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Climate Change Impacts on the Marine Environments:

Thermohaline 
circulation changes

The thermohaline circulation 
is a global ocean circulation 
pattern, driven by density 
differences caused by variations 
in salinity and temperature. 
These variations arise from 
the heating and cooling of the 
surface waters and influxes of 
more or less saline waters. 

For Western Europe, the most 
important current of this cir-
culation pattern is the Gulf 
Stream which increases the 
temperature on the western 
seaboard of Europe by several 
degrees. 

A second and smaller thermo-
haline circulation exists in the 
Mediterranean where eva-
poration and winter cooling in 
the east cause dense water 
to sink and move to the west. 
These denser waters flow out 
at the Straits of Gibraltar where 
they are replaced by less dense 
Atlantic water that enters the 
Mediterranean as a surface flow. 

What are the future projections?
Studies have shown that an abrupt shutdown before 2100 is very unlikely and that 
global impacts of any slowing in circulation before then are likely to be offset by 
temperature increases related to greenhouse gas build up. However, on a local scale 
some areas, such as the Western margin of Europe, could be adversely impacted. 

SUMMARY
The dangers of thermohaline circulation change for European coasts include the 
possibility of a rapid shut-down of the Meridional Overturning Circulation (after: Parry 
et al., 2007), potentially causing:

•	 Reductions in run-off and water availability in southern Europe; 
•	 Major increase in snowmelt flooding in Western Europe; 
•	 Increased sea-level rise on western European and Mediterranean coasts;
•	 Reductions in crop production with consequent impacts on 
	 food prices;
•	 Changes in temperature affecting ecosystems in Western Europe 		

		 and the Mediterranean, e.g. affecting biodiversity, forest products and  
		 food production;

•	 Disruption to winter travel opportunities and increased icing of  
		 northern ports and seas;

•	 Changes in regional patterns of cold and heat-related deaths and  
		 ill health;

•	 Movement of populations to southern Europe and a shift in the centre  
		 of economic gravity;

•	 Requirement to refurbish infrastructure towards Scandinavian  
		 standards.

Gulf Stream in the North-
Atlantic is visible as a warm 
water current travelling 
northward along the coast of 
North America and eastward 
into the central Atlantic Ocean. 
As it continues its journey, heat 
from the ocean is lost to the 
atmosphere, warming the air 
above it.
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How climate change 
could influence 
the thermohaline 
circulation?

•	Increased melting of the ice 
sheets in Greenland could reduce 
the salinity of sub Arctic waters, 
making them less dense and thus 
less prone to sink. This could result 
in a reduced water/heat transport 
by the thermohaline circulation 
leading to a dramatic cooling of 
parts of Scandinavia and the United 
Kingdom.

•	A decreasing frequency of cold 
dry spells in Southern France, 
responsible for generating dense 
sinking waters in the Mediterranean 
thermohaline circulation, could 
reduce oxygen transport to 
deeper parts of the water column. 

Ongoing research

The main focus currently lies in monitoring and increasing the amount of 
long-term data sets available. This is done, for instance, by using floating 
observational instruments as well as moored instruments that together 
provide a semi-continuous stream of data.
These datasets, in combination with an increased understanding of the 
different components leading to thermohaline circulation changes, are then 
used to increase the accuracy of the models used to make future projections.
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*Partially taken from Ramsdorf (http://www.pik-potsdam.de/~stefan/thc_fact_sheet.html)

This fact sheet is based on a chapter of the CLAMER / Marine Board Special Report Synthesis of European Research on the Effects of Climate Change on Marine Environments 
(Deliverable 1.2) written by Phil Weaver from the National Oceanographic Centre, Southampton, United Kingdom

Research gaps AND PRIORITIES

Key open questions include*:

•	 What changes in freshwater input of the North Atlantic will result  
		 from global warming? 

•	 What is the risk of exceeding a threshold for thermohaline circulation  
		 collapse for a given warming? 

•	 What other thresholds exist? 
•	 What consequences would result for marine biodiversity and  

		 whole ecosystems?
•	H ow would climate over land be affected by a collapse scenario? 
•	H ow predictable is the system using today’s generation of climate  

		 models and how can these predictions refine climate forecasts  
		 (particularly on the decadal scale)?
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Top section of a RAPID mooring about to be deployed 
at 26N from RRS Discovery


