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1 Introduction - challenges for developing a framework1
The NeWater project is a complex project with ambitious goals for scientific achievements
and the practical implementation of insights in water policy and at the operational level of
water management. Such goals cannot be achieved without a strong integration process.
At the same time the size of the project and the presence of a wide range of scientific
disciplines, different cultures, methodological and case study research, involvement of
stakeholders at different political levels make integration a particularly challenging task.
A process has been started to develop an operational and integrated framework approach
to implement system analysis and knowledge representation and communication, in
support of the process of knowledge production and integration within NeWater and, in
particular, for the achievement of the following NeWater products:


Conceptual framework for understanding water systems and management
regimes (components, dynamics).



Methodology to analyse and assess vulnerability, adaptive capacity, management
strategies.



Conceptual framework for understanding transition to adaptive management
(interdependence of factors, trajectories).



Methodology for participatory assessment and implementation of transformation
processes and evaluation of progress.



Guidance and tools for policy and practitioners to implement integrated and
adaptive management regimes.

The challenges for integration highlighted above translate into the following requirements
for an integration framework:
Be open to include a wide range of different scientific concepts and world views.
Include and address
perspectives.

different

types of local

knowledge and

stakeholder

Be able to handle all types of data from quantitative information to fuzzy data and
qualitative analyses.
Consider multiple spatial and temporal scales and their interdependence.
Be credible in the scientific world and deliver tools useful for practitioners.
Be realisable within four years within the constraints provided by the formal
organizational structure for EU projects and the resources and skills available
within the NeWater project.
The framework need to comprise a multi-level representation for the:
Characterization of Management Regimes.
Characterization of Transition Processes.

This is quite a remarkable list and shows the complexity of the task which has to be tackled.
A specific process has been designed to develop and implement the framework in an
interactive process with the NeWater consortium. The process supports social learning and
integration of different scientific frames. Insights from an analysis of the initial project phase
have been included in the design of the integration process. A first analysis of the
effectiveness of the chosen approaches to support knowledge integration has been
encouraging (Dewulf, Francois, Pahl-Wostl and Taillieu, in press).

1

Author Claudia Pahl-Wostl
5

2 Conceptual base entering the framework
This chapter summarizes concepts that have been used to develop the NeWater MTF
(Management and Transition Framework).

2.1 Adaptive Water Management2
Adaptive management takes uncertainties explicitly into account and requires a basic
rethinking of what water management means in an uncertain and changing world.
Adaptive management can more generally be defined as a systematic process for
improving management policies and practices by learning from the outcomes of
implemented management strategies (Pahl-Wostl et al., in review). Adaptive water
management aims at increasing the adaptive capacity of the (water) system by
implementing both learning processes and the conditions for learning processes to take
place. As pointed out by Bormann et al (1993) “Adaptive management is learning to
manage by managing to learn” where learning encompasses a wide range of processes
that span the ecological, economic and socio-political domains in the testing of hard and
soft approaches (Pahl-Wostl, 2002; Gleick 2003). In this respect adaptive management
emphasizes the importance of the process nature of management without claiming that
the process is an end in itself. It explicitly recognizes that management strategies and
even goals may have to be adapted during the process and that the quality of the
process is essential for the outcomes finally achieved.
To take into account different kinds of uncertainties and to implement and sustain the
capacity for change, the whole process of policy development and implementation
requires now a number of steps that are part of an iterative cycle as represented in
Figure 2.1 (Pahl-Wostl et al., in review):

2



All steps should be participatory (0,1,2,3,4)



In the definition of the problem different perspectives need to be taken into
account in a participatory process (0).



The design of policies should include scenario analyses to identify key
uncertainties and to find strategies that perform well under different possible but
initially uncertain future developments rather than searching for a strategy that
performs optimal under very specific conditions (e.g. climate) but performs poorly
if these conditions are not met (1).



Policies must be understood as semi-open experiments that require a careful
evaluation of potential positive or negative feedback mechanisms by planning and
implementing other related policies (1, 2).



Decisions should be evaluated in part by the costs of reversing them. Large-scale
infrastructure or rigid regulatory frameworks increase costs of change. But costs
may also be related to a loss of trust and credibility if uncertainties and the
possible need for changes are not addressed by the competent authority during
policy development (3).



The design of monitoring programmes should include processes to become aware
of undesirable developments at an early stage. This might imply different kinds of
knowledge including community based monitoring systems (3).



The policy cycle must include support for institutional settings where actors assess
the performance of management strategies and implement change if needed (4).



A continuous re-planning and re-programming based on the results of monitoring
and evaluation should be institutionalised (4).

Author Claudia Pahl-Wostl
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Figure 2.1: Iterative cycle of policy development and implementation in adaptive
management
Moberg and Galaz (2005) introduce adaptive co-management as new term to emphasize
the collaboration between agencies, researchers and local stewards in contrast to
adaptive management, which they refer to as embracing a top-down governance
approach. We do not consider that it is necessary to introduce again another term and
thus concept. The definition of adaptive management is broad enough and even requires
a polycentric governance approach (see also Huitema et al, in review). Its realization
should be based on a participatory assessment and implementation process taking into
account the particular institutional, cultural, and socio-economic context in a river basin.
Furthermore, research shows the importance of managing uncertainty and unexpected
shocks of a system using a more flexible and diverse management style. For example,
Fraser et al. (2005) use the theory on panarchy (Gunderson & Holling, 2001) to further
elaborate a theoretical framework on the importance of portfolio management and
diversification for reducing vulnerability in agro-environmental systems. Aerts et al (this
special issue) and Aerts and Werners (2006) provide concepts as to how development
portfolio management and diversification in water management. Extensive literature on
diversification in management as a means of becoming more adaptive is found in
financial research (e.g. Markovitz 1952) and more recently in bio diversity research
(Figge, 2004).
Finally, integrating learning with changes of policy is only possible if the policies
implemented can be changed. The transition to adaptive management relies on
increasing the adaptive capacity of the (water) system by meshing management (policy)
with learning. It aims at integrated system design based on an understanding of the
interdependence between technologies, economic factors, formal and informal
institutional context. The problem to be tackled is to increase the ability of the whole
system to learn and change the context within which it responds to change rather than
reacting to undesirable impacts of change. Institutionalising this learning capability over
the long term will secure the adaptive foundation of management.
However, one may question if current water management regimes that have evolved
under a very different management paradigm possess the structural requirements
needed to implement adaptive management approaches.
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2.2 Water Management Regimes3
Definition:
A management regime is here referred to as the whole complex of technologies,
institutions4, environmental factors and paradigms that are highly interconnected and are
essential for the functioning of the management system which is targeted to fulfil a
societal function. Due to the high interconnectedness and internal logic, it is assumed
that individual elements of the regime cannot be exchanged arbitrarily.
This management regime definition follows the use in the field of socio-technical
innovation research (e.g. Smith et al, 2005) and transformation processes in socioecological systems.
How a regime’s performance emerges as a function of these factors and their relations
can be one base of analysis. Another approach is to assess a regime’s capacity to be
adaptive based on how well its performance meets certain requirements that can be
summarized as:
(1) New information must be available and/or consciously collected (e.g. indicators of
performance of management regimes, indicators for change that may lead to
desirable or undesirable effects) and monitored over appropriate time scales
(longer than those mandated by short-term political objectives).
(2) The actors in the management system must be able to process this information
and draw meaningful conclusions from it. This can be achieved if a learning cycle
and negotiation process unites actors in all phases of assessment, policy
implementation and monitoring. Actors pursue different and changing political
interests. Hence transparency and leadership are of major importance to make
such processes work.
(3) Change must be possible in ways that are open and understandable to all actors.
Management must have the ability to implement change based on processing new
information in a transparent process where it is clear as to who decides how and
when to change management practices, based on which evidence and why. Doing
so requires to strike a balance between continuity (some management strategies
may take one or more decades to be implemented and tested) and flexibility.
An important question that has to be posed is if the structure of current management
regimes allows to implement management approaches that meet the requirements listed
above. Given the fact that the regimes have evolved under another management
paradigm it is quite unlikely that this would be indeed the case. The scientific
understanding of water management regimes is still quite limited.
Societal functions of water management regimes:
The management objectives are the allocation of water for multiple uses taking into
account different requirements for water quality and the spatio-temporal variability of
both supply and demand. Sustainable management implies that the resource base is
preserved which implies a long-term perspective. Water management has also to provide
protection from risks.
Water management regimes are characterized by structural dimensions that form an
integral part of a regime. One could conceive of more than one possible approach to
categorize these dimensions. The following is one attempt to do so – its overall
usefulness has yet to be proven in more practical applications:
•

3

Management Paradigms of system approach and intervention strategies including
risk management approaches

Author Claudia Pahl-Wostl
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Institution refers to the formal (e.g. laws) and informal (e.g. norms) rules that
determine the behaviour of actors but not to the physical structures that are referred to
as organizations.
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•

Governance:
- Institutions (formal legal structures and informal norms), horizontal and vertical
interplay and fit with physical boundaries
- Actor networks (role, linkages) and policy arenas

•

Scale(s) of operation – vertical (local, regional, national) and horizontal (sectoral)
integration

•

Information management and sharing

•

Technological infrastructure – size, life-time, costs

•

Risk management

•

Environmental factors taken into consideration

The traditionally dominating and still most widely spread water management regime can
be described as a “prediction and control” regime (Pahl-Wostl, 2002; Moberg and Galaz,
2005). The system’s approach is derived from a mechanistic thinking where systems are
separated into well-defined parts which are analysed in isolation. System behaviour and
response can be predicted from understanding the behaviour of the components and
optimal control strategies can be designed. Decision making is shaped by regulatory
frameworks including technical norms and legal prescriptions.
Information needs are defined by technical experts. The main data collection and regular
monitoring focuses on the state of the environment. Knowledge is not shared and
communication with stakeholder and interest groups is mainly by passive channels (cf.
reviews and case studies in Timmerman and Langaas, 2003). Technological infrastructure
relies mainly on large-scale infrastructure (dams, reservoirs, centralized waste water
treatment plants) supposed to guarantee long-term stability and reliability and a higher
efficiency in implementation, maintenance and operation than de-centralized small-scale
structures. Due to long-life times and large sunk costs, change is largely impossible once
a certain infrastructure is in place. In current water management regimes responsibilities
are fragmented with little interaction between areas such as flood protection, regional
planning, waste water treatment, water supply or hydropower generation. This allows for
a high specialization of dealing with a single problem but prevents integration and also
prevents change and learning. The environmental factors taken into consideration refer
mainly to quantifiable variables characterizing system states such as BOD or nitrate
concentrations that can be easily and unambiguously measured.
It is evident that current management regimes include only very limited possibilities to
introduce change based on new insights – high flexibility was not a design criterion. On
one hand decision making structures are inflexible. On the other hand the type of longlived, large-scale and expensive infrastructure leaves little opportunities for adjustments.
In addition, criteria for getting the dimensions of technical infrastructure have often been
based on designing capacity to deal with extremes. Large-scale water supply capacity
has been designed to meet daily peak demand which implies the need to provide
accurate forecast for demand extremes for decades (Tillman et al, 2005). The following
example illustrates the problems arising from such approaches.
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CASE STUDY EXAMPLE (Tillman et al, 2005):
Lack of adaptability in a Swiss urban water supply system
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Figure 2.2 Development of Water Supply Capacity, annual daily average and
peak Water Demand in a Swiss Urban centre.
Situation


Supply capacity designed to meet maximum daily demand



Severe drought condition in 1976 caused decision to increase
capacity



Demand dropped and resulted in unused capacities



Similar problems have occurred in many parts of eastern Germany
– who pays?

Reasons for the lack of adaptability of the system


Established and quite rigid engineering rules of good practice with
maximum supply security as management paradigm



Design of supply capacity to meet maximum daily demand



Demand treated as externally given variable and not as target to
be influenced by management strategies



Investment into large scale, long-lived and expensive infrastructure



Inflexible legal regulations and technical norms



Heavily subsidized system with lack of cost transparency



Huge sunk costs due to long-term investments in infrastructure
which determine the water price. This implies that water saving
leads to higher water prices since the price depends only to a small
extent on the amount of water used.

To overcome the shortcomings of current approaches, Gleick (2003) advocated a “soft
path” to build greater flexibility in water management regimes to address the rising
uncertainty from global change:

“A transition is under way to a ‘soft path’ that complements centralized physical infrastructure with
lower cost community-scale systems, decentralized and open decision-making, water markets and
equitable pricing, application of efficient technology, and environmental protection.”
Table 2.1 gives an overview of the typical characteristics of prediction & control regimes
and of what are considered to be typical characteristics of integrated, adaptive regimes.
It should be emphasized that the characteristics are largely derived from working
hypotheses. The empirical base is yet too weak to make clear statements on what
determines adaptive capacity of water management regimes.
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Any regime typology is based on the assumption that management regimes can be
clearly classified into different groups based on some internal logic and coherence rather
than finding an infinite variety of different approaches.
Prediction & Control
Regime

Adaptive, Integrated
Regime

Governance

Centralized, hierarchical, narrow
stakeholder participation

Polycentric,
horizontal,
stakeholder participation

Sectoral
Integration

Sectors
separately
analysed
resulting in policy conflicts and
emergent chronic problems

Cross-sectoral analysis identifies
emergent problems and integrates
policy implementation

Scale of
Analysis and
Operation

Transboundary problems emerge
when
river
sub-basins
are
exclusive scale of analysis and
management

Transboundary issues addressed
by multiple scales of analysis and
management

Information
Management

Understanding
fragmented
by
gaps and lack of integration of
information sources that are
proprietary

Comprehensive
understanding
achieved
by
open,
shared
information sources that fill gaps
and facilitate integration

Infrastructure

Massive, centralized infrastructure,
single sources of design, power
delivery

Appropriate scale, decentralized,
diverse sources of design, power
delivery

Finances and
Risk

Financial resources concentrated
in structural protection (sunk
costs)

Financial
resources
diversified
using a broad set of private and
public financial instruments

broad

Table 2.1 Comparison of characteristics of prediction & control and integrated &
adaptive regimes.

2.3 Characterization of Transition Processes
Understanding societal transition processes and the ability to steer them is a young and
emerging interdisciplinary field of science. Established, widely accepted theoretical
frameworks do not exist nor can one build on extensive empirical data bases. Conceptual
approaches that are currently being developed and tested against empirical evidence
draw on and integrate different fields such as complexity science, socio-technical
innovation studies, social networks, socio-ecological systems, evolutionary economics,
governance regimes.
 Rotmans, Kemp et al. (2001) define transitions as ‘continuous processes of
societal change, whereby the structure of society (or a subsystem of society)
fundamentally changes’ (Rotmans, Kemp et al. 2001).
Transitions refer here to transformations of social equilibriums where equilibrium does
not refer to a static state but to a dynamic equilibrium with the system state remaining in
a certain basin of attraction. (Gersick 1991) argues that disruption of the equilibrium has
two sources: (1) internal changes that pull parts and actions out of alignment with each
other or the environment, and (2) environmental changes that threaten the system’s
ability to obtain resources.

11

2.3.1

Application of DRIFT5 transition management approach to water
management6

Generally speaking, transitions towards a new water management regime are the result
of two mutually reinforcing mechanisms: (1) destabilization of the current ‘control’ water
management regime on the one hand and (2) the emergence and up-scaling of
innovations that contribute to the build-up of an ‘adaptive’ water management regime
(Brugge and Rotmans, 2007). When both forces are absent the system is more or less in
equilibrium, but once these forces come into being, the regime is pushed out of its
equilibrium. In the acceleration phase they reinforce each other strongly, leading to very
rapid transformation dynamics. Macro socio-environmental conditions can both reinforce
or dampen the dynamics. Describing transition of complex adaptive systems in terms of
phases and multilevel interactions patterns yields the following (heuristic) dynamic
pattern (Rotmans, Kemp et al. 2001; Brugge 2005) ,see also Fig. 2.3:

Phase 1. Predevelopment  Approaching ‘criticality’
During the predevelopment phase, selective interaction (co-evolution) of regime actors
and artifacts create lock-ins. Such dynamics lead to strong internal interdependencies
and as a result, the water management regime approaches criticality, a state in which
(relatively) many interlinkages and relatively strong interdependencies are present. This
has a lot to do with the specialization of water management institutions and the
cooperation in larger consortia. The end product depends on many aspects. On the one
hand, one may expect this to lead to innovations because partners have to adjust to each
other, on the other hand, it also creates lock-in, because it does not lead to radical
innovations that do not fit the core competences. However, in this phase changing socioenvironmental conditions, such as climate change, globalization and urbanization,
imposes stress on the regime structure, demanding much effort from actors to be able to
perform their functions in the supply-chain, policy or regulation domain. Innovations are
still isolated and fragmented, improperly embedded and insufficiently developed enough
to compete with the existing regime.

Phase 2. Take off  Triggering change and Build up of new regime
As the current water management regime becomes increasingly ‘critical’, calamities
affect all system domains due to the high interconnectivity. (In non-critical systems,
calamities only have local effects.) During the take off phase, innovations start acting as
perturbation on prevailing regime dynamics, triggering large-scale change. Regime
structures (rules, practices, contracts, budgets) must first open up before these
innovations have a chance of penetrating the system. Therefore, there is a need of buildup innovation networks based on alternative ideas, concepts, theories and technology
and to simultaneously build-up such an infrastructure that enables its growth. Innovative
ideas and infrastructure must reinforce each other and align into innovation networks.
Developing the network requires access to resources, like for example money and
knowledge (e.g. the societal equivalents of nutrients and energy needed by biological
systems to maintain homeostatic organization) in order to develop its assets and put
alternative behaviour into practice. If the innovation network succeeds in becoming selfsustaining, in terms of maintaining and reproducing its own organization7 it has survival
advantages over innovations that do not cluster into self-sustaining networks. The

5

Dutch Research Institute for Transitions

6

Roel van Raak and Rutger van der Brugge

7

This capacity of biological systems to be able of reproduction of their own organizations
is referred to as autopoiesis (Varela, F., H. Maturana et al. 1974). "Autopoiesis: The
organization of living systems, its characterizationand a model." Biosystems 5: 187-196.
H. Maturana later applied this to social systems as did sociologist Niklas Luhmann
Luhmann, N. (1984). Soziale Systeme. Frankfurt, Suhrkampf.
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regime itself is a (mature) self-sustaining network. Regime dynamics collapse when the
systems key functions fall out. This may be the case when existing actors do not perform
adequately, because they are in competition with the emerging networks.
Depending on co-evolutionary developments in the regime on the one hand, and the
‘survival fitness’ of the available innovation networks on the other, there can be three
pathways (1) there remains a co-existence of more competing innovation networks (lockin), (2) there is only one innovation network, which is reinforced by smaller innovation
networks enabling it to grow (acceleration), or (3) there is a more or less chaotic world in
which innovation networks are all insufficient in becoming self-sustaining and keep
competing for the same resources. As a result, there is no adequate substitute for the
destabilizing regime (system breakdown).

Stabilization

System state

Acceleration
Lock in

Take-off
Predevelopment
Backlash
System breakdown
Time

Figure 2.3 Possible system pathways of a complex adaptive societal system. The
transition is the desired pathway in achieving sustainable development. However, the
complexity of the interaction processes limits control over societal developments
which may lead to less desired pathways, such as the lock-in, the backlash or the
system breakdown.

Phase 3. Acceleration  Cascading effects
During the acceleration it becomes clear which innovation networks are ‘fittest’ and
consequently are selected. Fitness is a relative term, referring to the survival chances of
the innovation network in a co-evolving environment. Thus while the innovation networks
compete with each other for resources, they simultaneously are influenced by
destabilizing regime developments. Co-evolution in the end determines the outcome as a
result of recursive developments between the macro developments, regime
developments and innovations at the micro-level. During this phase, the ‘old’ regime
transforms and consequently the ‘selection environment’ changes and is primarily based
upon selection rules from the up-scaled innovation network.

Phase 4.  Stabilization
During the stabilization the new regime settles down. Transformation processes turn into
optimization processes. Regime dynamics now are equilibrium dynamics in order to
enhance efficiency. If this equilibrium is not reached, the new regime can still breakdown
(backlash).
Compare with Table 2.1 which illustrates regime dimensions that have to change during
the transition. The current water management regime is characterized by the structural
components at the left, the adaptive water management regime at the right.
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2.3.2

Importance of initial phases of transition processes8

The main focus in the NeWater project is on the initial and crucial phases of transition
processes prior to what has been called the acceleration phase in Fig. 2.3.1 during which
the processes partly become autonomous. The initial phases set the course for the later
developments. Intervention during these phases can be decisive for overcoming barriers
and developing the conditions for institutional changes.
As extension of the characterization outlined in the previous section this section
summarizes important insights by some authors who have identified other factors during
the initial phases of a transitions based on concepts more specific to social systems and
institutional change. Particularly in the pre-development phase the formation of informal
networks in early stages of change seems to be essential. The importance of such
adaptive networks (Nooteboom 2006) or shadow networks (Olsson et al. 2006) has been
documented in empirical evidence. The build-up of innovative networks must take place
prior to take-off, because the take-off (windows of opportunity) is based on the output
(available solutions) of already existing shadow networks/adaptive networks. More
emphasis needs to be given to the importance and emergence of these networks in an
early stage – in particular since they are of major importance for social learning
processes (see section 2.3.5).
The role of informal networks
Shadow networks (Olsson et al. 2006)
Key leaders and shadow networks can prepare a system for change by exploring
alternative system configurations and developing strategies for choosing among possible
futures. Successful transformations rely on epistemic and shadow networks to provide
novel ideas and ways of governing SESs (Olsson et al. 2006). Gunderson (1999) also
emphasized the role of these shadow networks as incubators for new approaches to
governing SESs.
Olsson et al. (2006) argue that the emergence of shadow networks for adaptive
governance is a self-organizing process often triggered by a social or ecological crisis.
The impetus for this is often the recognition of the need for an alternative approach for
governing SESs. Olsson et al. (2004a) observe that self-organizing processes toward
adaptive co-management of ecosystems usually start with responses to crises by
individual actors that expand to groups of actors and eventually become multiple-actor
processes. Knowledge develops as part of this process and becomes embedded in the
emerging organizational and institutional structures.
Olsson et al. (2006): linking different networks and creating opportunities for new
interactions are important when dealing with uncertainty and change. They are also
critical factors for learning and nurturing integrated adaptive responses to change
(Stubbs and Lemon 2001). Tompkins and Adger (2004) argue that the ability to link
different networks makes it easier to avoid following the customary response paths and
facilitates flexible learning-based management.
Olsson et al. (2006): The emergence of shadow networks can take a long time or happen
quickly as pre-existing shadow networks are mobilized to address an impending crisis. In
the first instance, it takes time to build trust and a collective view of the system that
accommodates the diverse viewpoints and mental models of the participants (Wondolleck
and Yaffe 2000, Singleton 1998). Social capital is built up in formal organizations and
networks of prevailing governance structures, and shadow networks can provide a
platform/arena for collaboration in which this capital can be reorganized and recombined;
this in turn can generate innovation and nurture renewal in times of reorganization. The
nodes of these networks become reservoirs of collective knowledge and memory (Folke
et al. 2003, Folke et al. 2005), with continual reinforcement and renewal of key ideas or
past events through the day-to-day interactions of the network participants.

8
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Epistemic communities (Ruggie 1975; Haas 1992)
One major route for constructivist exploration of the impact of causal beliefs has been
through the roles played by transnational networks of knowledge-based experts, or
“epistemic communities.”9 Here, the empirical research seeks to relate the impact of
shared beliefs held by such communities on resolving particular policy problems, such as
ozone depletion (see Haas 1992b; and Litfin 1994); as well as the Mediterranean
pollution control regime (P. Haas 1990). Disentangling strictly ideational from
institutional impacts is difficult in practice, but that problem is not unique to the
epistemic community literature (See Yee 1996; and Blyth 1997).
Based on his previous work Ruggie introduced in 2002 the concept of learning networks,
which shows resemblance with the concept of adaptive networks (Nooteboom, 2006).
Adaptive networks
Noteboom (2006) defined adaptive networks as self-organizing groups of policy makers
who enable joint fact-finding and visualizing a direction towards improvement. These
policymakers combine two capabilities. First they are influential in, and have knowledge
about, different power networks. Secondly they try to break away from the existing
policies in those power networks and develop a joint understanding about new, more
effective policies. To become effective (which happens in take-off phase according to
Rotmans and Brugge), adaptive networks should develop ideas in contrast with the ones
in existing power networks and at the same time infect the power networks with these
ideas. The distinction between adaptive networks and power networks is conceptually
useful. In practice, there is (and there should be) some overlap between the two, to link
innovative ideas with power. People in high (power) positions, who also participate in the
learning process, are important linking pins. Nooteboom’s research shows that each time
a power network accepted a proposal, the social system (adaptive network) advanced
one step in its thinking about sustainable development (p.229).

2.3.3

Transitions as multi-level processes10

The importance to understand transitions as multi-level processes has been emphasized
by recent work on socio-technical transitions, an active area of research building strongly
on complex systems and evolutionary approaches. In order to understand change and
transitions it is useful to distinguish the following three levels (macro-meso-micro) of a
system (Pahl-Wostl 1995; Geels 2001; Rotmans et al. 2002):
•

The Landscape or macro-level with stabilizing factors which constitute the context
for a water management regime. The landscape encompasses e.g. environmental
variability, legal frameworks, deeply rooted societal norms and cultural values.
The landscape provides the context and also the selection environment within
which a management regime unfolds. The landscape level must not be entirely
independent from the micro and meso level since feedback processes can operate
bottom-up (e.g. diffusion of innovation) and top-down (e.g. selection of regime).

•

The management regime or meso-level with
between the elements as described in section 2.2.

•

The niches or micro-level where innovative approaches can develop in a locally
protected environment (e.g. large scale research projects, subsidized pilot
studies) and/or in new areas of application such as the restoration of riverine
landscapes that has started to become an integral part of water resources
management.

stabilizing interdependencies

9

The concept of epistemic communities was introduced by Ruggie 1975; and
productively elaborated by Haas 1992a.

10

Author Claudia Pahl-Wostl
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The distinction between macro-, meso-, and micro level is quite common for complex
adaptive systems. As elaborated in more detail in the previous section, the dynamics of
transitions are assumed to follow the typical S-shaped curves of changes between
alternative states in feedback systems where after an initial critical phase of resistance
change becomes autonomous.
The innovative contribution of recent advances in transition research is the attempt to
make this approach operational for understanding socio-technical change in strongly
interconnected socio-technical systems. The current paper goes one step further and
tries to develop a concept for understanding transitions in strongly interconnected
human-technology-environment systems.
The understanding of the causes and dynamics of transition processes is still limited.
Nevertheless one can identify some clear indications that a transition process has started
in water management. The landscape in general provides a stabilizing context for a
management regime but it may also impose a pressure on it if the landscape changes
and existing regimes cannot adapt. The latter is currently the case for water
management with respect to global change, and the overall increase in the dynamics of
socio-economic developments. The increased awareness of the complexity of systems
and of management as learning rather than control seems to be an overall trend in
different fields (Senge 1990; Pahl-Wostl 1995, 2004; Levin 1998; Hartvigsen et al. 1998;
Berkes et al. 2002). On one hand the systems to be managed and the problems to be
tackled have become indeed more complex. The pace of change in socio-economic
conditions and technologies is tremendous. Uncertainties arising from global change in
general and climate change in particular pose major challenges for the management of
environmental resources. On the other hand the awareness for the need to take the
complexity of problems into account has increased and the frame of analysis has partly
changed. In comparison to other areas, environmental resources management in general
and water resources management in particular, has been quite slow in adopting such
changes. One possible reason for this lack of innovation is the strong interdependence of
the factors stabilizing current management regimes.
Figure 2.4 gives an overview how to understand the transition process as interaction
between landscape, regime and niches.

LANDSCAPE

Culture, Legal Framework,
Technologies

MACRO

Processes

REGIME

Actors

MESO

TRANSITION

NICHE
MICRO

Test
innovative
Approaches

Figure 2.4 Multi-scale interactions in transition processes
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2.3.4

Transitions towards adaptive water management11

Taking the complexity and uncertainty as starting points, transitions require innovative
approaches in order to manage them (Rotmans, Kemp et al. 2001; Kemp 2005; Loorbach
and Rotmans in press; Pahl-Wostl 2007). Transition management stimulates transition
processes by organizing the build-up of the societal structures needed to realize the new
regime. Transition management in this sense is much more than implementing a
strategic vision; it is a joint search and learning process coordinated towards developing
innovations and new arrangements that will reinforce each other. Experimentation is
done in niches that are embedded in larger innovation networks. Transition management
thus coordinates multi-actor process at different levels in the attempt to up-scale the
innovation networks. This literally involves translating general adaptive water
management strategies to tailor-made local contexts. In the Netherlands for instance,
this would mean enabling the cooperation between spatial planners and water managers.
The operational model developed by Loorbach and Rotmans (in press) has four activity
clusters: (1) the establishment and development of a transition arena; (2) creating longterm integrated visions, transition pathways and agendas; (3) mobilizing actors and
knowledge development through experimentation and (4) monitoring and evaluating the
transition process. During these phases processes of social learning are of major
importance to build the social capital and trust needed for the survival of these
collaborative networks and for making them adaptive and flexible in order to respond fast
to short-lived windows of opportunity.
In the NeWater project, we will focus mainly on the second activity cluster: creating the
vision, pathways and agendas. For each of these steps we have to take the following
three layers into account, since they are inherently related and recursively constrain and
enable each other.
Steps towards developing a transition matrix
During the process of writing the proposal a first matrix was constructed for the
characterization of a transition from the prevailing to an adaptive water management
regime12. This matrix is still in the phase of further development and refinement. It
served as a first base to structure research activities.

11

Authors Claudia Pahl-Wostl, Rutger van der Brugge, Roel van Raak
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Transition to
Adaptive Management
Prevailing Regime

Enhance Governance with
Enhance Governance with
stakeholder processes
stakeholder processes
integrated with policy and
integrated with policy and
science
science (1)

Governance Centralized,
hierarchical, narrow
stakeholder
participation

Build Adaptive Capacity to
Build Adaptive Capacity to
reduce Vulnerability
reduce Vulnerability (2)

Sectoral Sectors separately
Integration analyzed resulting in
policy conflicts and
emergent chronic
problems

Integrate IWRM with
Integrate IWRM with
Spatial planning
Spatial planning (3)
Resolve resource use
Resolve resource use
conflicts
conflicts (4)

Scale of Transboundary
Analysis and problems emerge when
Operation river sub -basins are
exclusive scale of
analysis and
management

Address poverty, health,
Address poverty, health,
gender issues
gender issues (5)
Create and adapt
Create and adapt
transboundary institutions
transboundary institutions
to driving forces and
to driving forces and
pressures
pressures

Information Understanding
management fragmented by gaps
and lack of integration
of information sources
that are proprietary

Test and incorporate novel
Test and incorporate novel
monitoring systems into
monitoring systems into
decision making processes
decision making processes

Infrastructure Massive, centralized
infrastructure, single
sources of design,
power, delivery

(7)

Test and apply innovative
Test and apply innovative
methods and technologies
methods and technologies
for river basin buffering
for river basin buffering
capacity
capacity (8)

Finances Financial resources
and Risk concentrated in
structural protection
(sunk costs)

Investigate management of
Investigate management of
risks to identify innovative
risks to identify innovative
approaches in the financial
approaches in the financial
sector
sector

Adaptive Regime
Polycentric, horizontal,
broad stakeholder
participation

Cross - sectoral analysis
identifies emergent
problems and
integrates policy
implementation
Transboundary issues
addressed by multiples
scales of analysis and
management

Comprehensive
understanding achieved
by open, shared
information sources
that fill gaps and
facilitate integration
Appropriate scale,
decentralized, diverse
sources of design,
power, delivery
Financial resources
diversified using a
broad set of private and
public financial
instruments

:

W
WH
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O??
W
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HYY??

Figure 2.5 Transition matrix and potential processes facilitating change.
Important questions are who are the key actors and their motivation to promote
change.
The key questions are:


What are triggers and what are barriers for change of individual elements?



Where does change have to occur simultaneously and is there a logic of the
sequence how change should occur?



Who are the key actors in each change process and what is their role?



How can one avoid an increase in vulnerability as a result of and during a
transition process?

Some working hypotheses on the transition process in water management
An increasing mismatch between the achieved societal function as measured by the
operational goals, expectations and influence of the context and expectations and the
ability of the management regime to achieve its targets is the major driver for change.
This mismatch could have different reasons. Examples:
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Due to changes in the environmental context (climate change) operational goals
cannot be achieved any longer.



Changes in societal values may have an impact on how a function should be
achieved – e.g. from maximum security to economic efficiency.



New legislation may impose new goals (e.g. WFD).



Actors with strong leadership define new goals that cannot be achieved within the
current regime structure (e.g. Masterplan Emscher).

If a management regime with low adaptive capacity is faced with an increasing mismatch
between operational goals and the ability to achieve them this triggers change. It is
assumed that a transition towards adaptive water management follows a kind of Sshaped dynamics (see previous sections) and that in particular in the initial phase
processes of social learning are of key importance to generate the capacity to recognize
the need for change and collective action and a critical momentum for change to move
towards an autonomous phase.

Adaptive capacity

Mismatch

Social
Learning of
Key
Importance

1
2

3
time

Figure 2.6 Schematic and very simplified representation of qualitative features of
the change in adaptive capacity and the mismatch between expected and achieved
operational goals.
Mismatches between the regime structure, the goals of the regime and the regime
context trigger a transition if they become too big (1). After a successful transition
to an adaptive management regime, the regime has the ability to clear further
mismatches through adaptation before tensions endanger the stability of the regime
(2, 3). It is assumed that change will occur first there where the following three
conditions are met:


High mismatch between desirable and achieved state



Ability to monitor and detect such mismatches



Actors most affected have the power to act and see a possibility for change
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2.3.5

The role of Social Learning in Transition Processes13

What is social learning?
Social learning in river basin management refers to developing and sustaining the
capacity of different authorities, experts, interest groups and the public to manage their
river basins effectively. Collective action and the resolution of conflicts require that
people recognize their interdependence and their differences and learn to deal with them
constructively. The different groups need to learn and increase their awareness about
their biophysical environment and about the complexity of social interactions.
Why is social learning needed in the transition to adaptive water management?
As pointed out previously, technical infrastructure (e.g. large technical infrastructure for
flood protection), citizen behaviour (expectations regarding safety in floodplains, risk
perception) and habits, and engineering rules of good practice are often mutually
dependent and stabilize each other. In many cases they have co-evolved over a long
period of time. Hence one observes so-called lock-in situations with the effect that
changes towards new resource management schemes are blocked and require collective
learning and decision making processes (Pahl-Wostl 2002).
A new concept for social learning in river basin management has been developed in the
context of the European project HarmoniCOP14 (Harmonizing Collaborative Planning).
The approach adopted by the HarmoniCOP project is characterized by a broad
understanding of social learning that is rooted in the more interpretative strands of the
social sciences. Figure 2.7 represents the framework for social learning developed to
account for learning processes in water resources management (Bouwen and Taillieu
2004, Craps et al. 2003; Pahl-Wostl 2002, in press). The framework is structured into
context, process and outcomes and a feedback loop to account for change in a cyclic and
iterative process. The context refers to the governance structure and the natural
environment in a river basin. To improve the state of the environment implies in practice
implies most often a change in the governance structure. Social learning is assumed to
occur at two levels – on short to medium timescales at the level of processes between
actors and on medium to long timescales at the level of change in the governance
structure.

13

Author Claudia Pahl-Wostl

14

More information on the HarmoniCOP project is available on the webpage www.harmonicop.info. The main objectives of HarmoniCOP have been to increase the
understanding of participatory river basin management in Europe, to generate practically
useful information about and improve the scientific base of social learning and the role of
ICT tools in river basin management and support the implementation of the European
Water Framework Directive).
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Figure 2.7

Conceptual framework for social learning in resources management

The process concept referring to multi-party interactions in actor networks has two pillars
(Figure 2.7). They relate to the processing of factual information on a problem (content
management) and engaging in processes of social exchange (social involvement). Social
involvement refers to essential elements of social processes such as the framing of the
problem, the management of the boundaries between different stakeholder groups, the
type of ground rules and negotiation strategies chosen or the role of leadership in the
process. This concept has as central hypothesis that the management of content and the
social involvement are strongly interdependent and cannot be separated and that ICT
tools play an important role. The overall process leads to both technical qualities such as
the improvement of the state of the environment and to relational qualities such as an
increase in the capacity of a stakeholder group to manage a problem and/or institutional
change. This leads as well to a different interpretation of the role of information and the
ability of an actor network to use new information in social learning processes and based
on it derive collective action. Such learning environments are perceived to be crucial for
the adaptive governance of socio-ecological systems (Folke et al. 2005; Pahl-Wostl
2005). Hence, an entirely new element of monitoring refers to the quality of the
communication process in actor networks, the appropriateness of a chosen institutional
setting.

2.4 IAD framework15
The IAD (Institutional Analysis and Development) framework has been developed by
Elinor Ostrom and colleagues over the past decade (Ostrom 2005). The IAD framework
offers a base to analyse institutions at different levels. Since it is not closely linked to a
theory it is open for extensions and offers itself for conceptual integration.
Framework of analysis for collective choice problems in common pool resource situations
Definition of a common-pool resource: A common-pool resource, such as a lake, an
ocean, an irrigation system, a fishing ground, a forest, the Internet, or the stratosphere,
is a natural or man-made resource from which it is difficult to exclude or limit users once
the resource is provided by nature or produced by humans (E. Ostrom, Gardner, and
Walker 1994). Resource capacity is limited which implies that resource needs by one user
subtract from what is available to others.

2.4.1

Concepts that have entered IAD

Blomquist and Ostrom (1985): When we are attempting to understand why real
individuals in real settings adopt the strategies that they did, we adopt a model of
boundedly rational behaviour.
Ostrom (2005, p.102): Instead of complete information, some situations generate only
partial information. Further, the distribution of information may be asymmetric. One may
also be confronted with the need to examine how individuals view risk, uncertainty, and
information asymmetries and how they react to the actions and perceived attributes of
other participants. Situations also differ in regard to the extent of repetition and whether
the same individuals continue to interact with one another over time or whether
interactions are largely with a continuous stream of strangers. How do all of these affect
choice? When rational choice models – as usually operationalized – fail to predict
outcomes, other theoretical tools are needed (Vanberg 2002).
Ostrom (2005, p. 104): Many of the situations of interest to institutional analysts are
uncertain and lack the kind of rules leading to the selective pressures and information-

15

Author Patrick Huntjens
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generating capabilities of highly competitive processes. In analyzing these situations,
theorists frequently substitute the assumption of bounded rationality – that
participants are goal oriented and try to be rational but face cognitive limits – rather than
the assumptions of complete information (see Simon 1957, 1972, 1995; Williamson
1985, 2000; V. Ostrom 1997; B. Jones 2001). In some situations, the available
information may greatly exceed the competence of an individual to compute a solution
based on fuller analysis (Heiner 1983).
Ostrom continues (p.104): Most cognitive scientists stress that humans expend
substantial effort to make sense out of the variety of signals (and symbols) they receive
as they interact within a variety of situations in life (Busemeyer and Myung, 1992).
Individuals attempt to create a mental model or a representation of diverse situations
so as to be able to make reasonable decisions in these multiple settings (Holland et al.
1986). Mental models are affected by at least tow basic sources – feedback from the
world and the shared culture or belief system in which an individual is embedded.

Figure 2.8 The relationship between information, action-outcome linkage, and
internal mental models (from: Ostrom, 2005, p.105).
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2.4.2

Overview of variables in the IAD framework

Figure 2.9 Focal level of analysis: action arena. Overview of different holons
(Extracted from Ostrom 2005).
This paragraph presents an overview of the variables in the IAD-framework. The clusters
are according the numbers in figure 2.8

Exogenous Variables – Variables that affect the structure of an action arena

Cluster 1: Biophysical/material conditions: Goods and services being produced,
consumed and allocated, including the technology available for these processes.
a) Substractability (ranging from high to low): refers to the extent to which one
individual’s use subtracts from the availability of a good or service for
consumption by others;
b) Exclusion (ranging from high to low): relates to the difficulty of restricting those
who benefit from the provision of a good or service;
c) Additional attributes > The crucial point for the institutional analyst is that rules
that help produce incentives leading to productive outcomes in one setting may
fail drastically when the biophysical world differs. As extensive studies (by
Ostrom) of common pool resources have shown, for example, effective rules
depend on the size of the resource; the mobility of its resource units (e.g. water,
wildlife, or trees); the presence of storage in the system; the amount and
distribution of rainfall, soils, slope, and elevation; and many other factors (see E.
Ostrom, Gardner, and Walker 1994).

Cluster 2: Attributes of community (that are important in affecting action arenas):
a) Values of behaviour generally accepted in the community;
b) The level of common understanding that participants share (or do not share)
about the structure of particular types of action arenas;
c) The extent of homogeneity in the preferences of those living in a community;
d) The size and composition of the relevant community;
e) The extent of inequality of basic assets among those affected;

Cluster 3: Rules: Definition 1: strategy for how to solve problems; Definition 2: set of
instructions for creating an action situation; Definition 3: joint understanding by
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participants about enforced prescriptions concerning what outcomes are required,
prohibited or permitted (ALSO unwritten rules and social habits!). One can categorize
three levels of rules:
a) Constitutional rules
b) Collective-Action rules
c) Operational rules
Another level not used in general but of interest for transitions are „Meta-constitutional
rules” which refer to paradigms and norms that translate into normative rules that are in
general not questioned in the respective regime (e.g. access to water of sufficient quality
and quantity to meet basic human needs is a human right and should be guaranteed by
the government, water management should rely on large-scale technology to generate
predictable and controllable conditions).

Cluster 4: Action Arena
The action arena comprises the Action Situation and the participants (described as two
separate holons by Ostrom). These two holons – participants and an action situation interact as they are affected by exogenous variables (at least at the time of analysis at
this level) and produce outcomes that in turn affect the participants and the action
situation. In an Action Situation participants with diverse preferences interact, exchange
goods and services, solve problems, dominate or fight one another (see figure 2.9).
Exogenous Variables

PARTICIPANTS

INFORMATION
about

CONTROL
over

assigned to

POTENTIAL
OUTCOMES

linked to

POSITIONS

assigned to

COST AND BENEFITS
assigned to

ACTIONS

Given implicit models used by actors

Observed Interactions and Outcomes

Given theory used by an analyst

Predicted Interactions and Outcomes

Evaluative Criteria

Evaluative Criteria

Empirical Analysis

Theoretical Analysis
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Figure 2.10 – The internal structure of an action situation (derived from Ostrom, 2005,
page 33 Fig. 2.1).
An action situation comprises eight basic working parts (according to Ostrom):
a) Participants: participants in an action situation are decision-making entities
assigned to a position and capable of selecting actions from a set of alternatives
made available at nodes in a decision process (p.38).
b) Positions: Another element of an action situation is the set of positions or
“anonymous slots” into and out of which participants move. Examples of positions
include players, voters, judges, buyers, sellers, legislators, police officers, and so
forth. Positions and participants are separate elements in a situation even though
they may not be clearly identified as such in practice (p.40). Positions are the
connecting link between participants and actions
c) Potential outcomes: can also include “unintended outcomes” within the set of
potential outcomes included in action situation. Polluters, for example, frequently
do not know the full range of physical results generated as a result of their actions
(p.43).
d) Actions: Participants assigned to a position in an action situation must choose
from a set of actions at any particular stage in a decision process. An action can
be thought of as a selection of a setting or a value on a control variable (e.g. a
dial or switch, p.45) that a participant hopes will affect an outcome variable. The
types of variables included within the concept of a set of authorized actions are
vast (see Table 2.1, p.46)..
e) Action-outcome linkages: the set of allowable actions and the function that
maps actions into realized outcomes. A setting on a control variable is considered
“linked” to a state variable (outcome) when it is possible to use that setting to
cause the state variable (1) to come into being, (2) to disappear, or (3) to change
in degree (p.46). A light switch, for example, is a control variable with two
positions. The control variable does not change unless a human actor takes a
positive action to change it or to retain the old setting.
f) Control that participants exercise: the control that an individual has in regard
to his function. The extent of control over the linkage of the action to outcomes
that a participant has varies from absolute to almost none. The “power” of an
individual in a situation is the value of the opportunity (the range in the outcomes
afforded by the situation) times the extent of control (p.50). Thus, an individual
can have a small degree of power, even though the individual has absolute control
if the amount of opportunity in a situation is small.
g) Types of information generated: the information available to participants
about actions and outcomes and their linkages. Access to complete or incomplete
information. Complete information is that each participant could know the number
of other participants, the positions, the outcomes, the actions available, how
actions are linked to outcomes (and thus the certainty, risk, or uncertainty of the
linkage), the information available to other players, and the payoffs of the same
(p.50). When participants are assumed to have access to complete information, a
further distinction is made in formal theory between perfect and imperfect
information (p.51).
h) Costs and benefits assigned to actions and outcomes. The discussion of
outcomes, and of action-outcome linkages, relies on the relationship between
control variables and state variables (p.52). In addition to the physical actions and
outcomes that are involved in a situation, rewards and/or sanctions may be
distributed to participants in positions dependent upon the path taken to achieve
a particular outcome. Costs and benefits are cumulative. External rewards or
sanctions assigned to outcomes include the rewards (financial returns) or
sanctions (taxes or fines) assigned to actions taken along a path to an outcome.

Cluster 5: Outcomes
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Depending upon the analytical structure of a situation and the particular assumptions
about the actor used, the analyst makes strong or weak inferences about results (p. 64).
Many field situations, however, do not facilitate making clear predictions. The
institutional analyst examining these more open, less-constrained situations must make
weaker inferences and predict the patterns of outcomes that are relatively more or less
likely to result from a particular type of situation (p. 64).

Cluster 6: Evaluative Criteria
Depends on the purpose of evaluation (e.g. for researchers or policymakers). Within
NeWater these criteria have to be developed for exogenous variables, action situation,
and outcomes.
Participants in actions situations and those observing those situations use evaluative
criteria that are applied to the outcomes as well as the processes of achieving
outcomes. The number of potential evaluative criteria is large. On page 66 Ostrom is
focusing on the following criteria:
a) Economic efficiency is measured by the magnitude of the change in the flow of
net benefits associated with an allocation or reallocation of resources;
b) Equity is assessed in two ways: 1) on the basis of the equality between
individuals’ contributions to an effort and the benefits they derive and 2) on the
basis of differential abilities to pay;
c) Adaptability, Resilience, and Robustness: Do individuals learn from
experience within an action situation? Do they adapt to new circumstances as
they arise or become rigid in their responses over time?
d) Accountability: When evaluating collective-choice or institutional choice levels,
one can ask whether officials are accountable to citizens concerning the policies
and rules chosen.
e) Conformance to general morality: Are those who are able to cheat and go
undetected able to obtain very high pay-offs? Are those who keep promises more
likely to be rewarded and advanced in their careers? How do those who repeatedly
interact within a set of institutional arrangements learn to relate to one another
over the long term? Are the procedures fair? (Frey, Benz, and Stutzer 2004).

2.4.3

Linking Action Arenas

Extracted from Ostrom (2005, p.55):
An important development in institutional analysis is the examination of linked arenas.
Whereas the concept of a ‘single’ arena may include large numbers of participants and
complex chains of action, most of social reality is composed of multiple arenas linked
sequentially or simultaneously (see Shubik 1986).
Action situations are linked in two different and important ways. The first kind is an
organizational linkage, meaning that an action situation in an organisation can influence
another action situation in the same organization or in another organization. A more
fundamental form of linking is shifting the analysis from one situation to a deeper rulechanging situation. The latter form of linking is considered essential for explaining
transition processes within NeWater, because we want to examine the linkage between
one situation and its immediate adjacent-level situation where the rules of the first
situation may be changed or at least being influenced.
We assume here that changes can be in both directions regarding traditional
organizational hierarchies – bottom-up or top-down. Often rule changing processes may
involve iterative interaction cycles between levels.
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3 Method to develop and implement the MTF16
The conceptual base of the MTF integrates the IAD framework and the conceptual
approaches on adaptive management and transition processes. The IAD framework
provides the basic structure for the representation of the management regime with
emphasis on actors and institutions and the nature of learning and decision making
processes.
Since the MTF will comprise knowledge from various (NeWater) disciplines a graphical
representation is required that helps to understand the MTF without reading lots of
written reports. “Nobody wants to read hundreds of pages to understand a conceptual
framework”! However, a combination of narratives and a graphical representation might
be the best approach.

3.1

Brief introduction into UML

Due to the ambiguity inherent in graphical notations it was decided to use one agreed
formal graphical language for the framework development process. Several graphical
notations for the representation of the framework have been discussed at previous
workshops and bilateral occasions. During the workshop in Steinfurt in January 2006 UML
(Unified Modelling Language) has been adopted as the modelling notation for the
NeWater framework on transition towards AM.
UML is a standard notation for the modelling of real-world objects as a first step in
developing an object-oriented design methodology. Its notation is derived from and
unifies the notations of different object-oriented design and analysis methodologies
(Jacobson et al. 1998; Ambler 2004). UML is a general purpose modelling language that
includes a standardized graphical notation to create an abstract model of a system Please
note: UML is not a running model itself. It is rather a notification that allows documenting
or specifying knowledge about objects, relations and associations, workflows and
processes, responsibilities, information flows, interfaces, etc. etc. UML supports different
views on the same part of the world. All ‘views’ or diagrams share the same terminology
and their level of detail depends on the degree of information that is required to
understand a certain problem. Due to this approach a diagram is a view into a model
presented from the aspect of a particular perspective (e.g. a stakeholder), it provides a
partial representation of the system, and it is semantically consistent with other views.
It is important to distinguish between the UML model and the set of diagrams of a
system that show different views. A diagram is a partial graphical representation of a
system's model.
One may distinguish three major parts of a system's model:
Functional Model
Functional models show the functionality of the system from the user's Point of View.
They include Use case diagrams.

16
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Figure 3.1 Use case diagram

Figure 3.2 Notations of use case diagrams

Object Model
Object models represent the static structure and substructure of the system using
objects, attributes, operations, and associations. The major representation are class
diagrams.

Figure 3.3 Class diagram and associations

28

Figure 3.4 Notations of class diagrams

Dynamic Model
Dynamic models represent dynamic elements. This includes sequence (time-oriented),
collaboration (message-oriented), activity diagrams (activity-oriented) as dynamic
views.

Figure 3.5 Activity diagram
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Figure 3.6 Notations of activity diagrams

The chosen representation forces a consistency in using graphical representation it
reduces thus the ambiguity in communication of system diagrams. It is very flexible since
it allows combining narratives with graphical representations which in combination allow
a richer representation of conceptual and methodological approaches and the
documentation of results from empirical analyses.

3.2

Group model building process

The MTF is developed in interactive sessions (face-to-face meetings and online working
meetings) with representatives from the whole NeWater consortium. The development of
a joint product supports the process of integration and forces the group to make
decisions and implement either one agreed solution how to represent a process/concept
or to implement several approaches and document the differences. Assumptions made
during development (e.g. on what determines adaptive capacity or the relationship
between vulnerability and adaptive capacity) is documented.
From participant evaluations and observations one can draw the following first
conclusions (Dewulf et al. submitted):
Using UML in group discussions helps to make mutual assumptions explicit,
because everybody attempts to translate his or her concepts into a common
language. In selecting aspects, labelling them, drawing the relations and labelling
the relations, differences between participants’ frames can emerge and can be
discussed. Creating the diagrams also helps to identify where knowledge of a
system or process is incomplete. An advantage of UML is that it does not rely on
the often implicit and possibly diverging meanings of the visual aspects of the
diagram. The disadvantage is that people may still read those meanings into the
visual aspects of the diagram and make diverging conclusions.

Working with UML as a tool for documenting and exchanging knowledge can be
interpreted with Wenger’s (1998) participation-reification concepts. Participation,
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meaning here involvement in the development of knowledge, needs reification,
for example diagrams (or papers or reports), to store and ‘transport’ this
knowledge. But reifications always need participation: people need to be willing
to learn and to use the new language and to work with it, otherwise the diagrams
remain meaningless. This learning process will have to be partially redone every
time a broader group is expected to work with the new language. In this sense it
may be important to keep track of the people who participated in making the
diagram.
Using concrete case contexts in an interdisciplinary environment can be done for
a number of reasons. Explaining or illustrating theoretical points with examples
from a jointly available case context makes them more understandable for
others, and can make explicit important differences in understanding. In order to
deal with different frames, some kind of anchor point is needed that allows
working constructively with the diversity. Concrete case contexts can provide this
necessary common ground when different theoretical approaches have to be
dealt with, because they provide a kind of anchor point for keeping the discussion
focused and the exploration of different views going. This requires that the
specific case that is used to focus the discussion is sufficiently known by the
different participants. Using concrete case contexts was experienced as
motivating and helpful for clarifying concepts. When the level of detail and
complexity of a case situation is too high to work with, simplified or stylized
representations of case situations were used with apparently positive results.
Asking researchers from different backgrounds to apply their respective concepts
and methods to a concrete case description available to all participants, was
evaluated as helpful for eliciting and understanding the different frames of
reference.
Schön and Rein (1994) go even a step further by arguing that situated frame
reflection is needed for dealing with frame conflicts in policy controversies. They
claim that “when policy controversies are abstracted from the situations in which
they arise, as in academic discourse, they are removed from the pace and
pressure of the policy arena, but they exist in a kind of vacuum where it is hard
to imagine how they might ever be resolved” (Schön & Rein, 1994: 176). As a
strategy for resolution, they propose reflecting on the involved frames with the
aim of getting to a pragmatic solution in a specific context. Therefore, the role of
the seven case studies in the project could be crucial in fostering crossdisciplinary outcomes.
The framework and tools to use UML are available on the NeWater webpage. For
experiences programmers the effort to use UML is low. But it is not necessary for
everyone to learn the language with a high degree of sophistication to participate in a
process to develop a representation of the own research task in the context of the overall
framework. In order to guarantee an adequate standard in the adoption of the same –
possibly new– language by different users, the formal correctness of the UML
representations will be validated at USF, before posting the charts in the dedicated
section of the Newater web site. Further progress and the methods used will be carefully
evaluated.

To structure the further development process four roles have been extracted based on
ideas derived from the Rational Unified Process (RUP).

The roles are
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Designer
Defines classes and integrates them into diagrams. This worker is represented by
everybody working on UML diagrams. To assist the Designers and assure consistency of
used diagrams and descriptive literature the following three roles are created.

Architect
The architect develops a structure to integrate external models. This includes the
coordination of activities necessary for integration.

Project & Change Manager (P & CM)
Schedules resources and priorities and supports the whole development process. The
Project & Change Manager manages the team and provides Phase and Iteration Plans.
Also the integration of diagrams and the administration and control of changes are tasks
of this worker.

Technical Author
Makes explanatory literature (Glossary for UML classes) available and observes
documentation.
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Figure 3.7 Activity diagram that describes a step of the development process of the MTF
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4 MTF (Management and Transition Framework) - Results
4.1 Overall structure
Figure 4.1 gives an overview over the components of the NeWater framework.

(A)

(C)
(B)
Figure 4.1 Overview over the three major components of the NeWater Management
and Transition Framework (MTF) and their relations. (A) Generic MTF that serves as
template for further conceptual development and application to analyse management
regimes and transition processes. (B) MTF as applied to specific cases in the NeWater
basins. (C) Case Implementation Process documenting the process in the basins

(A) Module: Generic MTF
The Generic MTF represents the integration of the different conceptual approaches
summarized in chapter 2. It includes a static representation (class diagrams) with all
objects, their relations and attributes and a dynamic representation (activity diagrams)
with sequence of activities for the transition process and management cycle.
(B) Module: MTF applied to cases
The generic MTF is applied to specific cases where the objects are now represented by
real world counterparts. An abstract actor is now represented by the regional water
supply company, a NGO or an administrative body with specific attributes.
(C) Module: The Case Implementation Process
The Case Implementation Process documents the process of participatory action research
in the different NeWater basins. The knowledge production and evaluation process, the
role of researchers and stakeholders and their interactions are represented.
The combination of these three modules allows integrating empirical insights at the case
level in a comparable fashion, a condition to extract general patterns regarding the
understanding of management regimes and processes of change and to evaluate the
research design (Case Implementation Process).
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4.2 Generic MTF
4.2.1

Static representation – class diagrams17

Figure 4.2 represents the generic highest level class diagram of the MTF. Its derivation is
based on the integration of the framework to analyse management regimes with the IAD
framework. Emphasis is given to processes of learning, decision making and institutional
change in actor networks.
The central class is the water system which comprises all elements of a water
management regime (physical, technical and social components).
The resource, the community (socio-economic context), institutions and action arenas
are part of the water system.
The resource class includes the representation of the environmental system. It is
characterized by the nature of the resource (common good, public good defined by
exclusion and subtractability). Other characteristics include water quantity and quality,
variability, likelihood of extreme events etc. The resource will be further refined in an
own sublayer.
The community class represent the characteristics of the societal system in which the
action arena is embedded. Those characteristics are included which are assumed to be of
influence on action situations and which may be influenced by the outcome of actions.
Institutions refer to all the rules in use that determine the nature and dynamics of action
arenas and action situations. Institutions comprise constitutional, collective choice and
operational rules. Hence they represent the whole multi-level governance regime from
the setting of the management bodies (constitutional level) to the direct activities
interfering with the resource (operational level).

An action arena is defined by fulfilling a societal function (e.g. flood management) linked
to a management goal which is a kind of institution.
An action arena consists of action situations. The action arena ‘WFD implementation’ may
for example include action situations such as implementation of WFD in national law,
defining status, developing set of measures etc. The degree of resolution of action
situations depends on the overall research questions to be addressed.
An action situation has actors, actions and artefacts. An action uses artefacts such as
models, technologies, communication tools etc. Actors have mental models and hold
roles which are defined in the context of an action situation. Mental models hold actors
expectations about action-outcome linkages.
The potential outcome of action situations is evaluated in the action arena. Outcome of
actions may affect the water system – change the state of the resource or the
characteristics of the community, introduce new rules.

17

Author Claudia Pahl-Wostl
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Figure 4.2 Highest level class diagram of the generic MTF

Figure 4.2 Highest level class diagram of the generic MTF
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Glossary for the class diagram represented in Figure 4.2
Class

Definition

Action

As used in this context action refers to collective behavior leading to a welldefined outcome. Emphasis is on collective and the link to an outcome.

Action arena

Issue specific political arena characterized by a management goal, actors
and number of action situations.

Action situation

Structured interaction context where several actors have to make collective
decisions that lead to specific outcomes.

Action outcome
linkage

Expected outcomes associated with a specific action. Characterized by
uncertainty, dependence on other actors,

Actor

Individual or collective actor populating an action arena.

Artefact

Human-made objects that are of importance to support actions and
influence outcomes of actions in an action situation.
-to exclude unspecific things like pens, paper, telephones etc. from the
MTF, include as "Artefacts" only things that are relevant regarding the
outcome of an action situation.
- to distinguish Artefacts from other elements of the Water System (e.g.
rules) restrict the class Artefact to such things that are under control of an
actor and which are purposefully used (or not used) by this actor to
influence the outcome of an action situation
- to distinguish from mental models, abilities of actors: artefacts can be
exchanged between actors

Collective choice rule

According to IAD rules that defines rules at the operational level (e.g. how
water is allocated to individual users)

Community

Social system in which an action arena is embedded. Depending on the
level it may be characterized by different attributes or attributes may have
a different weight. Community attributes define the structural context
(together with institutions). Of key importance is the choice of attributes to
better understand the influence of structure on agency.

Constitutional rule

According to IAD rules that defines rules at the collective choice level (e.g.
the implementation of a trans-boundary river basin commission or a water
user association).

Information

Information is included in artefacts which were introduced to broaden the
analysis of human-made objects used in action situations.

Infrastructure

Structural measures implemented to support water management

Institution

Formal or informal agreement that determines behavioural rules in a
collective of actors. One institution can comprise more than a single rule
(e.g. the WFD or another formal treaty such as a transboundary
agreement).

Management goal

A management goal is a kind of institution. It defines the issue around
which an action arena and a management regime are organized – e.g. the
management goal of the WFD implementation action arena is “To achieve a
good ecological state of European waters”.

Mental Model

Subjective model of an actor about links between actions and outcomes
including the behaviour of other actors.
Albeit being subjective mental models (or main determinants) may be
shared in a group of actors due to influence of paradigms, culture, social
37

norms or subsequent to intense deliberations.
Operational rule

According to IAD rules that define actions that have a direct impact on the
state of the physical and social environment (e.g. the resource, income),

Outcome

Discrete state of the system generated by an action that can be linked to
some evaluation criterion.

Participant

Actor participating in an action situation

Resource

Aquatic ecosystem comprising surface and groundwater compartments
described from a water management perspective.
Includes all characteristics needed to describe its ability to deliver
ecosystem services and to analyse it as source of potential hazards.

Role

Social stereotype linked a socially defined role in an action situation. The
role determines relationship to rules, access to certain actions and
artefacts. Roles are linked with expectations but may be changed during
negotiations. In some cases roles may change and be taken by other
participants. Hardly possible in the case of highly formalized legal
regulations.

Rule

Clearly defined prescription that determines the behaviour of actors.
Collective rules can be described by the ADICO syntax. Without further
label rules refer to collective rules.
Most individual rules may be better described as strategies - if-then
statements that store experience on which type of behaviour leads to a
desired outcome given certain circumstances.

Sectoral integration

Horizontal integration of policy development, planning and implementation
of management plans across sectoral boundaries (e.g. agriculture, water
supply, flood protection, waste water treatment).

Water System

Highest class in the framework which comprises all elements of a water
management regime (physical, technical and social components).
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4.2.2

Representing change in the NeWater MTF18

As highlighted in sections 2.3.1 to 2.3.3 structural change and transitions to new water
management regimes seem to be closely linked to processes in informal actor networks.
Such dynamics are represented in Figure 4.3 as activity diagram. On the left the
formalized management process is shown. The right diagram represents an informal
process of initiating change. The two processes are linked, in particular in the beginning
where a dissatisfaction with the current management approach triggers the initiation of a
change process. Another crucial link is in a latter stage when windows of opportunity
develop where innovative approaches developed in the change process can be fed back
to the formalized management process.

18

Authors Claudia Pahl-Wostl and working group members: Rutger van der Brugge,
Wietske Medema, Jan Sendzimir, Tharsi Thaillieu,
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Figure 4.3 Activity diagrams which represent the formal (1-7) management process and
in parallel an informal process initiating structural change (8-19).

Short description of the steps in the two processes:
Management Process:

1. The strategic goals for the management process are set to determine a desirable
state of the water system.
2. The current state of the water system is assessed to estimate the distance of the
current state from the desired goal state – to do so requires to make assumption
how the strategic goals can be compared to empirical evidence.
A first comparison of the current state with the strategic goals allows to determine the
degree of deviation from desired state and estimate the need for action.
3. Policies are developed that represent coherent approaches how and in which time
frame to improve the current state of the water system.
4. Operational goals are defined that allow to assess efficiency and effectiveness of
measures and that are the base for monitoring programs.
5. A plan with specific measures including an assessment of their effectiveness is
developed.
6. In this phase the measure are implemented on the ground at the appropriate
level.
7. Monitoring serves to assess if the implemented measures lead to the achievement
of the set goals and to detect potential unexpected and undesired consequences.
Operational goals. the programme of measures and the implementation process
be reconsidered. The process may even go back to the first step and strategic
goals may come under scrutiny.

Process of structural change
8. Dissatisfaction with the current management approach beyond a threshold where
people start to act. The (local) champions enter the scene.
9. Some actors succeed in reframing the problem, they are rallying and achieve a
critical mass to take the process further.
10. The informal network has come together and succeeded in reframing and
restructuring the problem.
11. Discussions are synthesized and brought into a simple and inspiring vision.
12. a: Scenarios are developed that illustrate barriers and bridges how to realize the
visions.
b: Bring in other stakeholders to get access to different kinds of knowledge and
build critical mass for support.
13. Choosing viable paths and make a plan how to get the resources to go down these
paths.
14. Informal network analyses specific possibilities along these paths. (Windows of
opportunities)
15. Political campaigns surfaces. The tactical campaign is launched.
16. a: Demonstration projects with prototype experiments at smaller scale.
b: Sustain momentum by continuing to accumulate resources (people, money...).
Decision point:
- process may stop
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-

link to the current system
opportunities are realized, move forward

17. Evaluate success of pilots and think about upscaling and adjustments to actor
coalition, the visions and the next round of experiments.
During steps 15-17 links to the current water management system are important.
Decision point:
- process may stop
- link to the current system
- initiate a new round
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5 Tools and their evaluation
5.1 Tools for implementing and sustaining adaptive water management 19
5.1.1

Introduction

Adaptive integrated resource management pays attention to the complexity of resource
management decisions; the conflicts driven by different concerns, fears and values; a
host of uncertainties not all quantifiable and reducible; and a variety of justifiable
perspectives and ways of knowing. To address these challenges, different tools need to
be combined and assessed in terms of their own merits and their added value to
knowledge produced by other tools. The policy aid in this context is not a result of a
single tool, but is materialised in the process of producing and negotiating knowledge
which is useful (socially robust) for the given context.

5.1.2
5.1.2.1

Tools and typologies
Short review of tools and typologies

The term “tool” is used in different ways by different researchers and in different
contexts. Subsequently the boundary between tool, instrument, institution, law, policy
and epistemology (i.e. framework of knowledge production) is blurred. In the
HarmoniCOP project the information and communication tools encompass any material
artefacts, devices or software, that can be seen and/or touched (Maurel 2003), and
which facilitate interaction between stakeholders through two-way communication
processes. The GWP toolbox (GWP 2000) adopts a different connotation of the term
which includes also policies (e.g. fiscal instruments) and organisations (e.g. river basin
organisations). In the NW Deliverable 421 (Barlebo 2005), the addressed tools have been
tentatively listed and encompass guidelines, procedures, protocols, methods and
techniques, devices, apparatus and software programs. This list reflects different types of
tools without the aim to provide a comprehensive classification. The different nature of
tools implies different types of enhancements.
Tools differ in their complexity (simple vs. sophisticated, integrated tools), area of
potential application (narrowly specialised tools vs. generic tools), and re-use potential
and transferability. The quality assessment (also validation, verification, measurement of
success) of different tools is not equally straightforward. Some tools such as conflict
assessment/reconciliation, social learning or re-framing are difficult to measure as they
regard subtle, intangible and incommensurable aspects such as changes in behaviour,
level of trust and changes in relations.
The tools display affinity to attitudes and values hold by those who apply them. As a
consequence, tools frame problems, act as “lenses” through which the policy problem is
viewed. For example, those who apply monetary valuation of environmental services and
goods implicitly accept the principles (e.g. trade-off is possible between different goods)
and ethical standards (e.g. life can be monetary assessed) underlying this tool. The
choice of a tool is important as different tools thus may (frequently do) lead to different
policy recommendations.
Tools are frequently classified according to their role or function. The purpose of the GWP
classification of tools is to single out areas to which actions can be directed to improve
water governance and manage the transition towards the IWRM. These areas are further
grouped under three main topics: enabling environment (consisting of the following key
areas: policies, legislative frameworks, financing and incentive structures); institutional

19

Authors Jaroslav Mysiak, Claudia Pahl-Wostl
42

roles (organisational framework, institutional capacity building), and management
instruments (resource assessment, demand management, social change instruments,
conflict resolution, regulatory instruments, economic instruments, information
management). Similarly, in Kraemer et al. (2003); Pearce and Howarth (2000) and
Interwies et al. (2003), economic instruments are classified according to their main
function (table 1). The economic instruments (being of an administrative, economic or
advisory nature) are normally distinguished from (physical) measures referring to
technical mitigation or precaution with a local effect.

Function

(Financial) incentive
function

Economic
instrument
Water abstraction
charges
Pollution charges

Fiscal functions

Tradable quotas and
offsets

Property rights

Function

Economic
instrument
Water prices;
sewerage charges

Financial function

Financial subsidies

Subsidies for
environmental R&D,
tax differentiation

Earmarked taxes or
charges

Pollution taxes

Legal liability

Tradable emission
permits

Liability systems

Tradable rights and
quotas
Private, communal and
public

Non-compliance fines
Liability insurance

Deposit - refund
schemes and
performance bonds

deposit-refund (taxsubsidy) schemes
Labelling, disclosure

Voluntary agreements

Cooperation
arrangements

Information

Advisory approaches

Best available
practices

Statutory instruments

Reinforcement of
synergies between
different policies

Table 5.1: Classification of instruments, based on (Interwies et al. 2003; Kraemer et al.
2003; Pearce and Howarth 2000)
To further classify tools, it is practical to link the groups of tools with similar scope to
phase of planning or decision process. In NW Deliverable 1.2.2. (Raadgever 2006), the
(ten) groups of participatory tools20 are linked to 6 phases of policy process21. For
example, in the problem scoping phase the following groups of tools are of interest:
knowledge elicitation tools, brainstorming tools spatial visualisation techniques, framing
tools, participatory modelling, future-oriented tools, uncertainty tools, design tools,
evaluation tools and decision tools.
IWRM is related to the way water and associated land management decisions are
debated and agreements instigated. In practical terms it means to link together multiple,
different methods and techniques with distinct, yet compatible purpose and partly
redundant content (Mysiak and Giupponi 2006). These include (i) methods and
techniques to identify affected actors; select a representative and manageable group of

20

Knowledge elicitation tools, brainstorming tools, spatial visualisation tools, framing
tools, participatory modelling, future oriented tools, uncertainty tools, design tools,
evaluation tools, decision tools

21

Problem scoping, analysis existing situation, goal setting, generation of alternatives,
evaluation of alternatives, selection/policy formulation
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actors without compromising the diversity of knowledge, values and viewpoints
associated with the problems; and raise/maintain commitment to the outcomes of the
process; (ii) models and methods for their construction to surface beliefs and tacit
knowledge; and to explore consequences of different policy options; and (iii) methods
and normative frameworks for elicitation and aggregation of decision preferences – value
judgements, allowing to determine the overall degree of goals satisfaction by different
policy options, and facilitating the choice and consensus building. These three classes of
techniques, methods and models are neither internally homogeneous (as they
encompass a number of different approaches) nor mutually exclusive. For example, the
first class consists of different techniques for selecting stakeholders, measuring the
relations between them, and analysing discourses within and between different
stakeholders groups. These techniques do not only allow insights into problems at hand
from different perspectives, they also help to surface beliefs and grasp basic preferences.
The classes follow to some extent typical steps of decision processes, which are
frequently put in a linear or spiral (evolving) order. It is practical to distinguish these
steps since they correspond to the extent to which the problem is specified in terms of
problem boundaries, policy options, decision criteria and preferences. It is important to
realise though that policy making and commitment of its results is not linear and does
not work logically through these stages in real life. The fundamental reasons/motivations
have to be discussed again and again throughout the whole process.
5.1.2.2

Role and limitations of tools

Public participation (PP), simulation models (SM), formal approaches to decision analysis
(DA) and other methodologies have been promoted as means to seize the challenges,
either each on its own or in combination with the others. But the application of each of
these tools is prone to flaws and shortcomings which have significant impacts on the final
success or failure of the policy or policy process.
At the heart of the PP paradigm is the need to balance the rights of majorities and
minorities (Byrne and Davies 1998), and the belief that inefficient policies and practices
for environmental management are a consequence of the expert-driven, top-down
approach, which fails to integrate stakeholders’ concerns, aspirations and constraint. PP
is also instrumental in integrating different forms of knowledge (local or contextual vs.
generalised or universal), fostering commitment to designed policies and increasing
prospect of success. The process of participatory modelling and planning does however
have many pitfalls, which may not only frustrate the efforts of participatory decisionmaking, but may also, in some cases, lead to counterproductive results. PP may, for
instance, imply contingencies in terms of who should be involved or invited to deliberate.
In such cases, key stakeholders may not be consulted, and/or power relations not
managed in an appropriate way during the problem conceptualisation phase.
SM embody scientific knowledge (nature and relations) of the modelled phenomena and
as such they are crucial in predicting policy effects. Models encode knowledge but they
do so selectively, leaving out what is not perceived as relevant and what cannot be
formalised. Models are build to simplify; preserving the relevant features while discarding
complexity not required to address the issue under consideration is the main strength of
models. Though, the choice of what is relevant and the way how this choice has been
done is crucial. Modelling practices, even if similar analytical frameworks are used, may
differ considerably. If models are projections, than modelling purpose (e.g. explain,
predict or communicate), problem context, applied methodological framework, but also
beliefs and personal preference of the modellers act as filters or lenses.
DA encompasses methods and normative frameworks to structure decision problems;
generate/elicit and aggregate preferences (value judgements) on different aspects of
pursued polices. They are vital for mitigating biases caused by humans’ limited capacity
to compare multiple benefits and make trade-offs between them explicit. Different
methodological settings prompted a variety of distinct techniques, yielding usually
different results if applied to the same problem. The differences in results are caused (at
least partly) by the methods’ underlying philosophy and assumptions. Which method is
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more appropriate depends on the set of assumptions that seems most valid for a given
situation and person.
These problems (and solutions to them) are to large extent complementary. Well
designed participatory processes create positive conditions for predictive models being
understood and trusted. Models which structure needs and governing mechanism of
policy making are likely to yield more reliable and socially robust knowledge, which in
turns increases prospect of policy success. Taking advantage of these attainments,
perceptive decision analysis can help all actors to understand (and represent in explicit
form) values held and negotiate divergent interests.
The opportunity to solve one tool’s limitation in synergy with other tools’ strengths is
crucial, but not the only motivation for linking participatory processes, predictive models
and decision analysis. In many situations, neither of them is sufficient to address
complex environmental problems alone. Generally, to support environmental policy
making, more is needed than a single tool can deliver. Experience, trust, relations yielded
during the policy process, are as important as the knowledge acquired. The success
(however it is defined) is a cumulative result of all methods and tools applied.

5.1.3

Requirements for tools to support adaptive management

A range of tools have been developed to support the implementation of IWRM. The major
innovation contributed by NeWater is the emphasis on adaptive management approaches
and the ensuing need for structural changes, for major transitions in management
regimes.
Hence NeWater develops tools to analyse and support processes of transition and change
and tools to support adaptive management as an ongoing process. We assume that this
is an iterative and multi-level process. Major structural transitions will occur during the
process of implementing adaptive management regimes. Transition management will be
faced with similar problems as adaptive management in terms of dealing with
uncertainties and the need to learn from experience during the transition process - albeit
with the major difference that due to the structural changes transitions can be expected
to have a far higher degree of autonomy than adaptive management processes.
As has been highlighted in section 1, to take into account different kinds of uncertainties
and to implement and sustain the capacity for change, the whole process of policy
development and implementation requires now a number of steps that are part of an
iterative cycle. The next figure shows two perspectives on the policy process – one
regarding the different phases and one the different kinds of processes and levels that
interact.
Context
Governance structure

Natural environment
,

Role of ICT
Tools

Process

Feedback

Relational
Practices

Social
involvement

Content
management

e.g.
Problem Framing

Outcomes
Relational qualities

Technical qualities

Boundary
Management
Ground rules
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Figure 5.1: Two perspectives on policy development and implementation: Left – the
different steps in an iterative cycle of policy development and implementation in adaptive
management. Right – the different elements of processes of social learning and
institutional change.
Table 5.2 lists the characteristics identified for the different steps of the policy cycle and
the requirements for tools to support such processes.

Step in policy process

Tools to support this step

All steps should be participatory (0,1,2,3,4)

Tools supporting participation
deliverable 1.2.2 from WP 1.2)

(see

In the definition of the problem different
perspectives need to be taken into account
in a participatory process (0).

Framing analysis, cognitive mapping,
group model building, Role playing
games

The design of policies should include
scenario
analyses
to
identify
key
uncertainties and to find strategies that
perform well under different possible but
initially uncertain future developments
rather than searching for a strategy that
performs optimal under very specific
conditions (e.g. climate) but performs
poorly if these conditions are not met (1).

Participatory scenario development

Policies must be understood as semi-open
experiments
that
require
a
careful
evaluation of potential positive or negative
feedback mechanisms by planning and
implementing other related policies (1,2).

Exploratory Modelling

Decisions should be evaluated in part by
the costs of reversing them. Large-scale
infrastructure
or
rigid
regulatory
frameworks increase costs of change. But
costs may also be related to a loss of trust
and credibility if uncertainties and the
possible need for changes are not
addressed by the competent authority
during policy development (3).

DSS

The design of monitoring programmes
should include processes to become aware
of undesirable developments at an early
stage. This might imply different kinds of
knowledge including community based
monitoring systems (3).

Monitoring systems

The policy cycle must include support for
institutional settings where actors assess
the performance of management strategies
and implement change if needed (4).

Institutional diagnosis and design

A
continuous
re-planning
and
reprogramming based on the results of
monitoring and evaluation should be

Institutional diagnosis and design

Exploratory modelling
Portfolio analysis
Uncertainty Analysis

Up-and Down Scaling

Economic analyses
Quantification of social capital
Indicators for adaptive capacity
Scenario analysis

Participatory assessments

Performance indicators
Participatory assessment

Policy Exercises
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institutionalised (4).
Table 5.2 Characteristics identified for the different steps of the policy cycle and the
requirements for tools to support such processes

5.2 Understanding and managing change and learning processes22
Tools in this domain can be distinguished according to their emphasis on:
-

Increase an understanding of the nature and dynamics of change

-

Support and management of change in real world settings

5.2.1

Increase an understanding of the nature and dynamics of change

Characterization of regimes
Transitions comprise long-term, fundamental change in societal subsystems and are seen
as encompassing co-evolutionary and mutually reinforcing processes in the economic,
technological, institutional and socio-cultural domains. Transition research aims at
understanding transitions and at finding methods to facilitate change and to direct
transitions towards societal goals (so-called “transition management”). The concept
“regime” is of central importance for transition research, since it defines the level of
societal systems on which transitions are mainly analyzed. Without a sound regime
characterization it is not possible to analyse regime dynamics, to draw more general
conclusions and to identify starting points for transition management.
A framework has been developed within NeWater (?) for defining and describing
“regimes”, the systems resulting from the broad and interdisciplinary view taken by
transition research (Holtz, Brugnach and Pahl-Wostl submitted). Five defining
characteristics of regimes have been identified which are useful to guide regime
delineation. Further a method useful to structure knowledge about a regime has been
introduced. The application of the framework in an exploratory workshop proved useful to
delineate a water management regime and to structure and relate the knowledge at
hand.
In the next steps a generic model will be implemented to investigate factors that stabilize
regimes and processes that lead to a breakout of rigid regime structures, a first condition
for change.
Modelling transitions to adaptive management
One of the tenets of adaptive management is to consider humans as an integral part of
the system to be managed (Pahl-Wostl and Sedzimir, in prep.). This is different than
more traditional natural water resources managing approaches, where humans and their
actions are viewed as external boundary conditions. However, several studies in the last
decade have demonstrated the synergistic relationship and tight interlinks between
natural and human systems; thus natural systems cannot be considered as separated
from humans. Management has also relied on technical measures. A more integrated and
effective approach needs to include measures that aim at influencing human behaviour –
e.g. economic incentives or institutional change.
Pahl-Wostl et al. (in review) suggest that management practices are embedded in a
particular cultural perception and interpretation of the cause and nature of environmental
problems. Thus, the transitions and the acceptance of new rules are determined by
cultural notions. Under this paradigm, cultural processes become an inseparable part of
natural resource management. This model constitutes a first attempt to incorporate
culture as a main driver of human actions in river systems. It takes into consideration the
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perceptual abilities, norms and values of the different cultural groups that characterize a
river basin. Culture is seen as the process that mediates the interactions between
humans and river basin systems, having direct influence on: how the river system is
perceived, what actions are carried on and how the effect from those actions is
considered.
This model explores the effects of policies and measures on regimes that undergo
transitions to adaptive management. Policies are part of the landscape in which the water
management regimes are embedded. These policies act as incentives, constraints or
catalysts of a variety of actions that are carried by human actors. The extent to which a
policy can influence the actor behaviour depends on how consistent the policy is with the
value and belief system of the actors; that is, with the way in which the actors relate
with the river systems, their expectations and the way in which the new policy is
perceived. Actors are grouped according to similarities in perception.
This model is implemented using three main components: (1) the social system, (2) the
natural system (the river), and (3) a set of rules that regulates and constrains social
behaviour. It is based on the following rationale: The social system (or human actors)
carries on actions in the river system. These actions affect the status of the river system
generating new conditions, which then feed back in the social system, affecting its
behaviour. The actions carried on are constrained and limited by formal and informal
rules. The model is being applied in Guadiana Case Study.

Testing Hypotheses on Adaptive Management using an agent-based model
Different drivers and obstacles exist in management regimes aiming to increase the
managed system's adaptive capacity. Hypotheses based on a theory of adaptive
management about conducive or derogatory characteristics of management regimes are
currently tested in case studies and case study comparisons. As a complementary
method to field work an agent-based model of management regimes is developed to test
these hypotheses. The model is built similar to the Integrated Management and
Transition Framework, based on the conceptual framework of Institutional Analysis and
Development (IAD) (Ostrom, 2005). Positions or roles in the model are substantiated as
Functional Groups identified as being needed in order to build social memory (Berkes et
al, 2003). Rules in the model are implemented using the Grammar of Institutions
(Crawford and Ostrom, 1995)..
The model is developed in a stepwise fashion, thus making it successively more and
more concrete. The underlying conceptual model allows to implement different regime
characteristics in a coherent way, differing only slightly in their implementation and
allowing for comparison.
The first implementation is an exemplary model with a simplified social environment. It
uses a series of economic experiments as empirical basis (Ostrom et al, 1994). Model
changes necessary to replicate data while moving from one experimental design to the
next (e.g. including a sanctioning mechanism or communication opportunities) are
reflected in different elements of the model. The model can be calibrated to replicate
experimental results and then be used to trace changes in model elements to different
model outcomes. This first implementation is used to create a model structure which
provides a framework in which different governance institutions and stakeholder
behavioural patterns can be altered and added in a modular way. By this process the
social environment of stakeholders' decision making can be successively refined.
This elementary first implementation paves the way for modelling real world settings. It
aims at replication of real world situations, using the corresponding models to trace,
which elements are responsible for which kind of behaviour. The model will be applied to
sub-cases in the Rhine basin.
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5.2.2

Support management of change and learning processes

The discussion in the section 2.3.5 on social learning in actor networks has developed the
image of a dynamic landscape. It highlighted as well that there may be barriers to
change given the importance of context and path dependence. How can one develop
guidance for managing change to overcome such barriers?
Decisions and management of water resources do not take place in isolation but are
rather complex political processes that take shape at different semi-autonomous political
levels. To link this understanding to concrete political actions it may be useful to
distinguish the following levels explicitly (Pahl-Wostl, Berkamp and Cross 2006):


The Context level – incorporating the wider political and institutional environment
which determines the governance structure.



The Network level – policy arenas which determine the participating actors and
type of institutions; who is in and who is out of the process and thus also the
boundaries and framing of the problems and solutions taken into account.



The Game level – institutions and rules that shape individual behaviour and
collective negotiation, learning and decision making processes.

Understanding how, at the level of context, networks and games, actors and institutions
create perceptions and make use of tools is critical for the adaptive management of
water resources. The hierarchical levels described are not controlled through top-down
authority, but operate semi-independently through sets of interactions among variables
operating in similar planes. For example, the context level would use global decision
spaces for adaptive management and operate over decades, whereas the game level
would shape management options over weeks or months. The coupling between the
various levels shapes the outcome of decisions about water management and
investments and hence determines the adaptive capacity of the water sector or of a
specific river basin.
These ideas are worked into a coherent framework for analyzing the political context
within which an adaptive capacity needs to be developed for river basin management. To
do so, twelve political actions (PA) are described that actors need to consider if they wish
to develop adaptive capacity for the management of a river basin. They are summarized
in Table 5.3.
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Table 5.3: Water Management Hierarchies for adaptive management (from Pahl-Wostl, Berkamp and Cross 2006)
Hierarachical Levels
Level 1: Context level

Perceptions
Shaping

Description
changing society wide views and ideas
• Applies to the national policy level that shape the context within which
• On a slow time scale of decades networks are created and are functioning
Leading Example e.g. changing societies perception of full
protection from floods (flood control) to an
acceptable risk (flood risk management)
changes the context and solutions space

Level 2: Network level

Actors
Grouping

Institutions
Creating

emergence of new tools relevant for
new groups of actors are created
policy networks and games can shift the from which actors for the network can
tool options networks have at their
be selected
disposal

setting up new (groups of) institutions
that that can be a driver of reforms

e.g. advanced modelling of unguaged
basins can form the basis of a series of
new tools actors can choose from

e.g. creating a ministry of water
resources that pulls together all
different strands of water resources into
a single ministry

Selecting

e.g. strengthening civil society can
create a group of new actors relevant
for water policy and management
networks

Activating

Reforming

Description changing actor's perceptions of the
network, its role, goal, structure and
functions

choosing the tools or changing the
tools with which the network can alter
the functioning of the network

bringing new actors or changing
(network) positions of existing actors

changing rules and resources in
networks that change fundamentally the
network's structure and functioning

Leading Example e.g. changing the perception that a flooding
problem can only be solved in the floodplain
to a basin wide approach can change the
flood network membership and ways of
working

e.g. the use of facilitation tools during
water meetings can alter the way that
actors interact, their level participation
and the quality of the discussion

e.g. involving a wider group of actors
such as business representatives or
downstream riparians can alter the
functioning of the network

e.g. setting-up a small grant scheme
that assists civil society groups to
prepare for and participate in monthly
water meetings

Level 3: Game level
•

Reframing

Tools
Developing

Convenanting

Description exploring similarities and differences in
• Individuals and organizations actor's perceptions and the opportunities
Decisions are made over months that exist for goal convergence using the
'rules of the game'

Leading Example e.g. using interest based negotiations to
define what water users wish to achieve
rather then position based negotiations that
only defends a status quo

Using

Switching

Arranging

changing the access to and ability of
actors to use tools

(de) mobilising actors possessing
resources to (un)block the game

creating, sustaining and changing ad
hoc provisions which suit groups of
institutions

e.g. building the capacity of actors to
use decision support systems in water
management can shift the balance the
game

e.g. temporarily working with only a
sub-set of network actors that are
powerful can help find a partial solution
for a water allocation

e.g. the chairmanship of a meeting can
be given to one particular actor at a
particular point in time to forge a
breakthrough
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These actions require active social learning involving perceptions, tools, actors and
institutions at the context, network and game level. In the following the different actions
are elaborated in more detail.
The Context Level
The Context Level refers to the wider context within which river basin management takes
shape. It refers to societal views, (national) constitutions and laws, the approaches and
tools used for management and the existing landscape of actors and institutions that is
formed over long periods of time. It typically affects the management of several river
basins as it constrains and determines practices at larger spatial scales - countries or
(socio-economic) regions.
Shaping & Developing
Actors at the Context Level can SHAPE the context and discourse within which networks
are managed and games are conducted by using opportunities to change existing water
policies. New tools or mechanism can be DEVELOPED that can change the way networks
and policy actors find solutions for water allocation problems.
Grouping & Creating
Stakeholders in river basins and at national levels often cluster in different GROUPS that
hold similar views or interests. Creating or (re-)grouping actors either at national levels
or within a river basin can help to change the way a policy network is managed or
functions. While different actors can cluster in different ways, another option is to
CREATE new (groups of) institutions. This often happens at the national level when a new
water policy is developed and the existing institutional set-up needs to be brought in-line
with the policy. Institutions also refer to social norms that may strongly influence policy
development and implementation, an influence which should be made explicit.
2. The Network Level
The Network Level refers to the provincial context of river basin management. It pertains
to the relationships established between interdependent institutions, and how they
cooperate (or don’t cooperate). The context level determines how the network level will
be formed and function, and in turn the network level will determine how organizations
will play the game (i.e. their approach to decision making, their attitudes to new tools for
river basin management). The Network Level is formed over years and usually applies to
the management of a regional river basin.
Reframing and Selecting
Social learning includes the REFRAMING of problems to make sense of available
information and assess its use in adaptive river basin management. The network can also
be used as a tool to bring forward ideas and reframe river management problems into a
more manageable form. Traditional instruments such as existing regulations used for
river basin management may not be very effective within a network; instead instruments
must be SELECTED and altered to fit the frame of reference of the network. The tools
selected and adapted for the network depend on the actors that make up the network
and the relationships that exist between the actors (Kickert et al. 1999).
Activating and Reforming
Sometimes new actors are ACTIVATED, created or brought into a network to carry out
functions needed to manage the network. The introduction of new actors can occur by
setting up or reorganizing a commission, recruitment, and bringing in an advisor (Kickert
et al. 1999). For example, an association of business owners could be created to take
part in public participation discussions on flood plain management in order to ensure that
the interests of the business community are represented. Introducing a new party into a
network does not automatically solve problems and create new ideas; rather they
develop through the course of interaction. Reframing problems through such interactions
51

will lead to actual reformation through action. For example, institutions that are created
or activated can be part of the REFORMING process in a network. Network management
steers the process of reforming as perceptions shift and actors enter and leave the
network.
3. The Game Level
Networks, which are the patterns of relationships between actors, are the context in
which games take place. At the same time, games change and influence the shape of
networks. Actors within networks choose strategies (i.e. policy making processes) that
seem rational according to the network they interact with, their individual goals, and the
overall context of the policy making process. Furthermore, actors driving river basin
management at the game level are influenced by other forms of management (i.e.
agricultural management) and the relationships developed in the network through
present and past interactions. A characteristic feature of a game is that the result derives
from the interaction between the strategies of all actors involved. The rules of the game
interactions put constraints on actors but are at the same time the product of their
interactions (Kickert et al. 1999). The Game Level includes individuals and organizations
which make decisions over periods of several months.
Convenanting and Using
CONVENANTING refers to a management strategy aimed at improving the consistency of
decisions made in the game by exploring and consolidation perceptions of actors (Klijn
and Teisman 1997). The convenanting concept is used to emphasize that specialized
actors (i.e. network managers) have the potential to enrich new initiatives. These actors
may need to be trained to USE the tools they manipulate in order to be effective in
playing a game. For example, a toolkit for environmental flows can be developed to guide
river basin management but it may be of little use unless the actors are trained in how to
apply the knowledge from the toolkit. This learning can evolve over time through
interactions with other actors or through active training courses.
Switching and Arranging
Policy making processes can be improved by (figuratively) SWITCHING on specific
participants. Selective activation demands that managers assess which actors are
essential at given moments in a policy process, whether or not they should be involved,
and how to involve them. The success achieved through activating and deactivating
depends on choosing the appropriate actors, as well as the willingness and ability of
actors to invest time and resources in a policy process.
ARRANGING refers to the capacity of the participants involved to develop platforms on
which games can be played and to the capability of the participants to develop or use
rules for interaction. Arrangement as a management activity is the art of linking
interdependent actors in such a way that the arrangement costs are low and do not
result in high transaction costs (Kickert et al. 1999). Different actors may be brought in
or new relationships forged in order to change the status quo and move forward on an
issue.
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5.2.3

23

New approaches for decision support

Introduction
In this section we describe the conceptual design of a Decision Support System (DSS),
developed in the WP 1.7, to facilitate the transition towards adaptive water management
regimes. The DSS is devised as a framework which (i) exploits the synergies between
different tools, by reducing redundancy and making use of insights gained at one stage
of process in all others stages when required; (ii) allows for a progressive preference
elicitation and negotiation; putting emphasis on the flexibility to choose options which
appears most suitable given the current knowledge, while maintaining their reversibility;
and (iii) systematically assess and propagate uncertainty arising from different tools
applied at different stages of policy process.
Decision Support Systems
Introduction and recent trends
There are many competing understandings of what DSS is, what it is composed by, what
it does (or should) and how. Most common definitions refer to DSS as a computer based
tool, a higher form of information systems (Keenan 1998). When asking to explain with
own words to what they refer as a DSS, many developers point to a set of rules, tips,
methods or even processes. Generally, DSS are set to aid decisions and structure policy
problems. Although employing distinct approaches, DSS are expected to explore multiple
perspectives of the problem at hand; enhance decision makers’ insight in the problems
drivers and policy outcomes; and facilitate communication and knowledge transfer
between the actors involved in or affected by the decision.
In the ideal case, DSS facilitate dialogue between policy makers and scientists and both
groups benefit equally from the mutual learning and appreciation. In light of increasingly
complex and interconnected environmental problems, science has been increasingly
called to inform (and improve) practical policy making and scientists were pleaded to
produce “useful” (i.e. context-sensitive) knowledge. DSS for many are an opportunity to
reply to this call. However, misunderstanding of motivations and incentives to engage in
DSS development is frequently translated in the low prospect of DSS to be used for
intended purpose. This in turn led to DSS continuously loosing their appeal, partly
because of the frustration related to the lack of implementation perceived as
“successful”, partly because of the conceptual ambiguity of the concept. Emphasis on the
multi-perspective exploration of problems (Shim et al. 2002) and shifting the target of
DSS from semi-structured or unstructured to “wicked” problems are occasionally seen as
a paradigm change (Beynon et al. 2002; Courtney 2001; McCown 2002; Rauscher 1999).
For many it is at the hand to consider DSS as a technology. To store, visualise and
analyse the large data sets handled in environmental management humans’ cognitive
capability is of limited use. DSS also help to avoid biases in judgement and to make
decisions more compatible with normative axioms of rationality for situations involving
multiple, conflicting interests and beliefs.
DSS is also a catalyst of trans- or interdisciplinary research. For DSS to fulfil their task,
i.e. aid policy making, a number of quite distinct issues came into play. Superficially,
these issues may be seen as problems of data collection (different data are connected for
different spatial or temporal units), the nature of data (e.g. qualitative versus
quantitative), or as a lack of common terminology (e.g. a wider range of different
interpretation of uncertainty). The most difficult issues to overcome, however, are
problems of epistemological nature, i.e. what is recognised as knowledge, for what
purpose, embedded in wider disciplinary differences.
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Finally, DSS have been frequently linked to catalysts of sustainable governance regimes
(e.g. IWRM). The very basic aim of DSS to improve decision making bears already
changes and introduces normative aspects about how the decisions should be made. Any
change or widening of the scope of policy making bears conflicts and resistance if the
transition is not managed.
DSS for transition management
The conceptual design described here builds upon the discussions presented in earlier
sections WP 1.7 (task 175) intends to develop a DSS to support the transition towards
the AIWRM. The term transition has several meanings here: It refers to users’ increasing
familiarity with the principles of adaptive management, starting with simple tools and
techniques and moving to more demanding practices. It is also directed to the
development of lasting relations and building trust between actors without which the
collaborative and consensual policy making is hardly possible.
DSS to support these tasks do not necessarily need to be complex and sophisticated. But
as already discussed in the previous sections, the system has to employ various tools
and pay attention to how these tools are combined to encourage positive attitudes and to
develop shared knowledge. The principles guiding the development include among other
- systematic search, assessment and communication of various uncertainties;
- ability to split the policy decision and implementation into a number of subsequent
choices, and in-built flexibility to choose options which appears most suitable given the
current knowledge, while maintaining reversibility if the options turn out to be less
appropriate afterwards;
- methodological plurality, i.e. use of techniques which employ different assumptions and
explore different perspectives towards the problem at hand, shifting away form the
outcomes yielded by a tool to insights gained through its application;
- analysis of the reasons for other tools (e.g. DSS) not being taken up by the
practitioners in the past;
- study how conflicts, perpetuated by uncertainties, turn to intractable positions and
gridlocks, and this can be prevented by governance methods.
Here we focus on DSS from a conceptual, rather than a technical viewpoint. The DSS
proposed here combines cognitive mapping, Bayesian belief networks and two different
groups of decision techniques (optimisation based on genetic algorithm and multiple
criteria decision methods). The choice of the techniques is not casual, each of them in its
own right was found useful in situations for which adaptive management is most proper.
They are also complementary and likely to reduce each others limitations when applied
together. Below we briefly describe the tools and subsequently explain the research
questions addressed.
Cognitive mapping
A CM can be defined as a map made up of concepts linked to form chains of actionoriented argumentation (Eden and Ackermann 2004). The maps disclose individual
perceptions of consequences and explanations associated with concepts and it is used by
participants to communicate their understanding of the nature of the problem (Hiorsto
2004). A link can be positive or negative. A positive connection indicates that an increase
in the causal concepts leads to an increase in the effects concepts, whereas a negative
connection indicates that an increase in the causal concept leads to a decrease in the
effect concepts (Nadkarni and Shenoy 2004). The links can also be characterized by a
weight representing the strength of causal relationships. The weights can also be
expressed using fuzzy numbers (Ozesmi and Ozesmi 2004). In a Fuzzy Cognitive Map the
weights belong to the fuzzy bipolar interval [-1, 1]. The sign of the weight indicates
whether a relationship between two concepts is positive or negative, while the value of
the weight indicates how strongly the two concepts are connected. The weights however
expressed integrate the qualitative knowledge and the conditional probability.
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Different methodologies dealing with knowledge elicitation and structuring are described
in literature, i.e. “Strategic Options Development and Analysis” (SODA), “Soft System
Methodology”, “Strategic Choice”, etc. Most of them belong to the so called Problem
Structuring Methods (PSM). Most of the techniques may be viewed as composed by three
main phases: identify concepts, refine concepts and identify links. A common
characteristic of these approaches is a focus on obtaining the views of people in the
problem environment. These views are often obtained using broad questions with the
intention that the participants will provide the details they believe are most important.
Individual maps are merged to social cognitive maps. To this end common semantic
nodes must be identified, which may turn out to be difficult and susceptible to
uncertainty and errors. The identification of common labels is often based on some
measures of similarities (Giordano et al. in press).
Bayesian Belief Networks
A Bayesian belief network (BBN) consists of a series of management system variables,
represented as nodes, and links (interactions) between them. The nodes are
characterised by a finite set of mutually exclusive states (e.g. good/ average/ bad or
yes/no). Continuous variables such as rainfall are transformed into classes or subranges
to build a state of the node. The links capture causal relationships between the
variables/nodes. The links have direction (from cause to effect). BBN explicitly represent
uncertainty using conditional probabilities. The probabilities express the belief that a
node will be in a particular state given the states of those nodes that affect it directly
(Cain 2001). The conditional probability allows the decision makers to balance the
desirability of an outcome against the chance that the management option selected may
fail to achieve it.
Superficially, the transformation of cognitive maps into BBN may seem straightforward.
Indeed, both techniques employ similar, network based representations. However, they
differ in some important aspects: The lacks of links between concepts may not mean
independency and the existence of a relationship does not automatically imply
dependency (Nadkarni and Shenoy 2004). Furthermore, the cognitive maps employ
deductive reasoning (from causes to effects) while the BBN base on abductive reasoning
(from effects to causes). Thus, a distinction between deductive and abductive reasoning
is essential to establish accurate directions of linkages in CM, avoiding mistakes in BBN
inferences. Finally, in cognitive maps, causal loops can exist to represent dynamic
relations between variables across multiple time frames. Circular relations between
variables violate the acyclic graphical structure required by BBN. Thus, disaggregating
the variables in two time frames can solve the problem of circularity (Nadkarni and
Shenoy 2004)
Decision techniques
Various multicriteria decision making (MCDM) methods can be applied to explore multiple
Pareto optimal24 solutions, employing different approaches to search for non-dominated
solutions and to decide upon the elicited preferences. Traditionally all the competing
objectives are aggregated to identify the best strategy (a priori preference articulation).
Evolutionary multiobjective optimisation algorithms offer a means of finding the optimal
Pareto front in a single run (Farmani et al. 2005a) for a prescriptive process (a posteriori
preference articulation). Although the efficiency of these algorithms in solving a number
of complicated real-world problems has been illustrated (Farmani et al. in press; Farmani
et al. 2005b; Farmani et al. 2006), there have been limited applications in water
resources management. In the Optima project the heuristics and concepts of genetic
programming are used to identify sets of non-dominated pareto-optimal solutions in
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Given a set of alternative allocations and a set of individuals, a movement from one
allocation to another that can make at least one individual better off, without making any
other individual worse off, is called a Pareto improvement or Pareto optimisation.
55

heavily constrained scenarios; these form the basis for an interactive discrete multicriteria selection with the participation of end users (Fedra 2005).
In task 175 the focus is on an iterative process that can adapt as an increased
understanding of the system evolves (progressive preference articulation). The AM
process involves the iteration of multiple prescriptive processes. There is a trade-off
between cost and benefits for alternative management scenarios. Depending on the
preference of a decision maker, one of the management alternatives is implemented
while considering long term goals and incorporation of new information into rules and
regulations. Learning will take place by means of data collection, research, monitoring,
and stakeholder’s feedback. Adjustment of program goals and/or program
implementation is made based on knowledge gained before the next iteration starts. The
application of learning and experience will result in obtaining a more desirable outcome
from the next iteration of management actions.
Research questions
Task 1.7.5 aims at examining ways how to turn social cognitive maps into Bayesian Belief
Networks, and how to employ the genetic evolutionary algorithms to explore the Pareto
efficient options resulting from the BBN. While employing the above described methods
to the case study Tisza, we intend to investigate particularly following questions:
- What type of uncertainty is produced by the different tools and how likely are the
different sources of uncertainties to exercise a significant effect on policy choices? How
can uncertainty surrounding the application of one tool be taken up/propagated by other
tools, applied subsequently? How is the confidence in each tool’s results forged and
translated/merged into overall uncertainty assessment?
- How to assess the effectiveness of tools, each one separately or in combination, both in
terms of the final outcomes and the process characteristics? To what extent is the tool
assessment determined by the context in which it is applied?
- To what extent does the combination of tools produce redundant information/insights
and is this redundancy beneficial or does it need to be reduced? What conditions
disqualify the application of any of these tools and what alternative tools are more
suitable particularly in these conditions?

6 Outlook how to implement and refine the framework
In year three, the MTF is implemented in the case studies (see Deliverable 1.7.2 for more
details). The generic framework will be further refined in close interaction with the case
implementation processes.
The MTF will guide comparative analyses between the cases. A data base will be
developed linked to the MTF structure.
The MTF will provide the conceptual base for the development and the implementation of
the NeWater webportal targeted at the policy and practitioner communities.
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