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Abstract. In the early days of Systems Analysis the focus education and outreach influencing behaviour), economic in-
was on providing tools for optimisation, modelling and sim- struments and legislation. Regardless of any scientific and
ulation for use by experts. Now there is a recognition of theeconomic justification, it is unlikely that all proposed mea-
need to develop and disseminate tools to assist in making desures or policies will be acceptable to all stakeholders so
cisions, negotiating compromises and communicating prefthat considerable controversy and some planning and legal
erences that can easily be used by stakeholders without thehallenges can be expected. Consultation, negotiation, com-
need for specialist training. The Water Framework Direc- promise and refinement of measures can be expected. Thus
tive (WFD) requires public participation and thus provides it is imperative that all decisions on policy and measures
a strong incentive for progress in this direction. This pa-be taken not only (i) on the basis of the best available sci-
per places the new paradigm in the context of the classicaéntific and economic information but also (i) be taken us-
one and discusses some of the new approaches which can by an unbiased, independent and logical methodology and
used in the implementation of the WFD. These include multi- (iii) take account of all stakeholders concerns, both quan-
criteria decision support methods suitable for environmentatifiable and non-quantifiable, in a transparent manner. This
problems, adaptive management, cognitive mapping, socialequires the “systems approach” to decision making. Given
learning and cooperative design and group decision-makingthe complexity of the scientific processes and computer mod-
Concordance methods (such as ELECTRE) and the Analytels involved, a computer-based decision support system with
ical Hierarchy Process (AHP) are identified as multi-criteria multi-criteria analysis capability is an essential tool in such
methods that can be readily integrated into Decision Suppora decision-making chain. It must have access to the best in-
Systems (DSS) that deal with complex environmental issueg$ormation on available measures and it must be able to inter-
with very many criteria, some of which are qualitative. The act with stakeholders (two way communication) to reliably
expanding use of the new paradigm provides an opportunitygauge their opinions and preferences and to incorporate them
to observe and learn from the interaction of stakeholders within the decision analyses. This paper starts with a description
the new technology and to assess its effectiveness. (in Sects. 2 and 3) of how the classical systems approach to
decision making in relation to large infrastructural projects
has, in practice, expanded to include feedback loops involv-
ing negotiation, compromise and possibly revision of prior-
ities. Then, in Sect. 4, some new analysis tools and meth-
The EU Water Framework Directive (WFD) requires that ev- ods are descr_ibed W.hiCh support the new paradigm. Finally,
; ; )$ect. 5 describes briefly some examples of the new types of

maintain good chemical water quality and ecological staty<Jecision support systems that have emerged to facilitate the

by 2015. All tools that can improve chemical and ecologi- use of these new methods by all types of stakeholder.
cal status may be implemented and this includes physical in-
tervention (e.g. hydro-morphology), social interaction (e.qg.
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2 Systems approach — the classical paradigm assessment criteria. While many of the objectives will map
to specific objectives of the WFD, there will be others, such

De Neufville (1990) defined systems analysis as “the use ols “equity”, “national or regional development” which are

rigorous methods to help determine preferred plans and desbvious concerns for the implementing authorities.

signs for complex, often large-scale systems. It combines

knowledge of the available analytic tools, understanding of2.2 Establish measures of effectiveness

when each is more appropriate, and skill in applying them to i ) o
practical problems. It is both mathematical and intuitive as isProcedures must be established for assessing each objective

all planning and design.” Ossenbrugger (1984) defined it ad crite_ria. T_hey may be quantitative (e.g. cost) or qualitative
“a coordinated set of procedures that can be used to addred§-9- Visual impact, taste etc.). In most cases there are many

issues of project planning, engineering design and manageqifferent ways to assess any one objective. For instance for
ment. Systems Analysis is a decision making tool. An en-21Y physical quantity a criterion could be a long term aver-

gineer can use it for determining how resources can be use@9€: @ mean daily average (or over any period) or the number
most efficiently and most effectively to achieve a specified©F duration of exceedences of a threshold. The choice of
goal or objective.” Burus (1972) declared it to be “an exten- Measure can unintentionally bias the _deC|S|on mqqug pro-
sion of the scientific method and it introduces into it a certain C€SS- The assessment may be qualitative or quantitative.

degree of formalism, which channels the thinking and guides2 3 Generation of alternatives
it through the maze stretched between formulation of objec-

tives and performance of the design”. A list of possible types of solution is generated. In the con-
All of these definitions focus on the toolbox aspect of the et of the WED these are the “measures”. The list should
discipline, the collection of appropriate mathematical andpe as complete as possible and cover all the possible cate-

be classified as “hard” systems. Major issues relating to Unthe discussion the longer the list.

certainties in the objectives and criteria and how to deal with

multiple decision makers (or stakeholders) with competing2.4 Evaluation of alternatives

objectives did not arise at that stage. A fixed and knowable

set of objectives was assumed although it was recognised th#}ll of the possible types of solution are evaluated in relation

some effort may be required to generate the complete set. A0 the measures of effectiveness for each criterion. This in-

rational and unwavering decision maker was also usually asvariably requires modelling and simulation which produces

sumed. an assessment matrix with an assessment for each criteria for
When systems analysis was applied to water resource§ach alternative (measure).

projects and river basin management, the projects often re- . i

lated to very large scale measures, involving significant in-2-> D€cision or recommendation

frastructural, policy or legislative changes, and it was con-

. . . . S The results of the evaluation are analysed and decisions or
sidered desirable to formalise the various activities involved

in making decisions about the design and/or management orfecommendations are formulated. When there are many ob-
Y . 9n 9 rﬁectives/criteria this may require some trade-off between ob-
such measures. The classical paradigm for such a system-

. . . : . ~7~ "~ Jectives and multi-criteria decision support techniques can
atic approach to decision making contains the following f|veJhelp here PP q
steps: §

This classical paradigm, illustrated in Fig. 1 is a linear pro-
cedure. The final two steps depend on the results of the three
preceding ones so the steps must be completed in the order
indicated.

2.1 Definition of objectives

The objectives of the project are specified. For a commercia
project, the “client’s” objectives are paramount, maximise
profit or shareholders’ value in a Public Company. However,3 A new paradigm

in the context of European Directives (and not just the WFD),

the issue is more complex. It would be too easy to say it isThe classical paradigm was fostered by the General Sys-
the “stakeholders™ objectives thahouldcount. However, tems Theory approach to understanding complex systems
the WFD envisages stakeholders having an advisory role anthat evolved in the 1940s (Bertalanffy, 1968) and by the
itis typically a government department or organisation whichsubsequent need to manage such systems in a “real-world”
implements and pays for the WFD measures so that their obeontext (Checkland, 2000). Checkland (2000) considered
jectives are important and must be considered. A complicatthat General Systems Theory had “failed”, but perhaps this
ing factor is that large-scale water resources problems usuwas only because too much was expected by its origina-
ally involve a very wide range of objectives and have a widetors. It strongly influenced work on ecological systems sim-
range of significant benefits and impacts and correspondingillation (Odum, 1994 and Odum and Odum, 2000) and the
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Fig. 1. Systems approach: Classical Paradigm (Bruen, 2006).

Fig. 2. Systems approach: New Paradigm (Bruen, 2006).
ecosystem diversity-stability controversy sparked by May
(1984). While Bertalanffy differentiated between “closed” . ) ) ] )
and “open” systems, depending on whether the system coull$ &" |terat|ye one in WhICh. some feedba}ck from stakehold-
be considered in isolation from its surroundings (with en- €S IS possible after a preliminary “solution” has been pro-
vironmental systems generally placed in the latter categoryP0S€d- This feedback may lead to a revision of priorities, or
the classical paradigm is more appropriate for closed, well{0 additional alternatives (measures), typically compromises
defined, systems. While it is still valid today in certain cir- P€tween or combinations of the original ones. The learning
cumstances, it does have some fundamental limitations, paR"0c€ss involved may even lead to some refinement of the
ticularly when applied to complex problems with many im- opjectlves. The ultlmaj[e aimis tq find an acceptable compro-
portant environmental considerations, as with the WFD. ThisiSeé between the various, invariably competing, objectives,
is because of the assumed “closed” nature of the problem@nd this involves negotiation, compromise and perhaps even
for instance that the decision maker(s) are readily identifiable>°Me rethinking of the project objectives. This was recog-
from the beginning and that their priorities can be readily ob-NiSéd at a comparatively early stage, €.g. by Jamieson (1986)
tained at the beginning of the analysis and that they do nofVh© wrote “River basin management can be characterised
change over appreciable time scales and are not influence@® an €xercise in conflict resolution”. More recently, Wil-
by the decision process itself. This may be true in many cir-SOn and Droste (2000) describe the changing role of analy-
cumstances, for instance for most private companies and fop'S @nd negotiation in environmental decision-making. They
some public agencies. However, many decisions relating tddentify the need for a new look at the information technol-
large-scale activities or measures related to the WFD hav@9Y requirements of decision support in the area of water
significant environmental impacts and the objectives and prif€Sources. They stress that integration of key management
orities of, and impacts on, the general public may not be easftnctions should be linked to the Decision Support System

to obtain in the “abstract™ initial stages of the analysis. The (DSS).

author believes that many people are better able to appreciate

the issues and articulate their opinions when faced withasing  New tools for the new paradigm

gle specific design proposal to consider. Moreover, priorities

and opinions may change over the time-scales envisaged fof.1  Introduction

the implementation of the WFD and may be influenced by in-

volvement with the decision making process. Thus the stepsn the classical paradigm, computers were used to a signif-
shown in Fig. 2 better represent what happens in practise. licant degree in the fourth stage “Evaluation of alternatives”
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and to some degree in the fifth “Decision or recommenda-existing techniques that came to prominence within the last
tion”. This is because the evaluation generally required pretwo decades.
dicting future performance and this required numerical sim-
ulation models. All the various numerical modelling tools 4.3.1 Multi-Attribute Utility Methods (MAUT)
were available and there was a broad choice of specialist
simulation software packages for both continuous and dis-One of the earliest approaches to the multi-criteria decision
crete systems, e.g. GPSS (General Purpose Simulation Sygroblem was to extend the existing utility theory to multiple
tem) (seenttp://www.webgpss.cojror STELLA (Structural  dimensions. (Keeney and Raiffa, 1993) Utility was originally
Thinking Experiential Learning Laboratory with Animation) used by economists (see Galbraith (1991) for a short history
(Hannon and Ruth, 1994). Some general purpose optimi— it was mentioned by Bentham in 1789) and represents a
sation methods (see Gill et al. (1981) for the classical tech-person or group’s level of satisfaction with a particular out-
niques and Efstratiadis and Koutsoyiannis (2002) for somecome and can be used to indicate preference or indifference
examples) could be used in the fifth stage to produce decibetween the outcomes or consequences of any policy. Its
sions that were optimal in relation to a single criterion. More use requires some strong assumptions about the nature of the
recently however, new decision support techniques have beetlecision-maker’s preference structure and is expressed on an
developed to assist with the more complex decision problem®rdered metric scale. The numbers of this scale have no ab-
typically associated with environmental issues, Bruen (1999)solute physical meaning and the scale is constructed by as-
and also with the additional stages (particularly negotiationsigning arbitrary numbers to any two points. Typically these
and compromise) associated with the new paradigm shown ipoints correspond to the best (utility = 1) and worst (utility =
Fig. 2. Some of these, particularly those with most promise0) possible outcomes.
for use in implementing the WFD, are described below. The In many cases the decision problems facing engineers and
choice of methods is based on the author’s practical experiplanners involve a large number of different types of criteria.
ence and ongoing research in the water/environmental arealn particular, decisions based on Environmental Impact
Assessments may involve a very large number of types of
4.2 Generation of alternatives consequences relating to water, air, noise, amenity, land-
scape, flora, fauna etc. In principle the same utility theory
B . . - developed for the single decision attribute can be directly
Although the “Generation of alternatives” is an activity re- extended to cover such cases. Multi-Attribute Utility Theory

quired by the classical paradigm, a number of very useful . .
techniques have emerged that improved on the more tradi(-MAUT) (Keeney and Raiffa, 1993) generalises the concept

) o o i . of utility to any number of criteria and allows possible
tional “brainstorming” techniques (Osbprne, 1963). For in- gonseqﬁences )t/o be “traded off” against one anofher while
isr;tanLc;[,eerael a?:zfe\(/g;ogiig Sf’;é%n::]'g ?gpéﬁaezht:](;fr%nggélso taking account of their probabilities of occurring. The
9 ng ’ rep : 9 closely related ideas of value and utility have a long history,
results are possible from managed group interactions, such asf S . . 7 .
with Metaplan gaww.metaplan.com This is a technigue that Starting in the field of economics, but are now used in a wide
L b ww.metapian. coly q . variety of decision-making contexts. For instance, engineers
divides the contributors into small isolated groups (producing N .
multiple channels of communication) and encourages articffjmd planners use them when considering alternatives for
muttip . . ; gesp large-scale projects; especially those related to infrastructure
ipation by using cards and a facilitator trained to encouragedevelopment Economists use them when analysing the

and manage discussions. It has been used by the author n ; . .
operation of enterprises, markets and economies and espe-

hydrological applications as diverse as the Aral Sea Environ- jally in the field of welfare economics. Psychologists and

mental catastrophe (unpublished) and end-user requiremenfs . S~ X X X
for flood forecasting systems (Bruen, 2005). social scientists use them in the study of peoples’ behaviour

and the reasons for the choices they make. The aim is

to improve understanding of peoples’ preferences and to

4.3 Multi-criteria methods develop tools to assist in choosing policies consistent with
these preferences. It is tacitly assumed that such decisions

The WFD requires the involvement of stakeholders in theare good ones and that they will be accepted by a large

decision making process. In relation to water quality andnumber of the people affected by them.

ecology, a very broad and diverse range of stakeholders are

involved and a correspondingly broad range of decision cri-MAUT as a direct extension of utility theory

teria (or project objectives) are involved. Many multi-criteria for a single criterion

methods were developed to manage and to formalise the

resulting decision making process, however three methodén principle the multi-attribute utility function can be

are particularly useful — Multi-attribute utility; the Analytic measured by a direct extension of the way it is done for a

Hierarchy Process; and the Concordance group of methodsingle attribute utility function. The utility for two arbitrary

(Rogers and Bruen, 1995) and are described below. All areeference points is defined and the utility for all other points
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can be estllmated in relathn to thesg. For N.cnterla,. theTabIe 1. Saaty’s preference scale (after Saaty, 1980).
amount of information required to define the utility function
increases in proportion to the power of N, and the amount of

data required becomes prohibitive, even for relatively small Preference value
numbers of criteria and especially for decisions with large absolutely preferable 9
numbers of environmental impacts. very strongly preferable 7
For example, suppose that 5 points could adequately rep- strongly preferable 5
mildly preferable 3

resent the utility function for a single criterion. If there were
two criteria then the utility function would be a two dimen-
sional function and 5-2 or 25 points less the 2 fixed points
would be required to represent the utility function with a cor-

responding level of accuracy. If there are three attributes _ . . .
then 5—-2 or 123 points are required to represent the func_alternatNes) and links them (via weights and expert assess-

tion with the same resolution. It is easily seen that the |at_ments) to the final decision. Thus, itreduces a decision prob-

ter would require extensive surveys and interviews making itle',”n toa ;en;as ofhsmall_ler s:alf—coqtam_ed danalygesa ;I'he rel-
prohibitively expensive. Even the two dimensional case re-8tivé merit of each policy alternative is determined from a
quires considerable effort if tackled in the direct way. For in- PaIl"Wise analysis of the relative performance ratings for all

stance, if the utilities of each criterion are independent of the_cr(r)]mbw;at_mng of alternatl\;es, shepqrat_ely for ea}ch grltznon.
others then the multiattribute utility function is constructed € relative iImportance or each criterion can a'so be deter-

as a weighted average of the utility functions for each indi-Mined from a similar pair-wise analysis of decision makers
vidual attribute (consequence), i.e. preferences. The result of the overall process is a ranking

of all alternatives on an interval scale. Dividing the problem
UX) = Z wiu; (x;) (1) into a hierarchy that explicitly separates criteria and alterna-
Al tives has many advantages. They can be used to describe
how changes in priority or assessment at upper levels affect
priorities of elements in lower levels. They provide detailed
information on both the structure and function of the system,

the univariate utility function for théth criterion. Thew; 6y are stable and flexible, and they can mirror reality, since
are weights which specify the relative contribution of each ., st natural systems are assembled hierarchically.

criterion in the final decision. They are assumed to be fixed 5 hierarchy has at least three levels: the focus or overall

reggrdless of the magnitude of .the. criterion value and alscboal of the decision problem at the top, multiple criteria in the
are independent of the other criteria (cf. Vincke, 1992). In miqqle jayer, and competing alternatives at the bottom (mea-

many practical situations however, the utilities of some cri- sures for the WFD). Saaty (1977) suggests using a simple
teria are influenced by other criteria and the simple weighte ine point numerical scale, such as the one given in Table 1,

average approach cannot be used. Keeney and Raiffa (1993} ronresent the results of each pair-wise comparison. This is
developed an approach in which the multivariate utility func- g nnqrted by psychological studies (Miller, 1956) that show
tion can be related to the individual utility functions by the ,4¢ 4 scale of about 7 points is sufficiently detailed. Saaty

equal importance 1

where, X=(x1, x2, ..., x,) IS an n-element vector of criteria
values, U(X) is the multivariate utility function and (x;) is

equation noted that the ability to make qualitative decisions was well
n represented by five verbal attributes (equality, weak prefer-
KUX)+1= 1_[ {1+ Kkju; (x;)} 2 ence, strong preference, very strong preference and absolute
i=1 preference).

For example, given four elements A, B, C and D within
one hierarchy level, each pair — AB, AC, AD, BC, BD, and
€D —is directly compared with respect to its influenceXn
If, for instance A is mildly preferable to B then the number 3
is placed in the cell at the intersection of the row correspond-
43.2 Analytic Hierarchy Process (AHP) !ng to A VYith the column_ correspond_ing to B. Its rgciprocal

is placed in the symmetrically opposite cell. Inserting all the
The Analytical Hierarchy Process (Saaty, 1980) is a mum_possible_z pair-wise comparisons gives a matrix with a struc-
criteria decision support method based on qualitative pair{Uré as in Table 2.
wise comparison data (typically obtained from a question- Note that
naire survey of decision makers or experts). It is essentially 1
a formal expression of the decision maker’s understanding of'j.i = . ®)
a complex problem using a hierarchical structure, that sep- b
arates the problem into its natural components (criteria andSaaty showed that the importance weights can be determined

where, bothU (X) and theu; (x;) are scaled so that O rep-
resents the worst possible situation and 1 the best possibl
situation. A good introduction to the application of MAUT
is given in De Neufville (1990).
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Table 2. Pair-wise comparison reciprocal matrix for Analytical Hi- plicability of its assumptions to the human decision maker

erarchy Process. or stakeholder. However the effort required establishing util-
ity curves in MAUT does not scale well as the number of
A B C D criteria increases and the method was difficult to apply to
environmental problems with typically large numbers of cri-
A 1 a2 a13 a4 teria and mixtures of qualitative and quantitative. The alter-
B i 1 a3 az4 native methods described above were developed to cater for
C % s 1 asg these two complicating factors, such as AHP (Saaty, 1980)
D ﬁ i Hl4 1 and ELECTRE (Rogers et al., 1995, 1998). A large range

of applications in the water resources area has recently been
reviewed by Hajkowicz and Collins (2007) who confirm that
paired-comparison (e.g. AHP) and ELECTRE type methods
from this matrix by determining the eigenvector correspond-are the most widely used. However, Wang and Triantaphyl-

ing to its largest eigenvalue, a standard numerical procetoy (2008) report problems with anomalous rank reversals in
dure. In the water resources area, the technique has begf) ECTRE 2 and 3 in specific cases.

used for optimal choice of sewerage treatment process for
a high capacity but limited area site in Hong Kong (Tang 4.4 Adaptive management
and Ellis, 1991), catchment management (de Steiguer et al.,

2003; Heathcote, 1998) and has been used in conjunctiopgaptive management is based on an acceptance that the un-

with other methods such as social choice theory (Srdjeviccertainties in water resources systems, including its human
2007). However, Triantaphyllou (2001) reports some incon-components, and its external drivers, such as climate change

sistent behaviour in additive version of AHP. (Pahl-Wostl, 2007a), preclude accurate prediction of the fu-
_ ture and thus also preclude attempts at optimal long term
4.3.3 Concordance analysis policy-making ab initio. A natural alternative is to move into

the future in a series of short-term steps each of which in-

Concordance Analysis is a non-compensatory multi-criteriacludes not only policy formulation but also information gath-
decision support method which indicates the degree of domiering to assess the impact of existing policy and help to im-
nance (if any) of any one policy over others (Massam, 1988) prove it at the subsequent step (Pahl-Wostl, 2007b). Itis, in
The method does not necessarily produce a strict ranking oéffect, the “Kalman Filtering” of policy formulation. This
all the alternatives and some can remain incomparable withs a numerical procedure for regularly updating estimates of
some others. For example, if some alternative “a” is bet-the state of a system as new information becomes available
ter than both “b” and “c”, it becomes irrelevant to analyse (Kalman, 1960). Its particular strength is in dealing in an
preferences between b and ¢ and they need not be comparegtimal way with the uncertainties in both the new informa-
without invalidating the choice of “a”. In Concordance Anal- tion and in knowledge of how the system evolves in time.
ysis, there is no question of the ‘trading-off’ of one criterion Adaptive management envisages an analogous regular up-
directly against another for each individual alternative. Com-dating using new information gathered about the behaviour
parison between alternatives proceeds on a pair-wise basisf the system from its response to previous actions. It ex-
with respect to each criterion, and establishes the degree aknds the approach by allowing for the development of short-
dominance that one alternative has over another. One of thgerm strategies to test various critical hypotheses about the
most commonly used methods within Concordance Analy-response of the entire socio-eco-hydrological system with
sis, the ELECTRE MethodH(imination et choix traduisant  the aim of ultimately improving the long-term strategy. This
la réalité) was originally developed by Bernard Roy (Benay- is because long-term optimality may be better served by an
oun et al., 1966). It involves a systematic analysis of theinitial strategy designed to gain information about the sys-
relationship between all possible pairings of the different al-tem and its response rather than designed only for best initial
ternatives, using their scores on a common set of criteriastep towards the goal of “achieving good water and ecolog-
The result is a measure of the ‘outranking’ of one alternativejcal status” as soon as possible. However, in practice there
over another. While ELECTRE has no axiomatic basis, andmay be some resistance to implementing such an approach.
can involve professional judgement, it nonetheless providesn addition, its appropriateness depends on the current state
a valuable framework for examining multi-criteria problems. of knowledge about water resources, which varies consider-
In the water resources area it has been used in the selecticibly between EU member states. Sharma and Norton (2005)
of projects for rural (Roy et al., 1992) and urban (Kodikara describe its use in policy formulation in relation to climate
et al., 2005) water supply. change and stress that such methods must take account of

Initially, multi-attribute utility theory (MAUT) was used how the public response to policy has a role in shaping public
as it had a strong mathematical axiomatic basis (Keeney andttitudes. However, the WFD is structured in a way that al-
Raiffa, 1993). However doubts were expressed about the agews for adaptive management since its article 13(7) provides
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for regular review and updating of Water Management Plangeport their opinions on the credibility and value of the re-

on a 6 years cycle. sulting model. Dinka and Lundberg (2006) studied the effect
_ _ of personal identity on cooperation in design teams, noting a
4.5 Social learning distinction between a participant’s professional and personal

role. Vatn (2007) explores the conditions and reasons for
: , | peoples’ willingness to cooperate in relation to usage of re-
who learn, they do so in social groups” and thus this knowl- g ,rces. Starting from experiments in psychology and eco-
edge is social. They define social learning as “organisationaf,omics, he explores different conditions/structures that tend

learning that results in enhancing a group",s ability to chang€, hroduce cooperative behaviour (even when individual gain
its underlying dynamics and assumptions” and point out thag sacrificed) and those producing a focus on individual gain.

this is necessary for an adequate response to WFD requirgys a4qyocates institution reform that encourages the active
ments, given the complexity of the systems being managedp,olvement of citizens. These include having a formal set

This process is thus a natural adjunct to adaptive managess ryles, a system for both rewarding cooperative behaviour
ment. Ison and Watson (2006) describe how social learning,q nynishing selfish behaviour and an effective communi-
can be applied to the implementation of the WFD in Scot-cations system. Regan et al. (2006) describe a mathematical
land. The key element is that cooperative behaviour is proqnsensus convergence model based on establishing consen-
mo_te_d by learning that is faC|I|_tated by m_stltutlonal Sl_Jpport_. sus priority weights for individual groups. They note that, in
This is supported by a comparison of their own experience iny o5 decision making, simple averages of individual stake-
Scotland with the situation in other juristictions. holders’ weights or preferences can often lead to decisions
not really representative of the group. They note that the size
and composition of the group can influence an individual's

Cognitive mapping (Eden, 1990), which is based on the the€SPONse apd, in particulqr, that special intere_st groups can
ory of personal constructs (Kelly 1955), is a technique to or-acduire a high degree of influence. As a solution, they de-

ganise, analyse and make sense of descriptions of problen®fiPe @ mathematical procedure in which each member of

or systems. Coghnitive maps are often determined from inter& 9roup is asked to assign weights reflecting the importance

views with stakeholders and they describe how the interviethey call it a “weight of respect”) they give to the_ opinions
wees represent internally the external environment (Kearne! Other members of the group. From these an importance
and Kaplan, 1997). It clarifies people’s conceptions about@1King can be determined for each member of the nego-
their environment by recording them in diagrams show-i@ting group. Shirani (2006) compared the characteristics
ing the concepts and their interconnections. Giordano ePf face to face discussion within a decision making group
al. (2005) applied fuzzy cognitive maps to develop a “wa- with discussion mediated byaGroup Suppor_t System (GSS).
ter community cognitive map” used in negotiation between € found that GSS promoted sharing within the group of
stakeholders and for conflict resolution relating to equity in Nformation known initially only to a few members of the
water distribution during drought periods in Italy. Kolkman 970UP, compared to face to face discussions, in which spe-
et al. (2005) pointed out that the complexity of environmen- €idlised information was less likely to be passed on. Tur-
tal problems and the differences in the conceptualisations offf €t al. (2002) describe a “collaborative writing process”
the decision makers, stakeholders and scientists increase tif@Plemented on the internet, to assist in producing agreed
difficulties of negotiation and reaching a consensus. Theylocuments and have developed such a system using the Java
suggest using a “mental maps” approach to address this ang"guage that can be used via any web browser. Damart et
give an example application to the design of the Zwolle storm?- (2007) describe how the ELECTRE TRI (ELimination Et
barrier in the Netherlands. Tan and Ozesmi (2006) used th&hoix Traduisant la REat— TRI stands for the 3rd vari-
Fuzzy Cognitive Mapping technique to develop a compre-&tion) method can be used to support group decision mak-
hensive lake ecosystem model from the separate conceptudl9: The defining characteristic of the method is that it pro-
isations of 8 lake scientists. They found that, not only did vides faformal p_rocedure that allows the factors that sypport
it produce a good model, but the exercise provided insight Particular choice (called “concordance”) to be considered
that extended the knowledge of the participating experts in £/0ngside the factors that oppose that choice (called “discor-
practical way. Tippet et al. (2005) apply cognitive mapping dancg”), Roy (1968). _J:_:mssen et al. (2006b) describe the use
to examine the objectives of forest users. of a simple group decision support tool for land use manage-

ment in the Netherlands. It allowed different interest groups
4.7 Groups: Cooperation, negotiation and Compromise to SDECify their preferred uses for all lands in a StUdy area.

The system produced maps that show where there was gen-
Giordano et al. (2006) describe cooperation between moderal agreement and also highlighted areas where there was
ellers and the public in developing simulation models to as-strong conflict. These maps informed the ensuing negoti-
sist in decision making. They question the public partici- ations between groups and were acknowledged by them as
pants about their experience of the modelling process antbeneficial in communicating information.

Tippett et al. (2005) point out that while “it is individuals

4.6 Cognitive mapping
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Innes and Booher (1999) describe the general conditionsnteraction is easy and links can be utilized for multimedia
that facilitate consensus building; (i) the negotiating groupinformation support.
should include representatives of all relevant and signifi- TED: Towards Electronic Democracy: An e-negotiation
cantly different interests; (ii) The overall goals are real, prac-system is proposed by the TED project, Rios-Insua et
tical and are shared by all members of the group; (iii) Theal. (2003), Rubio et al. (2005). It delivers modern methods
group can regulate its own activities, e.g. defines its ownof decision analysis and group decision support over the in-
procedures and rules; (iv) engages the participants and keepernet and makes it easier for the public to participate in de-
them interested and involved; (v) encourages challenges taisions that affect them. This makes it easier to obtain, from
convention; (vi) produces high quality information that is a wider section of interested parties, the feedback that is es-
trusted by the participants and (v) ensures that sufficient dissential for the negotiation and compromise phases shown in
cussion of the issues takes place before consensus is sougkig. 2.
With the complex issues involved in the implementation of Haseman et al. (2005) describe a Group Decision Sup-
the WFD, the production of high quality, trusted, informa- port System (GDSS) based on collective memory that uses
tion is a task for decision support systems. hypermedia and groupware and intranet facilities. They re-
port that the approach helps participants establish and com-
municate group norms. This was valuable when the groups
were involved in sequences involving similar types of deci-
sion making situations. Limayem et al. (2006) consider rea-
sons for some disappointing results. They conclude that al-

ghe d_EVt(aonpbment of n_ewd“soft” techniqfues and _appro?t;t\e%ough GDSS generally improves the decision making pro-
escribed above required a new set of supporting softwar ess, when it is not used correctly the results can be worse

tools. In the following sections some of these tools are brieﬂythan for unassisted group decisions. The “e-Participation”

descnbeq. tThe CZO'Ce OI. Stystemsd f[cr)]cussed o? Sfalzﬁhfld%rystem of Lourenco and Costa (2007) focuses on collabora-
co_mmL_JInlca lon an | negdo :Ia lon ant us many ?0_ S | 3 3refive writing which can produce consensus building and coop-
primarily humerical modefling Systems were not INClUded. o aiinn petween groups or individuals. The intention is that

Slmpllcny of user interface af‘d potential for m.ultlple. US€ the process would produce agreed documents reflecting dif-
over the internet (to allow as wide a range of public participa-¢o ot giscourses as a useful and acceptable contribution to

tion as possible) were the most important criteria in selectingpublic decision processes. This is a highly transparent pro-

the systems described. cess and the intrinsic value of transparency in promoting the
o acceptance of the outcome of the decision process has been
5.1 For negotiation identified by Kemp et al. (2006), based on their UK experi-
ence of involving stakeholders in decisions relating to Best
Tippett (2004, 2005) points out the challenges of the WFD practical Environmental Alternatives relating to radioactive
and describes “SUNstainable DesignWays” tool and its rolewaste management. They describe a number of different
in fostering societal participation in forming decisions. The approaches (including fact finding missions, workshops and
approach encourages and facilitates stakeholder involvemengcus groups) taken in different projects. They emphasize
in planning sustainable solutions to development problemsthat the decision process should be sufficiently transparent to
A very graphical and hands-on approach, it combines eledemonstrate that stakeholders attitudes have been taken into
ments of the system approach (described above) with ideagccount in arriving at the final decision. An overly complex
from sustainable ecology, environmental management, minghrocess can be counter-productive.
maps and multicriteria analysis. Typically participation is in  Bruce (2006) applies the deductive approach to collabora-
groups creating or amending a plan, map, mind-map or action and negotiation and suggests seven interesting hypothe-
tivity diagram. ses:

Decisionarium littp://www.decisionarium.hut)fi
(Hamalainen, 2003; Moreno-Jimenez and Polasek, 2003)
is a public site for interactive multicriteria decision support
with tools for individual choices, group collaboration and
negotiation. It includes (a) Web-HIPRE (value tree and AHP
analysis); (b) RICH (allows incomplete ordinal preference
statements when considering the relative importance of — Hypothesis 2. Most negotiations between parties will

5 DSS support

— Hypothesis 1. If the parties hold widely divergent
views, it is unlikely that they will appear to share com-
mon interests. That is, it is unlikely that they will agree
concerning the direction of changes to any initial pro-
posals.

attributes in a value tree); (c) Opinions-Online (a platform take the form of “trades”. Furthermore, the probability
for surveys voting and group collaboration) ; (d) Joint that such trades will take place will not be affected by
Gains (to support multiparty negotiations in a multicriteria the degree to which the initial allocation of resources is

setting) and (e) Smart Swaps (an implementation of the even  considered to be undesirable; but will be influenced by
swaps procedure). All of the tools are web based so global  the cost of the negotiation process.
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— Hypothesis 3. If the policy that the government will opinions in the final evaluation of alternatives and consensus
select in the absence of collaboration is known to theseeking.
parties, the outcome they adopt will be strongly influ-
enced by that policy even if the parties reach consensu$-3  For reflection on priorities

through open and unfettered bargaining. . . .
This is an aspect that is rarely addressed in DSS at the mo-

— Hypothesis 4. If the parties are uncertain about the pol-ment and has a number of practical difficulties. For instance
icy that will be imposed if they fail to reach agreement if a decision support system encourages the changing of ob-
(and are risk averse), but share similar perceptions conjectives as part of the process then can it be used to manip-
cerning the probabilities that various policies will arise, ulate the final outcome. The boundary between such manip-
they will have a greater incentive to reach agreementulation and facilitating the entire process is not clear with
than if they were certain about the default outcome.  potential consequences for the credibility of the system. Of

. ) . . the few publications on the aspect of objectives, Makowski

— Hypothesis 5. If the parties have inconsistent expecta; 4. (1997) have produced a system, applied to the Nitra

tions concerning the policy that will be imposed if they Riyer, in which aspiration-lead objectives can be modified as
fail to reach agreement, there is a strong presumptionar of the multi-criteria decision making process.
that collaboration will fail.

— Hypothesis 6. If the government “frames” the issuesg  conclusions
to be negotiated (by restricting the set of possible out-

comes), it may increase the probability that the partiesThis paper briefly traces the on-going movement of decision
will reach consensus. However, it will, at the same time, sypport methodology and the associated computation tools
increase the probability that both parties will be dissat-from a position in which they were Comp|ex and required
isfied with the outcome they have “chosen”. specialist users and stand-alone computers to a position in
which the complexity is hidden behind easy-to-use Graphi-
cal User Interfaces and can be used over the internet. This is
associated with a shift in paradigm from a linear prescriptive
Jprocess driven by technical and scientific experts to a new it-
erative, reactive, process giving more control to stakeholders.
This paper outlines some multi-criteria methods suitable for
He found these hypotheses were supported by the results ¢fs€ with the new paradigm and identified Concordance meth-
a questionnaire survey of people who had participated in &ds (such as ELECTRE) and the Analytical Hierarchy Pro-

— Hypothesis 7. The parties’ willingness to enter collabo-
rative processes, and their ability to reach mutually ben-
eficial outcomes, will not be affected by the parties’ rel-
ative economic or political powers (as long as consensu
is the decision rule).

land use management decision making process. cess as appropriate tools. This expanded access to and use of
decision support systems and related systems analysis meth-
5.2 For compromise ods facilitates public stakeholder participation and is a useful

and welcome development and is compatible with the spirit
Some systems, called “Stakeholder DSS” have emerged thaff the WFD. It has provided an incentive and framework for
can be used by decision makers, technical experts and stakgew types of research projects that study how decisions are
holders to explore the consequences of combining eithefnfluenced (or not) by stakeholders’ increased access to com-
preference schemes or alternative scenarios in the hope @fiex tools and sources of information. In the context of the
achieving mutually acceptable compromises. These are ofwFD, such projects integrate water science and engineering

ten made available and used by stakeholders over the intefyith sociology in the expectation that the process will lead to
net. Haemaelaeinen et al. (2001) describe a framework fOfnore socia"y acceptab|e environmental decisions.

multicriteria modelling and support for a multi-stakeholder

decision processes in relation to water level management ircknowledgementsThis review was done as part of the WIN-

a regulated lake-river system in Finland. The stakeholder$OMS research project, sponsored by the Environmental Protection
are involved in the decision process from formulating prob- Agency of Ireland under its ERTDI programme and funded through
lem structuring stage to the group consensus seeking stagéand National Development Plan.

followed by a stage o_f seeking pL_JbI|c accepta_nce for the pol-Eoliteol by: S. Barles
icy. The framework aims at creating an evolutionary learning

process. It also focuses on a new interactive method for find-

ing and identifying Pareto-optimal alternatives. Role play-

ing experiments with students are used to test the practical

applicability of a negotiation support procedure called the

method of improving directions. It describes the preference

programming approach for the aggregation of the stakeholder

www.hydrol-earth-syst-sci.net/12/739/2008/ Hydrol. Earth Syst. Sci., 12,7482008



748 M. Bruen: Systems Analysis — a new paradigm and DSS for the WFD

References Hamalainen, R. P.: Decisionarium — Aiding Decisions, Negotiating
and Collecting Opinions on the Web, Journal of Multi-Criteria

Benayoun, R., Roy, B., and Sussman, N.: Manual de Referance du Decision Analysis, 12(2—3), 101-110, 2003.
Programme ELECTRE, Note de Sya#e et Formation, No. 25, Hannon, B. and Ruth, M.: Dynamic Modeling (Mac Version),

Direction Scientifiqgue SEMA, Paris, 1966. Springer-Verlag, New York, 248 pp., 1994
Bertalanffy, L. von: General System Theory: Foundations, Devel-Haseman, W. D., Nazareth, D. L. and Paul, S.: Implementation of
opment, Applications, George Braziller, New York, 1968. a group decision support system utilising collective memory, In-

Bruce, C.: Modelling the environmental collaboration process: A formation and Management, 42, 591-605, 2005.

deductive approach, Ecological Economics, 59, 275-286, 2006.Heathcote, |. W.: Integrated Watershed Management: Principles
Bruen, M.. End-User level of service requirements, Carpe and Practices, John Wiley and Sons, New York, 1998.

Diem Project report 11.2, available dittp://carpediem.am.ub.  Jamieson, D.: An integrated, multi-functional approach to water

es/results/deliverables/Déll.2 EndUSERREPORT2.pdf (ac- resources management, Hydrolog. Sci. J., 31(4), 501-514, 1986.
cessed Feb 2008), 2005. Innes, J. E. and Booher, D. E.: Consensus building and Com-
Bruen, M.: Introduction to decision support systems, in: River basin  plex Adaptive Systems: A Framework for Evaluating Collabora-
modelling for flood risk mitigation, Taylor & Francis, London, tive Planning, Journal of Planning Association, 65(4), 412—423,
235-248, 2006. 1999.
Burus, N.: Scientific allocation of water resources, American Else-Ison, R. and Watson, D.: llluminating the possibilities for social
vier Publishing Co, New York, 209 pp., 1972. learning in the management of Scotland’s water, Ecology and

Checkland, P.: Soft systems methodology: a thirty year retrospec- Society, 12(1), 21, available ahttp://www.ecologyandsociety.
tive, Systems Research and Behavioural Science, 17(S1), S11- org/vol12/issl/art21faccessed Feb 2008), 2007.
S58, 2000. Janssen, M. A. and Goosen, H., and Omtzigt, N.: A simple medi-
Damart, S., Dias, L. C., and Mousseau, V.: Supporting groups in ation and negotiation support tool for water management in the
sorting decisions: Methodology and use of a multi-criteria aggre-  Netherlands, Landscape Urban Plan., 78, 71-84, 2006.
gation/disaggregation DSS, Decis. Support Syst., 43(4), 1464-Kalman, R. E.: A new approach to linear filtering and prediction

1475, 2007. problems, Transactions of the A.S.M.E., J. Basic-Eng-D, 82, 35—
De Bono, E.: The Use of Lateral Thinking, Jonathan Cape, London, 45, 1960.

1967. Kearney, A. and Kaplan, S.: Toward a methodology for the mea-
De Neufville, R.: Applied systems analysis, McGraw-Hill, New  surement of knowledge structures of ordinary people - The con-

York, 1990. ceptual concept cognitive map (3CM), Environ. Behav., 29, 385—

de Steiguer, J. E., Duberstein, J., and Lopes, V.: The Analytic Hier- 415, 1997.
archy Process as a Means for Integrated Watershed Managemereeney, R. L. and Raiffa, H.: Decisions with Multiple Objectives:
in Proceedings of the First Interagency Conference on Research Preferences and Value Trade-Offs, Cambridge University Press,
in the Watersheds, USDA, 736—-740, 2003. Cambridge, UK, 1993.
Dinka, D. and Lundberg, J.: Identity and role-A qualitative case Kelly, G. A.: The psychology of personal constructs, Norton, New
study of cooperative scenario building, Int. J. Human-Computer  York, 1955.
Studies 64, 1049-1060, 2006 Kemp, R. V., Bennett, D. G., and White, M. J.: Recent trends and
Eden, C.: Using Cognitive Mapping for Strategic Alternatives De-  developments in dialogue on radioactive waste management: Ex-
velopment and Analysis (SODA), in Rational Analysis for a  perience from the UK., Environment International, 2006.
Problematic World, Wiley, Chichester, 1990. Kolkman, M. J., Kok, M., and van der Veen, A.: Mental model map-
Efstratiadis, A. and Koutsoyiannis, D.: An evolutionary annealing-  ping as a new tool to analyse the use of information in decision-
simplex algorithm for global optimisation of water resource sys-  making in integrated water management, Phys. Chem. Earth, 30,
tems, in: Proceedings of the 5th International Conference on Hy- 317-332, 2005.

droinformatics, IWA Publishing, UK, 1423-1428, 2002. Limayem, M., Banerjee, P., and Ma, L.: Impact of GDSS: Opening
Galbraith, J. K.: A History of Economics: The Past as the Present, the black box, Decis. Support Syst., 42(2), 945-957, 2006.
Penguin, UK, 1991. Lourenco, R. P. and Costa, J. P.: Incorporating citizens’ views in
Gill, P. E., Murray, W., and Wright, M. H.: Practical Optimization, local policy decision making processes, Decis. Support Syst.,
Academic Press, London, 1981. 43(4), 1499-1511, 2007.

Giordano, R., Passarella, G., Uricchio, V. F., and Vurro, M.: Fuzzy Makowski, M., Somlyody, L. and Watkins, D.: Multiple Criteria
cognitive maps for issue identification in a water resources con-  Analysis for Regional Water Quality Management — the Nitra
flict resolution system, Phys. Chem. Earth, 30, 463—-469, 2005.  River case, Working paper 95-022, lIASA, Austria, 1997.

Giupponi, C., Mysiak, J., Fassio, A., and Cogan V.. MULINO- Massam, B.: Spatial Search, Pergamon Press, 1988.

DSS: a computer tool for sustainable use of water resources allay, R. M.: Will a Large Complex System be Stable?, Nature, 238,
the catchment scale, Math. Comput. Simulat., 64, 13—-24, 2004. 413-414, 1974.

Haemaelaeinen, R. P., Kettunen, E., Ehtamo, H., and MarttunenpMiller, G. A.: The Magical Number Seven, Plus or Minus Two:
M.: Evaluating a Framework for Multi-Stakeholder Decision  Some Limits On Our Capacity For Processing Information, The
Support in Water Resources Management, Group Decis. Negot., Psychological Review, 63, 81-97, 1956.

10(4), 331-353, 2001. Moreno-Jimenez, J. M. and Polasek, W.: e-Democracy and knowl-

Hajkowicz, S. and Collins, K.: A Review of Multiple Criteria Anal- edge. A multicriteria framework for the new democratic era,
ysis for Water Resource Planning and Management, J. Water Re- Journal of Multi-Criteria Decision Analysis, 12(2-3), 163-176,
sources Management, 21(9), 1553-1566, 2007.

Hydrol. Earth Syst. Sci., 12, 73949, 2008 www.hydrol-earth-syst-sci.net/12/739/2008/


http://carpediem.am.ub.es/results/deliverables/Del_11.2_EndUSERREPORT2.pdf
http://carpediem.am.ub.es/results/deliverables/Del_11.2_EndUSERREPORT2.pdf
http://www.ecologyandsociety.org/vol12/iss1/art21/
http://www.ecologyandsociety.org/vol12/iss1/art21/

M. Bruen: Systems Analysis — a new paradigm and DSS for the WFD 749

2003. Sharma, M. and Norton, B. G.: A policy decision tool for integrated
Odum, H.: Ecological and General Systems: An introduction to environmental assessment, Environ. Sci. Policy, 8(4), 356—366,
systems ecology, Colorado University Press, Colorado, 1994. 2005.
Odum, H. and Odum, E.: Modelling for all scales — An introduction Shirani, A. I.. Sampling and pooling of decision-relevant in-
to systems simulation, Academic Press, New York, 2000. formation: Comparing the efficiency of face-to-face and GSS
Osborn, A. F.: Applied imagination: Principles and procedures of supported groups, Information and Management, 43, 521-529,
creative problem solving, New York, Charles Scribner’s Sons, 2006.

1963. Srdjevic, B.: Linking analytic hierarchy process and social choice
Ossenbrugger, P. J.: Systems Analysis for Civil Engineers, Wiley, methods to support group decision-making in water manage-
New York, 1984. ment, Decis. Support Syst., 42(4), 2261-2273, 2007.

Pahl-Wostl, C.: Transitions towards adaptive management of wateffan, C. O. and Ozesmi, U.: A generic shallow lake ecosystem
facing climate and global change, Water Resources Management, model based on collective expert knowledge, Hydrobiologia,
21, 49-62, 2007a. 563, 125-142, 2006.

Pahl-Wostl, C.: The implications of complexity for integrated re- Tang, S. L. and Ellis, K. V.: Wastewater Treatment Optimisation
sources management, Environ. Modell. Softw., 22, 561-569, Model for Developing World. Part I: Model Development, ASCE
2007h. Journal of Environmental Engineering, 117(4), 501-518, 1991.

Regan, H. M., Colyvan, M., and Markovchich-Nicholls, L.: A for- Tippett, J.: Policies and Tools for Sustainable Water Management
mal model for consensus and negotiation in environmental man- in the European Union, Environ. Modell. Softw., 20(2), 119-139,
agement, J. Environ. Manage., 80, 167-176, 2006. 2005.

Rios-Insua, D., Holgado, J., and Morena, R.: Multicriteria e- Tippett, J.: A participatory protocol for ecologically informed de-
Negotiation Systems for e-Democracy, Journal of Multi-Criteria  sign within river catchments, Ph.D. thesis, School of Planning
Decision Analysis, 12, 213-218, 2003. and Landscape, University of Manchester, UK, 2004.

Rogers, M. G., Bruen, M., and Maystre, L.-Y.: ELECTRE and De- Tippett, J., Searle, B., Pahl-Wostl, C., and Rees, Y.: Social learning
cision Support: Methods and Applications in Engineering and  in public participation in river basin management — early findings
Infrastructure Investment, Kluwer Academic Publishers, Boston, from HarmoniCOP European case studies, Environ. Sci. Policy,
208 pp., 1999. 8(3), 287-299, 2005.

Rogers, M. G. and Bruen, M. P.: Non-monetary Decision-Aid tech- Triantaphyllou, E.: Two New Cases of Ranking Reversals When
niques in EIA — An Overview, Paper 10746, Proceedings of the the AHP and Some of Its Additive Variants Are Used that do
Institution of Civil Engineers, Municipal Engineer, 109, June,  not Occur with the Multiplicative AHP, Multi-Criteria Decision
88-103, 1995. Analysis, 10, 11-25, 2001

Rogers, M. G. and Bruen, M. P.: A New System for Weighting Cri- Turoff, M., Hiltz, S. R., Cho, H. K,, Li, Z., and Wang, Y.: Social
teria within Electre, Eur. J. Oper. Res., 107(3), 552-563, 1998.  Decision Support Systems (SDSS), in: Proc. 35th Hawaii Inter-

Roy, B.: Classement et choix engsence de points de vue mul- national Conference on Systems Science, Vol. 1, paper no. 11,
tiples (la néthode ELECTRE), La Revue d’Informatique et de  2002.
Recherche Ogrationelle (RIRO), 8, 57-75, 1968. Wang, X. and Triantaphyllou, E.: Ranking irregularities when eval-

Roy, B., Slowinski, R., and Treichel, W.: Multicriteria program- uating alternatives by using some ELECTRE methods, Omega,
ming of water supply systems for rural areas, Water Resour. 36, 45-63, 2008
Bull., 28, 13-31, 1992. Wilson, D. and Droste, R.: Design consideration for watershed
Rubio, J. A., Rios-Insua, D., Rios, J., and Fernandez, E..: management decision support systems, Water Quality Res. J.
Quixote: Supporting Group Decisions Through the Web, in: E- Canada, 35(2), 163-188, 2000.
Government Towards Electronic Democracy, Proceedings of aratn, A.: Resource regimes and cooperation, Land Use Policy,
International Conference, Bolzano, Springer, Berlin, 225-234, 24(4), 624—-632. 2007.
2005. Vincke, P.: Multicriteria Decision Aid, John Wiley, Van Delft and
Saaty, T. L.: The Analytic Hierarchy Process, McGraw-Hill, 1980. Nijkamp, 1992.
Saaty, T. L.: A Scaling for Priorities in Hierarchical Structures, J.
Math. Psychol., 15, 207-218, 1977.

www.hydrol-earth-syst-sci.net/12/739/2008/ Hydrol. Earth Syst. Sci., 12,7482008



