

ADAPTIVE
WATER
RESOURCE
MANAGEMENT

AWRM: Implications for IWRM1
AWRM addresses the gaps mentioned above and is presented as a rigorous conceptual
foundation where processes, scales and barriers of change are clearly articulated.
AWRM has emerged due to the need for a more coherent and comprehensive approach
based on more holistic conceptual foundations to deal with uncertainties in IWRM.
Scientific conceptual developments have enabled the provision of tools to describe and
address the challenges of uncertainty in simple and effective ways.
In the revised conceptual foundation, AWRM offers:
Management approaches based on an understanding of what determines a
system’s:
1. Resilience
2. Vulnerability, and
3. Adaptive capacity
Management approaches facilitating characterisation of water management
regimes accounting for:
1. Their components, and
2. Their interdependence
Management approaches for performance analysis of
1. Objective fulfilment
2. Adaptive capacity
Simple terminology to communicate key elements of complexity for
1. Prioritising research
2. Policy discussion, and
3. Monitoring results interpretation
Adaptive management can generally be defined as a systematic process for continually
improving management policies and practices by learning from the outcomes of
implemented management strategies (Pahl-Wost et al, in review). The most effective form
of adaptive management employs management programs that are designed to
experimentally compare selected policies or practices, by evaluating alternative
hypotheses about the system being managed. In the approach promoted here, adaptive
management has yet another target: to increase the adaptive capacity of the (water)
system.
“Adaptive management is learning to manage by managing to learn” where learning
encompasses a wide range of processes that span the ecological, economic and sociopolitical domains in the testing of hard and soft approaches (Gleick 2003). In this respect
adaptive management emphasizes as IWRM the importance of the process nature of
management without claiming that the process is an end in itself but by explicitly
recognizing that management strategies and even goals may have to be adapted during
the process.
The hypothesis AWRM rests on holds that IWRM cannot be realized unless current water
management regimes undergo a transition towards more adaptive water management.
The next section outlines the conceptual meeting place of adaptive management (AM) and
IWRM in more detail. This provides the foundation upon which AWRM can be delivered.
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Towards AWRM: The Origins of Adaptive Management & its Meaning in Practice
with Reference to IWRM2
The concept of Adaptive Management (AM) arose in the 1970s at the International
Institute for Applied Systems Analysis in Vienna, Austria, and has since been developed to
support the management of natural resources under uncertainty (Holling, 1978; Walters,
1986; Walters and Holling, 1990; Irwin and Wigley, 1993; Parma et al., 1998; Prato, 2003;
Ohlson, 1999).
According to some authors, the concept of Adaptive Management found its origin in the
decision analysis field. The decision analysis framework can support the analysis of
complex natural resources management systems by emphasising the necessity to
(Walters, 1986; Ohlson, 1999):
-

explicitly state management objectives (that will inevitably be in conflict);
design and evaluate creative alternatives;
explicitly address uncertainty;
incorporate stakeholder values.

’The AM concept has been widely advocated as the paradigm which natural resource
managers should adopt, building on the recognition that ecosystems are complex systems,
which are ‘adaptive’ or ‘self organizing’ and that management systems must be able to
readjust to change or surprise in the system’ (Gunderson and Holling, 2001). Holland
(1992) states that systems are always undergoing changes and therefore never reach a
condition of equilibrium. These systems are described as ‘living systems’ and have the
following 4 characteristics: a network structure in which several agents are active at a
parallel level; several levels of organization and constantly engaged in modifying, revising
and rearranging structures at different levels; anticipating future developments; many
niches within the system, which can be filled by agents that have adapted to them
(Waldrop, 1993; Geldof, 1995).
Thus, the concept of AM has been designed primarily to deal with uncertainties
recognising that it is impossible to foresee future key drivers and issues and the response
of system to these drivers and issues (Holling, 1978; Walters, 1986; Lee, 1999). AM has
been described as a systematic approach to improving management and accommodating
change by learning from the outcomes of management policies and practices (Holling,
1978). The concept can support an increasing awareness of ecosystem functioning while
creating the possibility for management to proceed even if there is a lack of sound
scientific foundation for action, since the management interventions are developed
carefully and there are monitoring programs that evaluate and monitor on a continuous
basis the outcome of management actions (Holling, 1978).
In other words, the AM process should include the design and implementation of
management programs that offer the possibility to experiment with and compare selected
policies and practices. This comparison takes place through evaluation of alternative
hypotheses about the system (Holling, 1978; Walters, 1986; Lee, 1999). Lee (1993)
emphasises the usefulness of this approach by stating: ‘if human understanding of nature
is imperfect, then human interactions with nature should be experimental’. Although
2
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Holling (1978) is of the opinion that the AM concept will support management to proceed
even if there is a lack of sound scientific foundation for action, other authors contradict this
by suggesting that AM requires major investment in research, monitoring, and modelling to
test alternative hypotheses about sustainable use and management of the natural
resources (Smith and Walters, 1981; Hilborn et al., 1995; Walters and Green, 1997; Prato,
2003).
’In theory, AM recapitulates the promise that Francis Bacon articulated four centuries ago:
to control nature one must understand her.’ However, in this case it is crucial to not only
understand the natural world, but the system as a whole, in particular the influence of
humans activities on this system. Thus the AM process that consists of experiments is
supposed to influence and affect human behaviour towards the system and in general on
how people live their lives (Lee, 1999). AM could be described as a strategy of reacting to
a variety of signals and information that are constantly being monitored and fed back into a
formal system of response (Stakhiv, 1998). In this light AM could be seen as a
management process that is both anticipatory as well as adaptive (Kay, 1997). Hypothesis
and assumptions are developed based on a thorough understanding of the system as a
way to anticipate to possibilities and uncertainties that could have an impact on this
system. These hypothesis and assumptions are translated into plans and actions which
are evaluated and monitored in order to test their affect on the system. Based on these
results, the hypothesis and assumptions will be adapted with the objective to improve the
overall management framework. The idea is that this process is repeated to guarantee
continuous improvement.
The Concept of AM
IWRM failed to adequately address the flexibility and adaptive potential of a system.
Flexibility is defined as the potential of a system for structural change. Adaptability refers
to the potential of a system to adapt to changes in external boundary conditions. In other
words, adaptability implies a certain responsiveness of the system. On a theoretical level,
learning is considered a crucial element of AM. While developing and analysing new
policies, learning should be taken as the key objective (Walters, 1986; Lee, 1993).
However, there are very few examples recorded where learning has indeed been taken as
the objective for policy development and evaluation (McDaniels and Gregory, 2004).
According to some authors, the origin of the AM concept lies with the adaptive control
theory. This theory is designed to enable decision makers to learn from experiences,
operations and research, and management science (McLain and Lee, 1996). The AM
theory can be split up in two streams, that of passive AM and of active AM. Passive AM
formulates predictive models of ecosystem responses to management actions, bases
management decisions on model predictions, and uses monitoring data to revise model
parameters (Walters and Hilborn, 1978). This form of AM is non-experimental which
makes it rather simple and inexpensive to implement. However, Hurlbert (1984) and
Wilhere (2002) are of the opinion that this form of AM lacks statistical validity and does not
provide reliable information for decision making. Through time, the AM concept has slowly
evolved from this passive form into an active form of AM, whereby experimentation is a
key element for the development and evaluation of management decisions and actions
(Halbert, 1993). These experiments and the outcome of their implementation form the
basis to determine whether a particular management action has achieved a desired
outcome. ’Since experiments incorporate replication and randomization of management
actions, active AM yields reliable information about how management actions influence
socioeconomic and ecological conditions’ (Lee, 1993).

Like IWRM, AM has been around for several decades. Although the origin of the concept
comes mostly from an ecological perspective, in its development, it has drawn mostly from
theories and methods coming from the social science fields, such as social learning
(Holling, 1978).
Social learning has been developed based on the view that in order to change social
behaviour and conditions, the following elements should be in place:
- critical self-reflection;
- development of participatory, multi-scale, democratic processes;
- reflexive capabilities of individuals and societies;
- capacity of social movements to shape the political and economic boundary
conditions towards improvement of the current situation.
Social learning with respect to sustainable development is based on the participatory
processes of social change and societal transformations (Minsch et al., 1998).
Participatory processes are considered crucial in the AM process.
Social learning has been defined as building knowledge within groups, organizations, or
societies. Since the last decade, social learning has also been used in reference to
learning about the interconnections and links between human, environmental and
technical dimensions within a complex system (Gunderson et al., 1995).
Learning through AM means gathering information and understanding about uncertainties
within complex systems through the use of experiments. ’Policies can be treated as
experiments, trying different policy actions in informative contexts, creating experimental
designs with controls where possible, avoiding costly failures, monitoring and evaluating
outcomes, and selecting a basis for judging what has been learned’ (Holling, 1978;
Walters, 1986; McDaniels and Gregory, 2004). Therefore, AM could be described as a
systematic approach to improving management and accommodating change by learning
from the outcomes of management policies and practices (Holling et al., 1978; Walters,
1986).
Gleick (2003) has described AM as a process that involves learning to manage by
managing to learn. It clearly includes the following steps:
- development of management experiments;
- gathering information to increase understanding of uncertainties;
- development of continuous monitoring procedures and space for adjustments.
Through social learning, frequent data gaps are avoided. However, AM takes place in the
context of complex political processes where organisations cooperate and function based
on established rules and clear defined roles and responsibilities. Negotiation and planning
which includes structured stakeholder participation processes are methods for decision
making that are crucial to policy-oriented learning (Lee, 1993).
Another concept that is described in connection to AM is value-focused thinking which is
crucial for directly involving stakeholders in structuring a decision process and is based on
the idea that values always underlie decisions. Therefore, it is important to understand and
identify the values that motivate the decisions of a wide range of stakeholders involved in
the decision making process. These different values can be translated into a structured set
of objectives which can support the development of more attractive and sustainable
alternatives and the comparison and evaluation of these alternatives (Keeney, 1992).

AM increases the understanding of the interplay between different components and
dimensions of IWRM as well as improves the coordination between different policy fields
(Geldof, 1995).
It is important for the implementation of AM to have a clear vision or model of the system
(Walters 1986). As AM is about uncertainties and learning, the objective for AM should be
the learning itself and not so much the development of tools that can help to support this
learning process. Rather, AM is meant to treat policies as experiments through which the
human behaviour towards ecosystems would be changed and improved (Lee, 1999).
Current AM Approaches
There is currently little interplay and interaction between the scientific community and the
organisations that are involved in the management of ecosystems. Besides this lack of
cooperation and learning between science and management, the focus has in the past
also always been on more short-term and fragmented management policies (Walters and
Holling, 1990).
The AM approach stems from the recognition that natural systems and the interactions
between people and ecosystems are unpredictable (Gunderson et al. 1995). It recognizes
the need for management actions to proceed even if our understanding of a system and
the effects of management on a system is incomplete (Johnson 1999). Therefore, adaptive
policies are designed to test hypotheses about system response to human interventions
(Lee 1993). In other words management actions are taken not only to manage, but also
explicitly to learn about the processes governing the system (Shea et al. 1998).
’In the case of large river ecosystems it is important to manage them at larger spatial
scales and longer time frames with an emphasis on balancing multiple management
objectives and views in a collaborative decision making framework that embraces
uncertainty’ (Prato, 2003). The enormous complexity of ecosystems asks for a holistic
approach which recognises and confronts uncertainties (Clark, 2002). The ability to learn
and adapt in the AM framework increases the capacity to innovate and find policies and
practices that enhance resilience and sustainability (Magnuszewski et al., 2004).
This AM process, also sometimes called Adaptive Environmental Assessment and
Management (AEAM), offers a framework to integrate research, policy and local practice.
AM increases the adaptive capacity of river basins through a cyclic learning process that
encompasses policy formulation, implementation and evaluation as well as the
modification of conceptualisations based on the outcome of the policy evaluation (Holling
1978, Walters 1986, Gunderson et al 1995, Gunderson and Holling 2002). From both
institutional and ecosystem management perspective, continuous and deliberate learning
emerges as a result of this experience-knowledge-action cycle. This learning cycle
suggests that purposeful action derived from experience-based knowledge will itself result
in new knowledge (Checkland and Scholes, 1990). Many researchers have emphasized
the importance of stakeholder involvement throughout this process for improving the
quality and perception of decisions made at each step (Dovers and Mobbs, 1997; Shindler
and Cheek, 1999).

Adaptive Management Cycle (Taken from National Oceanic and Atmospheric
Administration Coastal Services Center)
This AM learning cycle (above) includes the following sequence of steps, which are
continually repeated (Levine, 2004; Johnson, 1999; Parma et al., 1998; Walters, 1997):
1) Establish a stakeholder adaptive management team;
2) Define the problem(s) to be addressed;
3) Establish goals and objectives;
4) Specify a conceptual model that expresses the collective understanding of how the
system in question functions; highlighting key uncertainties and acknowledging factors that
are outside of the system;
5) Develop hypotheses about the effects of different management actions that address the
uncertainties;
6) Design management experiments/interventions to test hypotheses while meeting
management goals;
7) Design a monitoring plan to measure the impact(s) of management interventions;
8) Implement management interventions;
9) Monitor;
10) Evaluate the impacts in terms of management goals and hypotheses;
11) Reassess and adjust the problem statement, goals, conceptual model, interventions,
and monitoring plan.
As a result of this cyclical learning process, the focus is on response and scenario building
based on the monitoring of carefully defined indicators of system state and behaviour
rather than on long-term prediction from first principles or past statistics and information
(Clark and Gardiner, 1994). It could be said that an AM framework depends on expertise
and information while creating increased understanding and awareness as well as
visualisation and recognition of possible implications (Newson, 2000).
An Analytical Framework
The development of generic procedures for AM was initially avoided; a primary reason for
this being that flexibility and adaptability were thought at risk of being jeopardised through
such procedural development. AM was therefore not meant to be a prescriptive approach
(Holling, 1978). Despite this initial stance, a more generic process has since been
developed, seen in the diagram below, summarising the generic process, major principles
and primary tools of AM (Ohlson, 1999):

Generic process, major principles and primary tools for AM
The AM framework can be considered a ‘soft system approach’ as it is an open,
participatory and recursive process, which is used both for policy formulation and
indicators selection instead of top-down control. It is a form of systems analysis, which
includes and performs many feedbacks between sectors, instead of narrow technical
analysis, while using conceptual qualitative modelling instead of formal quantitative
modelling.
Benefits
Integration across sectors and different levels of the system helps to avoid fragmented
management and misunderstandings. When information about system responses to
interventions is available, the management system will be able to adapt and respond more
effectively to unforeseen changes (Clayton & Radcliff, 1996; Jackson, 2000). As pointed
out by Holling in the 1970s, the result of non-adaptive management is that the whole
system, over time, can become less resilient and more vulnerable to disturbances and
change (Holling, 1978).
Advantages of AM include (McLain and Lee, 1996; Wondolleck and Yaffee, 2000):
(a) Increasing the pace and frequency at which policy makers and resource managers
acquire knowledge about ecological relationships;
(b) Aiding management decisions through the use of iterative hypothesis testing;
(c) Enhancing information flows among policy makers;
(d) Creating shared understanding among scientists, policy makers, and managers.
According to McDaniels and Gregory (2004), the following advantages could be achieved
when learning is treated as an objective throughout the AM decision making process:

(1) Stakeholder advantages: explicit attention to ‘what matters’ from different viewpoints;
acknowledgement that information base is limited and uncertain and could be improved;
provides a way forward for difficult one-time choices with limited information.
(2) Organisational advantages: helps create an organisational routine and measurable
outcome for learning; fosters creation of a learning plan; facilitates double loop learning.
(3) Decision process advantages: converts one-time decisions to repeated decisions with
opportunities for learning and adjustment; fosters creation of a performance measure for
learning; fosters creation of alternatives to achieve learning objective; fosters explicit
consideration of tradeoffs between learning and other objectives.
Despite the appeal and attractiveness of the AM concept, however, there is widespread
agreement among researchers that several obstacles have obstructed the successful
implementation and limited its effectiveness as a management approach (Levine, 2004). In
a rather negative assessment of the AM concept, Walters (1997) ascribed the limited
success stories regarding the implementation of AM to the following factors:
(1) Focus on perfecting models rather than field testing them;
(2) Expense and risk of undertaking large scale experiments;
(3) Fear among research and management organizations that adaptive management may
undermine their credibility; and
(4) Fundamental conflicts among diverse stakeholders about ecological values.
Other obstacles include: high costs of information gathering and monitoring; resistance
from managers who fear increased transparency; political risk due to the uncertainty of
future benefits; difficulty in acquiring stable funding; and fear of failure (Lee 1993).
Through an analysis of implementation of the AM framework in the Florida Everglades,
Gunderson (1999) concluded that three major barriers for its successful implementation
are: inflexibility in social systems, little resilience in ecological systems, and technical
challenges associated with experiment design.
Other practitioners also identify a considerable number of barriers while attempting to
implement AM. Social and institutional challenges include high costs and limited
availability of funding, a mismatch between the lengthiness of the AM process and short
funding cycles, agency and stakeholder impatience with the slow pace of AM, a lack of
leadership for monitoring and coordinating efforts, and risk aversion among agency
personnel and stakeholders. Technical challenges encountered include a limited
understanding of how to apply AM and difficulties in translating results from site-level
projects to an understanding of the river system (Levine, 2004).
However, one of the major challenges posed by AM is that it requires learning to occur at
spatial and temporal scales relevant to the defined management task (Lee, 1993;
Gunderson et al., 1995).
In order to match “science“ and “management“, it is crucial to integrate field research with
on-going efforts to formulate policy and improve practices and methods at different scales
and levels. System management is usually misdirected due to inadequate understanding
of the system and its possible changes and uncertainties. ’This raises the challenge to
control even as we explore, to manage as we learn and to counter pose management
actions and research in a cycle such that they reinforce one another in a progressive

series that spirals upward to greater resilience. The challenge requires that different
factors evolve and complement one another across the whole basin’ (Sendzimir et al.,
2004).
These challenges and barriers represent the reasons why the AM concept has not been
successfully translated from theory into practice.
The underlying reasons for this mis-translation perhaps relate to the planning phase. Carl
Walters (1997), notes that out of the 25 major planning exercises for AM that he has
participated in, only 2 could be considered well-planned. Other initiatives have either
vanished with no visible product or become trapped in an apparently endless process of
model development and refinement. In general, most of the reasons for difficulty in
implementing AM can be related to regulatory and jurisdictional complexity; stakeholder
impacts; and ecosystem considerations. However, there are a number of other difficulties
related to how AM is implemented that have contributed to its failure to achieve
widespread adoption and its rather modest success when adopted (Ohlson, 1999), which
include (Walters, 1997; Rogers, 1998; Halbert, 1993):
-

Failure to define what is meant by AM and how it will be implemented;
An absence of strategic thinking about the end-points of scientific inquiry;
Tendency for AM processes to evolve into continuous and costly modelling
exercises;
Over-reliance on a passive AM approach;
Belief that effective experiments are excessively expensive and/or ecologically risky
(even when baseline options cannot be said to be low-cost or low-risk);
Fear on the part of individuals in management agencies that acknowledging
uncertainty will compromise public confidence in the agency;
Failure of scientists to understand management priorities and to recognise the need
to provide information that can be directly used by managers in decision making;
Tendency of scientists with self interests to overstate their capability to measure
complex functional relationship through experimentation;
Lack of emphasis or attention to the processes required for shared understanding
or shared decision making among diverse stakeholders.

The recent literature also suggests that institutional challenges may be the key barriers to
the implementation of AM, and/or that AM may in fact be a tool for enhancing institutional
effectiveness. For example, Lee (1993) discusses institutional conditions for success in
applying an AM approach. He highlights the social dynamics and institutional rigidities that
complicate the AM approach.
Information is expensive and a major issue related to AM is how to get information cheaply
and with as few organizational and procedural hassles as possible. Learning is information
intensive and requires active stakeholder participation (Margoluis and Salafsky 1998). The
level of cooperation that is required in order to gather necessary information for the AM
process shows that many different stakeholders need to maintain a commitment to the
learning process. However, it should be kept in mind that it is possible that some
stakeholders might resist participation because of the cost and risks involved (Lee, 1999).
Policy makers need to be more attuned to innovations in technologies related to their
respective sectors. The best of the tested and practical new forecasting procedures, better
simulation models, and improved data monitoring systems, etc. must be introduced into

water resources analysis and decision making. Technology advances are more effective in
better managed water resources systems. The largest hindrances to effective water
management in virtually all countries are the outmoded economic and institutional policies
that shape public and private decisions, development strategies and resource use patterns
(IPCC, 1997; Stakhiv, 1998).
Lessons for Successful Implementation
Despite the many challenges for AM, modest successes are being reported in practice,
and a growing number of government agencies are initiating AM programs as key part of
their overall management strategy. These initiatives confirm that AM is becoming widely
regarded as a useful tool for resource managers. Also in the case of the AM approach,
many authors have identified different lessons which, according to their view, are important
for the successful implementation of AM. Some of the most interesting lessons are
presented in the tables below, while the final table highlights the challenges for
implementation which also need to be addressed.

Lessons for Successful Implementation of AM

The major barriers for implementation of IWRM and AM concepts

References
<To be added>

