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Policy context

• Coastal waters must reach good ecological status

• Nutrient reduction targets are defined at coastal water level

• Measures are implemented on land, upstream, by many actors

Practical reality

• Nutrient sources are distributed across the catchment

• Monitoring is sparse and incomplete

• Effects of measures are not directly observable

How do we translate a coastal reduction target into fair and effective land-based 
measures?

From coastal targets to land-based action



SUCCESS framework – models for integrated 
management
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Defining the system boundary

Include the whole coastal area: Add direct discharges to the fjord:

Solution: use a pre-delineated watershed

Urban network

Groundwater

Solution: compile local data/knowledge and 
add recall object



Handling site-specific hydraulics
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A sluice regulates flow between catchment and two fjords: SWAT+ can 
replicate this behavior:
• Decision tables control flow diversion based on water level 
• Allows realistic simulation of sluice operation without external hydraulic 

coupling



Calibrating for the right outputs

• Estuary model needs TN and NO3: 
speciation drives fjord 
biogeochemistry even if reduction 
targets are annual N loads

• Daily time step essential: storm 
pulses and seasonal variability 
cannot be averaged out

• Good model performance at 
Vindinge; organic N stable and low 
(<10% TN), outputs feed directly 
into estuary model as boundary 
condition

• P handled by a separate tool: bank 
erosion and tile drain sources are 
not straightforward in SWAT+
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Coastal ecosystem model: EcoWin

EcoWin integrates water circulation from a detailed 
hydrodynamic model and nutrients loads from SWAT+.

Main simulated processes:
Pelagic primary production (phytoplankton)
Benthic primary production (seagrasses and epiphytes)
Benthic secondary production (bivalves)

EcoWin provides long term simulation of environmental 
conditions in the Fjord



From catchment measures to fjord response

The SWAT+ – EcoWin framework 
translates catchment-level measures 
directly into fjord water quality 
response (bottom-up control).

Scenario results quantify reductions 
in DIN and chlorophyll concentrations 
across the fjord, linking land 
management decisions to WFD 
ecological status indicators.

Indicator (WFD) Scenario Box 29 Box 45 Box 47
Summer chla (µg.L-1) Standard loading 1.3 1.3 1.6

-17.5% loading 1.0 1.1 1.2
-35% loading 0.7 0.7 0.8

Winter DIN (mg.L-1) Standard loading 1.8 1.6 1.6
-17.5% loading 1.5 1.3 1.2
-35% loading 1.1 0.96 0.90



Conclusion

• A coupled catchment-to-coast framework is built using SWAT+: spatial delineation, 
point sources, and site-specific settings can all be handled within the model 
structure

• Calibrate for the relevant output: TN alone is insufficient when the estuary model 
needs nitrates as a boundary condition

• Directly relevant for water managers: the framework translates land-based 
measures (e.g. land use conversion, fertiliser regulation) into quantified impacts on 
coastal water quality

• Transferable beyond Denmark: applicable to any shallow, eutrophic estuary with 
upstream catchment pressures 


