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AREA AND SYSTEM BOUNDARIES
With a coastline of 1000 km and a surface area of 1500 km2, 
the Limfjord is the largest former fjord in Denmark. Today, it 
has a western inlet from the North Sea and eastern channel 
connecting with the Kattegat. The catchment area of the 
fjords is 7528 km2, of which 62% of the land is occupied by 
agriculture.
Both geographically and virtually, the SSA 5 area includes 
the central part of the Limfjord with associated catchment 
areas (orange area). Empirical modelling will be carried out 
on the three subareas: Kås Bredning, Løgstør Bredning, and 
Skive Fjord (turquoise areas). 

Aqua

POLICY ISSUE: Interaction between eutrophication and mussel production
Limfjorden

 

is situated in Northern Jutland, Denmark. Today, mussel fishery

 

is the most important harvest yield in the fjord. The policy issue was decided on by the SSA 
team,  based upon the stakeholder foci of “no fish” and ”hypoxia” as well as on data availability. 

The conceptual model was prepared as a basis for the actual simulation model 
and contains all the variables and processes regarded to be of relevance to the 
policy issue. As part of the development of the simulation model, several 
decisions and priorities have been made concerning what to include in the 
model. Hence, the conceptual model has been revised.

www.dmu.dkwww.dfu.dtu.dk www.sam.sdu.dk www.loicz.orgwww.ifm.dk

Formulation of the ecological componentFormulation of the ecological component

Formulation of the socioFormulation of the socio--economic componenteconomic component

Challenges & obstacles:
• Lack of relevant and complete time series data, particularly on

 

socio-economic elements
• Limited empirical knowledge of relationships  between line and bottom mussel growth
and effect on nutrient load, oxygen deficiency and harmful algal bloom events

• Lack of cross-sectoral

 

common language and terminology

Model components were formulated and blocks build based on the cModel components were formulated and blocks build based on the conceptual onceptual 
model of the DS. Lists (see hard copy below) includes the 12 extmodel of the DS. Lists (see hard copy below) includes the 12 external and ernal and 
internal input variables (name, explanation, SI unit, type, initinternal input variables (name, explanation, SI unit, type, initial value, note) ial value, note) 
and the 53 processes (ref #, name, explanation, equation, unit, and the 53 processes (ref #, name, explanation, equation, unit, type, source, type, source, 
note).note).

An auxiliary model (empirical model for the Limfjord) of the relAn auxiliary model (empirical model for the Limfjord) of the relationship of N ationship of N 
and P load to primary production was used. Thus, the nutrient dyand P load to primary production was used. Thus, the nutrient dynamics are namics are 
not modelled herein.not modelled herein.

The The limfjord_full.moxlimfjord_full.mox is the is the ““ballparkballpark”” edition of the ecological simulation edition of the ecological simulation 
model as it has been developed in Extend software. Information cmodel as it has been developed in Extend software. Information can be an be 
obtained in each component under the comments as well as all equobtained in each component under the comments as well as all equations, ations, 
initial values, and the graphical layout illustrates the connectinitial values, and the graphical layout illustrates the connections between ions between 
model components.model components.

MUSSEL

aqua culture

MUSSEL

fishery

The socioThe socio--economic component is divided into two economic component is divided into two 
separate models, one for mussel aqua culture on lines separate models, one for mussel aqua culture on lines 
in the water column, and one for mussel fishery on the in the water column, and one for mussel fishery on the 
bottom by dredging. Relevant variables and processes bottom by dredging. Relevant variables and processes 
were listed (see hard copy below) and model were listed (see hard copy below) and model 
components formulated and build using Extend. components formulated and build using Extend. 
Auxiliary models (production model, bioAuxiliary models (production model, bio--economic economic 
model) are currently being validated.model) are currently being validated.
The economy_spicosa_aqua_cul_v1.mox and The economy_spicosa_aqua_cul_v1.mox and 
economy_spicosa_sea_bed_v3.mox are the economy_spicosa_sea_bed_v3.mox are the ““ballparkballpark”” 
editions of the two simulation models. Information can editions of the two simulation models. Information can 
be obtained in each component under the comments be obtained in each component under the comments 
as well as all equations, initial values, and the as well as all equations, initial values, and the 
graphical layout illustrates the connections between graphical layout illustrates the connections between 
model components.model components.

ECOSYSTEM
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SYSTEM BOUNDARIES
Both geographically and 
virtually, the SSA 5 area 
includes the central part  
of the Limfjord with  
associated catchment 
areas (orange area). 
Empirical modelling will be 
carried out on the three 
subareas: Kås Bredning,  
Løgstør Bredning, an d 
Skive Fjord (turquoise 
areas). 

DPSIR
Driver: Increase in N & P (multiple causes).  
Pressure: Nutrient load. State: Change from fish 
to mussels, change of macro vegetation to  
phytoplankton (regime shifts). Impact: Hypoxia, 
water quality/clarity. Response: Water Framework 
Directive targets of reducing nutrient loads to the 
fjord system.

Aqua

POLICY ISSUE “Interaction between 
eutrophication and mussel production”
The policy issue was decided on by the SSA team,  
based upon the stakeholder foci of “no fish” and 
”hypoxia” as well as on data availability. Today, 
mussel fishery is the most important harvest yield in 
the fjord.

Background: The Limfjord is situated in Northern 
Jutland, Denmark. With a coastline of 1000 km and a 
surface area of 1500 km2, the Limfjord is the largest 
former fjord in Denmark. Today, it has a western 
inlet from the North Sea and eastern channel 
connecting with the Kattegat. The catchment area of 
the fjords is 7528 km2, of which 62% of the land is 
occupied by agriculture.

ECOSYSTEM GOODS AND SERVICES
Provisioning: Food provision. Regulation: 
Disturbance prevention; Bioremediation of waste.  
Cultural: Cultural heritage & identity; Cognitive  
benefits; Feel-good. Option-use value: Future 
unknown & speculative benefits. Supporting: 
Primary production; Habitat provision; Nutrient  
cycling; Soil formation & retention; Resilience &  
resistance (ref: Wiethüchter A. 2007 Assessment of 
ecosystem goods and services provided by the 
coastal zone system Limfjord, 65 pp).

CONCEPTUAL MODEL

KEY INDICATORS
Ecological: e.g. water clarit y, 
chlorophyll  concentration, frequency 
and distribution of hypoxia, mussel  
biomass, filtration capacity. 
Economic: N and P loading, mussel 
harvest, production from aquaculture. 
Social: Profits (mussel harvest) , 
values of externalities.

STAKEHOLDER MEETING
Nykøbing Mors 4 October 2007
The stakeholder partners are: Central 
Society of the Limfjord Fishermen, Danish 
Society of Nature Conservation, Danish  
Society of Recreational Fisheries, Virksund 
& Omegn Fishery Society, Danish Shellfish 
Center, Danish Directorate of Fisheries  
Nykøbing Mors, Danish Society of Shellfish 
Aqua-culture, Society of Mussel Fisheries, 
Vesthimmer-land & Han Herred 
Recreational Fisher-men, Holstebro 
Municipal, Holstebro-Struer Harbou r, 
Thyborøn Harbour, Tourist Office  
VisitNordjylland,  University of Aarhus,  
and the regional sections of the Ministry of 
Environment, MC AAL, and MC RIN. 

CATWOE
Customers,  beneficiaries/victims: Mussel 
fishery & farming staff, farmers sustainable  
production, agriculture/farm workers. Actors: Fish 
boat owners, fish farmers, mussel industry, boat & 
fish gear suppliers, agriculture/farm owners . 
Transformation: Demand for water clarity,  
demand for mussels. Worldview: Mussel 
production is an important income source in the 
area. Owners: The EU, Ministry of Environment, 
Ministry of Food, Agriculture & Fisheries (incl. 
regional departments), municipals. Environment: 
Agriculture technology, regulating laws, upland  
assimilation, marshland/wetlands, mussel dredging 
impacts, mussel harvest & culture technology.

www.dmu.dkwww.dfu.dtu.dk www.sam.sdu.dk www.loicz.orgwww.ifm.dk
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mussel fishery is the most important harvest yield in 
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the fjords is 7528 km2, of which 62% of the land is 
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harvest, production from aquaculture. 
Social: Profits (mussel harvest) , 
values of externalities.
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Fig. 2: Schematic of System Approach components for an ICZM Policy Issue. 
 
1) Design. The CZ System Design identifies the structure, function, and dynamics that should be 
studied, to resolve a system, along with the methods and information needed to do so. Questions 
can be of any nature about the system, but usually are about some dysfunction, impact, change in 
the system that is causing economic, social or resource problems.  In SPICOSA these questions 
are referred to as Policy Issues. Thus this Design Step first establishes the Policy Issue(s) for 
which prognostic decision-making is requested. It then determines how this Policy Issue is 
related to impacts within the natural system, by tracing backwards from the impact along the 
primary causal links to the cause(s) (Human Activities) and thence to the policy affecting these 
Activities. It constructs conceptual models to represent the problem, including its socio-
economic interactions, in a schematic way, and a master plan for the scenarios and outputs. 
Then, it designs a downscaled configuration of the system to represent only those first-order 
inputs, interactions, and processes that govern the flows of information (mass, energy, money, 
employment) relevant to the cause & effect chain. Hence, a series of primary tasks are required 
in this phase, which can be listed in the sequence in which they be conducted: the issue 
resolution, the system definition, the elaboration of conceptual models, the design of information 
base, and the scale of the problem. Portions of these tasks are inter-connected with each other but 
each one constitutes a separate section of the SAF protocol. Examples are given in the following 
outline.  



Stakeholder meting

I Fisher

I Nature conversation

I Recreational �sher

I Shell �sh aqua-culture

I Mussel Fisher

I Tourist

I . . .

I Hypoxia and no �sh

I HAB and closure
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Limfjorden

I Shallow estuary
I Nutrient loadings have increased tremendously over the last

100 years, particularly from the 1950's and onwards,
I e.g. have nitrogen loadings increased by a factor of �ve from

the early 1900 to the mid 1980's
I Changes in the ecosystem

I reduced water clarity,
I wide spread anoxia and
I severe reductions in the distribution of eelgrass (Zostera

marina L.)
I Fish stocks declined since the mid 1950's,
I in 1992 the landings reached such a low level that a

commercial �shery of demersal species was no longer
sustainable

I During the same period mussel dredging was increased and is
now the main commercial production activity

I In the 1980's, in the mid 1990's and again recently the mussel
�shery has su�ered from declining stock because of increased
mortality from hypoxia event and failing stock recruitment.



Limfjorden

I The shift in �shery from �sh to mussels re�ects a change in
the ecosystem structure

I Shift in primary producers from benthic macro-vegetation to
primarily pelagic phytoplankton

I Shift toward benthic �ltrators, which are less suited as food for
�sh.

I Widespread loss of habitats associated with a major death of
eelgrass,



Interactions between nutrient loadings and the mussel

1. Positive interaction: nutrients stimulated phytoplankton
growth and increased food concentration and the growth rate
for blue mussel.

2. Negative interaction: anoxia is killing blue mussels and thereby
lowering the harvest. We assume that anoxia is directly related
to nutrient loadings.

3. Interaction in opposite direction: When mussels are harvested
both nitrogen and phosphorous are removed simultaneously.



Scope of model

I Eutri�cation and mussel production

I EU Water Framework Directive and Natura 2000 �>
Reduction in phosphorous and nitrogen loads

I Mussel growth already limited by nutrition loads

I Increasing return to scale in farming

I Multiple, prolong oxygen depletion and harmful algal bloomes



The model

1. Primary production.

I Driving factor are annual loads of phosphorous
and nitrogen.

I Wind speed
I Salinity
I NAO-index
I Surface radiation



The model

2. Mussel production

I Three size-classes of mussels below 2 meters
I one common class of mussels above 2 meter
I one living on lines associated with aquaculture.
I Mussel growth is limited by the phytoplankton

biomass and depends on temperature.
I Fisher make decision on e�ort based on

I Expected catch
I Variable costs, price
I Open or closed
I Daily and weekly quot



The model

3. Hypoxia either with a constant occurrence in June,
July and August, or as a stochastic event in the same
months.

4. Originally, the idea was to make an empirical link to
loadings, but at present, hypoxia occurrence is not
signi�cantly linked to nutrient loadings.



Rémi Mongruel♦, Pascal Raux♠, Betty Queffelec♠, Denis Bailly♠, Jean-Louis Gaignon♦, Fabienne Kervarec♦, José

 

A. Pérez Agúndez♦

 

& Manuelle 
Philippe♠

http://cordis.europa.eu/fp6/dc http://ec.europa.eu/sustainablewww.Spicosa.eu

SPICOSA – Formulation Step

SSA5 Limfjorden, Denmark
Grete E. Dinesen1, Josianne G. Støttrup1, Devan Ali Ahsan2, Marianne Holmer2, Henrik Jarlbæk1, 

Stiig Markager3, Jens Kjerulf Petersen3, Eva Roth2, Sten Sverdrup-Jensen4 & Karen Timmermann3

1DTU Aqua, 2SDU, 3NERI AU, 4IFM

AREA AND SYSTEM BOUNDARIES
With a coastline of 1000 km and a surface area of 1500 km2, 
the Limfjord is the largest former fjord in Denmark. Today, it 
has a western inlet from the North Sea and eastern channel 
connecting with the Kattegat. The catchment area of the 
fjords is 7528 km2, of which 62% of the land is occupied by 
agriculture.
Both geographically and virtually, the SSA 5 area includes 
the central part of the Limfjord with associated catchment 
areas (orange area). Empirical modelling will be carried out 
on the three subareas: Kås Bredning, Løgstør Bredning, and 
Skive Fjord (turquoise areas). 

Aqua

POLICY ISSUE: Interaction between eutrophication and mussel production
Limfjorden

 

is situated in Northern Jutland, Denmark. Today, mussel fishery

 

is the most important harvest yield in the fjord. The policy issue was decided on by the SSA 
team,  based upon the stakeholder foci of “no fish” and ”hypoxia” as well as on data availability. 

The conceptual model was prepared as a basis for the actual simulation model 
and contains all the variables and processes regarded to be of relevance to the 
policy issue. As part of the development of the simulation model, several 
decisions and priorities have been made concerning what to include in the 
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aqua culture

MUSSEL

fishery

The socioThe socio--economic component is divided into two economic component is divided into two 
separate models, one for mussel aqua culture on lines separate models, one for mussel aqua culture on lines 
in the water column, and one for mussel fishery on the in the water column, and one for mussel fishery on the 
bottom by dredging. Relevant variables and processes bottom by dredging. Relevant variables and processes 
were listed (see hard copy below) and model were listed (see hard copy below) and model 
components formulated and build using Extend. components formulated and build using Extend. 
Auxiliary models (production model, bioAuxiliary models (production model, bio--economic economic 
model) are currently being validated.model) are currently being validated.
The economy_spicosa_aqua_cul_v1.mox and The economy_spicosa_aqua_cul_v1.mox and 
economy_spicosa_sea_bed_v3.mox are the economy_spicosa_sea_bed_v3.mox are the ““ballparkballpark”” 
editions of the two simulation models. Information can editions of the two simulation models. Information can 
be obtained in each component under the comments be obtained in each component under the comments 
as well as all equations, initial values, and the as well as all equations, initial values, and the 
graphical layout illustrates the connections between graphical layout illustrates the connections between 
model components.model components.

ECOSYSTEM



Economic model
Fishing

I Accounting statistics 2000�2006

I Variable cost, �xed cost, CPUE, prise

I License limited to 51 boats

I Self regulation, closed periods, daily quotas 25t, weekly quota
85t �> 45t







Economic model
Shell Fish Farming

I New enterprises, few accounting data

I Interview, expectations

I Increasing return to scale: area and labour

I Husbandry function

I Problem: Harvest closure and restricted area

I Intention: A model where the farmer optimize the harvest time
+ risk of closure
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linear internal reactions to trends in external forcing. These changes may arise in mass storage in 
food web structure or pressure over water resources, and can be irreversible. Thus, in order to 
understand the degradation of our natural ecosystems, we must include the larger CZ System 
composed of the public policies, economic, and societal components that influence and control 
these ecosystems, as illustrated in Fig. 1. 

 
 
Fig. 1: Coastal Zone System Information Feedback Loops (CZFBL) The default loop is 
shown as a thin external line, and the SPICOSA loop as a thick internal line. The default loop is 
slow in forcing policy to be reactive to problems, many of which become irreversible; while the 
SPICOSA loop is prognostic and allows policy to be precautionary regarding serious losses. The 
Ecological-Social-Economic (ESE) Assessment box represents the central activity of SPICOSA. 
The small diamond boxes represent critical threshold constraints on the interactions between 
components of the system, which need to be properly represented for successful forecasting of 
policy scenarios. 
 
c) Ecological-Social-Economic (ESE) Assessment 
 
The key link in the SPICOSA science-policy feedback loop is the integrated ESE Assessment 
component of the CZFBL. While the need for somehow joining these disciplinary components 
has been expressed in various forms, here we consider it as a fundamental dynamic to the goal of 
Sustainable Development. Our deliberate emphasis on theoretical and practical aspects of the 
ESE concept is reflected in the structure and function of SPICOSA.  



The DPSIR Framework 
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Background1 
In recommendation to the European Environment Agency (EEA) on how they should proceed 
with the development of a strategy for Integrated Environmental Assessment, RIVM2 
proposed the use of a framework, which distinguished driving forces, pressures, states, 
impacts and responses.  This became known as the DPSIR framework and has since been 
more widely adopted by the EEA, acting as an integrated approach for reporting, e.g. in the 
EEA’s State of the Environment Reports.  The framework is seen as giving a structure within 
which to present the indicators needed to enable feedback to policy makers on environmental 
quality and the resulting impact of the political choices made, or to be made in the future. 
 
According to the DPSIR framework there is a chain of causal links starting with ‘driving 
forces’ (economic sectors, human activities) through ‘pressures’ (emissions, waste) to ‘states’ 
(physical, chemical and biological) and ‘impacts’ on ecosystems, human health and functions, 
eventually leading to political ‘responses’ (prioritisation, target setting, indicators).  
Describing the causal chain from driving forces to impacts and responses is a complex task, 
and tends to be broken down into sub-tasks, e.g. by considering the pressure-state 
relationship. 
 

                                                             
1 Based on EEA 1998: Guidelines for Data Collection and Processing - EU State of the Environment 
Report. Annex 3. 
2National Institute of Public Health and Environment, Bilthoven, Netherlands  



Impacts 
The changes in the physical, chemical or biological state of the environment determine the 
quality of ecosystems and the welfare of human beings.  In other words changes in the state 
may have environmental or economic ‘impacts’ on the functioning of ecosystems, their life-
supporting abilities, and ultimately on human health and on the economic and social 
performance of society. 

Responses 
A ‘response’ by society or policy makers is the result of an undesired impact and can affect 
any part of the chain between driving forces and impacts.  An example of a response related 
to driving forces is a policy to change mode of transportation, e.g from private (cars) to public 
(trains), while an example of a response related to pressures is a regulation concerning 
permissible SO2 levels in flue gases. 
 
Figure 2 depicts the complete DPSIR framework.  In addition to defining the components of 
DPSIR, it is useful to describe the various cause-effect relationships (because it is often 
difficult to attribute ecosystem changes unambiguously to human pressures).  NERI3 has 
proposed a methodology in which environmental problems are defined and structured in such 
a way that a clear relationship to pressures emerges.  This often uses physical or chemical 
state indicators as the target variable, while the associated changes in biological state 
variables are treated as derived effects.  A similar argument can be presented for the causal 
links between the driving forces (i.e. the basic socio-economic development of the different 
sectors of society) and the environmental pressures in terms of emissions, resource use and 
land use. 
 

Figure 2: Integrated Environmental Assessment in a DPSIR framework. From NERI  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                             
3National Environmental Research Institute, Denmark 
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DPSIR

Driver Increase in N & P (multiple causes)

Pressure Nutrient load

State Change from �sh to mussels, change of macro
vegetation to phytoplankton (regime shifts)

Impact Hypoxia, water quality/clarity

Response Water Framework Directive targets of reducing
nutrient loads to the fjord system.


