
Figure 3. Example of the digitised salt marsh 
management classification in the ArcGIS model-
ling system, showing management practices in 
an area of the Danish SPA 15 in autumn 2010.
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Figure 1. Development in the number of breeding pairs (solid lines) and 
sites (dashed lines) occupied by dunlin, ruff, and black-tailed godwit in 
Denmark from the mid-1960’s until today. 
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Figure 2. Example of model output from the model of sea level rise, 
showing flooded salt marsh in a corner of the Danish SPA 39 

under the Horton et al. scenario. Note the clear 
cut-off line to the west of the salt marsh, 

which is a dike that would have to be 
pulled down if marshes should 

develop further inland.

Figure 3. Example of the digitised salt marsh
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Introduction
Atlantic coastal salt marshes stand 
out as avian hotspots in an increas-
ingly culturally modified landscape, 
representing important feeding and 
staging grounds for many waterfowl 
and waders throughout the year. 
The birds’ presence in, and exploita-
tion of, this habitat is frequently a 
major justification for salt marsh 
areas being included in estuarine 
Special Protection Areas for Birds 
(SPAs) designated and protected 
under the EU Birds Directive. Climate 
change-induced rises in sea level 
threaten to drastically reduce the 
areal extent of these salt marsh 
habitats due to coastal squeeze, and 
changes in management practice 
have rendered existent salt marshes unfavourable to many birds, as lack of grazing has induced 
an increase in high-sward communities (especially reed beds) on former good quality marshes. 
This has been paralleled by recent declines in wader breeding numbers (Fig. 1). This study aim to 
1) assess the expected areal losses of salt marsh habitats under two scenarios of rising sea levels; 
2) quantify the adequacy of salt marsh management practices in areas important to birds; and 3) 
investigate if some of the losses associated with climate change can be compensated by changes 
in salt marsh management.
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Table 1. Scenarios for sea level rise 
used in the model.
Scenario Mean Sea

 level rise 

IPCC 37 cm
Horton et al. 77 cm

Table 2. Criteria for classifying salt marsh areas as well, poor or unmanaged, and the areal distribution of the three 
management levels.

Management Vegetation  Grazing/mowing Value to birds Areal distribution

 height (cm) scheme

Well managed <15 Regularly Important 48.9%
Poorly managed 15–30 Irregularly Of less interest 18.9%
Unmanaged >30 None Unused 32.2%

Table 3. Forecasted loss of salt marsh habitats in three Danish coastal areas 
in the years 2090-2099 based on the two scenarios for sea level rise.

 IPCC scenario Horton et al. scenario

Wadden Sea 2.6% 5.2%
Limfjord 20.0% 53.6%
Baltic Sea 15.2% 52.3%
Total 15.3% 41.6%

Modelling approach
Climate change-induced salt marsh loss

We employed a LiDAR-based Danish Digital Elevation Model 
(resolution 1.6 m) covering 16 Danish EU Special Protection 
Areas for birds. These were chosen as the subset with 
international importance to light-bellied brent geese Branta 
bernicla hrota, a population highly reliant on Atlantic salt 
marsh habitat. This model ensured both the fine-resolution 
spatial detail necessary to predict water flows in natural 
landscapes, and the large geographic extent required to allow general predictions. In 
connection with an ArcMap allocation model and recent scenarios for near-future sea level 
rise (Table 1), this allowed us to clarify the expected loss of salt marsh habitat during the 
next century in three Danish coastal regions (Wadden Sea, Limfjord, Baltic Sea).

Mapping of management practices

Management was determined in 4 EU Special Protection Areas (SPAs), and classified as 
either well managed, poorly managed or unmanaged based on differences in vegetation 
height and grazing intensity (Table 2). The total salt marsh area assigned to each of the three 
management categories was calculated from digitized field maps in ArcGIS.

Summary
Based on a high-resolution digital elevation model and two scenarios for projected rise in near-future sea levels, we employ an 
ArcMap allocation model to foresee the areal loss in salt marsh associated with climate change. In addition, we quantify the 
extent of inadequate salt marsh management, and investigate the potential to compensate for climate change-induced losses by 
means of more efficient management. Our models indicate that by the end of this century 15.3% - 43.6% of existent salt marshes 
will be flooded, and that inadequate managed salt marsh presently make up around 51.1%. Thus, re-establishing areas of 
well-managed marshes can counterbalance the loss expected from rising sea levels during the next century. This will benefit both 
wader populations with current unfavourable conservation status and salt marsh dependent herbivorous waterfowl.

Conclusion 
All over Europe bird populations dependent 
on salt marsh habitats are currently decreas-
ing. Consequently, the ability to improve 
their main habitats by simple cost-effective 
means is a window of opportunity that 
should not be missed. Implementation of 

environmentally friendly management 

schemes based on extensive grazing is a 

strong instrument to counteract the 

expected loss of salt marsh habitats associ-

ated with climate change, and is important 
to secure this priority habitat that support 
internationally important populations of 
breeding, wintering and staging waterbirds. 
However, this may only be a temporary 
solution that, in the event of continually 
rising water levels, will have to be supple-
mented by increased reintegration with the 
sea and managed retreat of seawalls or 
near-coastal agricultural areas to effectively 
safeguard the future salt marsh biome.

Results
Sea level rise-induced salt marsh loss amounted to 
an average of 15.3% and 43.6% under the two 
scenarios, and varied greatly between the three 
geographic regions (Table 3, Fig. 2). Meanwhile, the 
mapping of management practices showed that 
48.9% of marshes were well managed, 18.9% poorly 
managed and 32.2% unmanaged (Table 2, Fig. 3). 
Consequently, 51.1% of marshes within the Bird 
Protection Areas were unsuitable to meadow birds 
due to ceased management.
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Improved saltmarsh management
can counteract climate change

– safeguarding future waterbird habitats


