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Cl imate Change Impacts  on the Mar ine Environments:

T H E R M O H A L IN E  
CIRCULATION CHANGES

F A C T  S H E E T

The thermohaline circulation
is a global ocean c ircu lat ion 
pattern, driven by density 
d ifferences caused by variations 
in salin ity and tem pera ture . 
These variations arise from 
the heating and cooling of the 
surface w aters  and influxes of 
more o r less saline waters.

For Western Europe, the most 
im portan t cu rren t of th is c i r ­
culation pattern is the Gulf 
Stream which increases the 
tem pera tu re  on the western 
seaboard of Europe by several 
degrees.

A second and s m a l le r  th e rm o ­
haline c ircu la t ion exists in the 
Mediterranean where  eva­
poration and w in te r  cooling in 
the east cause dense w a te r  
to s ink  and move to the west. 
These denser w aters  f low  out 
at the Stra its  of G ibra ltar where 
they are replaced by less dense 
A t lan tic  w a te r  that enters the 
Mediterranean as a surface flow.

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 ai,  2007), potentially causing:

• Reductions in run -o ff and w a te r  availabili ty in southern Europe;
• Major increase in snow m elt  flooding in Western Europe;
• Increased sea-level rise on western European and Mediterranean coasts;
• Reductions in crop production with conseguent impacts on 

food prices;
• Changes in tem pera tu re  affecting ecosystems in Western Europe 

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

• Disruption to w in te r  travel opportun it ies and increased icing of 
northern ports and seas;

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

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

• Reguirement to refurb ish in fras truc tu re  towards Scandinavian 
standards.

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.
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•  Increased melting of the ice 
sheets in Greenland could reduce 
the salin ity of sub Arctic waters, 
making them  less dense and thus 
less prone to sink. This could result 
in a reduced w ate r /hea t t ransport  
by the the rm oha line  c ircu lat ion 
leading to a d ram atic  cooling of 
parts of Scandinavia and the United 
Kingdom.

• A decreasing freguency of cold 
dry spe l ls  in Southern France, 
responsib le fo r  generating dense 
sinking w aters  in the Mediterranean 
the rm oha line  c ircu lat ion, could 
reduce oxygen transpo rt  to 
deeper parts of the w a te r  column.

ONGOING RESEARCH

The main focus curren t ly  lies in m on ito r ing  and increasing the am oun t of 
long - te rm  data sets available. This is done, fo r  instance, by using f loating 
observational in s trum en ts  as w e l l  as moored ins trum en ts  that toge ther 
provide a sem i-con t inuous  s tream  of data.
These datasets, in combination w ith  an increased understanding of the 
d ifferent com ponents  leading to the rm oha line  c ircu lat ion changes, are then 
used to increase the accuracy of the models  used to make fu ture projections.

RESEARCH GAPS AND PRIORITIES

Key open guestions include*:

• What changes in freshwate r input of the North A tlantic  w i l l  result 
from global w arm ing?

• What is the risk of exceeding a threshold  fo r the rm oha line  c irculat ion 
collapse fo r  a given warm ing?

• What o ther thresho lds exist?
• What conseguences would result fo r  m arine biodiversity and 

whole ecosystems?
• How would c l imate over land be affected by a collapse scenario?
• How predictable is the system using today’s generation of c l imate 

m odels and how can these predictions refine c l imate forecasts 
(particu larly  on the decadal scale)?

Top section  of a RAPID m ooring  about to  be deployed 
at 26N from  RRS Discovery
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