
The Southern Ocean 
and our Climate
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The importance of the Southern Ocean to our climate
Circling Antarctica, the Southern Ocean is the coldest and windiest 
stretch of water in the world. It is also the most important for our 
climate, helping to slow down global warming. That’s because the 
Southern Ocean is especially good at soaking up both heat and the 
main greenhouse gas, carbon dioxide (CO2). About 30% of human 
CO2 emissions for the last 200 years, and more than 90% of the 
heat caused by global warming, have been absorbed by the world’s 
oceans. The Southern Ocean takes more than its fair share. Despite 
being only 30% of the total ocean area, the Southern Ocean soaks 
up about half of the CO2 that ends up in the sea and three-quarters 
of the heat.

About 30% of human CO2 emissions 
for the last 200 years, and more than 
90% of the heat caused by global 
warming, have been absorbed by the 
world’s oceans.

The waters around Antarctica are so effective at soaking up heat and 
CO2 because it is one of the only areas on the globe where deep 
waters are brought to the surface and in turn surface waters can sink 
into the abyss. This ongoing churn means the top water layers of the 
Southern Ocean, those exposed to the atmosphere, are constantly 
refreshed. In this way they can keep absorbing CO2 and heat from 
the air, and constantly carry it down towards the vast ocean interior 
where it is stored.

The Southern Ocean has helped to 
fend off the worst of the temperature 
rises that climate change would 
otherwise have caused. 

But for how long can we rely on these chilly currents to hide away 
our pollution? In the ORCHESTRA project, scientists at the British 
Antarctic Survey and colleagues have worked to find out.
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Introducing ORCHESTRA
ORCHESTRA (Ocean Regulation of Climate by Heat and Carbon 
Sequestration and Transports) was a five-year, £8.4m project, that 
has studied how the Southern Ocean soaks up CO2 and heat. This 
information is key to understanding whether the amount of heat 
and CO2 absorbed might change in the future, which has important 
implications for projections of how rapidly the climate will change this 
century.

Led by the British Antarctic Survey (BAS), ORCHESTRA scientists 
worked across many partner organisations in the UK and abroad, 
including the National Oceanography Centre, British Geological 
Survey, Plymouth Marine Laboratory, the Centre for Polar 
Observation and Modelling, the Sea Mammal Research Unit at the 
University of St Andrews and the UK Met Office.

To meet its ambitious goals, the 
project aimed to address some 
fundamental questions about the role 
of the Southern Ocean in our climate. 

These include issues such as how and where heat and carbon are 
transferred across the sea surface and drawn down into the interior, 
how quickly these processes happen, and how larger scale ocean 
circulation patterns distribute the heat and carbon absorbed by the 
Southern Ocean around the world.

To answer these and other questions, ORCHESTRA’s scientists have 
collected data across the region, from the air, sea surface and deep 
ocean. The results have been used to help interpret and improve the 
critical computer models that simulate the current and future global 
climate, and make these projections more accurate and reliable.

How we did the research
The Southern Ocean is a dynamic, changeable and hostile 
environment, which makes it difficult to visit and study. This is 
why ORCHESTRA was needed to gather data to plug gaps in our 
knowledge. To maximise the scientific research carried out, the 
project called upon some of the latest techniques and technology. 

Like most studies of the ocean, ORCHESTRA relied heavily on 
shipbased observations and measurements. Sailing across notoriously 
rough regions such as the Drake Passage, the Weddell Sea and the 
South Atlantic, researchers retrieved water samples from various 
depths and analysed them for temperature, salinity, dissolved oxygen 
and carbon. On the ships they tracked basic properties such as 
weather, sea ice and temperature as well as making important new 
direct measurements of heat and carbon exchange across the ocean 
surface. ORCHESTRA also made a great effort to collect water for 
chemical analysis. These measurements allow the identification of 
the source of freshwater added to the oceans. This is very valuable 
given the uncertainty around the impact of Antarctic glacial ice melt 
in shaping the future of our oceans.

The scientists also took advantage of data gathered by a global 
network of free floating robotic research buoys. These measure the 
salinity and temperature of the water from the surface down to 2000 
m. The project extended this global network with specially modified 

floats that could avoid surfacing 
beneath the ice. ORCHESTRA also 
worked with US collaborators to 
launch more advanced buoys that also 
measure dissolved oxygen and carbon 
dioxide. The winter measurements that 
such robotic platforms can provide 
when so few ships are in the region are 
essential for scientists to understand 
how carbon moves between the ocean 
and atmosphere.

SCIENTISTS
INVOLVED

VOYAGES
AIRCRAFT
FLYING HOURS
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Robot submarines and surface vessels joined some of the 
expeditions. Autonomous underwater gliders, fitted with sensors 
to monitor ocean mixing, spent several months at sea and brought 
back a detailed picture of the upper kilometre of Antarctic waters, 
the critical layer in which exchange happens. Autonomous surface 
vehicles were also used – these are typically bigger than the 
submersibles so could carry bulkier equipment to trace, for example, 
how carbon dioxide moves from the air to the sea, as well as measure 
near-surface CO2 water concentrations.

ORCHESTRA scientists have collected 
data from across the Southern Ocean, 
from space, the air, sea surface and 
deep ocean.

To monitor ocean currents in the deepest parts of the ocean, the 
scientists used an array of instruments anchored to the seabed at six 
locations in the Orkney Passage, a narrow gap in an ocean-floor ridge 
that extends northeast of the Antarctic Peninsula. The passage acts 
as an important conduit to transfer dense bottom water from deep 
in the Southern Ocean’s Weddell Sea into the South Atlantic and 
beyond. The instruments tracked this transfer year-round, measuring 
the temperature and speed of the water as it flowed past.

ORCHESTRA research also took to the skies. Flying missions from 
the Falkland Islands and BAS research stations in Antarctica itself was 
a specially adapted Twin-Otter aircraft, packed with meteorological 

kit. This included standard temperature and water vapour sensors, 
as well as a turbulence probe to measure high altitude temperature, 
dew point and wind speed. The aircraft also measured some key 
variables known to determine how effectively gases such as carbon 
dioxide transfer from the atmosphere to the ocean, including 
wind speed, atmospheric CO2 concentrations and solar radiation. 
Importantly, project scientists could tally these measurements with 
similar measurements made aboard ship, and with information about 
ice coverage gathered on the sea surface.

ORCHESTRA also made use of satellite measurements of the 
Southern Ocean. Both the temperature and height of the sea surface 
can be measured very accurately from space, even in ice-infested 
waters. This information is useful to help track the larger circulation 
of ocean currents as well as the many eddies and fronts as they swirl 
and move massive amounts of water around Antarctica.

Finally, the project used all of the data gathered to build better 
computer simulations of the heat and carbon uptake of the Southern 
Ocean, and the way that currents move this warmer, carbon-laden 
water around. The finished models are able to analyse how these 
crucial physical processes might change in the coming decades as 
the climate warms and provide scientists with an improved platform 
with which to test their ideas.

GLIDER
ROBOTIC

DEPLOYMENTSDEPLOYED
FLOATS MOORINGS

DEPLOYED
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Summary of findings

Aircraft flights

W E D D E L L  S E A

Deep water

In a world first, ORCHESTRA’s 
coordinated measurements, from 
autonomous ocean gliders, ship 
and aircraft observations, have 
provided a unique ‘top to bottom’ 
view of the important regions of deep-water 
upwelling around the Antarctic.

The results show how the interface between 
the ocean surface and interior is impacted 
by changes in the wind and ice melt, 
and even the passage of storms. 
Deploying autonomous instruments 
for sometimes months at a time 
has also provided scientists 
with unprecedented long-
term datasets finely resolving 
previously inaccessible areas of ocean.

Ship measurements along key ocean 
‘chokepoints’ such as Drake Passage 
allowed the assessment of large scale 
ocean heat and carbon uptake, storage 
and transport over the whole South Atlantic 
and Weddell Sea.  These were compared 
to similar measurements from a decade 
before, revealing widespread changes; 
including a significant reduction in the 
volume of the very deepest waters formed 
around Antarctica.  

ORCHESTRA voyages also 
made important new 
observations of the flux 
of heat and carbon to 
and from the ocean surface.  
These showed for the first time the 
importance of biological ‘surfactants’ on the 
ocean surface in mediating Southern Ocean 
air-sea fluxes.

Technical illustrations: Ben Gilliland
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Summary of findings

W E D D E L L  S E A

ORCHESTRA data showed that 
the deepest ocean currents 
flowing from the Southern 
Ocean are in long-term decline. 
This slowdown is linked to 
changes in wind and sea ice 
formation, which themselves are 
being altered by climate change.

Set against this picture of long-
term decline, ORCHESTRA 
moorings have observed a 
temporary recovery in this 
slowdown. This demonstrates a 
sensitivity to annual changes in 
the formation of deep water near 
the coast of Antarctica, probably 
due to changes in local winds. 
Unfortunately, subsequent 
observations have shown that 
the decline has resumed.

By combining together millions of 
individual ocean measurements 
collected by ships, robot floats 
and tagged seals, ORCHESTRA 
scientists produced a new map 
of Southern Ocean properties 
over the last twenty years. 
This revealed that there is a 
great deal of variability in 
how much heat the Southern 
Ocean takes up from the 
atmosphere from year to 
year, and in where this 
occurs. This variability in time 
and space is due to changes 
in the pattern of winds over 
the ocean, giving us insight 
into how predicted shifts in 
the prevailing winds in the 
future may impact ocean 
heat uptake.
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Summary of findings continued
ORCHESTRA analysis of climate models, the principal tools used by 
the IPCC to project climate futures for Earth, shows that: 

The deepest layer of the Southern 
Ocean overturning is predicted to 
collapse in strength by up to 70% by 
the end of the century. This and other 
local circulation changes are strongly 
impacted by the strength and 
distribution of sea ice and glacial melt. 

The Southern Ocean is predicted 
to continue to take up heat and 
carbon to the end of the century, 
but the critical upper layers that 
drive this process are becoming 
warmer and lighter, suggesting 
reduced efficiency of heat and 
carbon uptake.

Further analysis of these climate models, in collaboration with the 
UK Met Office, found that many of the models used to make climate 
predictions do not accurately simulate the amount of light (and 
therefore heat) falling on the Southern Ocean. This “shortwave bias” 
often simulates the Southern Ocean as too warm, with implications 
for the modelling of important features such as sea ice. Analysis 
suggests this is because the models currently underestimate cloud 
cover. This knowledge is now integrated into future generations of 
climate models, allowing us to make increasingly accurate predictions 
of future climate change.  

ORCHESTRA scientists created several cutting-edge, high-resolution models of 
the Southern Ocean to help us understand its complex dynamics and how it may 

respond to changes in the wind, sea-ice and surface warming. This snapshot of model 
output shows the ocean current speeds, where brighter colours are higher speeds (up 

to one metre per second).  
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Changes in ocean circulation, observed and predicted

Observed: The volume of the densest and deepest waters being 
exported from around the Antarctic margins has reduced across 
the Weddell Sea over the last 30 years, though more frequent ship 
observations since 2012 reveal that there is significant variability from 
year to year.  This decline is thought to be due to changes in sea-ice 
formation and distribution in response to human induced changes in 
the winds over the Antarctic coast. 

Predicted: This decline is predicted by climate models to continue 
through the coming century, decreasing by as much as 50-70% by 
2100. This figure shows the projected strength of this upwelling of 
deep water and consequent sinking and export of new Antarctic 
bottom water to the end of the century under ‘business as usual’ 
climate change scenarios.  The bold line represents the average of 
several models and the filled area the associated uncertainty. 
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Working alongside biologists at 
BAS, ORCHESTRA scientists have 
used climate projections to the end 
of the century to show that much 
of the unique life inhabiting the 
seafloor of coastal Antarctic regions 
is threatened by ocean warming 
and consequent habitat reduction. 
However, it also shows a relatively 
low threat of invasion of this habitat 
by non-native species, as the ocean 
is likely to remain too cold for 

most potential colonisers. This research also suggests that previous 
projections of catastrophic declines in King Penguin populations have 
been overstated. These studies made assumptions about the future 
movement of key ocean currents and penguin food sources that 
more detailed physical modelling by ORCHESTRA shows is unlikely.

ORCHESTRA has produced a legacy of unique Southern Ocean data, 
instrumentation, models, knowledge and trained scientists.  These 
will continue to support UK and international efforts to understand 
this central element in planet Earth’s climate for many years to come.  

As well as the changing ocean, 
ORCHESTRA revealed the pressing 
need to understand the impact of the 
changing Antarctic ice sheet on the 
ocean circulation, and the changes in 
sea level and climate that this will bring. 
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Partners
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https://orchestra.ac.uk/
Contact: Dr. Andrew Meijers (andmei@bas.ac.uk)
ORCHESTRA was funded by the Natural Environment Research Council grant NE/N018095/1
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