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ABSTRACT. Stakeholder participation is increasingly seen as central in natural resource management. It is also required by
the European Union Water Framework Directive, which identifies three levels of participation; information, consultation, and
active involvement. In this paper we discuss the active involvement of stakeholders, using our experience from a case study in
the Himmerfjérden region, which is a coastal area southwest of Stockholm, Sweden. Our study used the systems approach
proposed by the European Union research project called Science and Policy Integration for Coastal System Assessment
(SPICOSA), in which local stakeholders and a study site team constructed an integrated simulation model of a crucial coastal
management issue. In this case the issue was nitrogen enrichment. We showed how stakeholder participation in the modeling
process helped identify interesting and currently relevant management scenarios, and how the modeling process facilitated
communication of the likely ecological, economic, and socia effects of these scenarios to the stakeholders. In addition,
stakeholders also reported socia gainsin terms of network building. We managed to actively involvelocal stakeholdersin water
issues, and the research process clearly strengthened the social capital in the Himmerfjérden region, and created a basis for
future collaboration regarding water management. Our experience indicates that the approach we tried is a useful tool for
promoting active stakehol der involvement in water management projects. Also, the results of our science and policy integration
approach indicated that the study site team assumed a leadership role, which is a commonly recognized factor in successful
natural resource management.
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INTRODUCTION

Water management isavery important issuein most societies
and is essential for creating sustainable social-ecological
systems. It concerns many people in various ways, making
stakeholder participation and collective actions important in
water management. Stakeholder participation isincreasingly
seen as central in natural resource management (Human and
Davies 2010), for at least three reasons. It can (1) enhance
democracy, as emphasized in the Aarhus Convention (1998);
(2) lead to agreed policies becoming more socially accepted
(Visser 1999); and (3) strengthen locally evolved institutions
that are adapted to the specific social-ecological context
(Ostrom 1990).

The European Union'srecommendation on I ntegrated Coastal
Zone Management (European Parliament 2002) and its Water
Framework Directive (European Parliament 2000) emphasize
the role of stakeholder participation as key for successful
implementation of sustainable water management. The Water
Framework Directive aims to achieve good water quality in
all inland and coastal watersby 2015. It identifiesthreelevels
of public participation: (1) information, (2) consultation, and
(3) activeinvolvement (European Commission 2003). Active
involvement means that stakeholders are engaged in water
management—for example, by developing action plans or
commenting on management plans proposed by authorities.

This level of participation is the focus of this paper and is of
special interest because it calls for innovation and for new
practices and institutions to emerge (Kaika 2003). We used a
systemsapproach of integrating scienceand policy inaprocess
that involved coasta stakeholders in water quality
management (Hopkins et al. 2011). This gave us the
opportunity to study the process of stakeholder involvement,
and also created a potential for stakeholders to collaborate
beyond the end of the project.

From 2007 to 2010 we conducted a study in the coastal region
Himmerfjarden, southwest of Stockholm, Sweden, as part of
the European Union's funded research project called Science
and Policy Integration of Coastal System Assessment
(SPICOSA) (Hopkins et al. 2011). During our study, we
collaborated closely with alocal stakeholder group to develop
a simulation model for assessing policy options for
eutrophication management in the Himmerfjarden coastal
region. The model also served as a tool for communicating
ecological, economic, and socia effects to stakeholders. In
this paper we explore the possible advantages and
complications of the science and policy integration approach
that we used, i.e., concerning (1) the effects of stakeholder
participation on the modeling process and results, and (2)
evidenceof knowledge gainsand social gainsby stakeholders.
Further, we discusstheroles of science and policy integration
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Fig. 1. Location of the study site: (i) Sweden, located in the Baltic Seg; (ii) the Swedish Northern Baltic Sea River Basin
District, including Lake M@ aren (1); and (iii) the Himmerfjérden study site area; divided in the model areas “Hallsfjérden”
(2), “Néslandsfjarden” (3), and "Himmerfjarden proper” (4). Via"Svérdsfjarden” (5) the study site areaiis connected to the
open Baltic Sea (6). The red circle in "Himmerfjarden proper" is the discharge point of the Himmerfjarden sewage treatment
plant. The colorsin the study site map indicate: blue = water (dark is deeper for marine areas), green = forest, yellow = arable
land, orange = urban area. ©Lantméteriet, permission | 2011/0094
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in relation to factors for successful natura resource
management, such as socia learning, social capital, and
leadership.

Natural resourcemanagement can beseen asalearning process
in which stakeholders should be given the opportunity to
express their opinions and to exchange ideas and knowledge
(Mostert et a. 2007). Thelearning processis often referred to
associal learning andisassociated with changesin stakehol der
awareness and perception, especially with changes in how
individualsseetheir owninterestsin relationto those of others,
or inrelation to shared interests (Webler et al. 1995). Because
this process involves trust-building, socia learning is also
linked to social capital, which could be described asthe trust,
leadership, and social networkswithinagroup or acommunity
(Folke et a. 2005). For example, Mostert et a. (2007) argue
that social learning starts when stakeholders understand their
interdependence and realize the benefits of common actions,
while Pretty (2003) proposesthat peoplein groupswith strong

social capital havetheconfidencetoinvestin collectiveaction.
Thus, stakeholder participation in natural resource
management has the potential to strengthen social capital and
socia learning, and to facilitate economically, ecologically,
and socialy sustainable solutions.

The approach to science and policy integration used hereisa
form of participatory modeling, which presents both risks and
opportunities (for example, see Jonsson et al. 2007, Andersson
et a. 2008). In this paper we aso relate science and policy
integration to the issue of leadership, which is a commonly
recoghized factor in successful natural resource management
(Ternstrom 2005, Folke et a. 2005, Hahn et al. 2006).

STUDY AREA

The study areais a Baltic Sea bay system situated about 40
km southwest of Stockholm, Sweden (Fig. 1). Himmerfjarden
receives aminor part of Lake Maaren’s freshwater outflow,
and has a local catchment consisting of 536 km? of forests
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(57%), agricultural land (33%), urban areas (5%), and lakes
(4%) (Fig. 1). The Himmerfjarden region is used mainly for
tourism and recreational housing. It includes several island
nature reserves and a marine protected area. The
Himmerfjarden Sewage Treatment Plant, which is the third
largest in the Stockholm region and serves about 284 000
people (2010 data), is also located here. The commercial
fishery hasalmost ceased, and recreational fishingisnow more
important (S. Hansson January 2011, personal communication).
The main socia and economic drivers are the increasing
population of the Stockholm region, which creates a
continuous increase in demand for permanent homes,
recreational houses, sewage treatment, and water-related
recreational activities.

Withrespect toimplementingtheWater Framework Directive,
the Himmerfjérden drainage basin is considered part of
Sweden’'s northern Baltic Sea river basin district. Three
munici palitiesand two counties sharethe management of most
of the local drainage basin (including the outer areq).

The brackish Baltic Sea has experienced localized coastal
eutrophication problems since the nineteenth century, with
severe problems having occurred from the 1950s onwards.
Himmerfjarden was less affected by local sewage discharges
before the Himmerfjérden Sewage Treatment Plant started
operating in 1974 (EImgren and Larsson 2001). Thetreatment
plant had efficient phosphorus removal (about 96%) from the
start, and from 1998 it also had efficient nitrogen removal (up
to about 85%) (Elmgren and Larsson 2001). Even so, the
Himmerfjarden Sewage Treatment Plant still contributes a
significant share of the total nutrient load to Himmerfjérden,
particularly inorganic nitrogen. Other nutrient sources are
Lake Mdaren, local agriculture, and households with private
sewers (Elmgren and Larsson 1997). Salinity isslightly lower
in Himmerfjarden than in the open Baltic Sea, and the water
exchange with the sea is important both for the export and
import of nutrients (Enggvist and Stenstrom 2009).

Stakehol der involvement in managing Himmerfjérden started
with the opening of the Himmerfjérden Sewage Treatment
Plant in 1974; eutrophication researchin theregion since 1975
has involved frequent contacts with local stakeholders. This
research hasfocused ontherel ati onshi p between nutrient loads
and the occurrence of phytoplankton in general, and on
nitrogen-fixing cyanobacteriain particular. The research has
included full-scale experiments with changed loads from the
Himmerfjarden Sewage Treatment Plant, which aimed to
optimize the environmental results of the treatment through
adaptive management.

METHODS

The systems approach of the SPICOSA project starts with a
team of researchers, whotogether withinterested stakehol ders
in the coastal area, formulate a magjor policy issue (or issues)
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for their coastal area and identify relevant policy options
(measures) (Hopkins et a. 2011).

The Himmerfjarden study team, which included the authors
of this paper, consisted of three environmental economists,
one environmental scientist specializingingovernanceissues,
and five systems ecologists. This team built a coupled
simulationmodel suitablefor ecological, economic, and social
appraisal of scenarios consisting of combinations of policy
options.

Giventhetransdisciplinary approach of the study, themethods
section is divided into two parts. First we briefly describe the
construction of theintegrated ecol ogical, economic, and social
model to give an understanding of the communication tools
we used at the study site, and then we describe how we
collected evidence of knowledge and socia gains for the
participating stakeholders.

Conceptual model

The systems approach used in this study emphasizes the need
to focus on ecol ogi cal-social -economic interfaces (Hopkins et
al. 2011). Hence, the Himmerfjarden simulation model was a
coupled ecological, economic, and social model for evaluating
policy options (i.e., potential measures) for nitrogen
management in three main human activities. centralized
sewage treatment at the Himmerfjérden Sewage Treatment
Plant, sewage disposal from individual households (private
sewers), and local agriculture. We limited the model to
nitrogen management given that the Himmerfjarden
phosphorus load is dominated by import from the open sea,
and littleis affected by local management.

The coupled model (Fig. 2) had severa linkages between
ecological, economic, and social components. First, scenarios
weredefined in the policy options component (see Table 1 for
policy options). Thenitrogen reduction (N-red), caused by the
scenario chosen for simulation, affected the ecologica
component, which consisted of a water exchange model and
a nitrogen model. A crucial link between the ecologica
component and the economic component was the change in
Secchi depth caused by the nitrogen reduction associated with
the chosen scenario. Secchi depth is a measure of water
transparency and is akey indicator of water quality, whichin
turn affects people’'s well-being and demand for coastal
recreation. The economic component included a cost-benefit
analysis of the chosen scenario and the resulting increase in
water transparency. The social component was a participation
function that calculated the willingness of farmers to create
wetlands, given different levels of support for wetland
creation. This component was based on asurvey of farmersin
the region. The output of the social component was the
extension of wetland that would likely be created, as well as
the reduction in nitrogen that would result, which would in
turn affect the ecological component.
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Fig. 2. Conceptual model for coastal zone modeling in
Himmerfjarden. The red sguare encloses the componentsin
the simulation model. Solid arrows indicate the data input
on which the simulations are based. Dashed arrows indicate
where stakehol ders were involved and influenced the model
and research process.
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The overall purposes of the model were to simulate and
illustrate potential ecological, economic, and socia results of
different combinations of policy options for nitrogen
management. The spatial dimension of the model was based
on three main water basinsand their respective drainage areas
(seeareas 2, 3,and 4in Fig. 1).

The simulated policy options are listed in Table 1. The
Himmerfjarden Sewage Treatment Plant is the dominant
nitrogen emitter, but leakage from agriculture and private
sewerswould a so havelocal effects. For each human activity
different policy options were available, but only such that
could be implemented within the study ares, i.e., there were
no scenarioswith decreased nutrient inflow from the open sea
or Lake Mé&aren.

The two policy options for the Himmerfjarden Sewage
Treatment Plant were: (1) establish different levelsof nitrogen
removal, and (2) move the location of the outfall to the open
Baltic Sea by means of a pipeline. The policy options for
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decreasing nitrogen |eakage from agricultural activities were:
(2) catch crop cultivation, including high and low estimates
of potential nitrogen retention and of extension of the activity,
and (2) creation of wetlandsin theagricultural landscape. Both
of these options have been suggested as potential measuresto
reduce nutrient leakage from agriculture activities (Aronsson
and Torstensson 1998, Kirchmann et a. 2002, Arheimer et al.
2004). Thepolicy optionfor private sewerswasto connect the
private sewers to a larger sewage treatment plant. For each
policy optionwevaried thenumber of private sewersthat were
supposed to be connected.

Different policy options can be chosen for agriculture and for
private sewers for each of the three drainage basins used in
themodel (seeFig. 1). Themodel can therefore simulate many
combinations of policy options, each giving a different
scenario, but only a selection was chosen for the final
simulations, after consultation with the stakeholder group.

Ecological component

The ecological model explicitly included only the aquatic
ecosystem, which was spatialy divided into three water
basins, each corresponding to a drainage area (see areas 2, 3
and 4 in Fig. 1). The vertical structure is a euphotic surface
layer thatis7to 10 mindepth, asubsurfacelayer, and abottom

layer.

An estuarine water exchange was modeled, with a seaward
flow of surface water and alandward deep-water inflow. The
water exchange was calculated from a mass-balance for salt
and water. The Knudsen (1900) equation was modified to fit
a dynamic nonequilibrium model with measured salinity and
fresh water flow asinputs, which is similar to the approach of
Hagy et al. (2000), withal-day timestep. Thiswater exchange
model simulated winter concentrations of total nitrogen and
the sum of inorganic nitrogen speciesquitewell (no biological
activity assumed).

The tota nitrogen and dissolved inorganic nitrogen
concentrations were modeled for al three basins and depth
layers, using inputs calculated from concentrations and
volumes of freshwater, the Himmerfjérden Sewage Treatment
Plant'sdischarge, and boundary flows. Inthespring, biological
uptake and loss of the dissolved inorganic nitrogen pool were
assumed. Because dissolved inorganic nitrogen in the study
area is usualy consumed to low levels in the spring, and
remains low in the surface water in summer, al inorganic
nitrogen present or added to the surfacelayer (from upwelling,
mixing, and fresh water inputs) was assumed to be taken up
by phytoplankton during a defined productive period from
April to October. In the spring and summer, half of this net
dissolved inorganic nitrogen uptake (and corresponding total
nitrogen) was assumed to sink out, with the rest recycled to
the total nitrogen pool in the surface layer. This factor of 0.5
was derived from calibration with data and it was used in all
simulations. A simple empirical correlation was then used to
calculate Secchi depth from total nitrogen. The average
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Table 1. Policy options for the simulation model (including policy options for the reference scenario).

Human activities

Himmerfjarden Sewage Treatment Plant Agriculture

Private sewers

Policy options for the Himmerfjarden
Sewage Treatment Plant: effluent nitrogen
concentration and other possible measures
10 mg/L (reference scenario)

(reference scenario)
4 mg/L
4 mg/L plus move outfall to the open Baltic
Sea by building a pipeline

Wetland creation (area calculated by the

Poalicy options for agriculture: wetland
creation or catch crop cultivation

No additional measures undertaken

Policy options for private sewers: share of
private sewers connected to the sewage
treatment plant

0% (reference scenario)

Catch crops—low estimation 25%
Catch crops— high estimation 50%

100%

participation function, based on level of
support for wetland creation)

summer Secchi depth was used as one ecol ogical—economic
model link (see Fig. 2).

This simple water exchange—ecological mode produces
reasonableresultsandiseasily understood and communicated.
At high nitrogen loads the model may be less reliable if
seasonal phosphorus limitation is induced. Inclusion of
phosphorus would be needed to model nitrogen-fixing
cyanobacteria.

Economic and social components

The economic component sums the costs and calculates the
benefits of asimulated scenario.

The cost for a scenario was calculated as the amount above
the cost for current undertakings or minimum efforts
corresponding to current legislation, which is the reference
scenario (Tables 1 and 2). The Himmerfjarden Sewage
Treatment Plant costs for the policy options are known (J.
Bosander, July 2008, personal communication); for private
sewers and agriculture, a wide range of cost data, based on
literatureand experience, were used (Focuson Nutrients 2003;
Hasselstrdm 2007; J. Holmstrém, December 2008, personal
communication; S. Jonsson, December 2008, personal
communication). All investment costs were assumed to be
financed by loans and cal cul ated as an annual installment and
interest rate for wetlands, private sewers, and the
Himmerfjarden Sewage Treatment Plant, using aninterest rate
of 6.5% (Swedish Institutefor Transport and Communications
Analysis 2009).

The benefits of the Secchi depth improvement inthe scenarios
were estimated using results in Ostberg et a. (2011), who
carried out a choice experiments study for estimating the
willingness-to-pay for several water quality attributes in the
Himmerfjarden study area. Based on these estimates, Kinell
et al. (2011) calculated the benefits of the Secchi depth
improvements following from the scenariosin Table 2.

Summed present values of costs and benefits were computed
based on a socia discount rate of 4% (Swedish Institute for
Transport and Communications Analysis 2009); for further
details on the cost-benefit analysis see Kinell et al. (2011).

The social component simulates factors that affect the
willingness of farmersto participate in wetland creation. This
is because much of the study areais considered favorable for
wetland creation (P. Stalnacke, October 2008, personal
communication). Further, farmers were a key group for
reaching water quality objectives because the diffuse nutrient
leakage from agriculture was regionaly significant. The
simulation in the socia component was based on a choice
modeling approach similar to that of Carlsson et al. (2003),
however, the monetary valuation weighting was exchanged
for different policy settings and levels of support for wetland
creation. A participation function was estimated by using data
from a 2009 questionnaire to farmers in the study area (F.
Franzén, unpublished data) which means that stakeholders
(farmers) had astronginfluenceonthemodel. Also, theresults
of the questionnaire provided the model with specific dataon
both wetland area and location.

Stakeholder participation
Recruiting coastal zone stakeholders

Invitationstoaninitial stakeholder meetingin November 2007
were based on a mapping of human activities, stakeholders,
and ingtitutions in the Himmerfjarden region. This meeting
was co-organized with the regional River Basin District
Authority and the Stockholm County Administrative Board,
as part of a process of consultation on local water quality
issues. At the meeting we recruited a group of twelve people
who werewilling to participate actively in the Himmerfjarden
study and who represented a range of local stakeholder
categories (Table 3).

The stakeholder group met once or twice each year (Table 4).
In 2009 we held an extra meeting to discuss the suggested
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Table 2. Results for the three main scenarios.
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Source of Nitrogen

Reference Scenario

“Most Likely” Scenario  “Pipeling” Scenario

Himmerfjarden Sewage Treatment Plant, effluent 10 mg/L

nitrogen concentration

Agriculture No additional
measures

Private sewers connected to sewage treatment plant 0% (no additional
measures)

Mean summer Secchi depth 31m

Secchi depth change -
Benefits of Secchi depth improvement (summed -
present values)

Costs of scenario (summed present costs) -
Net benefit -

4 mg/L 4 mg/L plus offshore outfall

Wetland creation (25 ha) Wetland creation (25 ha)

25% 25%

37m 41m
0.6m im

309 MSEK 516 MSEK
133 MSEK 539 MSEK
176 MSEK - 23 MSEK

Programmes of Measuresfor theimplementation of the Water
Framework Directive. The study site team collected opinions
and comments at the meeting and submitted a statement of
comments to the River Basin District Authority.

In the fourth year we also co-organized a meeting at which
study results were communicated to an additional group of
national level stakeholders from three Swedish River Basin
District Authorities, the Swedish Environmental Protection
Agency, the Stockholm County Administrative Board, and the
Swedish Meteorological and Hydrological Institute. Thelocal
stakeholder group proposed such a meeting because of the
project’'s scope of integrated modeling and because the
example of active stakeholder involvement should be of
interest to these national actors.

Each meeting was hosted by a different stakeholder or by
representatives of the study site team (see Table 4), to provide
venuevariety. The meetingswerehalf-day inlength, followed
by a free lunch, to provide opportunity for informal
discussions. They included an initial presentation of the
project’s progress and related research in the study area
(maximum half the meeting), with an effort by the study site
teamto uselanguage understood by all stakeholders—thusthe
modeling, project progress, and results were communicated
using conceptual models, diagrams, and snap shots of the
simulation model rather than details of model structure. Each
meeting ended with stakeholder discussions, including
questions and requests for the future work (minimum half the
meeting). Meetings were documented in minutes by a study
site team member and subsequently sent to the stakeholder
group for review.

Evidence of stakeholder influence

Stakeholder participation was mainly assessed in two ways.
First we used the discussions at the meetings and the minutes
listedin Table 4 to study evidence of stakeholder influenceon
formulation of the policy issue, policy options, and scenarios

for modeling. The minutesweretaken by one sel ected member
of the study site team, and after each meeting were sent by e-
mail totherest of the study siteteam and the stakehol der group
for comments. Second, we distributed two questionnaires to
the stakeholders; the first at meeting 2 and the second at
meeting 5.

Questionnaire 1 gave group members an opportunity to
complement what they had said during thefirst two meetings,
by focusing on the most urgent policy issue in the study area
anditsimpact onthelocal environment, economy, and society.
Questionnaire 2, which followed up questionnaire 1, had the
particular purpose of capturing potential changes in
stakeholder knowledge and perceptions. In addition to
repeating the questions in questionnaire 1, it included new
questions about the stakeholders’ experiences of participating
in the study.

RESULTS

In this section we present some general results of (1) how
participation by stakeholders influenced the research process
and modeling results, and (2) theeffectsof theresearch process
on the stakeholders, especidly in terms of knowledge gains
and socia gains made by the stakeholders.

Stakeholder participation
Agreements for establishing the simulation model

The first stakeholder meeting (Table 4, meeting no. 1)
identified eutrophication as the main environmental policy
issue in the Himmerfjarden region. This was confirmed by
answers to questionnaire 1, which indicated that the outcome
of the meeting truly reflected stakeholders' opinions. The
study site team agreed, but found the issue too broad for
modeling purposes. A narrowing of the issue to nitrogen
management was accepted by the stakeholder group.

On the whole, there was good agreement between the views
of the stakeholders and the study site team on urgent policy
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Table 3. Stakeholder group representatives.
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Category Representing

Role Comment

Governmental policy makers and/or
environmental regulators

Stockholm County
Administrative Board
Sodertélje Municipality

Botkyrka Municipality

Nynashamn Municipality

Actors Himmerfjarden sewage
treatment plant

Local industry sewage
treatment plant

Land owner

The Swedish Farmers Union

Customers Himmerfjérden Nature

Conservation Association

Officia (environmental Changed representative in

analyst) 2008

Officia (ecologist) 2 representatives, 1 after the
3rd meeting.

Officia (environmental 2 representatives

analyst)

Official (environmental Dropped out in 2008 due to

investigator) reorganization of the
municipality

Process manager

Process engineer 2 representatives

Owner of Morkd Manor Also afarmer

Representative of local chapter Dropped out in 2009 due to
lack of time

Chairman of the association

options. At an early stage (questionnaire 1 and meeting 2),
stakeholdersalsoindicated aninterest inlinking fishery issues
and fish stock modeling to eutrophication management, but
the study site team found this unrealistic due to lack of data
on fish stocks.

At the second meeting (Table 4), the stakeholders influenced
the choice of policy options to be modeled. For example,
stakeholders wanted policy options for several nutrient
sources, such as private sewers and agriculture, included in
the modeling. Clearly, investigating scenarios in which
responsibility for nutrient reduction is shared among actors
was important to the stakeholder group, and this might have
minimized possibleconflict withinthegroup. Thelocal nature
conservation association haslong wanted a pipelineto be built
to move the outfall of the Himmerfjarden Sewage Treatment
Plant out of Himmerfjarden, but this was previously seen as
unrealistic dueto high cost. Increased mitigation demandsdue
to implementation of the Water Framework Directive may
change this, and including this policy option made it relevant
to simulate Himmerfjarden as being almost free of sewage
impact.

The study site team could not realize all of the stakeholders
suggestions for simulating policy options. For example,
desired analyses of morerefined policy optionsfor agriculture
and private sewers, involving a larger variety of abatement
measures, could not be made dueto lack of time and resources
for gathering the detailed data required.

Results of main scenarios

The integrated model constructed with stakeholder
participation cansimulatealargenumber of possiblescenarios

(i.e., combinations of policy options). In this paper we focus
on the results for the three main scenarios that were selected
in discussion with the stakeholders (Table 2). The reference
scenario refersto theminimum effort corresponding to current
legislation. To manage nitrogen in Himmerfjarden for better
water quality and reach the requirements of the Water
Framework Directive, the stakeholder group and the study site
team agreed that the “most likely” scenario was
implementation of the listed combination of policy optionsin
the study area, namely a high level of nitrogen reduction for
the Himmerfjarden Sewage Treatment Plant, wetland creation
in one of the drainage basins for agriculture, and connection
of aquarter of the private sewersto a sewage treatment plant.
The “pipeling” scenario was included after repeated requests
by one stakeholder. It corresponds to the “most likely”
scenario plusmovingtheoutfall of theHimmerfjarden Sewage
Treatment Plant to the open Baltic Sea. The “pipeline’
scenario illustrates the study area with its dominant nitrogen
emitter, the Himmerfjarden Sewage Treatment Plant,
eiminated, thus making Himmerfjérden in this scenario
similar to an average Baltic bay system.

Themain results of the scenario simulationsindicate expected
Secchi depth improvement and net benefit for each scenario
(Table2). Themodel wassimulated over a30-year periodwith
ayearly time-step. The“most likely” scenario resultsin a0.6-
m Secchi depth improvement and a net benefit of
approximately 176 MSEK. The “pipeline”’ scenario resultsin
a 1-m Secchi depth improvement; however, the costs
associated with building a 25-km pipeline are substantial and
the scenario resulted in a negative net benefit of 23 MSEK.
Nevertheless, the pipeline scenario is still of interest because
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Table 4. Stakeholder group meetings during the research process. The participants were the members of the study site team and

local stakeholders..

Meeting no. Date Venue No. of participants (no. Main tasks
of local stakeholdersin
parentheses)
1 November 13, 2007 Sddertdlje Town Hall 26 (19) Stakeholder group formed. Policy issue
discussion.
2 April 17, 2008 Himmerfjarden Sewage 14 (9) Policy issue and policy option discussion.
Treatment Plant, Grodinge Questionnaire 1.
3 November 6, 2008 Xenter, Tumba 15 (8) First result of simulation model. Discussion of
scenarios.
4 May 28, 2009 Enveco office, Skarholmen 11(7) Discussion of Programmes of Measures for
Water Framework Directive.
5 November 19, 2009 Enveco office, Skérholmen 14 (7) First result of scenario simulation. Discussion of
use of the model. Ouestionnaire 2.
6 March 23, 2010 Stockholm County 17 (9) New stakeholder group with potential end-users.
Administrative Board,
Stockholm
7 December 9, 2010 Sodertdlje Town Hall 12 (6) Summary of SPICOSA experience, and

discussion of future possibilities. Creation of
interim board for a possible Water Council for
Himmerfjarden.

it may be the only means of reaching the water quality goals
for Himmerfjdrden as legally required by the Water
Framework Directive. To achieve the 25 ha of wetlands
simulated in the model would require increased support for
wetland creation, for example higher subsidies for wetland
creation.

Evidence of gainsfor stakeholders

The meetings and questionnaires allowed us to assess the
stakeholders' own perceptions of the knowledge gains and
social gains they derived from their participation. By
knowledge gains we mean that stakeholders learned from the
process or increased their understanding of marine issues or
of the opinions of other stakeholder categories. Social gains
refer to social advantagesfor stakeholders from participation,
for example in network building. The concept of socia
learning can be linked to both knowledge gains and social
gainshecause oneusually considerssocial learningto describe
exchangesof ideas, changesof perceptions, and understanding
of other stakeholders’ opinions. Weillustrate thiswith quotes
from the meetings' minutes and from questionnaire 2 (Table
5).

Knowledge gains

The results show that the stakehol ders valued participation as
aresourcefor improved knowledge and understanding (Table
5, column 1). Severa stakeholders reported that they gained
new knowledge about coastal systems and modeling in
general. Further, the quotes confirm that our modeling
approach has facilitated knowledge gains for the members of

the stakeholder group rather than preventing their
understanding of the complex coastal systems.

Theapproach alsoresulted inacoupled model withecological,
social, and economic components, and this coupling was
recognized and valued by the stakeholders (Table 5). At
meeting no. 6, stakeholders emphasi zed the advantages of our
model's simplicity; also, one stakeholder thought that the
model was unique because it included social, economic, and
ecological components. Thus, our application of the SPICOSA
systems approach has been successful as an integrated
approach to the coastal system, with the stakeholders seeing
the social and economic components as important
contributions of the model, even though many stakeholders
had backgrounds in the natural sciences (Table 3). The
stakeholders also gained knowledge on present policy
legislation; one stakehol der cited “ better understanding of the
Water Framework Directive’ as a specific gain.

Social gains

The quotes in the second column of Table 5 indicate that
members of the stakeholder group found their participation
socialy vauable. The stakeholder involvement in the
Himmerfjarden study created a forum with representatives of
both affected and affecting stakeholders. Participation in the
group clearly provided opportunities for new contacts and
building of networks. Such collaboration wasseen asdesirable
for meeting future water management challenges in the
Himmerfjarden region. At meeting no. 5, the stakeholder
group also voiced adesire to continue working together.
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Table 5. Examples of stakeholder views regarding participation in SPICOSA. The quotations are trandated answers to
guestionnaire 2; they are in random order and do not correlate across rows.

Knowledge gains

Social gains

“A lot of knowledge on what modeling could be used for.”

“Good source for information, especially about models. Interesting
ideas for the future.”

“Better understanding of the implications of the Water Framework
Directive .... Better understanding of water flows and the factors
that impact the nitrogen and Secchi depth.”

“Better knowledge of coastal waters in Himmerfjérden and the
surrounding basins, and awareness of research projectsin these
areas.”

Good that the model is simple.”

“Participating in the stakeholder group has given me hope that we
will be able to better understand complex environmental problems
in the future. Better understanding of the impact of the sewage
treatment plant (that the stakeholder represented) on al of the basins
in the study area...”

“A good network of contacts.”
“It isimportant to have a broad dialogue.”

“Personal contacts with persons who have knowledge about and
interest in improved coastal waters.”

“Fine with collaboration in groups such as|...] and SPICOSA.
Unfortunately, they al finish in one or two years.”

“[In the future] collaboration between municipalities, River Basin
District Authorities, and County Boards is necessary.”

“[Inthe future], a continued close collaboration between scientists
and other stakeholders will hopefully take place.”

“[In the future] it isimportant to continue to work like thisin
similar projects.”

It isimportant to point out that there were no strong conflicts
in the group and that the process was characterized by an
informal and friendly atmosphere. However, as mentioned
above, oneimportant meansof minimizing conflictsmay have
been the choice to include all emitting activities that the
stakeholders wanted to study among the policy optionsin the
simulation model.

The quotes in Table 5 also show that a broad representation
inthe stakeholder group and the rel ation to the study site team
were appreciated by the group. Regarding social gains, wecan
also note from meeting 7 (Table 4) that an interim board for
a possible future water council for the Himmerfjarden
catchment was created.

Critigue and comments

Stakeholders were also invited to criticize the simulation
model, and the research and participation process. Most of
their comments were about the result of the model, the
advantages and drawbacks of the simplifications used in the
model, and the narrowed focus of the modeling from
eutrophication in general to nitrogen management. As
mentioned above, stakeholders also wanted more policy
options to be evaluated than the study site team could
accomplish. In addition, the accessibility and future of the
model were important issues for the stakeholders. The scale
of the model was also questioned because stakehol ders were
also concerned about the open Baltic Sea and other
environmental problems of larger ecological scope. The
applicability of the model to other areas was of interest at
meeting 6, at which several Swedish River Basin District
Authorities were represented.

FINAL DISCUSSION AND CONCLUSIONS

We conclude that the application of the SPICOSA systems
approach in Himmerfjarden resulted in a rewarding process
of stakeholder participation, both in terms of the research
processand stakeholders own experience. Our initial research
questionsconcerned how stakeholdersinfluenced theresearch
process and modeling results, and al so how stakeholderswere
affected by participating in the project. The results show that
the research process gained from stakeholder participation,
especialy by introducing interesting policy options and by
making the modeling understandable. The results al'so show
that the stakeholders felt that they gained from participating,
both in terms of extended knowledge and extended social
networks. In this section we discuss the role of stakeholder
participation in science and policy integration and social-
ecological modeling, the impact on social learning and social
capital, and finally, the role of leadership in participation
processes.

Roles of social-ecological modeling in science and policy
integration

Our approach to the social-ecological modeling was to build
a simple model based on mainly existing data that included
ecological, social, and economic components. The results of
increased stakeholder understanding of complex systems and
of linkages between natural and social systems strongly
indicate that the approach was successful in identifying
scenariosfor nitrogen management that the stakehol dersfound
interesting and understandable. However, there are also
challenges and risks in participatory modeling approaches.
Jonsson et a. (2007) question whether research groups
working with participatory modeling will valuelocal opinions
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as highly as those of established experts. In our case the
stakeholder group had broad local representativeness, and
there was no obvious disparity between experts and
nonexperts.

Clearly, stakeholder participation in research projects or
policy settings is not always simple. The mostly active and
persistent participation in this study was facilitated by having
arelatively good coherence of knowledge perceptions among
the stakeholders and the study site team at the outset, and by
theavailability of alarge database. Earlier studieson engaging
stakeholdersintheearly phaseof planning scientific programs
have shown that too wide a disparity between the perceptions
of stakeholders and scientists can seriously hamper
collaboration and the achievement of results (Human and
Davies 2010). Fortunately, this was not a serious problem in
theinitial discussionsin our case study application. Rather the
opposite occurred, i.e., the study site team gained local
knowledge and ideas for policy options for the simulations.
One example of this was a suggestion about simulating the
effects of a pipeline to move the outfall to the open sea. This
wasearlier seen asan unrealistic solution, but therequirements
of the Water Framework Directive might force such drastic
solutionsinorder tofulfill thegoal of goodwater quality status.

Effectson social learning and social capital

The approach of letting stakeholders influence the research
and modeling processes seemsto haveincreased their interest
in participating in the process, aswell astheir acceptance and
awareness of the opinionsand perceptionsof other stakeholder
categories. The results on both knowledge gains and social
gains in our study agree with Andersson et al. (2008), who
arguethat participatory modeling can help stakeholders better
understand other stakeholder groups, and even make them
share acommon view of the policy issue.

Because socia learning processes among representatives of
different stakeholder groups and scientists are crucia factors
for successfully adapting to new demands and for managing
participation processes, the experience of our study hopefully
created opportunities for future collaboration (Pahl-Wostl et
al. 2008). At the concluding (i.e., seventh) stakeholder
meeting, an interim board for a possible future water council
for the Himmerfjérden catchment areawas created. Hence, in
this case the research process clearly enhanced the socia
capital and created an opportunity for future collaboration.
Kaika (2003) argues that the implementation of the Water
Framework Directive is a top-down approach of creating
social capital, and further that changesin the social capital are
crucia for adapting to the new requirements of the directive.
However, in our case the research project and stakeholder
group started the changes in the social capital.

Role of leader ship in the stakeholder participation
processes

The relative ease with which we achieved stakeholder
involvement in the Himmerfjarden study poses a question:
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Why isthere so little formal collaboration in place, when the
opportunity obviously exists? The stakeholder participation
in this study started off as an ordinary consultation meeting,
co-organized with Swedish authorities. However, the
participation processwould probably have stopped thereif the
research project had not continued to encourage a deepened
collaboration and active participation, corresponding to the
third level of participationinthe Water Framework Directive.
Thislevel is not as well implemented in Swedish practice as
the two other levels; information and consultation (Joborn et
al. 2005).

A necessary component for activating local actors—and a
general key to successfully involving locally evolved
ingtitutions—is the presence of leadership (Ostrom 1990,
Olsson et a. 2004, Ternstrdm 2005, Hahn et al. 2006). In our
case the study site team took the lead, by arranging meetings
and involving local stakeholders in a co-operative research
processdealing with locally interesting issues. Thelocal water
councils that the Swedish River Basin District Authorities
have proposed as an important tool for achieving active
participation of local stakeholders, should preferably be
initiated at the local level (Swedish River Basin District
Authorities 2008). Still, it is possible for County Boards and
River Basin District Authorities to facilitate such initiatives
by taking supportive measures. However, both of these
agencies wereinvolved in our project to some extent without
suggesting the creation of awater council. The regional River
Basin District Authority'slack of interest in the establishment
of water councils leads one to wonder whether it sees active
stakeholder participation as a priority. The experience of
collaboration in the Himmerfjérden study area during the
SPICOSA project hashopefully created thepotential for active
stakeholder participation in future water management.
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