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Abstract

This paper presents a conceptual framework for nstaleding the role of expert
knowledge in collaborative water management andgtilates it with a case study.
It is found that the production and utilizationexpert knowledge are influenced
by researchers’ and policymakers’ perspectiveshemature of knowledge and by
characteristics of the policy process. Expert kreage can be used to support wa-
ter management decisions, directly or on the lortgem, or to support precon-
ceived positions. By identifying the role of framasd perspectives in learning,
insight is developed in factors that promote knalgke utilization. Then, collabo-
ration between researchers, policymakers and atiakeholders is proposed as a
strategy to deal with complex problems. Centrathis strategy is the develop-
ment of a shared knowledge base through intensitezaction. The paper con-
cludes by summarizing literature into seven lesdonghe role of expert knowl-
edge in collaborative water management: 1) Detegmésearch needs together; 2)
Focus on appropriate knowledge; 3) Produce knoveétdgatively; 4) Present re-
sults in an attractive and clear way; 5) Reflecknowledge critically; 6) Use ap-
propriate tools and methods; and 7) Use intermesliat case of large differences
in perspective.
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1. Introduction

The relation between ‘policy’ and ‘research’ isopit that is discussed in
many fora in different ways. ‘Policy’ and ‘researclould be seen as two
different worlds with different goals, languagesdareward systems.
Whereas policymakers are mainly concerned witltitegting choices, re-
searchers or technical experts are mainly concewigddiscovering the

‘truth’. Because of their different values and bgr@dunds, actors from
each world often have trouble understanding eakbrde.g. Weiss 1977,
Caplan 1979; Raad voor het Milieu- en Natuurondekz2000; Borowski

and Hare 2006).

However, the two worlds can and often need to befrein each
other. When policymakers are confronted with limitxpertise, research-
ers can help with filling the knowledge gaps. Fesearchers this is inter-
esting as well, because at current there are miaagtind explicit expec-
tations and incentives (funding) for policy releveesearch (Neilson 2001;
Martin 2003). After 1980, the two communities hawecome closer to
each other, as science ‘democratized’ and polsicentificated’, and new
institutional linkages (such as research instijutdsveloped (Jasanoff
1990; Maasen and Weingart 2005).

One way to deal with increasing interdependencigtsvdéeen re-
search and policy is by including researchers itaborative or participa-
tory policymaking (e.g. Gray 1989; Busenberg 1998).collaborative
policymaking, representatives of all groups that irdluence or are influ-
enced by a policy issue collaborate intensivelyis Btlows for exchanging
different types of knowledge and a broad rangeabfies and interest, and
can help to develop mutual understanding and casen

In this paper a conceptual framework is develomedihderstand-
ing the role of expert knowledge in collaborativaipymaking. Section
two introduces a case study about groundwater neaneigt in the Nether-
lands, which is used to illustrate the theories aadcepts that are pre-
sented in the paper. Section three introduces letyd as a subjective
representation of reality and explains the relatietween perspectives and
expert knowledge. Section four provides a conceégraamework for the
production and utilization of knowledge in diffetasontexts. Section five
links knowledge use to learning and explains hovepectives and frames
influence these processes. Section six introducksborative water man-
agement as a promising approach for dealing witinptex water man-
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agement problems. Section seven summarizes literaoout collabora-
tive management in seven lessons — for researahdrpolicymakers — for
improving the role of expert knowledge in water mg@ment. The paper
concludes with a discussion of the conceptual fraonk and the pre-
sented lessons.

2. Case ‘Groundwater management Delft’

In this section a groundwater management case thenNetherland is in-
troduced. This practical case will be used throughlee paper to illustrate
and concretize the concepts and theories discussed.

The issue at stake is that a large industrial comgeas — after
many decades — decided in 2004 to end its extracfiaeep groundwater
in the city of Delft, in the low-lying western past the Netherlands. This
is expected to have impacts in an area of abokn®0which had become
adjusted to the situation with the extraction. Etpd negative effects are
hindrance and damage due to higher ground watégstaleduced water
quality due to the increased transport of salt mmlients to the surface,
and damage to constructions by an increase in gemmdwater pressure
and soil deformations (Gehrels et al. 2005). Endirggextraction may also
have positive effects, such as restoring a moreralbehavior of the wa-
ter system. Many stakeholders may be confrontel thi¢ effects and their
stakes are high. Alternative management solutioegcause the extracted
water for other purposes, to reduce the extragiantially as to limit nega-
tive effects or to fully shut down the extractiomile mitigating or com-
pensating for the effects. The estimated sociatatsc(minus benefits) of
ending the extraction can amount up to ca. 100anilEuros, depending
on the strategy that is chosen (Gehrels et al. R@d&wever, knowledge
about the effects of reducing the extraction amdappropriateness of dif-
ferent management alternatives is lacking.

After the announcement of the termination of th&astion, the
city of Delft, the Province of Zuid-Holland and th&ater Board of
Delfland (further referred to as the Steering Gjgamed their forces to
deal with this issue. They hired a group of redeanx (the Project Group)
from well-known research institutes and consultamthe Netherlands to
develop the required knowledge. The Steering Grangh Project Group
formulated the research questions and methodshegeind the research
institutes and the Delft Cluster research programfianced the study.
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There are regular meetings concerning the progréghe research be-
tween representatives of the Steering Group andPtbgect Group. The
municipalities surrounding Delft (the Interest Gopuand other govern-
mental and non-governmental stakeholders (the SogriBoard) are in-

formed through newsletters and involved in workshopcluding a broad

start-up workshop and workshops at which resukspesented and dis-
cussed.
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Fig. 1. Effect of the groundwater extraction on the hydicalbead in the upper ag-
uifer (in m) (Gehrels et al. 2005)

In the first phase of the study, a qualitative ®@s@an of potential
problems, solutions and costs was executed. Thevledge of a broad
range of stakeholders was gathered using a quasiienand the results of
the Quickscan were disseminated in September 200Be second phase,
which started in 2006 and still continues at thentant of writing, the
Quickscan results are quantified further. Detakadwledge of the influ-
ence of the extraction on the hydraulic heads éraitpifer (See Fig. 1) and
the groundwater level at different locations isuiegd. Therefore, a de-
tailed geological model of the upper soil is depeld, which serves as a
basis for a coupled ground water and surface watetel, a salt transport
model and a soil movement model (Gehrels et al6Rdurthermore, an
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interactive model (iMOD) is developed, to enable=di visualization of
the spatially distributed effects of installing névainage and smaller local
extractions on ground water tables.

The results of the study will serve as a basidddher discussion
about alternative solutions. While searching foprapriate solutions, the
extraction is continued in order to prevent unexp@megative effects
from occurring. Because this is very costly, thisra lot of pressure to find
a solution fast.

3. The nature of knowledge

The nature of knowledge has been a topic of dismuder ages. For the
discussions in this paper, it is necessary to naadlistinction between two
perspectives on knowledge: positivism and condtrigoh. Positivism as-

sumes that is possible to obtain objective knowdealgout reality, whereas
constructivism considers all knowledge to be subjecconstructions of

reality. This paper adopts the constructivist vidat all knowledge is a
subjective representation of an objective, extereality. The subjectivity

is caused by the selective and interpretive charaxftknowledge produc-
tion and utilization, by individuals functioning asocial context (cf. Hiss-
chemdller 2005; Monnikhof 2006; Beratan 2007).

Knowledge can be analyzed in terms of more ordessistent and
enduring ‘perspectives’, ‘mental models’ (Doyle dratd 1998; Kolkman
et al. 2005) or ‘issue frames’ (Dewulf, Gray et2005). A perspective is a
cognitive representation of the external reality &me position of the indi-
vidual in this reality, as seen by the individubthis means that a perspec-
tive is influenced by the background, values andrésts of its owner. Be-
cause most cognitive processes happen on an wetuigvel (Beratan
2007), individuals are usually only partly awaretlo¢ir perspective. Al-
though there are limits to rationality, people teéadtructure their perspec-
tives in a logical way (cf. Jaynes 2003). Consetlyeperspectives can be
described as argumentative structures (cf. Fistb@5; Hoppe and Peterse
1998, see Fig. 2).

In a policy debate, the claim that a certain sqiadicy instruments
should be implemented is supported by data, througirtants that logi-
cally link the data to the claim (Toulmin 1958).elargumentation con-
sists of first order, case-specific grounds (conicey the problems and
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goals and the effectiveness and efficiency of tbikcy instruments), and
second order, general political-ideological grourfjdsncerning interests
and values) (Fischer 1995; Hoppe and Peterse 1988)assumptions in
the argumentation can be made explicit by formatptualifiers (how cer-
tain is it that the claim is true?) and conditiasisexception (Toulmin
1958).

Whereas policymakers generally have an integragesipective on
the problems perceived in society and possible gemant solutions, a
researcher’s perspective may include only one aggean issue (e.g. the
technical feasibility of a certain water managemsaotution). Expert
knowledge about complex physical system behavigy. (®ydrology and
hydraulics) concerns mainly first order argumeptatnd underlying data.
However, the selective process in which it is pestland used necessar-
ily reflects second order arguments. Consequethitysubjective nature of
knowledge also applies to expert knowledge (cf.0Razor het Milieu- en
Natuuronderzoek 2000). Still, expert knowledge bardistinguished from
other types of knowledge on the basis of threewgait First of all, it typi-
cally has a specialized and abstract characteor@g it is often pro-
duced using formal, scientific methods that cancbaracterized by the
aim for inter-subjective reproducibility in the usd evidence (Weale
2001). And thirdly, expert knowledge often has ghhsocial status and
can thus be used well for legitimizing decision-imgk

Data ualifier » Claim
4 Q 'y Policy in-
because unles: struments
| . . . .
@ Problem solving argumentation Conditions of exception / re-
]
T @
£ & | Problem definition/aim searching ar-
% gumentation
—
ol Background theory:
T o
2 o - General paliticizing argumentation
~ O - General ideological argumentation

Fig. 2. The argumentative structure of a policy perspectdapted from Toul-
min 1958; Fischer 1995; Hoppe and Peterse 1998)
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Expert knowledge and perspectives in the case study

Within the case study different perspectives cddddentified, using in-

terviews and questionnaires (Raadgever et al. 200 perspectives re-
flect that the policymakers and other stakeholderslved have different

problems perceptions, different goals and valued, different preferred

strategies (covering all alternatives studied & @uickscan). An example
of the argumentative structure of a perspective Wes shared by a group
of involved actors is provided in Fig. 3. Limitati® to the logic within the

elicited argumentation structures indicate that pleespectives have not
fully ‘crystallized’ yet. This may be caused by tfaet that some stake-
holders have only recently been confronted withpifablem and that there
are still large knowledge gaps. These knowledges gam be filled to a

large extent by expert knowledge about the physéeaicts of ending (or

reducing) the extraction. The Project Group produsigch knowledge. In
addition, the Group integrates knowledge from défe disciplines (e.g.

surface water, ground water and soil) and makesarslation to societal

costs and benefits. Some researchers stated thadthnot have a com-
prehensive perspective about problems and solutiotisat it is not rele-

vant, as they try to be neutral providers of exgadwledge.

Data Qualification » Preferred strategies
unles: - If no possibility for re-use,
v government should continue thg
Conditions of exception extraction
becaus 4 - The extraction should be endefd

in a few steps
- Measures to strengthen leveeg
are required

Effectivity / efficiency of measures
- Phased implementatio cost savings

Expected effects of ending the extraction - Surface water levels should be
- Reduce extraction 50% significant problems| | adjusted to prevent ground water
- Increase water pressure aquifrincrease hindrance

probability failure deep constructions
- Ground water hindrance in houses / cellars
- Stability levees in danger

Goals/ Values
- Keep societal costs of measures low

Fig. 3. Argumentative structure summarizing one of the feluared perspectives

in the case study, named ‘Cost limitation’ (stateteeabout what goals are not
important, what effects will not occur and whaagtgies should not be taken have
been left out)
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4. Production and utilization of expert knowledge

Expert knowledge can support water managementymoéiking by con-
tributing to better insight in problems and solaspbut its role is strongly
influenced by the goals and perspectives of thalymers and users of
knowledge. Understanding the different actor cdladtens, activities and
types of knowledge use that can occur in a poli®cgss, can help re-
searchers who want to influence policy to tailcgittknowledge produc-
tion and communication to a specific context (N®il2001). Similarly,
understanding different types of knowledge productnay be beneficial
for policymakers who want to improve their interantwith researchers.
This section provides a framework for analyzingwesys in which knowl-
edge can be produced and used.

Characteristics of the knowledge producers arerakint analyz-
ing different types of knowledge production. Fotuffedent types can be
distinguished based on their goals and their petsgeon the nature of
knowledge. The goal can be to obtain fundamentsigims or to apply
these insights, for example to support policymakjoly Jasanoff 1990).
The aim to apply knowledge is sometimes accompdnyeitie need to ob-
tain fundamental insights. In fact, many importadientific insights have
been obtained by research that was both fundamanthlapplied at the
same time (Stokes 1997 in Martin 2003). In thet fiype of knowledge
production (or 'Mode 1' knowledge production, Gibbcet al. 1994), a
positivist epistemology is combined with the gofibbtaining fundamen-
tal knowledge. This type of knowledge productiomyjsically executed by
university researchers operating within specialidisgdiplines. Peer review
by experienced scientists from the same disciglinarantees the quality
of knowledge.

Whereas since the second world war Mode 1 knowlguigduc-
tion has been dominant, a new way of knowledge ywotohn, ‘Mode 2, is
gaining importance since the 1980s (Martin 2008)Mibde 2, knowledge
is produced in the context of its application antbastructivist epistemol-
ogy is adopted. Application of knowledge to suppmsticymaking often
requires integration of knowledge from differensaiplines. Furthermore,
as scientific knowledge is not considered an ohjedtuth, it has to com-
pete with other types of knowledge (Gibbons efl@P4; Heinrichs 2005),
such as local and experiential knowledge, and dofitemtegration of dif-
ferent types of knowledge is required. Mode 2 kremge production can
therefore be characterized by heterogeneity of kedge producers (in-
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cluding consultants, government experts, NGOs amal | citizens and

businesses), heterogeneity of skills and expergeacd organizational di-
versity. This requires new standards of qualitytomnand new ‘watch-

dogs’ (e.g. media and politics) (Jasanoff 1990;bBits et al. 1994; Raad
voor het Milieu- en Natuuronderzoek 2000; Martird3p

In theory, two other forms of knowledge productian be distin-
guished. However, knowledge production solely airaéabtaining fun-
damental insights, whether this could be accomplbiea constructivist
epistemology or not, is of limited relevance foisthaper. Thus, the need
for discussing applied knowledge production in coration with a posi-
tivist view on knowledge remains. Because it isigs=d that reality can be
objectively known, experts and expert knowledge idate knowledge
production. In contrast with fundamental knowleggeduction, the appli-
cation of knowledge often requires the integratdknowledge from dif-
ferent disciplines. To achieve this, disciplinaigids of science (and peer
review) may be complemented by interdisciplinaplds of science (with
their own peers) or by institutions that are spexd in applying and in-
tegrating knowledge (such as consultant and relseiastitutes, whose
reputation is considered as the main indicatotHerquality of their work).

Irrespective of the aim and epistemology of knowgkegroducers,
knowledge may be used in different ways, which lsammnalyzed based on
the number of knowledge users, their perspectivethe nature of knowl-
edge and their interaction strategies. These ctaistics influence
whether and how knowledge is reflected in the miafishe knowledge
users (e.g. policymakers, politicians, water marggdGOs, citizens and
businesses), in informal or formal policy documeiatsd/or in the results
of policy implementation (cf. Innes and Booher 1999

First we describe the situation in which there idyane knowl-
edge user. In this situation, a competent govermimedy takes care of the
interests of all citizens, which are not involvedhe policymaking (cf. the
'‘paternalistic model’, Bear 1994 in Glicken 2000defines the problem,
identifies lacking knowledge and asks researclegenherate solutions or
knowledge that supports the choice among alteraailutions. Of central
importance in the case of one knowledge user isetbiee instrumental
knowledge use (Pelz 1978; Caplan 1979; Beyer 1987yhich knowl-
edge has a direct and concrete impact on policymgakin addition,
knowledge can have an indirect and abstract impaet single knowledge
user. This is referred to as conceptual knowledfgeigs 1977; Pelz 1978;
Caplan 1979; Beyer 1997). The importance of con@@pise in compari-
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son to instrumental use is emphasized by the fqhdiat university re-
search is most likely to be used conceptually (¥/di877; Amara et al.
2004). Typically, the single knowledge user assumhes$ the world is
knowable and rational and objective decisions cartadken, but a con-
structivist perspective on the nature of knowledgaso possible.

Another situation occurs when multiple knowledgerasare in-
volved in the policy process. Sometimes a knowledlggr assumes to be
the only one, when in fact other stakeholders amilb become involved
in the policy process as well. Two alternative liat¢ion strategies that
each knowledge user may have are the politicaboflict strategy and the
collaborative or consensus-building strategy (Bbsep 1999; Glicken
2000). In the political model ‘public policy ressilfrom conflict, bargain-
ing and coalition formation among a potentiallygemumber of societal
groups organized to protect or advance particakarésts common to their
members’ (Grindle and Thomas 1991, pp. 22-23).hia model, knowl-
edge is mainly produced and used strategically htiphe opposing
groups (cf. ‘adversarial analysis’ in Busenberg 9)9%trategic (or sym-
bolic) knowledge use occurs when a certain groupadicy actors uses
knowledge only to confirm the programs or positiwat they wish to
promote (Pelz 1978; Beyer 1997). It is most probabht knowledge users
in the political model are aware of the strategiaracter of the knowledge
use and have a constructivist epistemology. Orother hand, knowledge
users may truly belief that the knowledge they isséully objective (a
positivist view) and that they use it in instrurredrdgr conceptual ways.

When multiple knowledge users aim to create congetisough a
process of cooperation rather than conflict, caltakive policymaking oc-
curs. In this model, knowledge users may have #iyissor a construc-
tivist epistemology. Creating a shared knowledgeeb@zan mean either to
(jointly) discover the objective truth or to negué which knowledge — al-
though to some extent subjective and selectiveacégpted by all as ap-
propriate for supporting decision-making. Knowledgers may also con-
sider expert knowledge about the physical systernbjective facts and
other knowledge, for example about the social systes socially con-
structed. The stakeholders involved in collabomtmanagement aim to
use expert knowledge instrumentally or conceptudlly not strategically,
in order to build consensus on the shorter or lotgen. The collaborative
policymaking model is further elaborated in secton

When considering the different types of knowledgedpction and
knowledge utilization, it can be hypothesized thaine match well and
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other less. For example, a mismatch occurs wheroduper of applied
knowledge with a positivist epistemology is contiexh with a discordant
policy process, in which the produced knowledgesisd strategically, in-
stead of the expected instrumental knowledge usemdke sure knowl-
edge production and use match well, we suggesktimtviedge producers
and users analyze whether their ideas match. la gha mismatch they
can actively try to change the situation. For examimowledge producers
could try to prevent strategic use by disseminatirajy knowledge to mul-
tiple stakeholders and facilitating technical cotieation. Another option
is to find another knowledge producer or user.

Intermediates, boundary organizations and boundary objects

Researchers and policymakers often do not commignidaectly, but
through intermediates that operate on the bounslagéveen research and
science, such as policy analysts and consultahtskfmwledge brokers’
(Jasanoff 1990) or ‘policy entrepreneurs’(StonaleR001)). Intermediates
have to be able to take the double role of usersommunication with
knowledge producers, and producers in communicatiith knowledge
users. Exchange between producers, intermediategsams can take place
through one-way communication or in interactivetisgs (e.g. through
workshops, visits, discussions or cross-disciplingrojects) (Wenger
2000). Intermediates can play an important rolthensynthesis of knowl-
edge, and in prediction and prescription based xpert knowledge
(Jasanoff 1990). This may be supported by interatedbr boundary or-
ganizations (e.g. applied research institutes)iatetmediate or boundary
objects (e.g. reports, websites and participatoogets), which on the one
hand maintain the boundary between science andypafid on the other
hand integrate them (Guston 2001; Miller 2001).

Production and use of expert knowledge in the case study

The Project Group in the case study consists @farebers from research
institutes, universities and consultants. They tgveew model concepts
to simulate physical processes in an abstract aetalleld way, and they di-
rectly apply it to the issue at stake, in ordestpport the policy process.
The researchers that translate fundamental insightsrelevant knowl-
edge for policymakers and other actors involved lmauseen as intermedi-
ates from boundary organizations (research inejutThe knowledge
production does not seem to be ‘Mode 2’ productioecause most re-
searchers involved seem to consider the knowldugye firoduce to be ob-
jective.
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The intended users of the produced knowledge alieypmkers
from various governmental and other organizatia®) require the expert
knowledge to make an informed decision about whichtegy to take. The
interaction between these stakeholders reflectaagiés of political as well
as collaborative strategies. The Project GroupthedSteering Group de-
cided that the produced knowledge should be predemnd discussed at
interactive workshops with multiple stakeholdemsflacting a collabora-
tive strategy. Because there is so much pressuskéoa decision fast, the
knowledge is expected to be used instrumentallyerathan conceptually.
On the other hand, the stakes are high and thedés@greement about
which strategies to take and about who is resptn$dy financing and
implementation. Because expert knowledge is alseeldped in other
studies (e.g. by the surrounding municipalities)basis for strategic
knowledge use may develop. The future will learnethler the stake-
holders will continue to collaborate or will forntrategic coalitions that
select knowledge from the available sources to esupheir own position.

An important boundary object may be the iMOD motlhet will
be developed to evaluate management strategid® ateigotiation table.
Other boundary objects are the result maps thatlismissed during the
workshops and the management summaries that desttréb results of
(elements of) the study. From each government agaon, multiple lev-
els — technical experts, policymakers, their doestand formal decision-
makers — are involved, which require different typéinformation and act
as intermediates for each other. For example, tiiEeymnakers in the
Steering Group read entire technical reports aaduds it with the Project
Group, whereas their directors and the decisionamalkare informed
trough management summaries.

5. Learning

In this section the concept of learning is elaledtatin order to develop
better understanding of the process of knowledgeatton and factors
that may promote or hinder it. Learning is the psxcin which individuals
relate and adapt to the social and physical enmiggn. It involves think-
ing, feeling, perceiving and behaving (Kolb 1984)dividuals can learn
from observing the ‘world out there’ (e.g. the béba of a river) or from
interaction with others. The results of a learnprgcess can be changed
perspectives, new skills or new actions (Craps p0B8r a better under-
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standing of knowledge utilization, we focus on tieange of perspectives
through interaction. There is evidence for the ommce of learning

through interaction in multiple case studies (Rigieet al. 1999; Weale
2001; Beers 2005; Mostert et al. 2007).

When multiple individuals discuss a certain isshey exchange
their perspectives. This includes externalisatibthe perspective of one
individual (through speech), and internalisationtiaé knowledge by the
other individual(s) (Nonaka et al. 1995). From astouctivist viewpoint,
it is impossible to objectively and comprehensivegresent a perspective
in explicit form or to objectively and compreherdivinternalise explicit
knowledge into a perspective. Individuals use psecey rules or ‘frames’
to express their perspective and to interpret eitplhowledge (See Fig.
4). Frames function as a selective and interpretdiiter or lens (Gray
2003; Dewulf et al. 2004; Dewulf, Craps et al. 20BBratan 2007; Carton
2007). They are an abstraction of the perspectves individual on dif-
ferent topics and are strongly related to the gdnmoliticizing and ideo-
logical values of an individual. Internalisatiomfnes may refer to first or-
der aspects of an existing perspective in relatotihe explicit knowledge
that is to be internalised as well. Frames deva®pa consequence of ex-
periences (e.g. through education and work). Becadstheir abstract
character they are expected to change slower thap@ctives.

Individual X Individual Y

Perspec- 9 Explicit > Perspec-
tive X knowledge tive Y
about A 2 about A 2 about A

Fig. 4. Processes of externalization (1) and internabima?) of knowledge on is-
sue A between two communicating individuals (X afjd

Frames determine how knowledge about a certairejssith a
certain representation, from a certain source, iana certain context is
presented and used. Because their frames and ptivegemay form barri-
ers to mutual understanding and learning, it isdrtgnt that knowledge
producers and knowledge users reflect on eachstliames and perspec-
tives and base their (inter)action on it. We hypsthe that the probability
of learning is large when:
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« there is a difference between the explicit knowkedgd the perspective
of the receiver. Instrumental knowledge utilizatisn most probable
when the explicit knowledge fills a gap, adds detaiconcerns small
alterations to the existing perspective of the u¥¢hen the provided
knowledge differs a lot from the user’s perspectivés more likely to
be used conceptually;

* the explicit knowledge does not conflict with the&lues and interests of
the user (Fischer 1995; Sabatier 1998; Olsson amdersson 2007).
Because first order grounds can be expected togehanore easily than
second order grounds (cf. Sabatier 1998), knowledgestrong conse-
guences for interest and values may evoke bamodesarning, and lead
to strategic knowledge use;

« knowledge is presented clearly and is understoothbwiser. The most
appropriate presentation of knowledge depends erpthferences and
references (prior knowledge) of individual useravis et al. 2003),
which are reflected in their frames;

« users are willing to learn something new and pegectie knowledge as
relevant, e.g. applicable to their daily practice;

« users trust the knowledge producer (Olsson and ssda 2007) and
the knowledge production process. Knowledge isdadrtd be perceived
as trustworthy when it is produced using tried tested methods, by
experts and institutes with a good reputation atud af experience, and
is accepted by other experts.

Learning in the case study

In the case study, frames were not directly elicitdowever, differences
in the second order argumentation (values) in tioitexl perspectives in-

dicate the existence of different frames. Furtheenprocesses of framing
and learning can be observed in the interactiomduhe workshops. The
first two observed workshops have been dominateithdyprovision of ex-

pert knowledge by the Project Group. In evaluafmms, the participants
indicated that the presented expert knowledge wdsnstandable, and the
quality of the information and the methods usedltain it were very

convincing. On average, the participants consid&ederpoint presenta-
tions and maps with model results to be usefulstbmlsupport the knowl-

edge exchange. However, differences in the paatitg) appreciation of

tools and activities indicate frame differences.

As a result of the workshops, the participants datid to have
learned about the functioning of the natural systmhave shared their
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perspectives on problems and solutions with otlagtigipants and to have
learned about others’ perspectives. The extent Hwhwconsensus was
achieved - in particular about management strategievas considered
low. Some patrticipants stated that there was notigm space to exchange
perspectives, which can be backed up by the fadtrtrany participants
spoke very little during the workshops. By dissedtiimg the results of the
interviews and questionnaires to the stakeholdelis, aimed to make a
step towards the mutual recognition of perspectivdter the interactive
process, it will be measured whether the perspestof the participants
changed. An attempt will be made to explain whytaierchanges did or
did not occur, based on the characteristics ofritezaction process.

6. Collaborative water management

Collaborative or participatory water managemenry.(&ray 1989; Busen-
berg 1999; Innes and Booher 1999; Glicken 2000;vwwuand Taillieu
2004; Monnikhof 2006) is useful in situations inial policymakers are
confronted with 1) complex problems, which are elaggrized by little
consensus about the goals that should be achienetdaaking technical
knowledge, 2) the need to develop and implemenitisols, and 3) the in-
ability to implement solutions without cooperatiohothers or the aim not
to force implementation upon them. In these situestj a certain degree of
consensus, or overlap in perspectives, betweeimtioéved stakeholders is
required. Collaborative policymaking aims to fdaite the development of
such a shared knowledge base and to support infpdegitimate and sup-
ported decision-making (cf. Busenberg 1999; Raaor Vet Milieu- en
Natuuronderzoek 2000; Beers 2005; Monnikhof 20@)metimes con-
sensus is intended to spontaneously result in letek actions, and some-
times the aim is to produce agreements, such asypaicommendations
(Gray 1989). Formal agreements that are not baakebly consensus be-
tween the relevant actors can experience diffiesilin the implementation
(cf. Pelletier et al. 1999).

To develop consensus, a broad range of stakeholdigrslifferent
perspectives is involved. If there are multiplakstholders (or groups)
with large differences in perspectives (cf. Haa82t Sabatier 1998), there
is a need for deliberation and convergence of petsmges (cf. Schén and
Rein 1994). Expert knowledge can be used to fithaps in the individual
or collective knowledge, and to identify and reduelevant uncertainties.
In technically complex issues, expert knowledgessential for grounding
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policy claims in the first order argumentation. Hewer, deliberations
about perceived problems, goals, interests andrgeveues are needed as
well for consensus-building. Since the participanta collaborative proc-
ess interact in a transparent way, and reflecthenperspectives of the
other participants, they are confronted with thmesaxplicit knowledge.
This promotes instrumental or conceptual knowledge and leaves little
room for strategic knowledge use. When the paditip internalize the
discussed knowledge in a similar way, their perSpes converge and a
shared or negotiated knowledge base is developed@ppenjan and
Klijn 2004; van Buuren and Edelenbos 2005). Thhe, relation between
collaboration and learning is dual: collaboratioereases the probability
of learning and learning is required for achievihg goals of collabora-
tion.

Although there are large differences between colatiive processes, a
fundamental set of issues need to be considereadhwhn be allocated to
the following phases (Gray 1989):

1. Problem setting. The problem setting phase is concerned with ident
fication of stakeholders (e.g. governments, citizeé¥GOs, research-
ers) and resources, finding overlap in perceptidrthe major issues
of concern, convening and committing the stakehslde the col-
laboration;

2. Direction setting. During this phase ground rules are established, the
agenda is set, the participants form subgroupsj@ntdy search for
(exchange and produce) information, explore manageroptions,
reach agreement on the preferred strategy and itles#eal;

3. Implementation. In this phase the consensus has to spread to a wide
audience. The participants have to gain the supgdditeir constitu-
encies and others involved in the implementati@vyetbp organiza-
tional structures required for implementation, aondtinuously moni-
tor whether there is still agreement among theliradparties.

Recognising that power relations can influence dbkaboration,
the ground rules should express which parties laite which tasks and
rights (Ridder et al. 2005; Monnikhof 2006). Besadairness, reason and
transparency are essential, every participant shioave sufficient oppor-
tunities to express and protect their individuébiasts, to contribute to the
development of the collective will and to use phaml tools and knowl-
edge required to make good decisions (cf. Haberb®&gl; Schon and
Rein 1994; Renn et al. 1995). ‘Weaker’ parties dcug offered resources
to make sure they can fully participate (Hoppele2@03). An atmosphere
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of mutual respect can ensure the quality of thdodiee (Olsson and
Andersson 2007).

Collaborative water management in the case study

In the case study, many aspects of collaborativermraanagement can be
recognized. Multiple governmental and non-goverralenrganizations
are involved in many interactions, such as reguolaetings between the
Project Group and the Steering Group and workslvifs the Interest
Group and Sounding Board as well. The aim is tater@an understanding
of the functioning of the physical system and aghperspectives, to iden-
tify an appropriate solution and to create commitider it. The collabora-
tive problem setting phase occurred between thewroement of the de-
sire to end the extraction and the end of the Quaigk study. At the time
of writing, the search for information and explioatof management op-
tions (in the direction setting phase) are ceraaivities. Aspects that are
less conform collaborative water management arefde that not all
stakeholders are actively involved and that than@parency of the) ex-
change of perspectives is still limited.

7. Lessons for the role of expert knowledge in
collaborative water management

Collaborative water management offers good oppdrésnfor producing

expert knowledge that is used instrumentally orcemtually by many
stakeholders. However, it requires changes in tireent state of mind:
experts get a more supportive role, expert knovdeulgs to compete with
other forms of knowledge, and policymakers havéeowilling to learn

and be transparent about which knowledge theyus#l and how they will
use it (cf. Fearon 2003; van Buuren and Edelertiizb; Monnikhof

2006; Olsson and Andersson 2007).

In this section we synthesize the findings fromerktture into seven
lessons for researchers and policymakers aboypritduction and use of
expert knowledge in collaborative water managem#énshould be ac-
knowledged that all water management processeslifiegent and so is
the role of expert knowledge. The general guidslineed to be tailored to
specific situations. In the case study, it is triedbring the lessons into
practice, by advising the Project Group on howrggaaize the workshops.
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1. Determine resear ch needstogether. In order to produce appropriate

knowledge, policymakers, researchers and otheeltd#ters should
exchange their perspectives, identify relevant Kedge gaps and
jointly formulate (and execute) the research thaitdeded (Busenberg
1999; Raad voor het Milieu- en Natuuronderzoek 200tppe et al.
2003; van Buuren and Edelenbos 2005; Olsson anérasdn 2007).
Researchers should provide an overview of the iaegisexpert
knowledge and its limitations (Olsson and Anders2007), suggest
alternative research and focus on pragmatic asp@dtsinikhof
2006);

. Focus on appropriate knowledge. Expert knowledge can support

water management by generating insight in probleyesgrating al-
ternative strategies or distinguishing betweerradtéves using joint-
ly developed criteria (Monnikhof 2006). The assuond in the ar-
gumentation for each policy alternative should kedenexplicit, in
order to allow for a careful tradeoff (Olsson anddarsson 2007). In
order to generate comprehensive knowledge, expeawledge
should be combined with existing and new knowlefigen various
sources (Lavis et al. 2003; Olsson and Anderss0i@)20

. Produce knowledge iteratively. In an ongoing dialogue knowledge

producers can present and get feedback on (intémeg¢desults and
knowledge users can learn and indicate changelsein knowledge
needs (cf. Lavis et al. 2003; Olsson and AndersXiiiv). Research
should be flexible to adapt to these changes (Mdwfi2006). In

addition, policy experiments may be executed, tfieces may be
monitored and considered in ongoing analysis andag@ment (cf.
adaptive management (Holling 1978));

. Present resultsin an attractive and clear way. Because learning is

a selective and subjective process, knowledge i tiikely to be u-
sed when it is carefully tailor-made for the inteddisers (e.g. using
visualizations such as maps) (Lavis et al. 2003)pealing meta-
phors, management summaries and visualizationdiungs, graphs,
maps and tables are more likely to be used by adbpublic than
lengthy reports (Dahinden et al. 2000; Neilson 208fone et al.
2001). Different users may prefer different levefsdetail, but also
when detailed quantifications are left out, the nirgportant assump-
tions and uncertainties should still be made ekp{islkan Olsson
and Andersson 2007). Misinterpretations by knowéedgers can be
prevented by reflection on their interpretation;

. Reflect on knowledge critically. By critical reflection on the meth-

ods, assumptions and uncertainties in the knowlegigeluction,
knowledge users can develop a sense of the réhabil the knowl-
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edge and required improvements (Lavis et al. 2008e use of
knowledge can be improved when users consider varaxd how
they will act upon the knowledge, including uncettias and qualita-
tive information (Raad voor het Milieu- en Natuudenzoek 2000;
Hoppe et al. 2003; Monnikhof 2006).

6. Use appropriate tools and methods. Computer models can be used
to develop expert knowledge. Because models asnlaith assump-
tions, one should use multiple models that are mpted in multiple
disciplines (Hoppe et al. 2003). In order to fdatk learning of dif-
ferent stakeholders, simple and transparent conuation tools that
integrate relevant knowledge from multiple sourcas be used (cf.
Ubbels and Verhallen 2000; Borowski and Hare 200Bson and
Andersson 2007). When the stakeholders have diffeaseas of in-
terest, tools should be applied at different spatiales (Olsson and
Andersson 2007);

7. Use intermediates in case of large differences in perspective. In
order to facilitate direct discussion and prevensimerpretation,
knowledge exchange lines should be as short asbpmsklowever,
when knowledge users and producers do not understatmust each
other, intermediates can play an important rol¢hi interpretation,
integration and communication of expert knowled@kis may re-
move pressure from researchers, increase the titydib the knowl-
edge (Lavis et al. 2003) and speed up the protessgry complex
cases, the validity of the contributed knowledgeldde checked by
an external ‘watchdog’ (e.g. an independent exmEnnmittee)
(Hoppe et al. 2003).

8. Discussion

We used existing literature and case study matesialevelop better in-
sight in the production and use of expert knowleiigéifferent situations.
These insights can be used by researchers and/pakers to better un-
derstand their own and others’ roles in the prddancand use of expert
knowledge. Many theoretical insights were reflected water manage-
ment case study, and many still require (furthestihg in empirical re-
search.

In addition, we argued that collaborative water agggment is use-
ful to solve complex water management problemseOtipes of policy
processes may be more effective and efficient se aaf well-structured
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problems. Moreover, although the substantive, umséntal and normative
benefits of collaborative water management are miog (Pelletier et al.

1999), there are still many barriers to its pradtimplementation (Mostert
et al. 2007). If the institutional and cultural tses are not ready for it,
collaborative management is difficult to executelffems may arise if not
all stakeholders are willing or able to collaboratal to explicitly reflect

on their own and others perspectives. Although plaiser focuses on the
role of researchers and policymakers, collaboratiaéer management re-
quires cooperation of citizens and NGOs as welj. (eischer 1993; Weale
2001; Backstrand 2004; Douglas 2005; van de Kerldmaf Wieczorek

2005).

Subsequently, we derived lessons from literaturettie role of
expert knowledge in collaborative water manageméhese lessons can
be used by policymakers and researchers to guide thteractions.
Knowledge producers can use the paper to bettezrstzohd the decision-
making process and policymakers can use it to tbatiderstand the re-
search process. Both groups can use it to influémesaction between
them and at the same time test the lessons iniggatd refine them.

We will apply and test some of the lessons fromrditure in two
water management case studies, by evaluating whegibespectives
change, and to what extent these changes can tieutetti to expert
knowledge. In addition, we support the organizatbémvorkshops, e.g. by
identifying critical knowledge gaps and advising karowledge exchange
activities.
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