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Abstract

A participatory methodology, based on dialogues between stakeholders and experts has been developed and tested in the
drainage area to Kaggebo Bay in the Baltic Sea. This study is focused on the EU Water Framework Directive, with emphasis
on reduction of eutrophication. The drainage area is included in the WFD administrative area of the Motala Strom River
basin. A similar approach is now applied in a recently initiated project in the Thukela River basin, with focus on impacts of
climate change on water resources. The methodology is based on the idea that a catchment model serves as a platform for
the establishment of a common view of present conditions and the causes behind these conditions. In the following steps,
this is followed by model-assisted agreement on environmental goals (i.e. what do we want the future to look like?) and local
agreement on a remedy or mitigation plans in order to reduce environmental impact (e.g. eutrophication); alternatively to
adapt to conditions that cannot be determined by local actions (e.g. climate change). By involving stakeholder groups in this
model-supported stepwise process, it is ensured that all stakeholder groups involved have a high degree of confidence in the
presented model results, and thereby enable various actors involved to share a common view, regarding both present condi-
tions, goals and the way to reach these goals. Although this is a process that is time- (and cost-) consuming, it is hypothesised
that the use of this methodology is two-pronged: it increases the willingness to carry out remedies or necessary adaptations
to a changing environment, and it increases the level of understanding between the various groups and therefore ameliorates
the potential for future conflicts. Compared to traditional use of model results in environmental decision-making, the experts’
role is transformed from a one-way communication of final results to assistance in the various steps of the participatory

process.
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Introduction

Successful integrated water resources management (IWRM)
need to be based on adaptive management approaches that can
cope with uncertainties caused by globally as well as locally
changing socio-economical and climate conditions (Pahl-Wostl,
2007). In addition, involvement of stakeholders is today seen as
crucial for the mitigation of environmental problems. Public par-
ticipation may contribute to achieving several interrelated goals
such as better-informed stakeholder groups, transfer of knowl-
edge and information from local stakeholder groups to regional
and national planning and research, socially accepted mitigation
measures, leading to higher efficiency in implementation and
reduction of conflicts between stakeholder groups (Lauber and
Knuth, 2000; Pahl-Wostl, 2002).

To be able to deal with the complex interaction of socioeco-
nomic and natural processes, Information Communication Tech-
nology (ICT) facilitated participatory projects have been carried
for a multitude of water resource management issues around the
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globe (e.g. Eakin et al., 2007; Gaddis et al., 2007). Participa-
tory modelling has been suggested as a platform that could be a
meeting point for synthesising information and involving vari-
ous actors in decision processes (e.g. Alkan Olsson and Anders-
son, 2007, Duvail and Hamerlynck, 2003). However, especially
in developing countries, but also in developed, the access and
usefulness of available ICT is often an obstacle to use in par-
ticipatory processes (Horlitz, 2007). Another crucial issue
concerns how interest groupings interact across and between
scales and how imbalances in negotiation power are reflected in
participatory decisions (Sherwill et al., 2007). Computer-based
models by definition include uncertainties since they are based
on generalisations of both processes and physiographical condi-
tions, as well as on available datasets. However, models provide
a way to synthesise present knowledge and complex relations to
give solid background information that is able to synthesising
the understanding of the present situation, as well as produce
predictions of future conditions (scenarios). Such scenarios can
include assessments of human impact on natural systems, as well
as of the effect of different remedies aiming to limit unwanted
environmental impacts, or of the potential of various adaptation
strategies.

Although models present a simplification of complex sys-
tems, they can thus be considered useful in environmental plan-
ning. Outputs from scenario-impact analyses put environmental
changes in a tangible spatial and temporal perspective. Moreover
model-derived information can be used to minimise the risk that
discussions are blocked by biased perceptions of the causes to
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prevailing environmental conditions and of the potential impact
of remedies. It can also make it possible for actors to see where
their views and interest conflict, and how they can be bridged. A
strict ‘science based’ approach that stresses optimal utilisation
of water resources from a natural scientific and/or economical
perspective may, not be perceived as beneficial by all stake-
holders or policy makers, neither at the local or the regional
level. As argued by Schulze (2001) the use of models as a policy-
making tool makes it necessary for scientists to adapt from a
‘research thinking’ to a more outcome based ‘policy thinking’
to fit the needs and demands of stakeholder groups involved in
a policy process. To guarantee that scenarios will be seen as a
legitimate tool in the planning process, stakeholders at different
levels must be involved in the validation of the input and outputs
from the models.

Traditionally, scenario production has been used as a one-
way communication of results from scientists to stakeholders.
Often model applications have been based on general datasets,
sometimes nation-wide, with less accuracy for local conditions.
Due to the high cost for local data collection, this is usually the
only manageable way to work on a national scale. However for
regional and local applications, the feasibility of using a model
is highly dependent on the access to representative time series
and geographical data at these levels. When models are applied
on a local level result will only contribute to integrated water
resource management if used databases and assumptions are
ratified by local authorities and other stakeholders as they often
are familiar with the conditions of their catchment.

However, participation from different stakeholder groups in
a process is not a guarantee that the project and resulting out-
come will be transparent, representative, locally validated and
democratic. Jonsson and Alkan-Olsson (2005) grouped factors
that influence the degree of success of stakeholder involvement
in a participatory environmental modelling process into three
categories: factors influencing the willingness of stakeholders
to invest time and resource in participation in the process, fac-
tors influencing the tendency of stakeholders to accept ‘expert’
results as legitimate descriptions of local ecosystems, and fac-
tors defining the ‘room of action’ for stakeholders to implement
remedies suggested by model results.

By involving stakeholder groups in various parts of the mod-
elling process, the ‘participatory modelling’ concept presented
in this paper is aiming at serving as a platform for facilitating
stakeholder participation in environmental planning at the local/
regional level. We hypothesise that, in contrast to a traditional
one-way communication of model results in environmental
planning (where modellers present final results to authorities), a
participatory modelling process (where various stakeholders are
involved in various parts of the modelling process), can facili-
tate the process of formulating locally suggested environmen-
tal plans. In this paper this is exemplified by presentation of a
case study aiming to produce a locally suggested remedy plan
for eutrophication in lakes and costal areas in a catchment in the
vicinity of the Swedish HELP basin Motala Strém. In addition, a
newly started case study, aiming to produce a locally suggested
plan for adaptation to climate changes impact on water resources
in a South African HELP basin Thukela is presented.

Methods and case study area

The Kaggebo Bay project was initiated by farmers in the area
that drains into the Kaggebo Bay in the Baltic Sea (Fig. 1).
The area covers 430 km2. It is shared by three municipali-
ties (Valdemarsvik, Vastervik, Atvidaberg) and two counties
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Figure 1
The Kaggebo area, draining into the Baltic Sea, divided in
four sub-catchments: Vindommen, Vindan, Edsviken and
Bredvassaviken.

(Kalmar, Ostergétland). About 18% of the basin is covered by
farm land. There are 2 000 inhabitants and approximately 100
farms > 20 ha. In addition, approximately 350 summer cottages
are situated close to the coastline.

The aim of the project was to initiate local and voluntary
cooperation linked to the EU Water Framework Directive (WFD)
(Council of the European Communities, 2000). The main ration-
ale of the farmers for initiating and participating in the project
was that thereby they would be a step ahead of the authorities,
which would improve the possibility that they would have a real
impact on the local water management. Contacts were estab-
lished with both modellers and social science researchers, who
served as mentors, and later also obtained a research grant for
the DEMO-project, aiming to assess how models can be used in
stakeholder dialogues. The scope of the project was at this stage
limited to eutrophication, with emphasis on reduction of nitrogen
and phosphorus loads. When moving from the field level to the
catchment level, the stakeholder groups were extended to also
include other residents in the drainage area, including a large
group of summer cottage owners. There are no large munici-
pal wastewater treatment works in the area, thus all residents
have their own responsibility to ensure that their wastewater is
treated. In addition, representatives from municipalities, farm
advisors, sewage advisors, as well as representatives from the
county board that has the comprehensive responsibility for the
WEFD in the Motala Strém district, were included in the process.

The used ‘participatory modelling’ approach was based on a
number of meetings. Most meetings took place in smaller groups
(5 to 20 persons) representing farmers, house-owners (with
individual/local sewage treatment) and authorities respectively.
Several of these meetings were carried out separately for three
sub-catchment groups (Edsviken, Bredvassaviken, Vindommen
and Vindan, cf. Fig. 1). Four large meetings were arranged with
all stakeholder groups represented. The meetings were facilitated
by social-scientists and modellers from the DEMO-project team.
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For some of the meetings other experts on, for example, private
sewage systems, or farm advisors, participated. In between the
meetings, new knowledge requested by the participants, was
produced, based on participatory monitoring, modelling and
consultation of experts.

The participatory process did not reach as far as the deci-
sion of which models were to be used. This decision was rather
based on the availability of models (and modellers) in the DEMO
team. For phosphorus transport from agricultural land, the
ICECREAM model was used (Larsson et al., 2007), whereas the
STANK model (Aronsson and Torstensson, 2004) was used for
field leaching of nitrogen. For catchment modelling, the HBV-
NP model was used (Andersson et al., 2005) linked to the SMHI
Coastal Zone model (Marmefelt et al., 2000).

The ‘demystification of models’ did not aim to ensure that
the participants understood all technical details and scientific
assumptions used in the model. It included dissemination of
information about which processes the model considers, which
data are needed, which temporal and spatial scales can be
addressed, and the type of results that can be generated, as well
as a discussion of uncertainties. A participatory field-campaign
monitoring of nutrient status in lakes and rivers was carried out
at approximately 30 sites within the catchment on 8 occasions.
The sample bottles were then delivered to a ratified laboratory
for nutrient analyses (cf. Step 1 in Table 1).

It is the residents in the drainage area that are most directly
affected by the environmental status of the lakes and the sur-
rounding coastal zone, as well as of costs and labour related to
implementation of remedy plans. Consequently, we hypothe-
sised that locally suggested goals would be more acceptable than
goals defined by experts, and such goals were therefore defined
by the participants. In order to be meaningful for people in the
basin, these goals addressed desirable uses of water bodies, not
to theoretical thresholds of, e.g. concentrations (cf. Steps 2 and 3
in Table 1).

During several meetings, both in larger heterogeneous
and smaller homogenous groups, discussions were held con-
cerning which remedies that are applicable and feasible in the
catchment (cf. Step 4 in Table 1). In discussions, applicability
was related to local natural conditions (e.g. soil types, shape of
fields), regulations of where and under which conditions subsi-
dies can be obtained, as well as other practical and economical
considerations. Feasibility was related to the easiness and cost to
implement the remedies. Discussions were also held during the
meetings concerning which principles that should be used for
the geographical distribution of remedies. Should for example
the locally suggested remedy plan recommend that all farmers
and possessors of private sewage systems should do the same
efforts (equality) or should remedies be located where they
can be expected to be the most cost efficient? Shall efficiency
of remedies be related to expected impacts in the coastal zone
or on the impact on lakes or both? Scenario modelling of the
impact of various remedies and combinations of remedies was
carried out for actions that were judged by the participants to be
of local interest. The impact on nutrient transport and in some
cases also the cost was calculated for adapted nitrogen fertilisa-
tion, catch crops, increased spread of manure during spring (and
less during autumn), redistribution of manure from agricultural
land with large pools of phosphorus to soils that are more poor
in phosphorus, buffer strips close to water courses, constructed
wetlands, improvement of wastewater treatment, and use of
phosphate-free detergents (cf. Step 4 in Table 1).

However, it is not enough to know that measures are effi-
cient. In addition assessments were made of obstacles for
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TABLE 1
Six steps towards a locally suggested remedy plan
for reduced eutrophication

Step 1: How is it today — and why?

Knowledge exchange between modellers and local stakehold-
ers. ‘Demystification of models’. How can we ensure that
the model results actually represent real conditions? What
uncertainties are there? Discussions of results from model-
ling of ‘today’s conditions’. Who contributes, how much, and
where?

Step 2: How do we want it to be?
Definition of local goals, linked to wanted conditions in lakes
and coastal areas.

Step 3: How much do we have to improve?

Definition of the deviation between ’today’s conditions’ and
(i) local goals; (ii) nationally stipulated WFD goals; and (iii)
locally adaptations of the Swedish national goal *No eutrophi-
cation’.

Step 4: How can we reach to goals — and what does it
cost?

4a: Possible type of actions. Definition of locally feasible
measures as well as of their costs.

4b: Possible combinations of actions. Estimate of the maxi-
mal impact of individual measures, as well as of impact and
costs of various combinations of measures (with considera-
tion to where in the drainage area they are carried out).

Step 5: What obstacles can be defined — and how can they
be overcome?

Definition of prerequisites needed to ensure that remedies
will be implemented.

Step 6: Remedy plan — what needs to be done 2007-2015?
Definition of a remedy plan for fulfilment of set goals for
reduction of nutrient loads in lakes as well as in the local
transport of nutrients from land to sea.

implementation of measures. These were based on about 40
interviews with farmers and summer cottage owners in the
catchments, as well as reflections from small and large group
meetings (c.f. Step 5 in Table 1). During meetings, discussions
were also held concerning foreseen developments of the region,
as well as climate change, which both are factors that have a
potential to change nutrient conditions in the catchment and the
coastal zone during the coming 10 to 20 years. No scenarios
based on the possible impacts of these factors were, however,
modelled.

Finally, outcomes from the previous steps were summarised
into a locally suggested remedy plan of (c.f. Step 6 in Table 1).

Results
Step 1: The current situation —and why?

This dialogue about the possibilities and limitations of used
models did initially decrease the confidence in the models
used (and possibly also in the modellers themselves), since so
many uncertainties were revealed. However, as especially the
farmers experience similar uncertainties in the daily manage-
ment of their land, after these uncertainties had been discussed
more thoroughly, there was agreement that uncertainties are
unavoidable. However, the farmers wanted to, compared with
the original plan, put more emphasis on combining modelling
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with more monitoring than available from the operational net-
work, which led to the initiation of the performed field campaign
monitoring programme of water samples for nutrient analyses
of riverine water. By being honest about the limitations of the
models, the experts were therefore, at the ‘end of the day’, per-
ceived to be honest, and the stakeholders’ motivation to improve
the models’ predictability by providing local information, was
significantly increased. During this stage it was critical that the
modellers were able to demonstrate the potential of the mod-
els, i.e. to show why models, in spite of uncertainties, can assist
in environmental planning. It was also critical to show that the
models proposed had been validated against monitored data and
that it was ascertained beyond doubt that they were based on up-
to-date scientific knowledge.

In order to ensure that all stakeholder groups participated
with the same possibility to influence the process, the three
groups involved (farmers, house-owners, municipality repre-
sentatives) were provided with similar information and the pos-
sibility of a similar degree of involvement. It was a request, by
the farmers, that the initial stage of the project be based on sepa-
rate meetings for farmers, other residents and for authorities,
so that people could speak more freely. This had the advantage
that the different stakeholder groups got the possibility to build
a level of confidence and common understanding of both their
own role and other’s roles in the eutrophication process before
common meetings were arranged.

In addition to stakeholder validation of ‘hard data’, such as
farm management practices, soil mapping and present methods
used for wastewater treatment, discussion with farmers made it
possible to collect ‘soft data’ in the form of local observations
of processes (e.g. occurrence of surface runoff, macropores or
stream-bank erosion). However, it was not feasible to include
this information to a significant extent in the model parameteri-
sation, since neither spatial resolution nor description of flow
paths allowed for this.

For nitrogen, the modelled source apportionment showed
that farming was the dominating source. For phosphorus, the
background value from agricultural land was relatively high,
i.e. the transport is high also from post-agricultural land. It was
also shown that emissions from the sewage systems of rural
households were a significant source. From the perspective of
the remedy plan, an important input to the discussion was the
fact that measures for reduction of wastewater emissions from
rural households had a higher potential to reduce phosphorus
loads, than the potential to reduce phosphorus transport by
applying measures linked to agricultural practices (Fig. 2). The
modelling results did thus show that, although agriculture is the
main source of phosphorus leaching, agricultural land will, even
after treatment measures have been carried out, contribute sig-
nificantly to the nutrient loads, whereas emissions from rural
households can be reduced almost totally.

Step 2: How do we want it to be?

When the project was carried out, it was still not finally decided
how the goals of the WFD were to be defined. The national
Swedish environmental goal ‘No eutrophication’, stipulates that
the anthropogenic load of phosphorus should be reduced by
20% and nitrogen by 30% by 2010, compared to the 1995 levels.
These goals are, however, national; which means that regional/
local goals could differ.

Based on the project participants’ priority list (Table 2), and
a translation of these priorities into levels of nutrient concen-
trations, ‘bubbles’ of desirable levels of nutrient concentration
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Figure 2

Source apportioned transport of phosphorous to the sea
(kg/year). The striped parts of the bars indicate the part that,
according to the simulations, can be remediated.

TABLE 2
Prioritised goals for the coastal zone and for lakes

Prioritised goals for | Prioritised goals for lakes
the coastal zone

1. No unnatural algae
blooms

2. Good fishing

3. No dead bottoms

4. Pleasant baths

1. Good fishing

2. No unnatural algae blooms

3. Rich bird life

4. Tasty and healthy drinking water
for animals as well as for humans

5. Pleasant baths

5. Rich bird life

were constructed. The ‘bubbles’ relate to optimal concentra-
tions for the local goals ‘no unnatural algae blooms’, ‘drink-
ing water of good quality’, and ‘rich bird life’. The overlapping
area of all bubbles indicates the optimal level of nutrients. A
concentration level below the dotted line indicates risk for blue
green algae bloom. These local goals were compared to the mod-
elled ‘reference level’ (i.e. the nutrient concentration that would
occur if there were no emissions from wastewater or from agri-
cultural activities in the upstream catchment), as well as to the
modelled today’s average concentration, and the ‘good status’
concentrations defined by the suggested national WFD goal. In
Fig. 3, local desires (overlap of the bubbles) and national goals
(which were available for phosphorus only), are shown for the
two largest lakes in the catchment (Vindommen and Ranen).
For Lake Réanen (Fig. 3b) it was revealed that it was not pos-
sible to reach the local desired outcomes, not even with the most
drastic reduction of anthropogenic loads to this lake. (Fig. 3b).
This raised discussions about whether remedies should rather
be directed towards improving the retention capacity of the lake
than towards only reducing the input of nutrients to the lake.
In addition, it raised a discussion about whether it made sense
to strive towards achieving all goals for all the lakes in the
catchment.

Step 3: How much to we have to improve?

The participants stressed that not only the coastal zone, but also
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Figure 3
Goals for the two major lakes. Green: “no unnatural algae
bloom”. Blue: “drinking water of good quality”. Reed: “rich bird
life”. Yellow: overlap of all goals.

the two major lakes in the drainage basin should be in focus.
This was especially pointed out by residents in the upstream
parts of the basin. In addition to the fact that people were con-
cerned about their nearby water bodies, the fact that the future
of the lakes, in contrast to the future of the coastal zone, mainly
depends on local actions, was the main reason for this state-
ment.

Lake Vindommen: Despite the fact that local objectives, as well
as suggested WFD goals had been fulfilled (Fig. 3a), the par-
ticipants suggested that, in line with the Swedish National Envi-
ronmental Goals, the anthropogenic phosphorus load should be
reduced by 20% before 2015. Their suggestion was based on the
fact that part of the phosphorus that is entering the lake will
accumulate in the lake and gradually deteriorate its environmen-
tal status.

Lake Ranen: The participants doubted that it would be realistic
to reach the previously defined locally desired goals (Fig. 3b).
Until 2015 they wanted to work toward reaching the WFD goal
of ‘good status’. Based on model results and their own monitor-
ing programme, the participants stressed that the retention of
phosphorus in the lake is very low, which means that remedies
linked to farming practices or rural household emissions need to
be combined with restoration of the lake.
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Figure 4
Present status of phosphorus concentrations during A: summer
and B: winter, with the suggested WFD classifications.

The coastal zone: The model results showed that the goals were
reached for nitrogen, but that phosphorus concentrations were
significantly higher than the preliminary WFD goals), as well as
the locally desired goals (Fig. 4). Consequently the phosphorus
concentrations needed to be reduced by 10 to 25%. These goals
cannot be reached by solely implementing remedies within the
local drainage area, since only 10% of the phosphorus in the
coastal area emanates from local sources. However, the partici-
pants were willing to contribute their share, but with recogni-
tion in the remedy plan that fulfilment of environmental goals in
the coastal zone needs to be based on actions within the whole
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Figure 5
Scenarios of possibilities to reach goals in Lake Ranen with
various remedies. (cf. Fig. 3). The black line indicates the
WEFD goal (maximum two times the reference level).

drainage basin of the Baltic Sea. The locally suggested goal for
nutrient emissions from land to the coastal zone was set higher
than the national one for phosphorus, and lower than the national
goal for nitrogen. This local decision was based on that the result
from the modelling suggested this approach as the most efficient
way to mitigate eutrophication in the local coastal zone.

Step 4: How can we reach the goals — and what does
it cost?

As stated in Step 3, since it did not seem possible, based on the
scenario modelling, to reach the locally desired status of Lake
Rénen, it was decided by participants to stick to the WFD goal
which allowed for a phosphorus concentration up to two times
the ‘reference level’. The black line in Fig. 5 shows the WFD
goal, with the prerequisite that the reference condition is based
on that no phosphorus is retained in this lake. However, there was
a fear among the participants that authorities would not allow for
use of amodelled ‘reference level’. The relatively high ‘reference
level’ at the outlet of the lake, which was verified against the
participatory monitoring programme, was mainly due to the fact
that the Lake no longer acts as a sink for phosphorus.

For Lake Rénen, model results showed that a high level
(90%) of phosphorus reduction of wastewater was the most cost-
efficient remedy (Fig. 5). It was also shown that nitrogen-reduc-
ing remedies in agriculture had to be balanced with phosphorus-
reducing remedies in order to avoid blue-green algae bloom (Fig.
5). Both these facts were considered in the local remedy plan, in
addition to suggestions of restoration of the lake.

For the coastal zone, based on discussions with the partici-
pants, the impacts on coastal water from four combinations (sce-
narios) of remedies in the catchment were modelled (Fig. 6). The
scenario ‘maximal remedies in the whole catchment’ was based
on the fact that all remedies seen as acceptable in at least one of
the three sub-catchment groups are carried out in all sub-catch-
ments (cf. Fig. 1). The scenario ‘locally suggested remedies’ only
included implementation of remedies in those sub-catchments
where they were suggested. The scenario ‘geographical optimi-
sation’ was based on concentrating remedies to where they were
most cost-effective. They only included constructed wetlands
and agricultural remedies in areas downstream of Lake Vindom-
men, as well as a lower level of nutrient reduction of household
wastewater (70% vs. 90% for phosphorus, as today vs. 50% for
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Figure 6
A: Modelled cost (red/yellow = household wastewater treatment,
yellow = agricultural measures) and B: Modelled reduction
of phosphorous from four scenarios of how to reduce
anthropogenic nutrient transport to the Kaggebo Bay.

nitrogen) upstream of Lake Vindommen. Costs for rural house-
hold wastewater treatment (shown with red/yellow pattern) are
paid by house owners, whereas agricultural treatment measures
are paid by subsidies (shown in yellow). The locally suggested
goal of 30% reduction of anthropogenic phosphorus catchment
load to the sea was reached with all four scenarios and three
of the scenarios reached the 10% reduction of the nitrogen load
(Fig. 6). Consequently, in spite of the fact that only a minor part
of the phosphorus in the bay originated from the catchment, the
scenario modelling showed that measures in the catchment had
the potential to remove approximately a third of the lag between
today’s level of concentrations and the WFD goal ‘good status’
for the bay. This fact was emphasised by participants as showing
that what they had done in the catchment had an impact, not only
on lakes but also on the coastal zone.

Step 5: Which obstacles can be identified — and how
can they be overcome?

Wastewater treatment: Many hesitated to divide the catch-
ment into zones with different demands on wastewater treat-
ment levels since people have to pay for improvements with
their own money. If it had to be done, it was emphasised that
such a division should be based on sound scientific criteria, not
on administrative borders and should preferably be combined
with subsidisation or other types of encouragements. It was
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suggested to strive towards ‘high level of treatment’ for the
entire catchment by 2015, but to prioritise in order that the first
ones requested to implement the new criteria would be the ones
closest to the coast, as well as those that have very unsatisfac-
tory solutions currently. Summer cottages should be prioritised
later than houses used all year around. It was emphasised that
this strategy needed to be based on cooperation between the
three municipalities involved, in order to harmonise invento-
ries, advice to residents and control in the catchment. In addi-
tion, the participants wanted to strive towards reuse of waste-
water nutrients to local farms. It is often argued that farmers are
not willing to use wastewater sludge on their fields. However,
participating farmers stressed that it is rather a problem of the
willingness of consumers to accept products grown on fields
fertilised by wastewater sludge.

Wetlands: In general, there was a positive attitude towards con-
structed wetlands. During the discussions, it was made clear
that the interest to create wetlands increased if they could be
combined with grazing and be made attractive for birdlife.
In the locally suggested remedy plan a follow-up project was
suggested, aiming to find potential locations as well as inter-
ested land-owners. This includes finding forms for cooperation
between farmers. As an example, it was expressed that if grain-
farmers construct wetlands, they could let animal-farmers allow
their animals to graze in the wetland areas. Also when it came
to wetlands, it was stressed that it was a major obstacle that the
levels of subsidies payable for the creation of wetlands differed
significantly between the two counties, the border of which runs
through the catchment.

Farming remedies: The participating farmers expected that
the cooperation between residents, including farmers, munici-
palities and experts within the project, had increased municipal
officers’ confidence in that farmers in the region are willing
and able to contribute towards improving environmental con-
ditions, without being forced by strict regulations and control
from above. The farmers wished that future environmental
actions in the catchment could be based on the cooperation
initiated in the DEMO-project. In the locally suggested rem-
edy plan it is suggested that decisions, to a greater extent than
today, are based on local climatological conditions, landscape
characteristics, as well as consideration of citizen’s knowledge
and desires for the environment of their catchment and sur-
rounding coastal areas. Examples of prevailing regulations that
not are based on local conditions included facts like rules for
subsidies follow county borders, not the borders of the catch-
ment. Another example concerns the timing for the spreading
of manure, where dates today are strictly regulated by the cal-
endar and not the climate. A more dynamic way of estimating
when spreading is to be locally allowed was suggested, includ-
ing short-term as well as long-term weather forecasts, linked
to local soil conditions. These regulations should be decided
upon in a dialogue between local authorities and farmers, who
stressed that they are the ones with experience of when the
spreading of manure is feasible and when not. A third exam-
ple of the importance of considering local conditions when
defining the rules for the remedies and make environmental
decisions based on cooperation between farmers and authori-
ties concerned buffer zones. With present national regulation,
which stipulates a minimum with of 6 m, it was estimated to
be difficult to introduce buffer zones in most parts of the catch-
ment due to the fact that many fields have narrow stretches. It
was suggested that, based on a dialogue between local authori-
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ties and farmers, this could be compensated for by enlarging
the width of the buffer zones where possible.

Foreseen changes in the coming 10 to 20 years: The partici-
pants were aware of the predicted changes in the climate, and
are prepared for the fact that this could influence both farming
activities, the number of summer cottages and the development
of other types of vacation/tourism related activities. This was not
only seen as negative for development; some suggested that cli-
mate change might lead to increased interest for regional export
of agricultural products as well as for tourism in the region.
Regarding the development of the agricultural sector, it was
emphasised that smaller farms will be aggregated into larger
land units. Small fields will be afforested and animal intensity
is expected to decrease. Consequently, there will be fewer farm-
ers, but with larger farms. In general, this was emphasised to be
positive for the environment, since larger farms in general will
have an increased capacity to implement remedies. Although
the number of farmers was expected to decrease, it was argued
that this not necessary means that the number of inhabitants will
decrease, at least in the parts of the catchment. Recently new
inhabitants that are either entrepreneurs or that have the possi-
bility to work from home several days per week have moved into
the area. In summary, the participants concluded that climate
change probably is a factor that hinders the work towards the
environmental goals of reduced eutrophication, whereas demo-
graphic and agricultural changes most possibly would facilitate
the environmental work. For the coastal zone, as mentioned ear-
lier, it was also stressed that the development within the whole
drainage basin of the Baltic will determine the future condi-
tions.

Step 6: Remedial plan —what needs to be done 2007
to 20157

The locally suggested remedial plan of action was delivered to
the head of the Water Authority of the Southern Baltic during the
final meeting with all stakeholder groups, held in June 2007. The
main contents of the plan included:

Initiation of a catchment water board which will be the forum
for water resource management, regarding groundwater, surface
water and the coastal zone. This board will be a meeting place
for residents, authorities and experts, ensuring that this plan will
be realised.

Rural wastewater treatment: Fulfilment of a ‘high level’ of
treatment in the entire catchment by 2015, implemented step by
step, starting where remediation is most needed. Joint distribu-
tion in the catchment (i.e. in all three involved municipalities)
of clear and comprehensive information from the three munici-
palities, including how to meet the forthcoming regulations for
phosphate-free detergents. Some type of economic incentive
for those who on their own initiative are willing to go ahead of
authorities’ demands for improvement of wastewater treatment.
Initiation of projects that strive towards reuse of nutrients for
fertilisation of local agricultural fields.

Farming activities: Mainly focus on phosphorus-reducing
remedies. Increased cooperation between farmers and local
authorities, ensuring that farmers’ knowledge and experiences
are considered in implementation of the WFD. Giving advice to
farmers on a continual basis and working towards adjustment
of regulations so that the local landscape, climate dynamics
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and environmental conditions are considered. Support adaptive
management that is continuously updated when new knowledge
becomes available. Focus implementation of remedies to areas
close to the coast, but also encouragement of phosphor reducing
remedies upstream of Lake Vindommen, in order to avoid even-
tual eutrophication of the lake.

Constructed wetlands: Initiate a new project aimed at finding
locations as well as interested land-owners. Provide advice for
construction and financing. Work toward harmonisation regula-
tions for subsidies for the construction of wetlands within the
catchment.

Restoration of Lake Ranen: Initiate a new project aimed at
assessing possibilities for restoration of the lake so that it can
start to act as a phosphorus sink. Suggested actions include oxy-
genation, as well as a increase of the lake level, which might be
combined with a mini hydro-power plant to obtain a win-win
situation.

Participatory modelling in the Thukela
catchment

Researchers of the Swedish Meteorological and Hydrological
Institute (SMHI), Sweden and the Climate Unit of the School
of Biosciences and Environmental Engineering at the Univer-
sity of KwaZulu-Natal, and Umgeni Water in Pietermaritzburg,
South Africa, have embarked on a collaborative participatory
modelling research project. The project’s aim is to assess how
various stakeholders in water resource management together
can develop a locally suggested adaptation plan, focusing on
reducing water resource vulnerability to climate variability,
as well as climate change. The process is assisted by scenario-
modelling, using several climate change scenarios, linked to
hydrological/agro-hydrological models, as well as indices of
climate vulnerability. During 2007-2009, a set of parallel meet-
ings are arranged for three different stakeholder groups, repre-
senting (i) government authorities; research institutes; and com-
panies; (ii) commercial farmers; and (iii) small-scale farmers,
followed by a joint meeting with representatives from all three
groups, where a locally suggested adaptation plan to climate
change impacts on water resources will be compiled. The par-
ticipants will decide who the plan will be delivered to. Between
meetings, the involved Swedish and South African research-
ers will work together to produce modelling results based on
information discussions with the three reference groups. The
first set of workshops (August 2007) aimed to define when and
whom/ what is too much too little water is a problem, as well
as to defined present strategies to deal with water related prob-
lems. Based on this information, modelling of climate change
impact on water resources was carried out. The second set of
workshops (March 2008) aimed to, based on the scenario mod-
elling, identify the main threats, which need to be addressed in
adaptation plans. During the third set of workshops (September
2008), challenges, adaptation strategies, including needs and
constraints for implementations were discussed. based on this
produce a locally suggested adaptation plan will be delivered.
It is hypothesised that experiences gained from this project
will partly provide similar experiences as those from the
Kaggebo Bay project, whereas other experiences will be sig-
nificantly different, for example due to the facts that:
* The Kaggebo Bay project deals mainly with remedies
whereas the Thukela project is mainly focused on adapta-
tion to climate change
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* The residents of Kaggebo Bay are a relatively homogeneous
group, compared to the residents of the Thukela basin

» The Kaggebo Bay project was initiated by local residents;
the Thukela project by researchers, of which several are for-
eigners.

Reflection

Being a researcher, the involvement in a participatory modelling
process raises a number of ethical and methodological issues.
What are the advantages and disadvantages of giving various
weights to expert and stakeholder perspectives? And, can we in
our role as participatory modellers be sure that we are really
inviting our research objects to an equal communicative rela-
tionship where local perspectives, knowledge and priorities is
respected to the same extent as central and/or expert perspec-
tives? We believe that to strike a fair balance between expert
and stakeholder influence over the process, continuous reflection
among ourselves and together with the involved stakeholders is
vital. Questions that need to be discussed are whose descriptions
of the eco-system and society are considered as legitimate, and
whose issues are considered as important and therefore raised
during the process? Another reflection is related to the used
models capacity to capture information provided from local par-
ticipants. The used catchment model (HBV-NP) had limitations
to consider soft information, e.g. observations of surface runoff
or macropore flow into consideration. Increased capability to
take advantage of local information is, however usually linked
to increased model complexity and data demand. In selection of
the ‘best model’ for participatory modelling, a balance between
possibility to include local observations and the data demand
of the selected model, compared to data availability has to be
made.

Conclusion

During three years of work within the Kaggebo Bay project,
we have concluded that the forms for dialogues between vari-
ous local water management stakeholders and experts have been
very important for the progress of the process to develop a locally
suggested remedy plan. The used participatory modelling proc-
ess has both facilitated and utilised the engagement provided by
the participants. It has facilitated exchange of experiences and
views between various groups of participants. The process has
also increased the understanding of that everybody in the catch-
ment (i.e. not only the farmers) has to contribute towards reduc-
ing eutrophication in the catchment and the surrounding costal
area. Altogether, a common view of causes, goals and solutions
of the eutrophication problem has been obtained. This has a good
potential to provide a platform for coming work based on mutual
learning and local participation in water resource management
in the area. The advantage of implementing such a process is that
it can use the local potential to take action to an environmental
problem in a way that not easily can be obtained in a ‘top down’
implementation of different remedies and legal frameworks such
as the WFD. The disadvantage is that it is time demanding, and
depends on local willingness to participate. In the Kaggebo Bay
project this was facilitated by a local ‘fire-soul’. It is possible that
the positive output would not be obtained in another catchment
where a participatory process is initiated from, e.g. authorities
or researchers, and where no local ‘fire soul” motivates others to
participate. This will in a later stage be evaluated by comparing
the experiences from the Kaggebo Bay and the Thukela partici-
patory modelling project.
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