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Abstract: The Water Framework Directive (WFD) structures long-term 
plans for Europe's threatened water resources. Owning to the inherent and 
human-made complexities of the water cycle, stakeholders must move 
strategically to avoid crisis and restore sustainability. Yet, the reality of 
water resource management today is falling short on delivery. Stakeholders 
require strategic tools that will help them to build consensus and take action 
in the right direction. Using the Framework for Strategic Sustainable 
Development (FSSD), this study shows how Decision Support Systems can 
be strategically improved using a whole-systems approach grounded in 
basic Principles for Sustainability. In this way, stakeholders will be capable 
of making synchronized moves towards sustainability and thus more likely 
to realize the WFD’s goal of ‘good status’ for all European waterways by 
2015. 
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Executive Summary 

In the year 2000, the European Parliament set up the Water Framework 
Directive to structure long-term plans for Europe's water resources. The 
Water Framework Directive's main objective is to achieve 'good status' 
(defined by specific parameters) for water in Europe by 2015. Since the 
Water Framework Directive came into being, experts, politicians and 
sustainability leaders have been asked to take part in applying its mandates 
and fulfilling its goals.  

Owing to the inherent and human-made complexities of the water cycle, 
experts and stakeholders must move strategically to achieve sustainability. 
Yet, the reality of Water Resource Management today is falling short on 
delivery of the Water Framework Directive's goals. Some experts use 
Decision Support Systems to structure their approach to solving water 
supply challenges. Experts often lament the overwhelming complexity of 
the decisions to be taken to overcome these challenges. This study shows 
the underlying assumption of these tools maybe what is holding experts 
back from success since with Decision Support Systems, the best possible 
outcome is a mere compromise between different (and often competing) 
interests. A decision can bring advantages to one sector (e.g. the economic 
return on investment of building a dam) while compromising overall 
sustainability (following the same example, the dam can impact soil erosion 
downstream). If used properly, Decision Support Systems have great 
potential to merge and satisfy needs, but without an overall understanding 
of basic principles of sustainability they will not be useful in moving water 
resource management strategically towards sustainability.   

Challenges for sustainable development are unbounded and intertwined, 
therefore piecemeal approaches to these challenges can only bring about 
partial and ultimately unsuccessful solutions. This is why practitioners, 
would benefit from referencing basic principles of sustainability when 
making change in a system. Based on these principles, they can co-create a 
vision of a success where their activities are no longer a part of the 
problem. Without a principled vision of success in mind, practitioners risk 
consensus and consequently progress towards the goal. With a future 
success state in mind, practitioners can ‘turn around’ and look back on 
current reality to determine the steps they need to take to become 
successful. This strategy is known as ‘backcasking from sustainability 
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principles’.   

Amongst the various tools that were created to achieve the goals of the 
Water Framework Directive, this research analyses the Decision Support 
System NetSyMoD as a case study. The Italian NGO, Fondazione Eni 
Enrico Mattei, developed NetSyMoD.  

Research into Decision Support Systems in general and NetSyMoD in 
specific has been conducted using a science-based framework for 
sustainable development, the Framework for Strategic Sustainable 
Development. This research contributes to the fulfilment of the Water 
Framework Directive's goals by giving practical suggestions for enhancing 
Decision Support Systems according to the Framework for Strategic 
Sustainable Development. We are investigating how the use of a science-
based framework can analyse an existing tool and improve it to be more 
strategic. First, we present generic characteristics for an ideal Decision 
Support System that could be used to meet the needs of Water Resource 
Management. Then, we compare the current state of Decision Support 
Systems (represented by NetSyMoD) with the characteristics for the ideal 
Decision Support System. Lastly, from this analysis we are able to conclude 
with practical suggestions and recommendations for further research that 
will work towards improved Water Resource Management for Europe and 
perhaps beyond. 
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List of Acronyms   

WFD: Water Framework Directive  

NetSyMoD: Network Analysis, System Modelling, and Decision Support  

WRM: Water Resource Management  

DSS: Decision Support System, in this paper, DSS infers a Decision 
Support System for the Decision-Making Process  

FSSD: Framework for Strategic Sustainable Development  

ABCD Process: Assessment, Baseline review, Compelling measures, Down 
to action   

SP: Sustainability Principles (also referred to as Principles of 
Sustainability) 
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1 Introduction 

1.1 Nested Systems 

Water runs the gambit between the most cherished and the most desecrated 
resource on Earth. A person praying for rain in a drought may be 
simultaneously polluting ground water by allowing oil to leak from her car. 
Yet the irony of this contradiction is difficult for many to grasp without a 
birds-eye view of life on Earth. Taking a planetary perspective we can 
easily see that human society is a product of and dependent on the 
biosphere1. The biosphere is the realm that encompasses all life on Earth; it 
is ruled by basic laws of nature and thus, as a subset of the biosphere, so is 
society. The water cycle is also included in the term ‘biosphere’. Many 
people realize the need to restore balance between society and the biosphere 
but they imagine the two systems on either side of a seesaw, each with 
equal weight. We propose a ‘nested systems’ approach to explaining the 
relationship between natural and human-made systems. 

In this paper, we will suggest improvements for Decision Support Systems 
(DSS–described in section 1.3) intended for use by the Water Framework 
Directive (WFD–described in section 1.2) but before this, we must establish 
an understanding of the super systems that DSS are nested within. This is 
necessary to avoid reductionist logic; without a whole-system view of DSS, 
we would be ill equipped to make recommendations for its improvement. 
Figure 1.1 depicts the lineage between DSS and the biosphere. Starting at 
the outer circle and working inwards we can say that society is a product of 
and dependent on the biosphere. Among many other accomplishments, 
society created directives to determine how we manage water resources. 
One such directive is the Water Framework Directive created by the 
European Union and the European Commission in the year 2000. The WFD 
requires certain tools to fulfil its purpose; one type of these tools is 
Decision Support Systems (DSS). Our research is explicitly focused on 

                                                

1 The biosphere is the part of the planet in which living process occur. It is often referred 
as a sub-system of the ecosphere, where the latter includes also parts of the planet where  
life is not active, e.g. the ozone layer. For the purpose of our study we will refer only to the 
biosphere (Holmberg and Robèrt 2000).  
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improving DSS2 to better serve the WFD however; due to the nature of 
nested systems, some of our findings will require contextualization or 
explanation that can only come by referencing other systems (e.g. Water 
Resource Management as a whole, EU legislation, etc.).  

 

 

Figure 1.1: DSS nested in its super-systems 

1.2 The Water Framework Directive  

In the year 2000, the European Parliament and the European Council 
recognized the need for legislative action to avoid long-term deterioration 
of freshwater quality and quantity. Thus, the EU Water Framework 
Directive (WFD) was established with the aim of sustainable management 
and protection of Europe’s freshwater resources (European Parliament 
2000). The WFD takes a whole-system approach to Water Resource 
Management (WRM). It sets a bold objective that ‘good status’ must be 
achieved for all European waters by 2015 and that sustainable water use is 
ensured throughout Europe. ‘Good status’ is set by the WFD and includes 

                                                

2 In this paper, DSS infers a Decision Support System for the Decision-Making Process.  
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requirements for the ecological and chemical status of all inland surface 
waters, transitional waters, coastal waters and groundwater in the European 
Union (WISE 2000). Sustainable water use is ensuring that Europe can 
meet its water needs today without compromising the ability to meet future 
needs.  

The WFD is unique in that it introduces an innovative, integrated and 
holistic approach to the protection and management of water resources 
(Giupponi 2005). One of the WFD’s most noteworthy stipulations is the 
establishment of ‘River Basin Districts’ which identifies water bodies as 
components of larger ecosystems to be managed at the bio-regional level, 
even when the bio-region crosses national boundaries. Once the River 
Basin District is identified, measures are set up to ensure that the objectives 
of the WFD will be met on the local level within given deadlines (Giupponi 
2005). In this way, the Water Framework Directive stimulates solidarity 
within European countries around water management with transnational 
river basins (WISE 2000).  

1.2.1 Rationale Behind the Study  

Unequivocally, water is essential for life. The European Commission’s 
respectability, clout and authority make it a relevant point of reference not 
only for European affairs but also for the rest of the world. The EC’s Water 
Framework Directive is a guide for moving European Water Resource 
Management towards sustainability. Studying ways to improve the DSS 
that buttress worthy public policy such as the WFD could help bring about 
the timely emergence of a sustainable future for Water Resource 
Management3.  

European society is structured around intense water usage; industries 
ranging from automotives to vineyards require gigantic amounts water to 
function. Yet society’s heavy demand for water resources causes pollution 
and scarcity. Increasingly, European citizens are petitioning their 
governments for cleaner rivers, lakes, groundwater and coastal beaches 

                                                
3 Water resources and their use by society are described by the umbrella term ‘Water 
Resource Management’. The term covers a number of sectors, such as: water supply, 
irrigation and drainage, sanitation, hydropower and water-based ecosystems (McKinney 
2005). 
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(WISE 2000). Current water resource management is falling short on 
delivery and demand is growing for a changed approach and higher 
standards. 

According to the Eurobarometer “Attitudes of European citizens towards 
environment” survey published in 2005, water pollution is the top 
environmental concern for Europeans (including seas, rivers, lakes, 
underground sources, etc.). Results from this survey also show that EU 
citizens feel firmly that is up to national and European legislations to take 
the lead in protecting water resources (European Commission 2005). 
Stakeholders are advocating a shift towards sustainable water resource 
management and therefore, policy makers and researchers are obliged to 
respond with tools and action. Creating strategic tools for leading WRM in 
Europe towards sustainability is one way to respond to this demand.  

Water is variable and complex therefore managing its contribution to 
human society must be matched to task. Adopting a more sustainable 
approach for WRM will require the involvement of a wide range of 
decision makers and stakeholders with differing, and at times even 
conflicting opinions, values and preferences (WISE 2000). In addition to 
the traditional sectors associated with Water Resource Management, 
sustainable Water Resource Management would tap several other sectors 
that are not currently involved to the necessary degree for a shift towards 
sustainability. These sectors include but are not limited to community 
groups, free-market business and tourism (Giupponi 2005). The WFD 
requires DSS that can synergize the diverse expertise of all stakeholders for 
the incorporated push to bring all European waterways up to ‘good status’ 
by 2015. 

1.3 Decision Support Systems 

The Water Framework Directive’s bio-regional, as opposed to political, 
approach to water resource management is an example of how the WFD 
challenges water resource managers to work across sectors. Decision 
Support Systems can be useful in this scenario to engage and support policy 
makers and researchers in their frequent dealings with incohesive 
administrations, perspectives and priorities (Power 2004). DSS are 
designed for complex problem solving; they are intended to engage so-
called ‘wicked’ problems to be described in detail in section 1.3.1.  

DSS is the ruling yet debated term for a category of information technology 
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with many branches and qualifiers. It is most agreeable to describe DSS as 
a meta-category for a variety of standardized frameworks for decision-
making (Power 2004). As the word ‘tree’ describes different types like 
maple, birch or oak; the term ‘decision support system’ also describes 
different types of DSS like data-driven, communication-driven, knowledge-
driven, model-driven or web-based DSS. In this paper we focus on a type of 
DSS called the ‘decision making process’. The DSS decision-making 
process is used broadly to help groups or individuals with the overall 
process of evaluating their options and make informed choices. Figure 1.2 
describes a the generic flow of such a process where the problem is 
recognized (1) and defined (2), then alternatives are generated (3), 
modelled (4) and analysed (5), then a choice is made (6) and implemented 
(7). DSS are needed –according to their creators– to find solutions for so-
called ‘wicked’ problems described in detail in Section 1.3.1. But the basic 
mechanics of a decision-making process can be best described using the 
simple example of a family recognizing they have a little cabin fever (1). 
Together they decide the solution is to get out of the house (2) then 
brainstorm were to go (3) and how they might do get there (4). Next they 
can compare each option, perhaps based on distance and price. Lastly, they 
choose a destination (6) and go there (7).  

 

Figure 1.2: Generic DSS decision-making process flowchart  
(Courtney 2001) 
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Decision Support Systems were originally developed to support business 
managers and have proven to be a valuable tool for water resource 
management as well  (Matties 2005). The growing utility of DSS outside of 
the business world correlates with a growing need to pull together diverse 
stakeholders in decision making and planning for water resources.   
Customarily, science encourages esoteric knowledge that is contextual and 
issue specific.  Good public policy on the other hand, requires exoteric 
knowledge that is broad and can be used to synthesize relevant points from 
many variant contexts. 

Esoteric knowledge is that which is highly specialized, formalized, and 
applicable to narrow domains, in short, that which is found in most 
scientific disciplines. Science is designed to produce knowledge of this 
variety. It is of limited value in solving unstructured, complex 
management problems. Exoteric knowledge is applicable to broad 
domains, and in some cases, might be considered “common sense”. It is 
applicable to complex, unstructured problems (Courtney 2001).  

The properly crafted DSS will synergize the best qualities of esoteric and 
exoteric knowledge to generate dynamic answers for wicked problems.     

1.3.1 Wicked Problems  

Decision Support Systems were designed to solve a particular type of 
‘wicked’ problem originally categorized in 1973 at the University of 
California, Berkeley by the researchers Rittel and Weber. To be labelled as 
wicked, “the classical rational paradigm of science and engineering are not 
applicable to the problem in open social systems” (Courtney 2001). 
According to Rittel and Webber’s research, wicked problems have ten 
properties (parenthetical explanations adapted from Courtney 2001):  

• There is no definitive formulation of a wicked problem—formulating 
the problem is the problem. 

• Wicked problems have no stopping rule—planners stop, not because 
they have ‘the’ answer, but because they are out of time, money 
patience or because the answer is ‘good enough’. 

• Solutions to wicked problems are not true or false, but good or bad—
values are inherently a large part of the problem and the values 
employed vary among stakeholders. 
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• There is no immediate or ultimate test of a solution to a wicked 
problem—solutions to wicked problems, because they are so 
inextricable bound to their environment, generate “waves of 
consequences over an extended—virtually unbounded—period of time.  

• Every solution to a wicked problem is a “one-shot operation”; because 
there is not opportunity to learn by trial and error, every attempt counts 
significantly—and consequentially, solutions cannot be undone.  

• Wicked problems do not have a numerable (or an exhaustively 
describable) set of potential solutions, nor is there a well-described set 
of permissible operations that may be incorporated into the plan—there 
may be no solution.  

• Every wicked problem is essentially unique—despite many similarities, 
each wicked problem also has distinguishing characteristics that make it 
unique. 

• Every wicked problem can be considered to be a symptom of another 
problem—again, because of there connectedness to the environment 
and to other problems, ‘solving’ a wicked problem may exacerbate 
other problems. 

• The existence of a discrepancy between actual and desired states of 
affair can be explained in numerous ways. The choice of explanation 
determined the nature of the problem’s resolution—the choice is the 
one most plausible to the decision-maker. 

• The planner has no right to be wrong—scientists may formulate 
hypotheses that are later refuted, but planners seek to improve some 
aspect of the world.  

Including the definition for wicked problems in this paper is helpful 
because it gives DSS context and purpose. Practitioners are supposed to 
evaluate a problem against these ten properties to decide whether to use a 
DSS in attempting to find its solution.  Understanding wicked problems is 
necessary to establish the mentality of DSS developers and to put their 
approach in a historical context with terminology still popularly used today. 
Defining this terminology and contextualizing this approach is a building 
block for our discussion and conclusion sections.  
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1.4 Synopsis of NetSyMoD 

NetSyMoD stands for “Network Analysis—Creative System Modelling—
Decision Support”. Still in production stage, it represents several years of 
research at the Italian NGO Fondazione Eni Enrico Mattei (FEEM) on the 
subject of environmental evaluation and decision-making within Water 
Resources Management (Giupponi and others 2005). NetSyMod will be the 
primary DSS case study for this paper. We have chosen NetSyMoD as our 
case study because of its generic make up, its early state of development in 
which there is room for change and its potential utility in achieving the 
goals of the WFD. 

NetSyMoD is a DSS decision-making process created to aid water resource 
mangers when designing their case-specific communication and data-based 
DSS toolboxes (Mysiak 2008). It is an iterative process based on the 
generic DSS model with 6 main phases: Actors analysis; Problem analysis; 
Creative System Modelling; DSS design; Analysis of Options; Action and 
Monitoring (see Figure 1.3). NetSyMoD is intended to be a flexible but 
comprehensive methodological framework for making decisions regarding 
limited natural resources and various users with different needs  
(Fondazione Eni Enrico Mattei 2008). “The main assumption of 
NetSyMoD is that Creative System Modelling and Decision Support 
Systems may provide not only a common ground for mutual understanding 
between the involved parties, but also a scientifically sound basis for 
effective decision making”  (Fondazione Eni Enrico Mattei 2008).   
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Figure 1.3: NetSyMoD’s methodological framework. The NetSyMoD icons 
symbolize the limited resources available (i.e. water) and of the various 

users with different needs (varying quantity and color) 

1.4.1 The Six Phases of NetSyMoD 

When employed to its full capacity, NetSyMoD has six iterative phases. 
However, NetSyMoD is not always applied in its full process cycle; 
practitioners sometimes pick-and-choose the phase they feel is most 
applicable to the problem at hand (Mysiak, 2008). Below we present 
abbreviated descriptions of the six phases adapted from the NetSyMoD 
user’s manual available on line at www.netsymod.eu (Fondazione Eni 
Enrico Mattei 2008): 

• Phase 1: a self-selected the task force group identifies the actors for 
the process (stakeholders, experts, etc.) and investigates their 
reciprocal relationships for potential conflicts of interest. 

• Phase 2: the actors isolate and formalize the wicked problem. 

• Phase 3: participants use mental modelling and cognitive mapping 
to build then agree on a shared current reality to start from.  

• Phase 4: the actors formally describe the human-environmental 
system in question and its causal links. This provides the scientific 
bases for the design and/or selection of the appropriate toolbox of 
communication and/or data based DSS.  
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• Phase 5: results from the application of the selected DSS point 
towards different courses of action. The actors analyze their options 
and agree upon a course of action.  

• Phase 6: results are monitored and measured for effectiveness. The 
outcome of this process may then initiate subsequent iterations and 
adaptations. 

Although NetSyMoD is represented in Figure 1.3 as a cycle, the process 
does not necessarily need to be repeated in its entirety after the sixth phase. 
This is for several reasons. For example, if NetSyMoD is selected for 
another round of problem solving, the actors and the wicked problem might 
then already be known because they are the same as the first iteration. In 
this example, actors would skip the actor analysis, problem analysis and 
creative system modelling and proceed directly to designing another DSS 
for their needs (Phase 4). In the best-case scenario, actors may not need to 
re-use NetSyMoD because the problem has been sufficiently worked 
through the first time around. Even so, in this scenario, actors should be 
continually monitoring their success, which would keep phase 6 perpetually 
active. 

1.5 Basic Principles for Sustainability  

As previously discussed, human society is a part of, and dependent on, the 
natural systems of the biosphere. Sustaining human life in the biosphere 
requires an understanding of the flows of materials and energy between 
human-made technosphere4 and the biosphere, as well as the mechanism of 
the ‘social fabric’ that allows humans to cooperate to pursue meeting their 
needs.  

Due to human interference, the biosphere’s ability to provide humanity with 
the same abundance as it once did is decreasing. By pinning the 
advancement of modern society to burning fossil fuels, filling wetlands and 
felling forests, humans are systematically compromising the ability of the 
biosphere to support life on Earth. Meanwhile, global population and 
competition for natural resources, for example, are increasing (Daly 1977). 

                                                
4 The technosphere is the system within the biosphere where all human-made artefacts and  
manipulations of nature take place (Holmberg and Robèrt 2000). 
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The worldwide trend of decreasing resources coupled with increasing 
demand can be illustrated using the metaphor of a funnel, presented below 
in Figure 1.4. As society keeps following an unsustainable path we are 
moving deeper and deeper into a funnel with less room to manoeuvre. 
There is hope. Not featured in this diagram is the presumed restoration of 
abundance on the right end of the funned enabled by sustainable practices.  
In the imagined future where sustainable measures have been enacted 
declining resources and increasing demands stabilize and the funnel opens 
up again. 

 

Figure 1.4: The Funnel Metaphor (adapted from Robèrt 2007) 

To help society ‘avoid the walls of the funnel’, 4 Principles of 
Sustainability have been designed through a process of scientific consensus. 
The threats from unsustainable patterns that we follow today at the 
environmental level can be summarised in three overarching mechanisms 
(Holmberg and Robèrt 2000; Ny and others 2006):  

1. A systematic increase in concentration within the biosphere of 
substances extracted from the Earth’s crust;  

2. A systematic increase in concentration within the biosphere of 
substances produced by society; 
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3. And a systematic degradation of the biosphere by physical means.  

Whereas the basic level for compromising the ‘social fabric’ is:  

4. A systematic undermining of people’s capacity to meet their needs 
worldwide.  

These threats can be seen as the four conditions for un-sustainability, i.e. 
the ways for destroying the ecological and social ability of humans to 
survive on the planet. Adding a ‘not’ to all these violations, we can draw 
the four minimal requirements for a sustainable society.  

Then, in a sustainable society nature is not systematically subject to:  

2. Concentration of substances extracted from the Earth’s crust;  

3. Concentrations of man-made substances foreign to nature; and 

4. Degradation by physical means.  

And in that society, 

5. People are not subject to conditions that systematically undermine 
their capacity to meet their needs (Holmberg and Robèrt 2000; Ny 
and others 2006). 

We refer to these conditions as minimum requirements, i.e. society must be 
able at least not to contribute systematically to these violations. Eventually, 
a sustainable society should also be able to be restorative, which means 
opening up more opportunities for the natural and social environment than 
the past. From here onwards we will refer sometimes to Sustainability 
Principles or Principles for Sustainability with SPs.   

1.5.1 Matching the SPs with WFD goals  

This paper attempts to help reach the WFD goals using the Framework for 
Strategic Sustainable Development. The WFD set audacious goals for the 
water quality in Europe by 2015. The WFD’s purpose is to immediately 
bring water quality and aquatic ecosystems up to ‘good status’ then to 
ensure the maintenance of ‘good status’ ad infinitum (WISE 2000). 
Acknowledging that reliable water resources are indispensable for 
generating and sustaining wealth through agriculture and industry brings 
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the importance of WFD into focus. In short, the WFD will provide for5: 

• The protection and enhancement of the aquatic ecosystem 

• The long term protection of available water resources 

• The phasing out of discharges from hazardous components 

• The progressive reduction of pollution of groundwater and 
prevention of further pollution 

• The mitigation of the effects of flood and droughts  (WISE 2000) 

The Principles of Sustainability have been defined by scientific consensus 
as the minimum constraints of a sustainable society. All human activity, 
including the WFD’s goals, should fit within these constraints to safeguard 
our future. As written, it is possible to work toward the WFD goals while 
creating other problems for sustainability elsewhere. Examples may be 
countless. Just to mention a few: diverting water resources from Asia to 
mitigating the effects of droughts in Europe is a possible violation of SP3, 
or over harvesting to obtain biofuels that free us from use of fossil fuels 
generates other sustainability problems elsewhere. Therefore, by aiming for 
the Principles of Sustainability while choosing actions to reach the WFD’s 
goals, you will ensure movement towards a state of sustainable WRM and 
avoid accidentally creating problems elsewhere. Figure 1.5 shows the 
WFD’s goals framed by the 4SPs.  

                                                
5 For full text of WFD goals, see Appendix A.  
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Figure 1.5: The four Principles of Sustainability provide the outer 
constraints for the WFD’s goals. 

1.6 Using the SPs to Describe the 
Current Reality of Water Resources  

As explained in section 1.5, a science–based definition of a sustainable 
society is one that comes from an understanding of the basic principles of 
its ecological and social makeup. Once the biosphere is understood as such, 
we can clearly see which human actions will destroy it. Adding a ‘not’ to 
each of these contributions, we define the Principles of Sustainability. The 
current reality of water resources in Europe is not yet in the ‘good status’ 
required by the WFD (WISE 2000). There are many ways in which society 
is currently contributing to violations of the basic Sustainability Principles 
through poorly managed water resources. Hence, to achieve ‘good status’, 
European WRM should no longer contribute to society's violations of the 
SPs. Current examples of such violations are presented and explained in the 
following sections.  

1.6.1 SP 1: WRM must not contribute to 
the systematic increase of substances extracted 
from the Earth’s crust.  

Substances like heavy metals and fossil deposits have been by-and-large 
contained for over million of years under the Earth’s crust, slowly cycling 
through the lithosphere. Anthropogenic activity has increased these flows in 
modern times. Nowadays, the exchange of some substances 
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between the lithosphere and the ecosphere is exponentially larger than the 
natural flow. Problematically, the ecosphere has a limited capacity to 
absorb the excess (Robèrt and others 2007). Since nothing disappears, once 
extracted heavy metals and fossil fuels from the Earth’s crust remain in 
natural cycles along with their potential to do harm. For example, burned 
fossil fuels bring metals previously contained under the ground into the air. 
The metals eventually come down with the rain to contaminate water and 
aquatic life. Research shows that the concentration of metals in water, 
sediment and fish has high correlation coefficients (Morillo 2003). When 
experts in the water management field deal with accumulation of 
substances extracted from the Earth’s crust, is important that they do not 
contribute to the systematic increase in concentration of such substances in 
the biosphere. As an example of such increase and its effects, in 1996 
researchers exposed a high accumulation of heavy metals throughout the 
food chain ending up in the traditional fish-based diet of the Inuit people in 
Greenland. Autopsies found heavy metals concentrations in excess 
according to tolerable intake defined by the World Health Organization 
(Mulvad and others 1996).  

Another example can be found in Britain’s fresh water. In the UK, there is 
an increasing use of man-made nutrient loadings (e.g. plant fertilizer). The 
nutrient loads make their way into waterways via runoff from fields; some 
runoff also occurs during the original mining process (Everard 1999). 
Substituting fertilizers made of substances extracted from the lithosphere 
with nutrient-rich sludge from the ecosphere is a move towards a 
progressive reduction of the dependence upon these nutrients, and will thus 
lead to a reduction of mined substances required (Everard 2002).  

1.6.2 SP 2: WRM must not contribute to 
the systematic accumulation of substances 
foreign to nature. 

The Earth has a limited capacity to assimilate waste, and humans are 
producing not only natural compounds at a rate that far exceeds the Earth’s 
capacity, but also synthetic ones, with which nature has no experience in 
decomposing and reintegrating into nature (Benyus 2002). An upstream 
approach is required to avoid accumulation of substances foreign to nature. 
Unnatural and persistent human-made substances threaten the quality of 
ecosystem services including the safety of water. Under this sustainability 
principle we found that very often WRM is a ‘middle link’, since its 
practices deal with results of other human-made activities. For instance, 
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phosphorus is a major problem for river water ecology, and the major entry 
points are industrial effluents and agricultural runoff. Sometimes sewage 
treatment plants fall short in their treatment of unnatural compounds, even 
reactivating some chemicals such as hormones. Another example of this 
accumulation is the emerging issues of water pollution from 
pharmaceuticals entering the environment at several points (Zuccato and 
others 2006). Scientists hypothesize that this type of pollution will have 
adverse effects on the ecosystem but in-depth research is still forthcoming. 
The standard reaction by water resource managers is to apply end-of-the-
pipe solutions; instead, the solution is preventing the substances from 
entering the aquatic ecosystem. Again, acknowledging that the sources of 
such pollution are more upstream, WRM practitioners should avoid the 
spread of these unnatural substances and not reactivate hazardous effects of 
chemicals treated by the sewage treatment plants. 

All too often, debates on this kind of pollution are biased on the alleged 
uncertainty regarding the toxicity of human-made substances. Following 
the precautionary principle, instead, we can say that substances that are 
persistent and liable to accumulate have to be eventually eliminated, 
regardless of the known harmful effects of today. The Chemical Policy 
Committee of the Swedish Ministry of the Environment stated clearly its 
policy of chemical bans on this basis:  

Experience tells us that new unexpected forms of toxicity may be 
uncovered in the future […] For substances that are persistent and liable to 
bioaccumulate that knowledge will come too late […] We therefore 
conclude that known or suspected toxicity is not a necessary criterion for 
measures against organic man-made substances that are persistent and 
liable to bioaccumulate. Such substances in the future should not be used 
at all (Chemical Policy Committee 1997).  

1.6.3 SP 3: WRM must not contribute to 
the systematic degradation of ecosystems by 
physical means. 

In order for society to reach a sustainable state, WRM cannot 
systematically diminish the ecosystems’ capacity by physical degradation 
and the resultant loss of biodiversity. Such degradation in fact is not only a 
threat for society at large, but also one of the biggest concerns for water 
managers in their specific field. One form of degradation is soil erosion 
driven by water management: in Europe one way this is caused is the runoff 
from un-stabilized fields (Gobin and others 2004). Runoff pulls valuable 
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topsoil into rivers where it is it subsequently trapped by dams, another 
potential violation of SP3. Dams block sediment distribution, both natural 
and anthropomorphic, throughout a river’s various ecosystems, as well as 
hampering the migration of species through the rivers. Dams can cause 
increased soil erosion downstream and decreased channel capacity (Castillo 
and others 2007). These intertwined problems contribute to the degradation 
of the land’s reproductive capacity, that are not only affecting water 
resource management itself, but threatening society at large, because they 
affect agriculture and biodiversity, just to mention a few. 

Physical degradation of the natural water system by dams also leads 
directly to the loss of aquatic biodiversity. This is a systematic trend of 
negative impact must be taken into account when physically degrading the 
land. For example filling in wetland habitats for construction risks essential 
ecological and hydrological processes within the catchments. As mentioned 
by expert Mark Everard, SP3 applied to water cycles is a restatement of 
what a large body of science have been establishing through the years. SP3 
brings their concerns into simple but applied terms (Everard 1999).  

1.6.4 SP 4: In WRM, people’s capacity to 
meet their own needs must not be 
systematically undermined  

In a sustainable society, human manipulation of water cycles does not 
undermine people’s capacity to meet their own needs. Yet, only recently (in 
1977) was the right to have access to water for basic needs explicitly 
recognized by the United Nations:  

[…] All peoples, whatever their stage of development and their social and 
economic conditions, have the right to have access to drinking water in 
quantities and of a quality equal to their basic needs (United Nations 
1977). 

Arguably this statement came late because in the 1948 version of the 
United Nations’ Declaration of Human Rights, water was considered 
implicitly as a ‘component element’ for the standard of living that everyone 
has the right to have (Gleick 1998). Today, many decisions about water are 
based on economic grounds, where the cost-benefit analyses do not 
consider the ethical or social issues that, in our current economic system, do 
not have monetary value (Acreman 2001). Since in addition to the 
environment, society is another system upon which we all depend; social 
stability must not be systematically undermined with obstacles to water 
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access regardless of any monetary calculation of these values. An example 
of the systematized undermining of human needs is private enterprise 
exerting capitalist control over water. Yet increasingly, trade liberalization 
is leading to the privatization of water rights (Shiva 2004). In general, we 
can say that when a WRM tool operates with potential influence over water 
rights, abuses of political, economic and environmental power must be 
guarded against.  

1.7 Added Value 

The intent of our research is the strategic improvement of DSS used by the 
WFD in general and our case study, NetSyMoD, in specific. We have 
undertaken this study to ultimately aid in the successful implementation of 
the goals of the Water Framework Directive, which aims to create a more 
sustainable water management regime in Europe. We have structured our 
study according to the Framework for Strategic Sustainable Development 
(see description of FSSD in 2.2). This thesis is the first study applying the 
SSD framework to a DSS for use in conjunction with the Water Resource 
Management. 

1.8 Scope and Limitations  

Acknowledging that DSS are very broad, we have limited our scope to an 
analysis of a specific tool used in the field of WRM and within that the 
WFD. While the intent of this research is to improve DSS as a whole, 
reflections and remarks will be drawn from the NetSyMoD example in 
specific. As previously mentioned, we chose NetSyMoD because of its 
generic make up, its juvenile state of development in which there is room 
for change and its potential utility in achieving the goals of the WFD. 
Following the advice of our expert panel, we limited our evaluation of 
NetSyMoD to its overall strategy for achieving the goals of the WFD. 
Though it is compelling, modifying the procedural steps of a DSS to 
embody the characteristics we propose, this task will be left to it 
developers.  

1.9 Research Question  

What are the characteristics of an ideal DSS for meeting the goals of the 
WFD and consequently contributing to moving WRM in Europe 
strategically towards sustainability? How do these characteristics compare 
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to the current reality of DSS today, represented by the case study 
NetSyMoD?  

Below, we return to the funnel metaphor from section 1.5 to present the 
question in graphic form. Metaphorically, present society is in the cone of 
the funnel featured on the left where opportunities and resources are 
limited. To proceed to the right and into the restorative future, we must first 
adopt sustainable practices, like improved DSS for WRM, which will 
contribute to the cessation of systematic threats to a sustainable society. 
Consequently, we expect a period of restoration where  (on the left hand 
side of the figure) the funnel opens up and there are ample opportunities for 
the growth of future generations. The arrow represents the process of 
backcasting from the vision of an improved DSS of the sustainable future to 
the DSS of today.  

 

Figure 1.6: Placing the research within the context of society’s 
increasing demands and the Earth’s decreasing resources (represented 

by a funnel) 
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2 Methods  

In this paper we analyse DSS designed to help the WFD achieve ‘good 
status’ for European waters. We will make strategic suggestions for the 
improvement of the DSS decision-making processes used by policy makers 
and researchers working in Water Resource Management. We will do this 
by drawing up the characteristics of an ideal DSS with the help of industry 
experts and, using those characteristics, we will analyse a case study DSS 
known as NetSyMoD. Lastly, we will discuss our findings, and make 
recommendations for the application of our research and future studies.  

Throughout our research, we have structured our thinking and consolidated 
mental models using the FSSD. Within this framework, we also called upon 
backcasting and the ABCD process. Backcasting is a method for planning 
towards a vision of success in the future without the creative constraints of 
past trends (Holmberg and Robèrt 2000). The ABCD Process is a planning 
tool for backcasting from principles of success for the system at hand. 
These concepts will be further explained below. 

We developed characteristics of the ideal DSS in co-operation with outside 
advisors who are academics and practitioners throughout Europe with 
expertise in both FSSD and WRM.  To gain a working perspective on the 
DSS decision-making process we made a case study of the DSS, 
NetSyMoD. Primary engagement on the case study was with the developers 
and users of NetSyMoD, literature provided by the developers and the 
NetSyMoD website, www.netsymod.eu.  

2.1 Qualitative Research Design 

Maxwell’s Qualitative Research Design (2005) was used to structure our 
approach to research. This non-linear approach allows for simultaneous and 
continuous update of ideas and questions at all stations throughout the 
research process. 
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Figure 2.1: Maxwell’s Qualitative Research Design (Maxwell 2005)  

 

2.2 Five Level Framework and FSSD 

In the challenge of moving society towards greater opportunity without 
compromising the ability of future generations to meet their needs, different 
points of view, technology, and theories may seem to be in conflict with 
each other. We use a framework for handling complexity in this realm. 
Using a generic Five Level Framework helps us to understand the system in 
which we operate and to define success for that system. Next, we use 
strategic guidelines to plan specific actions that are carried out with the 
appropriate tools. In its generic state, the framework can be applied to 
different systems. When used as a framework in the sustainability game 
(i.e. when we try to move society towards sustainability) we refer to the 
Five Level Framework as the FSSD (Framework for Strategic Sustainable 
Development). After a general explanation of the generic Five Level 
Framework we will describe the FSSD. Throughout the paper, FSSD will 
be the conceptual framework used to shape our research approach.  
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Figure 2.2: Generic Five-Level Framework cross-referenced with FSSD 

As shown in Figure 2.2, FSSD is the application of a generic framework 
comprised of five distinct levels and utilized to manage and plan in 
complex systems. A generic framework keeps the distincion between its 
five non-overlapping levels, outlining the difference between the system 
and its rules (Level 1), its goals (Level 2) and the strategies to reach this 
success (Level 3); therefore specific actions are required (Level 4) and tools 
and metrics (Level 5) can be used to measure the system and the 
achievements of our actions.  

The framework for Strategic Sustainable Development builds a preliminary 
understanding of ecological and social systems folded in with a realistic 
understanding of the degradation of their functions (Level 1). After 
understanding the function of the system, one moves on to define success in 
that system using four science-based and non-overlapping Principles for 
Sustainability (Level 2). To get to the success level, a set of strategic 
guidelines is necessary for the transition towards sustainability. Examples 
of these are: backcasting, the precautionary principle, flexibility of the 
platform chosen, and so forth (Level 3). These strategic guidelines must not 
be confused with the success level. Tangible activities aligned with the 
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principles and made in a strategic fashion belong to the action level (Level 
4). At the tools level (Level 5) we describe what tools can be utilised for 
monitoring and measuring the transition (Robèrt et. al, 2000). They can be 
either tools for describing the system and its levels of pollution in water 
cycles for example, or for measuring the effectiveness of a new policy. 

2.2.1 Backcasting 

Backcasting is a concept formalized by Dr. J.B Robinson. It proposes 
starting to plan from a scenario analysis of changes in the future (Robinson 
1990). ‘Backcasting from principles of success’ is a planning methodology 
developed by John Holmberg and Karl–Henrik Robèrt (2000). The 
fundamental difference between Robinson and Holmberg/Robèrt is the 
former’s reliance on future scenarios whereas the latter relies on principles 
of success. For example, if we were inventing new energy sources 
backcasting from a scenario (e.g. “We want to use 100% solar power by 
2020”) we might be constrained by contemporary technology. On the other 
hand, if we were to backcast from principles of success (e.g. “We want 
renewable energy that produces no hazardous waste by 2020”) the process 
is opened up to unknown technological advances in the future. From here 
onwards we will use the term ‘backcasting’ to imply Holmberg/Robèrt’s 
‘backcasting from principles of success’.  

Backcasting is best understood as an alternative to forecasting, where the 
trends of today are projected onto the future with assumed growth. When 
backcasting, practitioners prepare for planning by imagining a future where 
their principles of success in the system have been achieved. Practitioners 
then turn around and imagine some of the possible steps that were 
necessary to arrive at success. Non-overlapping principles of success are 
the guiding stars of backcasting. Principles must define success for the 
outcome not the process and must be general enough to allow for change in 
the system as time goes by (Holmberg and Robèrt 2000). 

2.2.2 ABCD Process  

The ABCD Process is a tool for systematically applying backcasting from 
principles of success when planning in complex systems. It is commonly 
used as a practical application of the FSSD to help organizations in their 
assessment of current reality and planning towards sustainability. In the A 
step (‘Awareness of the System’), a common ground for the challenge at 
hand and its relationship to other systems is sought out and the ABCD 
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process itself is explained (Robèrt and others 2002). For example, in this 
thesis, our case study NetSyMoD, as a specific Decision Support System, 
exists within the greater system of the Water Framework Directive, which 
is a product of society within the biosphere (see Figure 1). Integral to 
having an awareness of the system is placing the problem at hand within the 
greater sustainability challenge. The B step (‘Baseline Assessment’) 
evaluates the current operations against the Sustainability Principles. This 
step describes current state of water resource management and challenges 
for sustainability therein. The B step and the C step are iterative and 
mutually defined. In the C Step (Compelling Vision and Measures), a 
vision for success in the future imagined within the 4 Sustainability 
Principles and measures to get there are brainstormed. Lastly, in the D step 
(Down to Action), compelling measures are then screened, selected and 
prioritized to move the organization from the baseline (B) towards the 
vision (C) (Robèrt and others 2002).  In this paper, we have used the ABCD 
process to gain awareness of NetSyMoD’s system (Sections 1.1–1.4) and to 
assess how current WRM practices are contributing to an un-sustainable 
Europe (Section 1.6). Results from the C Step and D Step form the bulk of 
our work and are captured in Chapters 3, 4 and 5.  

2.3 Literature Review 

This method was undertaken to inform and raise awareness on the current 
reality of decision support systems, the Water Framework Directive and 
water resource management within the European Union. Our broad range of 
resources included relevant journal articles, books and websites. Most 
information was discovered through independent, publicly accessible 
research while a few internal sources were provided through external 
advisor Carlo Giupponi, principal developer of NetSyMoD. 

2.4 Defining the ideal DSS with FSSD 

Responding to the research question, we envisioned characteristics of an 
ideal DSS decision-making process according to the FSSD, using 
backcasting from principles of success. The characteristics of the ideal DSS 
(section 3.1) were used as a basis for the evaluation of the case study, 
NetSyMoD (section 3.2).  

2.5 Appeal to Expert Opinions  
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Experts in WRM and Strategic Sustainable Development were consulted in 
drawing up the characteristics of the ideal DSS. Six experts were chosen 
amongst users and developers of the case study NetSyMoD, and were 
consulted to inform our analysis using the characteristics of the ideal DSS. 
Opinions were gathered in open phone interviews and email 
correspondence, and via a survey in which the research team gathered the 
responses. All participants spoke to their expertise and enlightened us in 
possible synergies of their expertise with our research.   

2.6 Structured Feedback   

As mentioned, the research theories were tested twice using structured and 
open feedback from experts. First, three experts in water resource 
management and FSSD were surveyed on the characteristics of an ideal tool 
developed by the authors (Appendix B). Building on this information, we 
did a baseline analysis of our case study to access gaps between the current 
reality of NetSyMoD and the characteristic of the ideal tool as well as 
‘grips’, currently solid ground where change can begin. Our second survey 
tested our hypothesized gaps and grips against the opinions of the six 
NetSyMoD developers that we identified (Appendix C). Both surveys were 
followed up with phone calls to confirm the respondent’s answers.  
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3 Results  

Our research aim is to answer the following question: How can a DSS be 
improved to better fulfil the goals of the WFD and consequently move 
WRM in Europe strategically towards sustainability? The subsequent 
investigation determined that this question would be best answered with a 
two-step approach.  First, using the Framework for Strategic Sustainable 
Development, we hypothesized and tested what the characteristics of an 
ideal DSS for WRM that leads towards a sustainable society ought to 
include. Then using these characteristics as a baseline for assessing a DSS 
of today, the case study NetSyMoD was analysed and the possible areas for 
potential improvement of the DSS case study, NetSyMoD, were 
determined.  

3.1 Outlining characteristics of an 
ideal Decision-Making Process for Water 
Resource Management 

Water Resource Management is a complex sector, where the majority of 
problems appear ‘wicked’. It is not only a matter of technology, waste 
treatment, pollution, scarcity and excess; rather it is the compounded nature 
of these issues that calls for an overview at the system level. Therefore, it is 
not a lack of information, or a lack of tools that prevents full 
implementation of the WFD; it is a lack of diverse yet synchronized 
expertise. Tools that do not promote whole-systems based problem solving 
run the risk of leading towards ‘technocratic’ solutions, i.e. the blind 
application of technology without looking at the bigger picture. This paper 
analyses the current reality of the decision-making processes used to 
implement the WFD’s goals. From this information, we have drawn up 
characteristics for an ideal DSS. As there are many different tools, we 
focused on the case study NetSyMoD to highlighting common 
characteristics. To analyse NetSyMoD we will look at it through the lens of 
the characteristics of the ideal DSS, i.e. a tool that helps users move 
strategically towards compliance with the basic environmental and social 
principles of sustainability.  

3.2 Characteristics of the Ideal DSS 
for the WFD   
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As stated in the Introduction, outlining characteristics of an ideal DSS for 
Water Resource Management will facilitate the implementation of WFD’s 
goals. Noting the great deal of congruence between the WFD’s goals and 
the four sustainability principles, characteristics of ideal DSS designed with 
built-in consideration of the four sustainability principles will 
simultaneously guide users towards the WFD goals, as well as ensure that 
none of the decisions taken will lead to negative consequences elsewhere in 
the system. Thus, if the decision-making process is done with the four 
sustainability principles built into it, unintentional violations of any of these 
principles will be avoided, aiding society in its move towards sustainability. 

Placing the Ideal DSS in the Five-Level Framework. Describing how to 
move towards sustainability in complex systems requires a framework that 
must be scientific enough to stand-up to scrutiny on the system level and 
practical enough to provide concrete guidelines on how to plan our actions. 
In section 2.2.1 we presented a generic Five Level Framework that lends its 
structure to FSSD. Using FSSD, we outlined characteristics of an ideal 
DSS, one that could help move us towards sustainable WRM.  

Since the characteristics are meant to help designers and practitioners to 
select actions, we limited our recommendations to the first three levels of 
the Five Level Framework. Drawing from our recommendations, designers 
and practitioners can safely determine the remaining two levels, Action and 
Tools, on their own (Ezechieli 2008). Below, we will explore the system 
(1), the success (2) and the strategic guidelines (3) levels in relations to 
WRM. Then we will test the characteristics of the ideal DSS against a case 
study, NetSyMoD.  

3.2.1 Level 1 – the System  

Level 1 is a description of the system including an overview of the 
biosphere and its basic mechanisms and then a brief description of the 
issue-at-hand, which includes the water cycle within the biosphere with a 
focus on the current reality of European water use.  

The Biosphere. The biosphere is the overarching system we all depend on. 
It is a closed system, where the total mass is constant and nothing 
disappears but everything spreads. Natural cycles within the biosphere can 
perpetuate themselves indefinitely with no net accumulation of waste 
because in a natural cycle, all waste is food. Is important to bear in mind 
that such system is the infrastructure and the basis not only for human 
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livelihood but indeed survival as well. As society becomes evermore 
separated from their natural environment it becomes increasingly difficult 
to draw the links between human and planetary survival. In this case, 
consider a pioneer study in the United States which calculated that 
ecosystem services are worth near US$33 trillion per year6. Most ecosystem 
services are only substitutable up to a point, whereas some others are not 
substitutable at all (Costanza and others 1997). Without vital ecosystem 
services, no corporation or government could afford to maintain operations.  

Maintaining healthy biota and ecosystems is ultimately dependent upon the 
equilibrium of matter and energy flows within the biosphere (Georgescu 
and others 1971). Through 4.3 billion years of evolution7, the biosphere on 
Earth has evolved in a highly efficient manner, increasing the natural 
diversity and rendering the biochemical cycles evermore efficient. Fuelled 
by solar energy, all matter within the system is used and reused cyclically, 
with no net waste. Matter rendered obsolete for one purpose, changes or is 
changed by natural forces and becomes thus available for another purpose, 
this cycle is perpetual (Robèrt and others 2007; Georgescu and others 
1971). 

The water cycle is no exception to this general rule. With this perspective in 
mind, we see that ecosystem services such as the water cycle can not 
simply be considered a mere ‘resource’ of the economic cycle. Rather it is 
the economy that has to find a qualitative and quantitative exchange with 
the ecosphere that does not compromise its long-term balance (Robèrt and 
others 2007; Daly and others 2003). A DSS that enables the ideal decision-
making process has to show clearly the system in which practitioners will 
operate where the natural law of the biosphere is explained and understood.  

Water cycle within the biosphere, and in Europe. Water cycle is a never-
ending global process of water circulation from clouds to land to the oceans 
and then back to the clouds. The main source of abstracted freshwater used 
by European society is surface water. Water from lakes, rivers and streams 

                                                
6 “Ecosystem services consist of flows of materials, energy, and information from natural 
capital stocks which combine with manufactured and human capital services to produce 
human welfare” (Costanza and others 1997).  

7 Estimates place the first life form on Earth around 3.5 billion years ago the precise time 
however, is not required for our purpose.  
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(i.e. surface water) provides for around 75% of societal demand whereas 
the remainder comes from groundwater (25%). Only a small contribution to 
this demand comes from desalinisation of seawater and re-use of treated 
effluents (EEA 1999).  

In Europe, and everywhere else, reliable water supply and protection of 
aquatic resources is necessary for supporting every aspect of human and 
animal life. There is a wide variety of water use across the European 
countries determined by natural conditions (e.g. different climates) and 
cultural conditions (e.g. economies, habits, and so forth). Even still, what 
most European countries have in common is a limit on quality and quantity 
of water resources8. Primarily, long-term policies for water management in 
Europe cater to the private interests arising from directly concerned fields: 
agricultural, industry, urban areas, households and tourism (EEA 1999). 
Yet recently, European policy is beginning to address the negative 
consequences for water resources brought about by climate change (EEA, 
2007). There is evidence that unbalance in the water cycle due to climate 
change will eventually end in an intensification of the water cycle itself 
(IPCC 2007). Intensification of the water cycle refers to the potential for 
“changes in water-resource availability, an increase in the frequency and 
intensity of tropical storms, floods, and droughts, and an amplification of 
warming through the water vapor feedback” (Huntington 2006, 84).  

As stated above, the water cycle is one of the natural cycles within the 
ecosphere. It is perhaps the ultimate example of an infinitely renewable 
resource and therefore is, in its un-hampered state, sustainable. Thus the 
DSS NetSyMoD has to be seen as a human-made artefact that is best 
understood as a tool operating within the WFD (i.e. society) within the 
biosphere (see Figure 1.1). This natural cycle has to take into account all 
the substances and life forms that are cycling in it and depending on it as 
well as the human-made influences that might compromise its natural state 
of sustainability (Everard 1999). An ideal DSS would incorporate a systems 
perspective as a characteristic, as we will summarize below in practical 
recommendations (section 3.3).  

                                                
8 European countries with vast water resources include Norway, Sweden and Finland.   
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3.2.2 Level 2 – Success  

Once the system is outlined, a definition of success (Level 2) within that 
system (Level 1) in which the ideal DSS operates is essential. As we will be 
analysing in section 3.4, what a typical DSS lacks is a principle-based 
vision of success. Though a DSS may have specific features and indicators 
that are very precise, to ensure relevance it is even more important to have 
an incorporated definition of an ideal future ‘success state’, that is a state in 
which water resource management in Europe reaches the goals of WFD 
while complying with all the basic principles for sustainability. With such 
vision, practitioners operate towards a future in which a sustainable society 
is achieved and human-driven water resource management cycles no longer 
threaten the overall conditions for this state of sustainability.  

The WFD sets audacious goals that are ultimately compatible with the four 
sustainability principles. Since the purpose of the characteristics of the ideal 
DSS is to serve both the principles for strategic sustainable development 
and within those the WFD goals, we will discuss the key characteristics of 
this ideal DSS through the lens of the sustainability principles. By 
generating characteristics of a DSS that are compliant with the overarching 
principles of sustainability, the WFD goals are easily incorporated as 
subcomponents of this broader success.  

As explained in section 1.5, a definition of what a sustainable society is 
comes from an understanding of the basic principles of the system (Level 1) 
and its basic ecological and social rules. Once the system is understood, we 
can clearly see which human actions will destroy it. Adding a “not” to each 
of these contributions to a deteriorated system, we define the principles of 
sustainability. In this section we explore how a principle-based definition of 
success (Level 2) can apply to water resource management, and what an 
ideal WRM in a sustainable society should look like.  

Whole-System Thinking. In every complex system with a ‘success state’, as 
societal management of water in Europe is, goals have to be seen as 
complementary and not mutually exclusive. Therefore, a need for system 
thinking emerges in this success level. The overall challenge of 
sustainability and water resource management have complexity in common. 
Both are broad topics, apparently difficult to handle at first glance. When 
dealing with complex systems, we need skills in framing these problems 
without reductionism. We should think of a system like the ‘trunk and 
branches’ of a tree, where the leaves can be various consequences and 
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activities and the trunk its principles (Broman and others 2000). Taking a 
systems approach to WRM will help understand the basic principles for 
success and WRM’s interdependence with other natural and human-made 
systems. Moreover, instead of building scenarios or attempting to control 
variables, a systems approach would focus scientific consensus on the 
principle level, where consensus is possible. Taking systems perspective 
also protects us against creating another problem elsewhere with the 
solution to the first problem. For example, protecting against the spread of 
substances foreign to nature, such as pharmaceuticals, in water (SP 2) by 
building buffer zones that disrupt natural environment (SP 3), is a failure 
that would be avoided using a whole systems perspective.   

3.2.3 Level 3 – Strategic Guidelines 

An ideal DSS (Level 5) is one that takes the system (Level 1) into account 
and incorporates a vision of success (Level 2), but this might not be 
enough. A vision of future success provides ‘creative tension’ between the 
future and today. Creative tension is the contrast between ‘what we want’ 
and ‘what we have’ which inspires people to think of creative solutions. 
Strategic guidelines are needed here to channel creativity to productive 
outcomes. For example, without guidelines, users run the risk of tying up 
capital, or promoting a technology because is deemed to solve current 
problems with no guarantee it can solve future problems. Without strategic 
guidelines helping to select good actions, practitioners might simply ‘move’ 
the problem instead of solving it. In FSSD (as well as in the generic Five 
Level Framework), strategic guidelines are used to select actions that will 
help achieve the vision of success. Below we explore the four most relevant 
strategic guidelines for a DSS for the WFD, namely: 1) backcasting, 2) 
compliance with right direction, flexibility of the platforms and return on 
investment, 3) precautionary principle, and 4) transparency, engagement 
and dialogue.  

1) Backcasting. An ideal DSS incorporates a vision of success, e.g. a 
success state of the Water Framework Directive that complies with all the 
sustainability principles, and therefore gives its contribution to success 
referred to the ‘bigger picture’, a future in which our actions no longer 
threaten the biosphere’s capacity to support human life. Such a vision 
becomes the overall goal to be achieved and it informs today’s actions and 
choices.  Starting with a principled vision of success in the future we can 
look back to the present and think about what actions we could have taken 
to arrive at future success. This strategy is known as backcasting 
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(Robinson, 1990) and has been discussed in section 2.1.2. Backcasting is 
particularly useful when current trends are part of the problem.  

One of the main flaws of the standard DSS is that it does not contain a 
success-vision, and so it is not goal-orientated9. Coupling the lack of vision 
with a forecasting approach, a DSS is not likely to eradicate the problem. 
This approach is based on linear thinking where success sounds like: 
“future situation minus problems of today”. Backcasting starting from the 
future gives us the agency to make radical change. When we backcast, we 
are acting proactively instead of following the piecemeal changes that are 
themselves only reactive to the main pressures from society, business sector 
and the environment.  

2) Application of backcasting: challenging the choices with the three main 
questions. Any action to be taken has to be always challenged by the main 
questions that ensure us that we are being strategic in our choices:  

“Are we going in the right direction?” Every action must be subordinate to 
the success level, which means going towards the principled vision of 
future success while respecting all sustainability principles (and within 
those, aiming for the specific success of the sub-system at hand). 
Compliance with the right direction is not a ‘yes’ or ‘no’ determinate, rather 
it challenges us to consider if we going in the right direction, without losing 
sight of the principles.   

“Is this action a flexible platform for future actions?” The action must not 
divert investments to blind alleys. Knowing that technology is liable to 
change, one’s choices should be sufficiently adept at changing with it. 
Flexible platforms can be seen as stepping stones for future, greater actions. 
This is a question that helps in prioritizing measures, and can help the 
simplest opportunities (also knows as ‘low hanging fruit’) to come first.  

“Are we ensuring adequate return on investments?” The action must ensure 
a sufficient return on investments (ROI). This question should be 
formulated where the assessment of the ROI of specific actions take place. 

                                                
9 As we explained on section 1.3.1, DSS were designed to solve so called ‘wicked 
problems’, which have ‘no stopping rule’: in other terms, no overall satisfactory goal yet a 
minimization of the current aspects of a problem.    
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The concept of ROI here taken into account is broader than a mere financial 
one, also implying social, and political returns. As an example of 
considering the financial ROI, it has been shown to be significantly less 
expensive to care for the ecological status of a river basin before trouble 
hits as opposed to after (Hirschfeld and others 2005). Noting the costs of 
ecosystems services will help water resource managers decide the best 
timing for action, thereby spending the least amount of funding and reaping 
the highest returns.  

3) Precautionary principle. We already mentioned above that there are 
many debates about potential adverse effects of human activities. Scientific 
debate about peak oil or harmful effects of unnatural compounds on human 
health for example are driven and often biased by scientific degrees of 
uncertainty. We have many examples of human-made substances that have 
been proven harmful to human health only on a later stage. In the 1950s, 
chlorofluorocarbons (CFCs) were considered ‘miracle chemicals’: the 
scientific debate about possible harmful impacts begun only in 1974, and it 
took fifteen years more until they were banned (Arvidsson 2001). 
Application of this principle can be outlined as follows: in a vulnerable 
environment, where there is no capacity to accurately predict potential 
threats of introduction of human-made substances or compounds, a system-
base and long term perspective must drive our choices of the solutions 
(according to the availability of different options) that minimize these 
potential harmful impacts.   

4) Transparency, engagement and dialogue. The principle of transparency 
allows people to understand and scrutinize decisions made for the common 
good. It is always welcomed approach that creates trust and a sense of 
shared responsibility. “Sometimes intelligent moves towards future market 
opportunities are considered business secrets. This may be perceived as in 
conflict with the transparency principle, and, indeed, it may be true, 
particularly in the short term” (Robèrt and others 2002). This principle goes 
hand in hand with the necessity of creating together non competing 
solutions for sustainability, that are meant to be ultimately restorative for 
the human survival on the biosphere. Therefore, a shared and unimposed 
creation of such solutions is needed. Responsibility of the sustainability 
practitioners in this case is the effective creation of a space for this co-
creation process to happen. Water resource expert Mark Everard pointed 
out that “Planning can not be hierarchical but must be consensual, 
acknowledging that the many constituencies within catchments with 
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potentially conflicting demands are part of the systems” (Everard 2008).  

It follows from the above that the three most essential characteristics of an 
ideal DSS are: incorporation of a whole-systems perspective, incorporation 
of a principled vision of success and employment of strategic guideline, the 
most important of which is backcasting from principles of success.  

3.3 Identifying the Grips and Gaps of 
the Case Study, NetSyMoD 

Drawing from our characteristics of the ideal DSS we did a baseline 
assessment of our case study NetSyMoD, a DSS decision-making process. 
The assessment brought to light ‘grips and gaps’ in the NetSyMoD 
decision-making process. Grips are reliable holds that can be used to climb 
up to a goal. Gaps are places where grips need to be installed before we can 
move on. Less methodological comparisons to other DSS decision-making 
processes lead us to believe that the three strategic gaps mentioned below 
are common for this type of planning tool, whereas NetSyMoD’s grips are 
more unique.  

3.3.1 NetSyMoD’s Grips 

One of the greatest challenges in water resource management today, in 
Europe and across the globe, is meaningful stakeholder engagement. Not so 
long ago, water usage was decided by politicians and capitalists without 
public inquiry or non-biased scientific input (Everard 2008). For 
sustainable water resource management, it is crucial that decisions are made 
with transparency, full-spectrum stakeholder engagement and dialogue 
(Everard 2008). Transparency, engagement and dialouge are together one 
of our recommended strategic guidelines, building on this ‘grip’ will help 
NetSyMoD incorperate all three ideal characteristics. NetSyMoD makes a 
good attempt at stakeholder engagement in Phase 1, Actor Analysis. 
Departing from the generic design of a DSS, NetSyMoD calls for the 
establishment of a Task Force Group to identify relevant stakeholders. The 
Task Force Group uses questionnaires and interviews to assess power 
relationships with the other actors and the issue at hand. In this way, 
NetSyMoD is attempting to open up the decision-making process to fair 
and equal participation of all interested actors (Fondazione Eni Enrico 
Mattei 2008).  

It concerns us that NetSyMoD literature did not address the risk of bias in 
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selecting the Task Force Group and thus the consequent risk of bias in the 
actions of the Task Force Group. We feel a safeguard against biased Task 
Force Groups would improve the fair democratic process of stakeholder 
engagement. We agree with developers that NetSyMoD’s approach to 
stakeholder engagement is not perfect, yet we believe that NetSyMoD has 
made good progress towards this goal thus far especially considering it is 
not accounted for in a generic DSS.  

NetSyMoD developers surveyed for this study did not share our enthusiasm 
for the Actor Analysis phase. The majority felt that stakeholder engagement 
is NetSyMoD’s weakest link. The survey group expressed concerns that 
despite what is written on paper, in practice NetSyMoD struggles with 
holding stakeholders’ interest throughout the entirety of the decision-
making process and that it is difficult to conduct social network analysis 
necessary for balanced, full-spectrum participation. Notwithstanding, this 
phase is important from our perspective because it moves in compliance 
with our strategic guideline of transparency and co-creation. 

The decision-making process that NetSyMoD aims to support is the 
selection of the appropriate DSS toolbox to meet the needs of the actors’ 
water management challenge. NetSyMoD does this by establishing 
common ground for the actors to start from. This is done in Phase 2 and 3 
of the NetSyMoD process, ‘Problem Analysis’ and ‘Creative System 
Modelling’. Building common ground of the group to work from resonates 
with two of our characteristics of an ideal DSS: taking a whole systems 
perspective and establishing a principled vision of success.  

The greatest difference between the NetSyMoD approach and the ideal is 
where actors are asked to set up common ground. In NetSyMoD, actors 
find common ground around the problem whereas with the ideal DSS, the 
commonality would be built around the co-creation of a vision falling 
within principles of success. NetSyMoD’s approach is unsurprising because 
‘solving problems’ in the linear sense is exactly what all DSS are designed 
to do. Even so, NetSyMoD deserves special mention for their attempts to 
broaden the discussion. As mentioned in the user’s manual, the purpose of 
the Creative System Modelling Phase is to develop “a shared vision of the 
human-environmental system” (Fondazione Eni Enrico Mattei 2008). The 
details of the strategic differences between tools that focus on a problem 
and tools that focus on principles of success will be discussed in detail in 
the following section. At present, it will be sufficient to acknowledge that 
NetSyMoD recognizes the value of and provides structure for, a) working 
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with a broad range of actors and, b) the methodological selection of a DSS 
toolbox. Conversations with NetSyMoD developers indicated that building 
consensus around the problem not success is the intentional and preferred 
approach for this tool.   

3.3.2 Strategic Gaps in NetSyMoD’s 
Approach to Sustainable WRM 

The WFD is cutting edge public policy. They have done an admirable job 
of visioning and setting strategic goals. When working in a complex 
system, ‘trial-and-error’ aproach to problem solving is not very effective or 
rewarding. A DSS can organize this process. Yet, NetSyMoD is not taking 
full advantage of the opportunity presented by the Water Fund Directive to 
put Water Resource Management on a strategic path towards sustainability. 
Analyzing NetSyMoD’s decision-making process against the characteristics 
of an ideal DSS exposed three key gaps in the utility of NetSyMoD to 
bringing about sustainable water resource management. They are: operating 
without a whole system perspective, operating without a principled vision 
of success, and a reliance on forecasting. The first 3 Phases of NetSyMoD 
are where strategy is decided. In Phase 4, 5 and 6 strategy turns into action, 
meaning that knowledge collected in Phases 1-3 is assembled into a 
“toolbox of procedures and software tools capable of managing the data 
required for providing an informed and robust decision in the [DSS design] 
phase” (Fondazione Eni Enrico Mattei 2008). The three strategic gaps 
detailed below are liabilities for NetSyMoD; when dealing with a wicked 
problem; the whole system, success and strategic guideline of backcasting 
must be taken in account to ensure results that will bring about meaningful 
change.  

Operating without a whole systems perspective: A DSS is, by definition, a 
tool employed in the service of problem solving. To avoid reductionism, 
ideal DSS must provide a platform to analyse the problem in relation to 
other systems and this is something that NetSyMoD does not do. 
NetSyMoD’s structure binds the user to end-of-the-pipe solutions instead of 
deconstructing the underlying causes of the problem at a systems level. 
Operating with a whole system perspective is more than ‘development of a 
shared vision of the human-environmental system’; it is a robust description 
of the fundamental yet simultaneously dynamic characteristics of society 
within the biosphere. To avoid reductionism, this scientific analysis occurs 
above the context of the problem at hand and references the four Principles 
of Sustainability for the basic criteria of how sustainable systems operate. 
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Some NetSyMoD developers have a different opinion. One survey 
respondent found working from a whole-systems perspective laborious. In 
his mind, this approach is abstract and consequently slows down progress. 
He prefers to “solve the problem in front of you” (Mysiak 2008). We are 
concerned that since NetSyMoD prompts actors to assess a problem 
without a whole-systems perspective, it runs the risk of solving one 
problem while creating another. 

Operating without a principled vision of success: NetSyMoD provides two 
opportunities for actors to discuss the problem but not one for the actors to 
discuss their goals. Without a co-created and principled vision of success, 
how will NetSyMoD users know when the have been successful? 
Establishing the boundaries of the problem (as in Phase 2 and 3) serve a 
purpose, however to measure success and to generate creative solutions 
NetSyMoD actors need a principled vision of success from which to 
backcast. In this way, a principled vision of success will provide invaluable 
assistance in selecting the right DSS toolbox.  

Building a vision of success into NetSyMoD would require that the 
developers first have one in mind; however, responses to our survey 
indicated that only one third of NetSyMoD developers shared a vision for 
sustainable water resource management. To a degree, this could be resultant 
of the communication struggles we will describe in Section 4.2 yet we 
hypothesize that this is evidence of lacking a cohesive vision of success 
even by the developers. Those who shared a vision of sustainable water 
resource management described their vision using the industry-specific 
definition for Integrated Water Resource Management (IWRM)10. There 
was no pattern to the remaining responses; they ranged from protecting the 
rights of the economically weak and scepticism regarding the emergence 
sustainable WRM at all (Sgobbi 2008; Crimi 2008). 

Operating without strategic guidelines: In Section 3.2.3, we suggested four 
strategic guidelines, which are part-and-parcel of the ideal characteristics. 
NetSyMoD already has a grip on one: transparency, engagement, and 
dialogue. As previously motioned, we believe that backcasting is the most 

                                                
10 “IWRM is a process which promotes the coordinated development and management of 
water, land and related resources, in order to maximize the resultant economic and social 
welfare in an equitable manner without compromising the sustainability of vital 
ecosystems” (Global Water Partnership 2000).  
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crucial strategic guideline for achieving the goals of the WFD. Yet we 
found that the NetSyMoD decision-making process binds actors to current 
trends projected into the future; this is the common and un-strategic 
practice of ‘forecasting’. In Phase 2 (Problem Analysis) specifically and 
throughout the process, the “future development of drivers and pressures 
are simulated using models under alternative future scenarios” (Fondazione 
Eni Enrico Mattei 2008). However, “if forecasts are made from a position 
in which trends are driving the problem profile, and if planning tends to 
reduce solutions to ‘realistic levels’, then, by definition, these problems will 
be maintained into the future” (Robèrt and others 2007). By relying on 
forecasting, NetSyMoD limits actor’s options for the future to 
consolidations of what has been done in the past and present, thus leaving 
out the countless future possibilities.  

NetSyMoD did not provide neither adequate guidelines to satisfy our 
requirement of for guiding questions or a precautionary principle clause. 
From our review of NetSyMoD literature, it seems that participants are 
expected to have these guidelines in mind when problem solving, this 
approach makes results vulnerable to human error and oversight. Guiding 
questions such as ours (“Are we going in the right direction?” “Is this 
action a flexible platform for future actions?” and “Are we ensuring 
adequate return on investments?”) oblige participants to strategically 
backcasting from their vision of success thus synchronizing their efforts 
and avoiding mutually exclusive goals. Secondly, where there is no 
capacity to accurately predict potential threats from human interference in 
the water cycle, NetSyMoD participants should default to the precautionary 
principle to safeguard against future unknown harm.  
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Lesser Hazards: In the course of our analysis, we noted a few ‘lesser 
hazards’ in the NetSyMoD decision-making process yet, due to our 
commitment to whole-systems strategies for success, we refrained from 
discussing them in detail in this study. They are: unclear language 
throughout the process; the un-checked capacity of the Task Force Group to 
exercise bias in the actor analysis phase; and dependence on trained 
facilitators to operate the tool. Regarding the latter weakness, three survey 
participants shared our concern. One stated, “NetSyMoD combines 
different techniques and tools. It therefore requires practitioners/research 
group to be sufficiently conversant with all of them. Even though the 
degree of expertise required is not extremely high, this may be a problem in 
some cases” (Sgobbi 2008). The survey participants did not share our 
concerns regarding unclear language and the Task Force Group or the 
unclear language.    
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4 Discussion  

4.1 Expectations and Surprises 

We predicted a lack of whole-systems thinking and strategy in DSS, but 
what we did not expect was the lack of vision in the case study NetSyMoD. 
We were surprised to see that the Problem Analysis and Creative System 
Modeling phases were intended for neither understanding the system nor 
co-creating a vision for success but only to developing a shared 
understanding of the problem itself and nothing else. Limiting stakeholders 
to a certain realm of influence in their efforts, building consensus around a 
vision for success allows stakeholders to synergize their efforts with the 
larger needs of the system, the potential for positive spin off in this case is 
much higher. There was no goal setting in the process. No attempt was 
made to create a vision for the future without the problem. The only 
motivation built into the process was the fear of what might happen if the 
problem persists, e.g. forecasting. The qualitative difference between these 
approaches to visioning can be explained as such:                          

Visions may consist of either positive or negative images. Positive 
images incorporate something that we do not have but want, for 
example, law and order, a clean and healthy environment, and peace. 
Negative images incorporate something we have but do not want, for 
example, crime, poverty a disease, or an enemy (Ackoff 1998).  

‘Building a shared model of the problem’ (Phase 3) as opposed to ‘building 
a shared vision of success’ exemplifies the degree to which NetSyMoD 
missteps strategy in their approach to planning in complex systems. A DSS 
is supposed to help a group make a choice. A group forecasting how the 
world might be if they did nothing can be only so effective. They must also 
be asked to envision how the world will be improved after they act. This is 
an exercise that not only produces structure and direction but also generates 
inspiration and motivation.  

Inspired and motivated stakeholders would be a desirable improvement for 
NetSyMoD. The majority of NetSyMoD users and developers surveyed 
noted weak stakeholder engagement as the greatest challenge not only for 
NetSyMoD but for WRM as a whole as well. Co-creation of principles for 
future success will galvanize interest thus bolstering public participation 
and build buy-in. With stakeholders committed to and working towards the 
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same vision, the decision-making process is certain to produce better 
results. 

4.2 Strengths and Weaknesses of our 
Research Methods 

We are confident that our results reflect the true space between NetSyMoD 
and the characteristics of the ideal DSS. However we acknowledge that in 
the process, we were challenged in terms of achieving a shared language 
and creating a platform for mutual understanding with NetSyMoD 
developers. We attribute this challenge to the difference in our mental 
model and that of our survey participants. Experts surveyed in the creation 
of the characteristics of the ideal DSS were selected based on their 
expertise in WRM and FSSD therefore communication with them was not a 
challenge.  

We discovered that we were also attaching different meanings to the same 
words. Words that we believed to have implicit denotations such as 
‘system’, ‘upstream’ and ‘downstream’ connoted another message from 
NetSyMoD users and thus at times contributed to unexpected responses. On 
the other hand, we were challenged to grasp a deep understanding of 
NetSyMoD material for the same reason. NetSyMoD’s distinction between 
‘experts’ and ‘stakeholders’ for example rang hallow for us. 
Notwithstanding, after some intense study, we learned to predict and 
accommodate for the misunderstandings.  

4.3 Additional Thoughts on DSS  

This research began as an investigation into the mechanics of solving 
problems for water resources but resulted in lingering questions of the 
overall premise of problem solving as a discipline. Albert Einstein 
famously said: “We need a new way of thinking to solve the problems of 
the old way of thinking.” Yet, this wisdom is not reflected in NetSyMoD or 
more broadly, the generic DSS decision-making process. A DSS’s modular 
structure offers many opportunities to remove and replace one known 
component for another but the tool does not offer a platform for the 
unknown, potentially superior, component to be discovered. By forecasting 
the likely future, users are bound to the known world and thus liable to 
unwittingly pass the problems of the past onto future generations.  
Avoiding this by incorporating a backcasting, would necessarily add 
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another missing component to the DSS: a principled vision of success to 
backcast from. Not forgetting that to avoid reductionist visions and 
solutions, a DSS must also incorporate a whole systems approach based on 
Principles of Sustainability. In our opinion, this trio represents the 
interconnected and symbiotic nature of systems–healthy or not–which is, on 
the whole, missing from problem solving for WRM. We hypothesize that 
this oversight could be contributing to unsatisfactory results for meeting 
WFD goals.     

Moving deeper into the premise of problem solving, we acknowledge that 
DSS are made for wicked problems. Through our research, we came to 
challenge the purpose of characterizing and categorizing ‘wicked 
problems’. For example, the first property of a wicked problem is that it 
never stops but simply exhausts its puzzler. Yet, wicked problems are the 
result of systems out of balance and by what precedent should we ever 
expect a system to stop? The laws of thermodynamics teach us that nothing 
disappears and everything spreads. If this is so, what ‘end’ does even a 
simple problem have? Should a glass of milk spill on the table, the problem 
is ‘solved’ with a rag. Yet the milk does not disappear. It is carried in the 
rag, to the sink and washed away with water. That water is taken to a 
treatment facility and where bacteria could potentially become a wicked 
problem for water resources managers. So in fact, no problem has been 
solved, it has only been moved to another system. 

Secondly, wicked problems do not exist in nature; they are human made. 
When left to their own devices, natural systems always regain balance after 
a ‘problem’ like a drought or flood. In fact, on the systems level, droughts 
and floods are known to be necessary and beneficial. Acknowledging that 
wicked problems are human-made becomes very meaningful when drafting 
an ideal DSS. A tool that requires users to evaluate their actions against the 
Principles of Sustainability ensures that the ‘problem’ will be solved, not 
moved. We found little assurance of this in a generic DSS decision-making 
process. 

A last consideration for problem solving for WRM, is the value of a shared 
mental model for uniting creativity and enthusiasm. When a group of 
people outlines the boundaries of a problem, they create a shared mental 
model, i.e. they share a common ground that inevitably contains implicit 
assumptions on the individual basis. As precise as the definition of a 
problem may be, this approach will have limited effect because it cannot 
take into account the wider range of individual thought and interpretation. 
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For instance, we can share a definition of a problem, e.g. the Village of X is 
discharging pollution into a river and is consequently being fined by the 
county. Yet, without defining a desirable success state and the surrounding 
environment (‘the system’) there would still be room for different 
interpretations of the problem as such (e.g. the county is wrong to fine the 
village). Following the same example, one might argue that the problem is 
not important since the success level for the village is avoiding legislative 
fees, and they lose sight of the value of a clean river and a healthy 
surrounding community, upon which the village ultimately depends. In this 
case, the solution to the defined problem could be simply to pay the fees 
and go on polluting. Until a clear definition of the system and success can 
be provided by a DSS, debates about different possible solutions can be 
endless, because they carry on their implicit (and often different) 
assumptions of what a success state in the system is. Sharing a mental 
model around success not the problem brings a qualitative improvement to 
the process. This approach inspires people to think beyond what they know 
and reach for a better future.   
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5 Conclusions and 
Recommendations 

5.1 Summary  

The challenges faced in WRM are similar to those faced in the field of 
sustainability at large. In short they can be described as: increasing demand 
and decreasing resources. The expanded explanation of challenges faced by 
WRM is a quagmire of interwoven complexities pitting environment 
against the economy and ultimately against society as well. Owning to this 
inherent complexity, practitioners spend a lot of time searching for the ‘the 
heart of the matter’ and ‘minimizing damage’ seems to be the preferred 
approach to problem solving. We opine that in fact, the ‘heart’ as we 
conceive it, may not be the source of the challenge at all. Since water is 
everywhere, in everything and always moving, it is most strategic to step 
back and take in the whole system before decreeing where the source of 
your troubles lay. Secondly, minimizing damage can by definition only 
bring you ‘less bad’, if you would like your plan to bring you ‘more good’ 
you must take a strategic approach to planning.  

The Framework for Strategic Sustainable Development applied in this 
paper provides a scientific definition of sustainability and manages 
complexity whilst avoiding reductionism. It is fit-to-task for today’s 
emerging and evermore complex sustainability challenges. FSSD sidesteps 
many of the common pitfalls of consensus building by asking for principles 
not scenarios to describe ‘what can we all agree on’, as a baseline to start.  

As an expert interviewed pointed out, in WRM “a solution that serves all 
the interests is quite optimistic and will be in most cases be a compromise 
between all participants and their individual goals” (Dietrich 2008). Yet we 
believe that by agreeing to work towards a principled definition of 
sustainably will minimize ‘compromise’ as such. We believe that this 
approach to change opens up the process to a world of creative alternatives 
that will likely be preferable to what is known today in terms of avoiding 
legislation, improving efficiency, public support etc. The complexity of the 
system in which the problem should be contextualized may seem 
overwhelming to users, this is why it is useful to begin from basic 
Principles of Sustainability. A general conclusion we can draw from it is 
that science in itself is not enough for solving these problems. When 
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addressing a wicked problem, many experts acknowledge the limits to the 
‘technical solutions’ this requires us to look for solutions that bridge social 
and natural sciences. Indeed, the vast majority of experts surveyed in the 
course of this research felt that WRM’s weakest link in moving towards 
sustainability is a failure to build consensus due to limited engagement with 
from community stakeholders. Uniting stakeholders with a principled 
vision of success may be the motivation needed to engage people and build 
diverse buy-in.  

5.2 Practical Suggestions  

From the above, some practical suggestions for improving the current 
reality of the NetSyMoD DSS can be organically drawn here as an effort to 
move a DSS decision making process strategically towards sustainability. 
Even if these suggestions have been drafted with NetSyMoD as the 
benchmark, they remain of general validity for DSS in the field of water 
management. A dialogue with all the parties involved in the decision 
process is essential, both for practical and democratic reasons. Without a 
common definition of how an envisioned sustainable society looks like, 
friction and coercion is inevitable. Nowadays, we have perhaps hundreds of 
examples (e.g. building roads, dams, incinerators) of the proposed technical 
solutions to wicked problems. Before deciding which to select, these 
solutions have to be shared with and evaluated by the people affected in 
open dialogue. In the words of Mark Everard, “…we can not morally or 
feasibly impose solutions, nor will they work. So social dialogue around 
common principles (not imposed but emergent) is the only way forward” 
(Everard 2008).  

A science-based definition of sustainability as a common ground is the 
ideal starting point for this dialogue. As a natural follow-up, a definition 
rooted in science will help all the people involved weigh their choices. With 
no common understanding of what defines sustainable solutions, the debate 
will inevitably exhaust participants and fail to produce desirable results.  

5.3 Suggestions for Future Research 

The research hereby conducted was an attempt to help DSS for WFD be 
more effective in the creation of sustainable solutions. We found that our 
case study, and presumably other DSS, are lacking a whole-systems 
perspective and were reliant on forecasting. Therefore, we believe that 



 
46 

future research should address these concerns in greater detail. In general, it 
seems that even though many of the challenges in WRM have been faced 
with a great deal of science, all too often dependent (e.g. social) and 
dominant (e.g. ecological) systems were considered ‘externalities’ of the 
problem at hand and omitted from the decision-making process. We suggest 
that our recommendations be considered and tested by the developers of 
NetSyMod, to determine their effectiveness. 
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Appendix A 

The purpose of the Water Framework Directive is to establish a framework 
for the protection of inland surface waters, transitional waters, coastal 
waters and groundwater which:  

(a) prevents further deterioration and protects and enhances the status of 
aquatic ecosystems and, with regard to their water needs, terrestrial 
ecosystems and wetlands directly depending on the aquatic ecosystems; 
(b) promotes sustainable water use based on a long-term protection of 
available water resources; 
(c) aims at enhanced protection and improvement of the aquatic 
environment, inter alia, through specific measures for the progressive 
reduction of discharges, emissions and losses of priority substances and the 
cessation or phasing-out of discharges, emissions and losses of the priority 
hazardous substances; 
(d) ensures the progressive reduction of pollution of groundwater and 
prevents its further pollution, and 
(e) contributes to mitigating the effects of floods and droughts and thereby 
contributes to: 

• The provision of the sufficient supply of good quality surface water 
and groundwater as needed for sustainable, balanced and equitable 
water use, 

• A significant reduction in pollution of groundwater 
• The protection of territorial and marine waters. 

Achieving the objectives of relevant international agreements, including 
those which aim to prevent and eliminate pollution of the marine 
environment, by Community action under Article 16(3) to cease or phase 
out discharges, emissions and losses of priority hazardous substances, with 
the ultimate aim of achieving concentrations in the marine environment 
near background values for naturally occurring substances and close to zero 
for man-made synthetic substances.    

 

Source: European Commission. Establishing a Framework for Community 
action in the field of water policy. Directive 2000/60/EC of the European 
Parliament and of the Council, 2000. 
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Appendix B  

Survey questions submitted to experts in Water Resource Management and 
FSSD, to aid in outlining the characteristics of an ideal DSS.  

Respondents: 

Mark Eveard 
Eric Ezechieli 

Jöerg Dietrich 

 

Characteristics of the ideal DSS for Water Resource Management 

In your opinion, would an ideal DSS..?  

1. Be an instrument of whole systems’ strategy not end-of-the-pipe 
solutions? Please explain.  
 

2. Ask users to envision principles of success not only for the tool but also 
for the greater system that the tool is operating in? Please explain. 

 
 

3. Prioritize strategies for reaching principles of success based on the 
platform they provide for future initiatives and using the precautionary 
principle. The ideal tool would not create “competing targets” but help 
to synergize strategies that serve all interests? Please explain.  
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Appendix C 

Survey submitted to developers of NetSyMoD to aid in the baseline 
assessment of the tool.  

Respondents: 

Jacobo Crimi 
Yaella Depietri 
Carlo Giupponi 

Jaroslav Mysiak 
Alessandra Sgobbi 
Antonella Zucca 

 

Questions: 

1. Name and title 

2. Are you a NetSyMoD user, developer, both or other? 

3. Please rate your overall familiarity with NetSyMoD in comparison to 

other users or developers (scale of 1-10). 

4. Please describe the best-case scenario that could result from the use of 

NetSyMoD as a decision making process. 

5. What characteristics of NetSyMoD could cause users to produce less 

than desirable results? 

6. How do you envision sustainable water resource management?  

7. How do you envision the likely future of water resource management? 

8. If any, could you list the main difference between the ‘likely future of 

water resource management’ and ‘sustainable water resource 

management’? 

9. How can you ensure that results produced by NetSyMoD are not 

competing with each other, but instead going in the same overall 

direction? 

10. Abstractly speaking, in the spectrum between ‘upstream’ and 

‘downstream’, where would you locate the solutions produced using 

NetSyMoD (scale of 1-10)? 


