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AIMS 

This study aimed to estimate any impacts by climate change-induced sea-level rise  in coastal areas of restricted exchange 
(embayments, lagoons and  sealochs)  in Scotland and Norway using Geographic Information System (GIS).  Ecological, physical and 

economic features of these areas were studied. Furthermore, the area of loss  due to sea level rise was calculated and the predicted 
affected habitats determined. 

 

Embayments are numerical scarce but scattered along the Scottish coastline. They are restricted to the ocean by narrow inlets, are 
generally shallow and often dominated by tidal regimes,that determine their ecology. 

Coastal lagoons are numerous but spatially relatively small, very shallow (<10 m) basins with a barrier at their inlet which can lead to 
temporary enclosure. The density of lagoons is the highest at the Scottish islands including Orkney. 

Fjords/Sealochs are predominant on the west coast of Scotland, the Shetland Islands and along the Norwegian coast with glacially 
formed deep basins and sills at their mouth. They often have a saline gradient due to associated rivers. 
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Predictions for low emission medium emission high emission 

Edinburgh, Scotland 23.4 cm 30.5 cm 39.2 cm 

Trondheim, Norway 22 cm 42 cm 77 cm 
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Economic and ecological features in Montrose Basin 

Predicted habitats at the inlet of 
Montrose Basin 

Scotland – Montrose Basin 
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The town of Montrose is located around an enclosed body of water 
and its harbour  and associated economic activities are based in the 

inlet of the Montrose Basin, a tidal-dominated embayment. The 
maintenance of the harbour requires regular dredging, which is 

influenced by changes in sedimentation regimes. Further along the 
northern and southern coastline, sea-level rise will result in  flooding 

of  sandy beaches and promote erosion which will influence the local 
tourism. Additionally, this sea level rise will  also affect the coastal 

area where  Montrose Golf Course is located. 

The basin itself is designated as a Special Protection Area (SPA), 
Ramsar site due to its wetland area and a Site of Special Scientific 
Interest (SSSI); it is used by Scottish Wildlife Trust for educational 

walks and programmes. The predicted sea-level rise will likely affect 
those activities. Naturally the embayment would be influenced by 

sedimentation and the wetlands will likely move further westwards 
along the riverbed. However, the adjacent area of Montrose Basin is 
used for agriculture and any impacts will affect the local community.   

The area is furthermore used by sandeels who spawn there, and by 
cod, herring and whiting as nursery grounds. These fish also occur in 

the tidal area as well as the associated river South Esk in which the 
predicted sea-level rise actually will influence the physical conditions. 

In the inlet area and at Montrose beach, mainly sand and muddy sand 
habitats will be affected whereas the habitats in the basin are 

determined by the tides. 

There are 17 lagoons in Orkney and in addition a large embayment between the 
mainland and Hoy.  

Compared to Montrose, the economic activities in Orkney  are mainly based in 
the embayment including pipelines, cables, ferry routes/harbours and 

aquaculture. Part of the shore of Hoy is designated as a Marine Protected Area 
(MPA) and SSSI and this area is predicted to be affected by flooding as well. 

Close to the embayment is an area located of SSE Renewables Holdings Ltd for 
a planned tidal power facility; the tidal scheme in this area will be affected by 

rising sea-level under the studied scenarios.  

Further, PMFs occur in the embayment and in the lagoons, namely Zostera 
beds, Maerl beds and Modiolus modiolus horse mussel beds. The largest coastal 

lagoon is located on the mainland and designated as a Special Area of 
Conservation. Another large lagoon and SSSI located in close proximity is also 

predicted to be affected by the sea-level rise and its associated changes in 
salinity, depth and tidal regimes. Especially the east coast of Sanday (SPA and 

Ramsar site) is vulnerable to rising water given its shallow profile. 

Sandeel and whiting spawning grounds and nursery areas for e.g. anglerfish, 
blue whiting and whiting are located in these coastal waters. 

The embayment mainly consists of mixed sediments whereas the classified 
area in lagoons span amongst others infralittoral rock, sands and muddy sands. 

Additionally shingle beaches, lichen zone and coastal saltmarshes were 
detected within the predicted flooded area.  

Scotland – Orkney Islands 

Economic and ecological features and predicted habitats which are predicted to be 
affected in the actual flooded area under different emissions scenarios 
Economic and ecological features and predicted habitats in Orkney 
Islands’ coastal waters with restricted exchange 

Economic and ecological features and habitats which are predicted to be 
affected in the flooded areas at Orkney adjacent to embayment and lagoons 

Economic and ecological features and predicted habitats in Loch 
Linnhe and connected sealochs. 

Economic and ecological features and habitats  which  are predicted 
to be affected in the flooded areas at the Loch Linnhe basin system 

Scotland – Loch Linnhe Norway – Trondheim Fjord 

Economic and ecological features and predicted habitats in 
Trondheim Fjord. 

Economic and ecological features and habitats  which  are predicted 
to be affected in the flooded areas at the Trondheim Fjord 

Loch Linnhe forms with further fjordic basins (Loch Etive, Loch Creran, Loch 
Leven, Loch Eil)  a connected sealoch system which constitutes (by its total 
area of around 350 km2) the economic  zone of Oban, Fort William and the 

quarry and port of Glensanda. This includes; frequently used tourist ferry 
routes, submarine cables, outfall and sewer pipes. Many aquaculture farms 

can be found in this sealoch system alongside the research sites of  the 
Scottish Marine Institute (SAMS) which would also be affected by the 

predicted sea-level rise. 

Economic activity can also be found on the Island of Lismore  in the mouth of 
Loch Linnhe as well as in the adjacent sealochs. In these places, many PMFs 
are designated including predominantly sea-pen and burrowing megafauna 

communities but also intertidal ones. Next to Zostera beds, the predicted 
flooded area at Lismore and  at Loch Creran  includes Serpula reefs and tide-
swept horse mussel beds at Loch Leven which are predicted to be exposed 

longer to saline water. The connected sealochs are dominated by sublittoral 
mud and  mixed sediment habitats whereas the mouth of Loch Linnhe consists 

of muds and sandy muds. 

Furthermore, Loch Creran and parts around Lismore are designated as a SAC 
and under the sea-level rise, many SSSI are predicted to be affected along the 
shoreline of the sealoch system but mostly at the western mouth region, the 

Upper Loch Linnhe and Loch Etive,  

In the Loch Linnhe basin system, no spawning area is located but a series of 
fish use it as nursery grounds including herring and spurdog, both important 

for fisheries. 

As the main economy of Norway is offshore oil and fisheries (similar to 
Scotland), the economically important cities are located on the coast 

including the numerous fjords. The third longest fjord is the one at Trondheim  
which is connected to further fjordic basins and also shallower waters of 

restricted exchange. 

The economy in the Trondheim Fjord is dominated by fisheries, fishery 
harbours are found close to the mouth and aquaculture  also in the back area. 

The whole fjord is classified as a salmon fjord as the salmon fishery is 
executed in a profitable manner thus a salinity change might have financial  

impacts. The port of Trondheim is not only connected to the open ocean by 
shipping lanes but the area is also well connected by ferry routes to the Island  

Terøya. 

The analysed sea-level rise is predicted to affect several MPAs along the fjords 
as well as nature reserves especially on the shallow Island Tautra in the centre 

of the Trondheim Fjord. This is also declared as a Ramsar site as well as the 
long shore at the North East of the fjord system as this is where the 

Trondheim Wetland System  is located. Spawning grounds especially for cods 
occur in the more sheltered areas close to associated rivers. 

As in the Loch Linnhe sealoch system, sea-pen and burrowing megafauna 
communities can be found but as is also typical for the Norwegian region, 

Lorphelia pertusa reefs occur in the fjord as well. 

In the analysed flooded area forests alongwith rich beach rocks and sumps 
are located which are predicted to be affected like the soft-bottom habitats 

and eelgrass meadows at the seabed.  



 

 

 

 

 

 

 

As most of the coastal waters and the shore profile evolved by sea-level changes thousands of 
years ago, the natural movement of the coastal waters landwards by sediment shifts would be 
expected. For example, the lagoons in Orkney are very shallow, any sedimentation might lead 

to a filling whereas at other places new lagoons could evolve by barrier development. 

Nevertheless, this natural movement will be restricted by pre-existing structures associated 
with urban development.  Additional threats like promoted erosion of land and beaches should 

be considered for preservation measurements which should be applied soon to avoid higher 
costs by the rising sea-level. 

3 

Conclusion 
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The area which is predicted to be flooded includes intertidal habitats which will likely no 
longer be free of saline water at low tide. This can be crucial at places like Montrose 
Basin, tide influenced lagoons in the Orkney Islands and shallow areas around sealochs 
and fjords. 
Additional stresses will result from the increased depth of some basins which has 
influences on light irradiation and therefore the seabed flora. 
In the basins with a saline gradient like Montrose Basin and the fjords/sealochs with their 
associated rivers, the increased salinity is predicted to affect the biodiversity. 
 


