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ABSTRACT

Integrated Water Resource Management (IWRM) aims at finding practical and sustainable solutions to

water resource issues. Research and practice have shown that innovative methods and tools are not

sufficient to implement IWRM – the concept needs to also be integrated in prevailing management

paradigms and institutions. Water governance science addresses this human dimension by focusing

on the analysis of regulatory processes that influence the behavior of actors in water management

systems. This paper proposes a new methodology for the integrated analysis of water resources

management and governance systems in order to elicit and analyze case-specific management

paradigms. It builds on the Management and Transition Framework (MTF) that allows for the

examination of structures and processes underlying water management and governance. The new

methodology presented in this paper combines participatory modeling and analysis of the

governance system by using the MTF to investigate case-specific management paradigms. The

linking of participatory modeling and research on complex management and governance systems

allows for the transfer of knowledge between scientific, policy, engineering and local communities.

In this way, the proposed methodology facilitates assessment and implementation of transformation

processes towards IWRM that require also the adoption of adaptive management principles. A case

study on flood management in the Tisza River Basin in Hungary is provided to illustrate the

application of the proposed methodology.
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INTRODUCTION

The persistence of water issues in many parts of the world

has given rise to innovative concepts that advocate an inte-
grated approach to address complexity and uncertainty.
Integrated Water Resource Management (IWRM) is the
most prominent of such concepts that stresses the impor-

tance of integrated and participatory management
processes and reform of water governance systems
(Medema et al. ). The term ‘management’ refers to oper-

ational activities including the operation, monitoring,
strategic planning and implementation of measures,
whereas the term ‘governance’ comprises the rules under

which a management system operates and different actors
and networks help develop and implement water policies
(cf., Pahl-Wostl ). However, theories and methods for
sustainable water resource management and governance

are still in the developmental phase and continuous

experiments in application are required to determine effec-

tive approaches for research and practice (cf., Galaz ;
Medema et al. ). Methodologies are needed that deal
with real-world complexity in order to find effective solution
strategies, and facilitate knowledge transfer between

science, policy, engineering and local communities. Even
though IWRM is a concept widely aspired to, it is often
still rooted in a traditional ‘predict and control paradigm’

despite its linkage to the idea of adaptive management (cf.,
Jeffrey & Gearey ). The need for the integration of adap-
tive approaches like policy experimentation and learning

into IWRM is increasingly acknowledged in order to effec-
tively realize the concept of IWRM (Galaz ).

Management paradigms are appropriate concepts to sys-
tematically and comprehensively analyze the interlinkages

between a resource system (e.g., groundwater resources),
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water management system (e.g., infrastructure) and water

governance system (i.e., regulatory structures and pro-
cesses). A specific analysis of the multiplicity of elements
of water resource management paradigms has been dis-

cussed by Pahl-Wostl et al. (). They define a
management paradigm as ‘a set of basic assumptions
about the nature of the system to be managed, the goals of
managing the system and the ways in which these goals

can be achieved’ (Pahl-Wostl et al. ). By being explicit
about underlying paradigms, inconsistencies in water man-
agement and governance systems become apparent (as

discussed by Jeffrey & Gearey ()). For instance, public
participation can be applied in a ‘predict and control
water management paradigm’ (i.e., stakeholders are only

informed and consulted), as well as in a ‘community involve-
ment paradigm’ (i.e., co-management of stakeholders). The
ignorance of underlying paradigms can lead to miscommu-
nication and subsequent management problems (e.g.,

stakeholders expect active involvement but can become
frustrated due to missing opportunities for engagement).

This paper presents a methodology for the participatory

analysis of management and governance systems that sup-
ports the design and implementation of transformation
processes towards sustainable water management. In this

methodology, participatory model building is applied to
elicit case specific water management paradigms held by sta-
keholders. This information is then used to comprehensively

analyze the management and governance system through
the application of the Management and Transition Frame-
work (MTF) developed by Pahl-Wostl et al. (, ).
Based on such an analysis of the status quo, the method-

ology allows for the participatory envisioning and design
of pathways towards sustainable water management and
governance. In this way, the proposed methodology facili-

tates the development, assessment and implementation of
strategies towards sustainable water resources governance
and management.

The methodology builds upon the management para-
digm concept developed by Pahl-Wostl et al. () and the
use of group model building for the analysis of paradigms

(cf., Sendzimir et al. ). Innovative elements of the meth-
odology proposed in this paper are the conceptualization of
sub-system and overall-system paradigms, and the delinea-
tion of a structured action research process including

elicitation, analysis and assessment of paradigms. Another
innovative element of the proposed methodology is the
application of the MTF for the design of pathways towards

implementation of integrated and adaptive water manage-
ment. The approach presented in this paper goes beyond

theoretical explanations of institutional and policy change

(cf., Cashman ) by allowing for participatory analysis
and active governance of transformation processes.

This paper is structured in two parts. First, the under-

lying concepts and methods upon which the proposed
methodology is built are presented. Following this, a case
study on flood management in the Tisza River Basin in
Hungary is provided to illustrate the application of the pro-

posed methodology.

METHODS

The proposed methodology combines an analysis of the
overall water management and governance system (using
the MTF) with an investigation of embedded management

paradigms applying the systems thinking method in a
participatory modeling process. Participatory modeling
supports the analysis of case-specific elements of resource

management and governance systems, while the MTF analy-
sis allows for a broader perspective by integrating the
detected elements found via participatory modeling into

an overall system perspective.

Participatory model building

Different participatory modeling approaches exist that

follow different objectives and apply a range of methods
(cf., Jonsson et al. ; Renger et al. ; Voinov & Bous-
quet ). In this paper, the method of participatory model
building using systems thinking and system dynamics

methods is proposed for analyzing the perceptions of stake-
holders on the management and governance system.
Systems thinking is a method for the qualitative analysis of

systems and their dynamic behavior through time. System
dynamics modeling is based on this qualitative analysis
and comprises the quantitative simulation of systems to dis-

cover their inherent dynamics as well as allowing for the
testing of strategies.

Causal Loop Diagrams (CLDs) are powerful tools of the

systems thinking method for the qualitative analysis of sys-
tems. They help to depict the system’s structure, and mark
time delays and feedback processes that are often responsible
for difficulties in controlling the inherent dynamics of the

management system. In these diagrams, elements of the
system are connected by arrows having positive and negative
polarities. A positive link indicates the parallel behavior of

variables: in the case of an increase in the ‘cause’ variable,
the variable that is affected also increases, while a decrease
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in the ‘cause’ variable implies a decrease in the affected one.

A negative link indicates an inverse linkage between vari-
ables (see Figure 1 as an example of a CLD).

Despite the fact that expert models often offer compre-

hensive and scientifically validated results, missing
ownership and understanding of the model by decision-
makers and other stakeholders often impedes the implemen-
tation of model-based recommendations. This has led to the

development of system dynamics applications that involve
stakeholders in quantitative model building. Group model
building processes (also called mediated modeling) for colla-

borative management of complex human-environment
problem situations have begun to be applied more frequently
over the course of the last decade (e.g., Costanza & Ruth

; van den Belt ; Tidwell et al. ; Metcalf et al.
; Halbe et al. accepted).

Management and transition framework (MTF)

Understanding processes of change towards sustainable
resource management and governance requires an analyti-
cal approach that allows for the analysis of the

interdependence between structural context and process

characteristics. The MTF developed by Pahl-Wostl et al.
() supports such analyses of water governance regimes
and transition processes towards more adaptive and sus-

tainable systems. The MTF builds upon the three
conceptual pillars of adaptive management (cf., Holling
), social learning and transformation processes (cf.,
Pahl-Wostl et al. ), as well as the Institutional Analy-

sis and Development Framework (which is aimed at the
analysis of the role of institutions in collective choice pro-
cesses, cf., Ostrom ()). Specific emphasis is given to

the analysis of adaptive capacity and multi-level learning
processes. However, the MTF is not constrained to one
specific theory; instead it provides a flexible language

that can be tailored to specific research questions (for
examples of applications of the MTF, see Schlüter et al.
(); Sendzimir et al. ()).

The MTF helps to formalize structural elements of a

water system (which are denoted as ‘classes’) as well as
policy and learning processes (cf., Pahl-Wostl et al.
). Central classes in the MTF are as follows. An

‘Action Situation’ refers to formal or informal social

Figure 1 | Causal Loop Diagram regarding the flooding problem in the Tisza River Basin (extended from Sendzimir et al. (2007)). The colors reflect the sub-system paradigms: ‘Adapt to

Floods’ paradigm (blue); ‘Control Floods’ paradigm (orange); ‘Economies of Scale’ paradigm (green); ‘Tradition’ paradigm (grey); ‘Community Involvement’ paradigm (pink). The

problem variable is highlighted in red. Please refer to the online version of this paper to see this figure in color: http://www.iwaponline.com/wst/toc.htm.
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processes that lead to relevant outcomes for water man-

agement. Results can be ‘Institutions’ (e.g., a new water
legislation), ‘Knowledge’ (e.g., increased understanding
of stakeholder problem perspectives) or ‘Operational

Outcomes’ (i.e., direct physical interventions in the
system such as the implementation of infrastructure or
distribution of water to different uses). The ‘Action
Arena’ class sets the context for the management of a

specific water-related problem such as flood manage-
ment, and is characterized by ‘Strategic Management
Goals’, ‘Actors’ and a number of ‘Action Situations’. In

this way, the MTF provides a common language to ana-
lyze and discuss complex management and governance
systems in research and practice. Relational databases

are used to support formalization and standardization
of data collection and analysis protocols (cf., Knieper
et al. ). A graphical interface allows for the straight-
forward presentation and discussion of analyses (http://

www.yworks.com/en/products_yed_about.html).
A management process can be depicted as a temporal

sequence of action situations that are linked by

institutions, knowledge or operational outcomes (see
example in Figure 3) and represent different phases in
an overall policy cycle (e.g., policy formulation or

implementation). Another approach to analyze a manage-
ment and governance system is the interpretation of
action situations as governance and management func-

tions (e.g., water purification or allocation or conflict
resolution). While temporal analysis is more suitable to
examine the evolution of management issues over time,
functional analysis allows for the comprehensive analysis

of the status quo of management and governance systems
at specific points in time.

RESULTS AND DISCUSSION

In this section, the proposed methodology is described in
more detail and its application is illustrated with an example
of flood management in the Tisza Basin, Hungary. The Tisza

is a transboundary river and extends from the Ukrainian
Carpathian mountains along the Romanian border, flows
across the great Hungarian plain and enters the Danube in
the Serbian Republic. It is the largest tributary of the

Danube with a total catchment area of 157,200 km2. In
the Hungarian reach of the Tisza Basin, a centralized
water management regime has existed since the 19th cen-

tury, with a focus on engineered flood protection through
the large-scale construction of dikes in order to allow for

intensive agriculture and to protect residential and industrial

areas. Rising flood intensities and frequencies have resulted
in significant challenges for the existing water management
paradigm over the past decade. A bottom-up learning pro-

cess was formed by activists and academics that brought
innovative ideas into the flood policy debate. However, a
transition towards alternative paradigms has stalled due to
weak linkages between the informal learning process and

the formal institutions (Sendzimir et al. ). To address
issues such as this, the methodology proposed in this
paper supports a structured action research process of

water management and governance systems, comprising
three steps: (1) elicitation of management paradigms at the
sub-system level; (2) analysis of the status quo in manage-

ment and governance regimes; (3) design of pathways to
overcome detected barriers towards sustainable water
management.

Methodology

Amanagement paradigm is defined by a specific ‘system per-

spective’ regarding the management problem, chosen
‘solution strategies’, as well as ‘risk and uncertainty manage-
ment strategies’ (cf., Pahl-Wostl et al. ). The proposed

methodology differentiates between paradigms linked to
the sub-system level (e.g., the social, environmental, or tech-
nical system) and the overall system level (i.e., comprising

the complete management and governance system). The
former are called ‘sub-system paradigms’ and the latter ‘over-
all-system paradigms’.

Management paradigms can co-exist at the sub-system

level, either by being complementary (i.e., reinforcing each
other) or competing (i.e., balancing each other). The pro-
posed methodology builds on the notion that a concerted

set of paradigms is usually needed, each tailored to the
specific sub-system, to find effective and sustainable sol-
utions. For instance, technical sub-systems (e.g.,

infrastructure) can be managed by a ‘control paradigm’ that
aims at controlling the behavior of the sub-system (different
paradigms are presented in detail below, cf., Table 1).

Selected social issues (e.g., an allocation system) can be gov-
erned by a ‘community paradigm’ that builds upon the self-
organization capacity of stakeholders (e.g., installing irriga-
tion associations). Several paradigms can also belong to the

same sub-system by complementing each other. For instance,
water pricing can be implemented by applying a ‘market
paradigm’ (i.e., prices are set by demand and supply) as

well as a ‘control paradigm’ (i.e., the range of prices is pre-
determined). Alternative sub-system paradigms can also
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co-exist by being linked to different locations. For example,

an ‘adapt to floods paradigm’ can be applied in rural areas
where retention areas are available, while a ‘control floods
paradigm’ might be more likely to be implemented in urban

areas due to fewer adaptation options.
An encompassing ‘overall-system paradigm’ is linked

to the overall resource system and can emerge from the

sub-system level (e.g., through the supersession of other
sub-system paradigms), or can be purposefully implemented
by a higher-level institution (e.g., a ministry for water). In the

case of a ‘control paradigm’ at the overall system level, het-
erogeneity of sub-system paradigms is constrained as only a
limited number of paradigms are compatible with this over-
all-system paradigm. However, an ‘integrated and adaptive

overall-system paradigm’ (cf., Pahl-Wostl et al. ) allows
for the coordination of various sub-system paradigms and
increases the adaptive capacity of the overall management

system.
The proposed methodology that allows for the elicita-

tion of management paradigms at the sub-system level

(Step 1) and overall system level (Step 2), as well as the
visioning of pathways towards sustainable water manage-
ment (Step 3) is presented in the following sections.

Step 1: ‘Elicitation of sub-system specific management
paradigms’

Participatory model building using systems thinking can sup-

port the elicitation of sub-system specific management
paradigms from individual participants or groups. The inter-
viewee/group is asked to include the causes and

consequences of the particular problem (i.e., the ‘system per-
spective’), as well as preferred ‘solution strategies’ (e.g.,

technical approaches like building dams or socio-economic

aspects like stakeholder involvement). The resulting CLDs
will comprise elements of the resource system (e.g., variables
like ‘precipitation’ or ‘vegetation type’), the management

system (e.g., ‘dams’ or ‘retention areas’), and the governance
system (e.g., ‘public participation’ or ‘water legislation’).
Further information about the ‘risk or uncertainty manage-

ment’ strategies is needed to derive management
paradigms from CLDs. Uncertainties are commonly typified
in ontological and epistemological uncertainties. While the

former denotes complex phenomena whose behavior
cannot be predicted, the latter refers to incomplete knowl-
edge or information about a system that can be attained
through scientific research (Walker et al. ). Relational
uncertainties are a third type of uncertainty and acknowl-
edge subjective perceptions of actors. People perceive
objects differently depending on personal values, roles,

and interests (Brugnach et al. ). Based on this categoriz-
ation, possible strategies for the handling of uncertainties
and risks comprise the following (cf., Brugnach et al. ):

– Acceptance of uncertainty since ontological uncertainties
imply that predictions cannot be made.

– Reduction of uncertainty since epistemological uncertain-
ties can be minimized through purposeful research.

– Uncertainty dialogue since relational uncertainties
requires a dialogue between stakeholders. For instance,
the method of participatory model building facilitates

the learning of groups and the revision of mental models
and frames of participants. The goal of this reframing pro-
cess is not to determine a ‘true’ frame – rather, the process

aims at widening individual frames to one that considers
multiple values and interests of stakeholders.

Table 1 | Management paradigms elicited in Figure 1

Name

Dimension
‘Economies of Scale’
Paradigm

‘Control Floods’
Paradigm ‘Adapt to Floods’ Paradigm

‘Community
Involvement’
Paradigm ‘Tradition’ Paradigm

System Perspective Big farms River and
protected
values

Floodplain landscape Flood prone
communities

Small farms

Solution Strategies Economies of scale;
rationalization

Build dikes River-landscape controlled
flows

Community
involvement

Traditional
farming
methods

Risk and
Uncertainty
Management

Reduce flooding risk
and uncertainties

Reduction of
uncertainty

Accept flood risk; adaptive
management (through
experimentation)

Uncertainty
dialogue

Build on
experience from
the past
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Figure 1 shows a CLD that was developed via a group

model building processes in the Tisza River Basin (see
Sendzimir et al. ). The CLD contains case-specific
elements of the resource (e.g., soil quality), management

(e.g., dikes), and governance system (e.g., lobbying capacity
of community actors).

The group model in Figure 1 integrates different aspects
of the flooding problem in the Tisza Basin that were men-

tioned by stakeholders including government
representatives, local activists, and scientists. The CLD
shows two different paradigms that are directly related to

the flooding problem (represented by the problem variable
‘Flood Frequency and Intensity’), namely the ‘Adapt to
Floods’ paradigm (related elements are marked in blue in

Figure 1) and the ‘Control Floods’ paradigm (marked in
orange). For the specific attributes of paradigms, see
Table 1. Further paradigms are indirectly related to flooding,
including the ‘Economies of Scale’ paradigm (marked in

green) of the intensive agriculture sector, and the ‘Tradition’
paradigm (marked in grey) that is more applicable to small
farms. In addition, there are societal processes that

demand more of a ‘Community Involvement’ paradigm
(marked in pink) that relies on dialogue between actors.

The group model presents the interplay of different para-

digms held by stakeholders related to the flooding problem
in the Hungarian reaches of the Tisza Basin. The model
clarifies the specific system elements that are related to para-

digms. Thus, the CLD can support a purposeful discussion
and handling of management paradigms.

Step 2: ‘Analysis of management paradigms embedded in
the overall management and governance system’

Management paradigms cannot only belong to the sub-

system level but also belong to the overall system. Manage-
ment paradigms of the overall system can be considered as
a general ‘mindset’ that dominates in the management and

governance system. Such overall-system paradigms are not
only represented in the way of governing water resources,
but are also manifested in infrastructure, information man-

agement, and finance, amongst others (cf., Pahl-Wostl
et al. ).

Overall-system paradigms can influence paradigms at
the sub-system level. For instance, a ‘Control’ overall-

system paradigm might only be compatible with the ‘Econ-
omies of Scale’ sub-system paradigm due to a similar
uncertainty and risk strategy (cf., Figure 1 and Table 1)

but usually hampers the functioning of other paradigms
at the sub-system level. However, an overall ‘Adaptive

and Integrated’ paradigm, as conceived by Pahl-Wostl

et al. (), allows for the functioning of all paradigms at
the sub-system level due to its integrative nature. This per-
mits diversity in management approaches, which increases

the resilience of the social-ecological system (cf., Folke
).

Management paradigms pertain to both structural as
well as process characteristics of management and govern-

ance systems. In the MTF, sub-system paradigms are
considered as a type of cultural-cognitive institution and
can therefore be an input or output of action situations

(i.e., sub-system paradigms are social rules that can influence
water management processes). Each action situation is
characterized by at least one paradigm. The designation of

paradigms to an action situation depends, first, on participat-
ing stakeholders who include their perspectives, and second,
on input factors (e.g., knowledge, institutions, operational
outcomes).

Overall-system management paradigms have a more
general influence on the water system and are therefore
linked to the Action Arena. As mentioned above, an ‘Inte-

grated and Adaptive’ paradigm can function as such an
overall-system paradigm. However, a ‘Predict and Control’
paradigm might be the most prevalent current overall-

system paradigm, which hampers the application of most
of the paradigms at the sub-system level (and thereby
limits diversity). Figure 2 shows a graphical representation

of the management and governance system in the Tisza
Basin comprising action situations as management func-
tions (boxes), institutions (circles), knowledge (trapezes),
and operational outcomes (octagons).

On the left hand side of Figure 2, the ‘status quo’ of the
management and governance regime in the Hungarian Tisza
Basin is depicted. It is characterized by the dominance of a

‘predict and control’ paradigm at the overall-system and sub-
system level that hampers solution strategies other than
‘flood protection’. Intensive agriculture is tightly linked to

this kind of management and governance system (Sendzimir
et al. ). On the right hand side, a future vision of an
alternative system is presented, which is based on the com-

bination of paradigms included in the group model (see
Figure 1). In this future system, an ‘integrated and adaptive’
flood management paradigm has emerged at the overall-
system level, which allows for a diversity of paradigms at

the sub-system level (cf., Grabs et al. ). A ‘stakeholder
platform’ coordinates the ‘Flood Control’ and ‘Flood Adap-
tation’ management functions. Small-scale and intensive

agriculture are exogenous elements that are linked to this
Action Arena.
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Step 3: ‘Visioning of pathways towards sustainable water
management’

Based on the functional diagnosis of the status quo and the
desired future of the management and governance system
(cf., Step 2), necessary measures through time are defined

in Step 3 to achieve the desired changes. The transformation
towards sustainable water management and governance
usually requires substantial investments of resources and
reform of institutions. The MTF can be applied to explore

these required changes in a holistic manner, and specify a
temporal succession of action situations in order to achieve
the desired future. The outcome from this task is the design

of a concrete pathway towards a sustainable water manage-
ment and governance system. The resulting pathways
include requirements for institutional change, dissemination

or production of knowledge, physical interventions (i.e.,
‘operational outcomes’), as well as participation of actors.

Figure 3 shows an example pathway towards an inte-
grated and adaptive flood management system for the
Hungarian reaches of the Tisza River Basin that was devel-

oped based on literature review and expert opinion. The
pathway starts from a present action situation comprising
the reinterpretation of a flood management policy called

VTT2 (in Hungarian: ‘Vásárhelyi TervTovábbfejlesztése’)
(cf., Sendzimir et al. ), which reflects the mindset of
the dominating ‘Control Floods’ paradigm. The transform-
ation process ends with an ‘Integrated and Adaptive Flood

Management’ action situation that delivers the outcome of
‘integrated and adaptive flood-land-agriculture management’
(see Figure 3). In the example pathway depicted in Figure 3,

two action situations are envisioned to lead to the desired
outcome. First, a round table is advised under participation
of the Ministry of Environment and Water, responsible

engineers and water managers, and representatives of the
‘Living Tisza Alliance’, which is formed of local activists,

Figure 2 | Functional analysis of the management and governance system (purple colored variables reflect the new ‘integrated and adaptive paradigm’; other colors refer to sub-system

paradigms, cf., Figure 1). Please refer to the online version of this paper to see this figure in color: http://www.iwaponline.com/wst/toc.htm.
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national non-governmental organizations and the Village
Municipalities Association (cf., Sendzimir et al. ). This
round table sets the rules for a working group for a long-

term flood strategy (institution) that includes all participat-
ing actors, and facilitates the institutionalization of a
community of practice at the ministry level. The community

of practice is supposed to link different departments and
facilitate a continuous deliberative process on innovative
solutions for the flood management problems in the Tisza

Basin. In the past, this was temporarily achieved by the lea-
dership of an individual at the ministry level, before his
departure from the parliamentary committee stopped this
process. A community of practice could lead to a more sus-

tainable network that is less vulnerable to change of
personnel. These activities together with experience from
other EU countries with innovative flood management

could set the basis for the development of a new flood man-
agement policy (named VTT3) that could lead to the
institutionalization of a stakeholder platform at the local

and regional scales as well as more experimentation with
alternative approaches (e.g., through pilot studies). The
established institutions and the experimental approach

would result in the ‘Integrated and Adaptive Flood Manage-
ment’ action situation that brings together the ministerial
‘community of practice’ and the stakeholder platform. This

leads to river-landscape controlled flows (operational out-
come), which reflects a transformation of the overall
management and governance system towards a more ‘inte-

grated and adaptive’ overall-system paradigm.
The example application of the proposed methodology

demonstrates a structured approach to analyze water man-
agement and governance systems in an integrated way,

and envision transformation processes towards IWRM.
Through the use of the proposed methodology, hidden
assumptions about the management and governance

system, as well as requirements for integrated and adaptive
solution strategies, are elicited. This approach can be par-
ticularly useful in transboundary river basins as paradigms

Figure 3 | Example of a possible pathway towards a sustainable water management and governance system in the Tisza River Basin (purple colored variables reflect the new ‘integrated

and adaptive paradigm’; other colors refer to the respective management paradigm, cf., Figure 1). Abbreviations of actors mean the following: REP¼ representatives of ‘Living

Tisza Alliance’; ENG¼ Responsible Engineers and Water Managers; MIN¼Ministry of Environment and Water. Please refer to the online version of this paper to see this figure in

color: http://www.iwaponline.com/wst/toc.htm.
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might vary considerably between international water

authorities due to different historical and cultural develop-
ments. While the Tisza case was confined to the
Hungarian reach of the Tisza, a basin-wide study would be

very useful to reveal differences in management paradigms
in order to explore opportunities to deal with them construc-
tively. The proposed methodology builds on straightforward
methods and is therefore particularly suitable to be applied

in collaborative management processes. At the same time,
the proposed methodology composed of participatory mod-
eling and the MTF allows for in-depth analysis of the water

system. In this way, the linkage of the MTF and participatory
modeling allows for the inclusion of scientific insights
on water governance into management practice, and vice

versa.
In future studies stemming from this research, empirical

research will aim to determine concrete sets of management
paradigms that facilitate IWRM. In particular, the relation-

ships of overall-system and sub-system management
paradigms require additional empirical research to identify
which sets of sub-system paradigms are supported or inhib-

ited by overall-system paradigms. In addition, the
applicability of the proposed methodology to design con-
crete pathways towards IWRM will be evaluated through

further case-study research in other basins with different
socio-economic and hydrological characteristics (especially
transboundary basins).

CONCLUSIONS

The analysis of management and governance systems is a
complex task. Methods and tools have to deal with this com-
plexity in order to avoid resorting to simplistic solutions or

panaceas. In addition, effective science-policy-engineering
dialogues need to be initiated to transfer findings between
research and policy-making, and facilitate implementation

on the ground.
The methodology presented in this paper complies with

these requirements by building on participatory model build-

ing and the MTF. Participatory model building is a suitable
and widely tested method to structure complex problems
and elicit different perspectives held by stakeholders. Partici-
patory model building supports the analysis of objective and

subjective dimensions of resource issues. TheMTF allows for
the integration of elicited knowledge into an overall system
perspective, and supports subsequent discussions of path-

ways towards sustainable management and governance
systems. The MTF provides a formalization of complex

management and governance systems and a ‘common

language’ that can be used in participatory processes.
Management paradigms are proposed in this paper as

suitable concepts to analyze the interlinkages between

resource, management and governance systems in a compre-
hensive way. The consideration of sub-system specific
management paradigms acknowledges that the effectiveness
of paradigms depends on the respective application area or

sub-system. However, an overall-system paradigm usually
emerges that reflects the common mindset for the overall
system. Such an overall-system paradigm can support a var-

iety of management paradigms at the sub-system level (e.g.,
an adaptive and integrated management paradigm), or
hamper variety by being incompatible with other paradigms

(e.g., a predict and control paradigm).
A case study in the Tisza River Basin, Hungary, demon-

strated the application of the proposed methodology.
Further empirical research will be conducted in the future

to evaluate the applicability and effectiveness of the proposed
methodology in different water management contexts. In
addition, concrete sets of management paradigms will be

examined that support integrated and adaptive water
resources management.
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