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Abstract The watershed committees in Brazil often face difficulties to find out consensus
solution for problems in water resources management and planning, due to multiple participants
with different backgrounds, differences of opinion, conflict of interests and differences in
perceiving and interpretation of problem and solution. This situation results in conflicts and
consequently put activities of committees at risk. The Problem Structuring Methods – PSMs are
techniques to structure problems and analyze similar type of problems. PSMs offer a way of
representing the situation to provide clarity to participants in understanding the problem and lead
to converging on potential agreeable actions for at least partial resolutions. This paper presents a
group decision approach for supporting water resources management and planning, based on the
use of the PSM Strategic Options Development and Analysis – SODA, which performs the
cognitive mapping of individuals. The approach promotes a common understanding about a
complex situation under investigation, assisting the group in identification of a course of actions
for solving the problem. The approach is intended to support Brazilian watershed committees
and it was applied to the committee of the Paraíba River watershed in northeastern Brazil. Using
this approach, the committee identified inadequate watershed management as a major issue that
must be undertaken in order to achieve mitigation of watershed degradation.
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1 Introduction

In Brazil, the management and planning of water resources is based on a participatory model,
in which a committee composed of representatives from water resources users, civil society
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and government is responsible for all decisions regarding a watershed. These committees often
face difficulties to find out consensus solution for problems in water resources management
and planning. Furthermore, the group itself is very complex since it involves individuals with
different points of views and conflict of interests. In this messy environment, which is likely to
generate conflicts, decisions and actions of the committee can produce positive or negative
impacts on economics, society and environment. Therefore, as observed in practice, to ensure
an effective decentralized and participatory management of watersheds in Brazil, the institu-
tion of the committees is not enough. It is necessary to provide a formal approach for
supporting the activities of these committees.

The existence of multiple actors, with different perspectives, conflict of interests and a high
level of uncertainties characterize such situations as unstructured complex problems (Mingers
and Rosenhead 2001). There are techniques to structure problems and/or analyze complex
decisions, some of which are characterized as the Problem Structuring Method – PSM.
According to Mingers and Rosenhead (2004), PSMs offer a way of representing a situation,
enabling individuals to clarify their problematic situation, making possible to achieve agree-
ments regarding ways to at least partially resolve it.

In fact, the studies published in the specialized literature in the last ten years endorsed that
PSMs are powerful tools for supporting problematic situations, such as problems handled by
Brazilian watershed committees. Some examples of applications are cited in: Hjortsø (2004);
Liao (2008); Levino and Morais (2011); Silva Filho et al. (2014); Manso et al. (2015);
Medeiros et al. (2017).

Ackermann (2012) presents a study that examines the benefits gained from the use of these
methods. The first benefit pointed out by the author is the ability for managing, rather than
reducing complexity, which is particularly useful to promote a common and holistic under-
standing about the problem and a deep exploitation of it; he concludes that this aspect of PSMs
is desirable in decisions, whose consequences in one part of the system affect other parts. The
second benefit is the consideration of different points of view in a structured and effective
manner, promoting ownership and commitment among participants; as a consequence of this,
individuals understand that there is no single correct point of view and that by attending to the
perceptions of others, the group not only enhances the quality of the outcome but also learns
more about themselves, the organizations, and other world views. Consequently, other benefits
emerge, such as, PSMs support a group’s negotiations towards an agreed outcome and reduce
the possibility of conflicts.

However, the author also observes that PSMs do not provide a single recommendation, but
only insights. In fact, they are useful to support the first stages of a decision-making process, in
which decision makers need to understand the decision problem and formulate it in terms of
alternatives and evaluation criteria. Liao (2008) concluded that combining quantitative and
qualitative methods is a trend for future work on PSM matters. Therefore, the use of a PSM
combined with an appropriate decision support approach, considering qualitative and quanti-
tative aspects during the evaluation and recommendation stages, can significantly improve the
decision-making process and the quality of the final decision.

A quantitative technique that has been successfully applied to support complex
decision-making processes is the Multi-Criteria Decision Making/Aid –MCDM/A. According
to Hajkowicz (2008), MCDM/A provides a transparent and effective evaluation of alternatives.
It has beenwidely used for supporting natural resources management and planning, particularly,
participatory water resources management and planning (Coelho et al. 2012; Roozbahani et al.
2012;Mutikanga et al. 2011; Fontana andMorais 2013; Liu et al. 2013; Karjalainen et al. 2013).
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Regarding the use of MCDM/A in the context of watershed committees, Silva et al. (2010)
proposed a group decision support system model, based on the multi-criteria method i.e.
Preference Ranking Organization Method for Enrichment Evaluation – PROMETHEE (Brans
and Vincke 1985) that prioritizes alternatives, considering all the sustainability pillars and
taking into account the background of water resources users, civil society and government.

The proposal of Silva et al. (2010) has four steps: the first step is intended for structuring the
decision problem; the evaluation step, where the PROMETHEE II method is used; the
aggregation step to obtain the ranking of the committee; and the last step for resolution of
conflicts. The first step is the more critical because it requires an effective management of all
the factors that make the environment complex to promote a comprehensive appreciation of
the situation. However, the model doesn’t provide any formal approach for supporting this
step, revealing its weakness for real life applications.

Therefore, the goal of this paper is to present a group decision approach for supporting the
stage of problem structuring in participatory water resources management and planning, based
on the use of SODA. The approach is intended to support Brazilian watershed committees and
it was applied to the Paraiba River committee in northeastern Brazil to structure a discussion
about the degradation of the watershed. For the case study, the cognitive map of the committee
was obtained through the aggregation of cognitive maps of a representative of a local industry,
a government employee, who works at the Brazilian National Public Health Foundation and a
civil society representative, who works at a federal university. The approach helped the
committee to gain a common understanding about the problem and to identify that lack of
adequate watershed management is the major issue that must be tackled for mitigation of the
problem.

2 Background

The basis of any PSM is to represent points of view of individuals or a group in a diagram-
matic form; then, these diagrams are exploited by the group, using different techniques, whose
main objective is to promote the development of a common and enhanced understanding about
the system, supporting participants in the achievement of an agreement regarding actions to
resolve a problematic situation at hand (Ackermann 2012). To put it simply, Rouwette et al.
(2011) say that PSMs support stakeholders in dealing with ill-defined problems. According to
Morton et al. (2003) apud Rouwette et al. (2011), the term model-driven methods can be
applied to PSMs, since these methods combine modeling and facilitation.

The PSMs emerged in the mid-1960s onwards in response to some limitations of traditional
Operational Research – OR methods (known as hard-OR) that were reported by its users
(Ackermann 2012). Through the years, several PSMs were proposed and have been exten-
sively developed (Rouwette et al. 2011). Three of them have been used in a very high number
of practical applications, with an increasing number of publications in scientific journals:
Strategic Choice Approach – SCA (Friend 2001), Soft Systems Methodology – SSM
(Checkland 2001) and SODA (Ackermann and Eden 2001, 2010; Eden and Ackermann
2001), which was devised by a group of researchers at the end of the 1980’s.

From the perspective of decision makers, these PSMs are very similar to each other:
typically, they provide the basis for a series of structured discussions that are conducted by a
facilitator, who should be able to capture the essence of these discussion, being as impartial as
possible, and then supporting individuals to organize and describe their ideas to the group.
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To do this, SODA, which is one of the most prominent PSMs (Georgiou 2011), uses
cognitive mapping to capture and record the perceptions that an individual has about a
problematic situation (Ackermann and Eden 2001, 2010; Eden and Ackermann 2001). SODA
maps are based on the idea of constructs of George Kelly’s psychological construct theory
(Ackermann and Eden 2001, 2010; Eden and Ackermann 2001; Georgiou 2011); thus, term
Bconcept^ of cognitive map theory is labeled Bconstruct^ in SODA (Caruzzo et al. 2015).
Constructs are used to model the knowledge of the decision maker. After the elicitation of
constructs and identifying the logical dependence among them, constructs should be catego-
rized into six types: tails, heads, strategic options, implosions, explosions and dominants.

Individual maps are constructed during semi-structured interviews or discussions between
the facilitator and the stakeholder concerned. These maps can be aggregated to provide a
summary of the perception of the group (Eden 2004), that is, the cognitive map of the group.
To do this, the facilitator should be able to identify constructs that represent similar issues and
then group them in a cluster of constructs regarding a specific thematic. These clusters will
form the points that link one individual map to another and hence allow the emergence of the
group map.

The construction of the group map in SODA adopts the output level aggregation approach;
in other words, each supra decision maker constructs his/her own map, which will be
aggregated with other maps to construct the map of the committee. However, it is possible
to construct the map of the committee considering an input level aggregation approach to
aggregate individuals’ preferences/points of view, when there is little divergence amongst
members of the group; in these cases, an open discussion with the group is established and
they are asked to agree on constructs and relations to create the group map.

In both cases, the group map may not reflect the opinion of each individual about the
problematic situation. In this sense, the facilitator should ask the group for validation of the
map in order to decrease the divergence amongst members of the group. SODA is not intended
to provide a total consensus, but a means for concretely visualizing the understanding that the
group has about the problematic situation at hand, including (and specially) the points of
divergences among individuals and others that might otherwise have remained obscure,
allowing for an appreciation of the understanding of others.

The map of the group is means for investigating problematic situations and its exploration
can help on the identification of actions to solve the problem, which is one of the main steps in
any decision making process. SODA is being used to support different types of
decision-making processes; the next section presents some related studies that were published
in specialized literature in recent years.

2.1 Literature Review

Regarding the use of PSMs in practice, Mingers and Rosenhead (2004) performed a literature
review of relevant scientific journals that covered studies published between 1991 and 1998.
According to the study, during this period, a total of 49 papers were published, which were
classified into five areas: General Organizational (21); Information systems (6); Technology,
resources, planning (9); Health services (9); General research (4). The review indicated the
predominance of SSM; this methodology (alone or combined with other methods) appeared in
26 applications, while the use of cognitive maps appeared in 9 studies. The authors also
presented four extra published case studies involving the use of PSM to support a high-profile
client from outside the OR area: (i) Organizational restructuring at Shell based on the use of
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SSM; (ii) Developing models for supporting damage claims, in which SODA was used as a
technique for knowledge acquisition, serving as a raw-material for developing a systems
design-based model; (iii) Supporting tenants co-operative, in which elements of different
PSMs were used; and (iv) Developing an information technology strategy for supermarkets,
in which a multi-methodology based on SODA, SSM and SCAwas used.

As far as SODA applications are concerned, the review performed by Mingers and
Rosenhead (2004) was not exhaustive. Other publications regarding the use of SODA can
be found in the literature between 1991 and 1998, for example: Simpson and Beeby (1992)
used SODA to support senior management groups in the Public Sector in the processes of
organizational transformations; Bryant (1997) used the SODA for system requirements elic-
itation within a development project. In the last fifteen years, the number of publications
regarding the use of SODA has increased, particularly for supporting problematic situations
regarding environmental management. Some of these studies are presented below, whose
description also helps to explain how the methodology works.

Eden and Ackermann (2004) applied SODA for identification and exploitation of potential
policy options pointed out by individuals outside the prison department in the United
Kingdom. According to them, SODA is not a method for supporting group decision making,
but a technique for handling analytically complex problems.

Hjortsø (2004) applied SODA to increase the participation of society during the planning of
strategic forest management in Denmark. The author proposed the application of a question-
naire in order to have the feedback of the thoughts of the interviewees about the usefulness of
the catalogue. Moreover, a questionnaire to the council members was created and the results
presented in a table to evaluate the feasibility of SODA approach in the process.

Levino and Morais (2011) proposed a model for supporting a group of individuals in the
structuration and identification of alternatives to reduce sanitation problems that occur in
Brazil. For evaluation of alternatives, Copeland voting procedure method was applied for
selection of the best alternative. The model was not applied in practice to a real situation.

Rouwette et al. (2011) compare SODAwith a system dynamics modeling approach, named
Group Model Building – GMB, considering the same real-life case, with a similar group of
individuals. On a theoretical level, the authors concluded that GMB and SODA are very
similar: in both methods, participants list concepts central to the issues of interest and then
relate them using a set of connected arrows. On the other hand, on a practical level it was
concluded that SODA’s major strength is its ability to identify and relate actions to indicate
what must be done to achieve a given goal, while the GMB’s major strength is its ability to
capture the main structure that is provoking a problematic behavior. The authors concluded
that GMB and SODA catch different aspects of the problem and they may complement each
other: the former helps to create insight into the relation between (past) behavior and the
structure of the problem while SODA is intended to identify actions.

Silva Filho et al. (2014) applied SODA to investigate criteria that should be considered for
efficient allocation of segmentation valves in a water distribution network. They combined
SODA with a MCDM/A approach, based on the method PROMETHEE II. The proposal
considers 4 stakeholders: public relations analyst, environmental analyst, financial analyst and
a supra decision maker who is a maintenance analyst. The proposal was not applied in practice
to a real situation.

Almeida et al. (2014) proposed an approach for aggregating opinion of multiple stake-
holders based on the use of Value-Focused Thinking – VFT (Keeney 1996) combined with the
cognitive maps of SODA to solve a problem regarding the identification of selling price
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strategies in a compounding pharmacy in Brazil. SODAwas used to identify the problematic
situation and to extract from the aggregated map the objectives of the group. According to the
authors, the combination of both methods aims to explore the strength of each and assure a
richer value structure resulting from the aggregation of different points of view.

Caruzzo et al. (2015) applied SODA to structure the problematic situation involving the use
of weather forecasts for mission launching of aerospace vehicles in Brazil. For the mapping,
the stakeholders were grouped as follows: (i) professionals of weather forecasts and meteoro-
logical observations; (ii) professionals who use the meteorological information during launch
missions; and (iii) top decision makers who are senior managers in the launch missions.
According to the authors, SODA enhances the understanding about the problem improving the
quality of its analysis.

Manso et al. (2015) used SODA to structure the problematic issues regarding the manage-
ment of natural disasters that occur in São Paulo, Brazil, by the civil defense system. For this,
the stakeholders were divided into six groups, according to the areas of the civil defense
system.

Dias et al. (2016) presented a case study in which the cognitive mapping technique was
applied for the requirements elicitation process in aerospace product development in Brazil.
Four cognitive maps were constructed using the CmapTools software, one for each decision
maker (two clients and two suppliers). Based on the aggregated map, a tree of major points of
view was created with eight branches that encompass similar concerns. Then, decision makers
used this tree as an input to the process of product requirements elicitation.

Medeiros et al. (2017) presented a virtual case study in which a watershed committee is
dealing with a conflict that emerged from a discussion about water pollution. The virtual case
study is divided into three phases: pre-negotiation phase, in which the method SODA is used
to identify relevant factors; multi-criteria evaluation phase; and post-negotiation phase for
evaluation of agreement effectiveness. According to the authors, in this study an approach was
proposed, however, its description is not sufficiently informative to allow its replication to
other cases. Finally, due to characteristics of Brazilian watershed committees, the chance of
application to a real situation is very low.

Oliveira et al. (2017) also combined cognitive mapping with a MCDM/A approach for
evaluation of small- and medium-sized enterprises and their risk of bankruptcy, based on
background of managers and bank analysts.

3 The Proposed Approach

This section is intended to present the proposed approach. The approach for structuring
problems aims to promote a common understanding about a problematic situation
discussed in a committee for water resources management and planning, supporting the
group to identify and agree on a set of strategic actions/alternatives for mitigation of the
problem. The goals are: to identify a complex problematic situation that is being addressed
by the committee; to select individuals who will represent each interest group in the
construction of cognitive maps; to identify a set of strategic actions for solving the
problematic situation at hand.

The approach is divided into five stages (Fig. 1): (i) regular committee meetings, for
identification of a complex problematic situation; (ii) first workshop for presentation of the
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approach; (iii) interviews with each group; (iv) construction of the committee cognitive map;
and (v) second workshop for formulation of the set of actions.

The application of the approach requires a facilitator, who is responsible for conducting all
activities. This actor plays a central role in the model and should be a non-member of the
committee, as impartial as possible, but with ability to intervene whenever necessary, partic-
ularly, during the construction of cognitive maps. In order to promote a trust relationship
during the application of the approach, all stages help to promote the impartiality of the
facilitator.

Complex problema�c 
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First Workshop
Presen�ng the 
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commi�ee

Presen�ng the 
problema�c 
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commi�ee 
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Fig. 1 Flowchart of the proposed approach
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3.1 Regular Committee Meeting

The model is appropriated for the cases in which the committee is discussing and trying to
deliberate on a complex problem. Thus, the start point is to identify problem. To do this, the
facilitator participates in regular meetings of the committee, observing the discussions in the
group and trying to identify problems with following characteristics: high level of uncertainties
on the proposed solutions or apparently no solutions exist for the problem; and/or divergent
and conflicting points of view among individuals. The model will support the structuration of
one complex problem at a time.

3.2 First Workshop

After the identification of complex problematic situation, the facilitator presents a workshop
that is held at the following regular meeting of the committee. The goal of this workshop is to
present the approach to the committee and to present the problem that is being structured by
the model (the label) and to select the individuals who are representing each sector during the
constructions of cognitive maps.

To select the participants, the members of the committee are grouped as follows: (i)
government representatives; (ii) water resources users (representatives of agro-industrial,
industrial, water supply companies, etc.); and (iii) civil society representatives. Each group
chooses one member for its representation during the interviews for construction of the
cognitive map of the group. The selected member is called Bsupra decision maker^ and the
groups can create their own rule to select their respective representative (for example, voting
can be used), but it is important to observe if the individual has experience and expertise
regarding the issue and if it is viable, in terms of time and cost, to perform the interview with
him/her.

3.3 Interviews

At this time, each group is represented by its respective supra decision maker who was selected
in the previous step. For the interviews, a face-to-face meeting should be held with each supra
decision maker at a previously agreed place, according to the convenience of both facilitator
and the supra decision maker. A total of three semi-structured interviews/discussions is
performed (it is recommended to record the discussion).

During each interview, the facilitator must be able to engage the supra decision maker
in discussing about the label in order to capture and record the perceptions that he/she
has about the problematic situation. To avoid misinterpretation of an idea, facilitator
must encourage him/her to give a statement that represents an idea opposite to the
former.

As the supra decision maker speaks, the facilitator identifies the constructs i.e. an idea and
its opposite idea and the logical dependence among them, according to the descriptive logic of
the interviewed, using arrows to represent it with or without sign. The facilitator should use the
software Banxia Decision Explorer in the elicitation of constructs and their relations to
represent the construction of the cognitive map. Then, constructs should be categorized into:
heads, strategic options, tails, implosions, explosions and dominants. At the end, the map is
validated by the supra decision maker.
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3.4 Construction of Committee Cognitive Map

At this step, the facilitator aggregates individuals’ maps to construct the map of the committee
that represents the perception of the group as a whole.

Firstly, the facilitator identifies themes that are being represented by the constructs in order
to create thematic clusters; then, the facilitator identifies constructs by thematic cluster and by
group (government, water resources users and civil society). After, the facilitator verifies if the
maps of groups have constructs related with each other (representing similar ideas); these
constructs must be converted into single map that encompasses the original ideas of all.

At this point, the committee map is constructed, observing the linking points among
individual maps that are formed by the thematic clusters. Then, the facilitator will identify
and analyze tails, heads, strategic options, implosions, explosions, dominants and potential
feedback loops.

With the analysis of the committee map, the facilitator will gain a deeper understanding
about the problem and relations that the issues have with each other, through the knowledge of
the following information organized into the five types of constructs:

& key issues (strategic options) that are contributing to the global problem (head), indicating
the nature of actions to mitigate the problem;

& implosions and explosion revealing multiple aspects of an issue, or even different point of
views that the group may have about it, and the existence of connections that can exist
among issues;

& dominant/major issues, if they exist;
& and, finally, the root causes (tails), indicating the course of actions to be implemented for

mitigating the problem identified.

3.5 Second Workshop

The second workshop is the last activity of the structuration stage. It should be held at the
following regular meeting of the committee and the main goal is to present the map. With the
explanation of the map, the facilitator tries to promote a common understanding about the
problem, solving potential conflicts that can emerge by showing that the map converge in the
points of view and interests of the whole group, even when the ideas are presented in a
different way.

With the analysis of strategic options, implosions, explosions, dominants and, specially, the
analysis of the directions given by the root causes, the facilitator will support the group to
formulate a set of actions for the mitigation of the problem at hand. It is important that all
members of the committee accept the actions formulated by the group.

4 Application Results

An application of the approach was performed to support the committee of the Paraíba River
watershed in northeastern Brazil (Fig. 2). The watershed has a drainage area of 20,071.83 km2,
covering 38% of the territory of Paraíba state, which corresponds to about 52% of its total
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population (about 1,828,178 inhabitants), including the two biggest cities in the state: the
capital João Pessoa and Campina Grande.

The recommendation is that the committee must be composed of sixty (60) members, as
follows: civil society (30%); water resource users (40%); and government (30%) divided into
Municipal Government (20%), State Government (7%) and Federal Government (3%);
though, according to analysis of attendance lists performed by Ribeiro et al. (2016), the civil
society achieved the rate of 40% of participation, followed by government and water resource
users, with 31% and 29%, respectively. The average attendance per meeting was about 24.8
and some meetings were not held due to lack of quorum. It was also noted still a great effort
and discussion is required on organizational structure of the committee.

Nevertheless, the committee of the Paraíba River watershed is one of the most active in
Brazil, with regular meetings throughout the year, making it possible to apply the proposed
model, as described below.

The authors of the paper acted as facilitators and the first regular meeting was held in
August 2015, in Campina Grande, Paraíba, in which the structuration stage started. During this
meeting, facilitators presented themselves to the members of the committee, gave them an
overview about the model, and also identified the supra decision makers. At this point the
model suffered a little modification - the model recommends that each group should chose its
respective representative. Thus, this meeting encompassed two activities of the structuration

Fig. 2 The Paraíba River watershed in northeastern Brazil
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stage: regular committee meeting, for identification of a complex problematic situation; and
first workshop for presentation of the approach and for selection of the supra decision makers.

The complex problematic situation emerged from a plan for mitigation of the degradation of
the watershed that was proposed by the State Government and presented to the committee
during this meeting. Therefore, the complex problematic situation to be structured is the
degradation of the Paraíba River watershed. Regarding the supra decision makers, they are:
a representative of local industries (water users); a government representative, who works at
the Brazilian National Public Health Foundation; and a civil society representative, who works
at a federal university.

The semi-structured interviews were held in workplace of the supra decision makers in João
Pessoa and Campina Grande. The facilitator conducted the conversations using the following
three questions: (i) Bwhat are the problems associated with the degradation of the basin?^; (ii)
Bhow can we mitigate these problems?^; and (iii) Bhow are these problem’s related with each
other?^. Each decision maker had about 20 min to discuss these questions; for each given
statement, the facilitator encouraged them to present an opposite idea to eliminate any
subjectivity/ambiguity.

After that, the maps of each group was constructed and validated, followed by the
construction of the aggregated map. According to the map, which contains sixty-nine con-
structs, the problem of degradation of the watershed can be explained by three key issues
(Fig. 3): lack of adequate watershed management (construct 51); water scarcity within some
areas of the basin (construct 2); and water resources pollution (construct 17).

Construct 25 (Bstakeholders do not execute strategic planning^) is an implosion and thus it
summarizes the ideas expressed in the six constructs that are directly connected to it. Also, it is
an explosion, revealing that this issue has influence over five other constructs. One of them is
construct 51, which is also an implosion, with six other constructs leading to it. Therefore, all
these constructs (a total of eighteen) are related to the issue Black of adequate watershed
management^ that is immediately connected to the head (Fig. 3).

Two other implosions connected with each other are constructs 31 and 2. They compose a
connection net containing ten constructs that is related with the central issue Bwater scarcity
within some areas of the basin^. Construct 17 is also an implosion with five constructs.

Therefore, almost 50% of the ideas expressed by the committee reveal multiple aspects of
the issues management, scarcity and pollution. Among these constructs, construct 25 repre-
sents the centrality of the problematic situation, because of its dominance; it reveals an
indication of the major issues that must be tackled to achieve the goal. In this case, the lack
of strategic planning and thus management seems to be the dimension in which efforts must be
concentrated for improving the situation of the basin.

By the analysis of the root causes, it is possible to identify the directions for improving the
management of the basin and consequently mitigate the effects of its degradation. Table 1
presents the recommendations identified in the root causes and the related respective construct.
Based on these recommendations, the set of actions are formulated.

Other recommendations can be inferred from the map regarding the water scarcity. Indeed,
the group agrees that water scarcity, provoked by recurring drought in the region, contributes
to the degradation of the basin; however, they also agree that the consequences of that could be
significantly reduced if preventive actions regarding management aspects had been taken.
Therefore, as indicated by the map, lack of adequate watershed management is currently the
main issue of the committee.

An Approach for Supporting Problem Structuring show $6#?>in Water Resources... 2965



www.manaraa.com

1 The waters hed is

s uffering from the

effects  of its

degradation ... It

is  neces s ary to take

urgent and

s ignificant actions

to reduce

degradation
2 Water scarcity

within some a reas  of

the  bas in ... To

provide  access  to

safe  wate r

4 Exis ting wate r

mains  a re

insufficient ...

Expand the  wate r

supply

infras tructure

5 The public

adminis tra tion has

other prioritie s  ...

To make investments

in domestic and

industria l sewage

trea tment

6 Delay in works  of

the  project for

transposition of the

São Francisco Rive r

... To create  an

emergency plan,

prioritizing

critica l rese rvoirs

15 Water access

licensing a re

granted to few

people…To make  the

process  for

licensing granting

more  transparent

17 Wate r bodies are

polluted ... To take

actions  and programs

to reduce  water

resource  pollution 25 Stakeholde rs  do

not execute  a

strategic planning

... Define  a

planning to as sure  a

ra tiona l use  of
na tura l resources

31 Waste  of wate r…

To implement a  se t

of actions  for wa ter

loss  reduction

43 Agreements

be tween

ANA/CAGEPA/AESA and

the  committee  a re

not met ... Improve

the  re la tionship

among the  committee

and the  other

entities

48 Politica l

influence on

decis ions  rega rding

watershed management

... Board of

directors  of

entities  mus t be

defined based on

technical criteria

51 Bad wate rshed

management ... It is

necessary to provide

capacita tion

rega rding techniques

for managing bas ins 52 Position in

entities  re sponsible
for bas in management

do not fit

requirements  to

pe rform job

ass ignments  ... To

establish minimum

job specifica tion

56 Stakeholde rs  care

about the ir

particular inte res ts

… It is  necessary to

take into account

the  needs  of a ll

bas in ecosystems

59 Entities

responsible  for the

management of the

basin do not perform

their tasks prope rly

... To improve the

quality of se rvices

60 Subsis tence

agriculture  and

lives tock is  the

basis  of the  economy

in the  townships

covered by the  bas in

... Encourage other

a lterna tives

62 Committees  have

consulting and

delibera tive

functions  ...

Committees  should

execute  actions

63 Leak of

infra structure  for

the  committee  ...

The current

infra s tructure  is

not appropria te

64 The basin does

not have enough

wate r to supply a ll

the  cities  and

townships  that a re

covere d by it ...

integra tion of

bas ins

Label: 

Head Stra tegic Options Tails

Fig. 3 Strategic options and network formed by constructs 25 and 51

Table 1 Recommendations regarding the management dimension

Construct Recommendations

14 Improve the process for water access licensing granting and inspection
30 Creating a benefit program for rural producers who protect ecosystems in the basin
35 and 61 Increase the number of employees in the entities responsible for the basin management
38 Finance the development of cheaper water desalination technologies
40 Implementation of a selective waste collection project in the townships covered by the basin
41 Capacity development regarding new technologies for water collection, storage and transportation
42 Allocation of budgeting for the management of the basin
48 The board of directors of the entities responsible for management of the basin must be defined based

on technical criteria instead of political recommendation
49 Capacitation of the technical staff of the entities responsible for the integrated management of the

basin
57 Public educational campaign to promote environmental awareness
69 Search for projects and laws that encourage townships to implement good environmental practices
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5 Conclusion

This study presents a group decision approach for supporting participatory water resources
management and planning. The approach consists of the cognitive mapping of each interest
group (civil society, government and private sector), represented by an individual of the group;
then, these maps are aggregated to construct the map that represents the background of the
group as a whole, converging all points of view and interests. By the analysis of this
aggregated map, the group achieves a common understanding about a complex situation under
investigation, helping the group to identify strategic alternatives for mitigation of the problem.

The approach is intended to support Brazilian watershed committee. It was refined as it was
applied to the committee of the Paraíba River to structure a discussion about the degradation of
the watershed, which inferred that lack of adequate watershed management is the major factor
that contributed to the problem at hand. The application shows that the approach promotes a
common understanding among the members of the committee, provides effective participation
and finally assures that decisions made by the group are based on criteria in compliance with
sustainability principles. All these aspects help to improve the efficiency of watershed
committees and making the decision process more transparent.

One disadvantage of the model is related to the difficulties in describing how to construct
the cognitive maps in SODA, which limits transferability of the model to be applied by an
ordinary member of the committee; consequently, the model requires a decision analyst. On
the other hand, the presence of a decision analyst assures the impartiality necessary to assure a
relationship of trust among the decision makers and consequently to reduce conflicts amongst
the different interest groups.
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