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A n ta r c t i c  O c e ano   g r a p h y  i n  a  C h an  g i n g  W o r l d  >>  S IDE   B A R

The Southern Ocean includes the only latitude 
band where the ocean circles the earth unob-
structed by continental boundaries. This acci-
dent of geography has profound consequences 
for global ocean circulation, biogeochemical 
cycles, and climate. The Southern Ocean con-
nects the ocean basins and links the shallow 
and deep limbs of the overturning circulation 
(Rintoul et al., 2001). The ocean’s capacity 
to moderate the pace of climate change is 
therefore influenced strongly by the Southern 
Ocean’s circulation.

Given the significance of the Southern Ocean 
to the Earth system, any change in the region 
would have global impacts. Limited observa-
tions suggest the Southern Ocean is changing, 
with evidence of warming and freshening 
(Böning et al., 2008; Gille, 2008), accumulation 
of anthropogenic carbon dioxide (Sabine et al., 
2004), acidification (Doney et al., 2009), and 
changes in the distribution of marine organisms. 

However, our ability to detect and interpret 
Southern Ocean change is limited by a lack 
of sustained observations. Recognition of this 
need motivated the community to develop 
a strategy for a Southern Ocean Observing 
System, or SOOS (Rintoul et al., 2012).

SOOS addresses six overarching challenges of 
high scientific and societal relevance:
1. 	 The role of the Southern Ocean in the 

planet’s heat and freshwater balance
2. 	 The stability of the Southern Ocean over-

turning circulation
3. 	 The role of the ocean in the stability of the 

Antarctic ice sheets and their contributions 
to sea level rise

4. 	 The future and consequences of Southern 
Ocean carbon uptake

5. 	 The future of Antarctic sea ice
6. 	 The impacts of global change on Southern 

Ocean ecosystems

Sustained observations of the evolving physi-
cal, biogeochemical, and biological state of the 
Southern Ocean are essential to tackle each of 
these challenges. The SOOS strategy identifies 
the key variables to be observed and the com-
bination of platforms needed to measure them. 
Each proposed observation is clearly linked to 
one or more of the scientific challenges, and 
the synergy between different observing strate-
gies is highlighted.

The backbone of SOOS is the repeat 
hydrography program (Figure 1). Hydrographic 
sections remain the only way to sample the 
full ocean depth and a wide range of physical, 
chemical, and biological variables. The high-
accuracy measurements collected on repeat 
hydrographic sections also provide the “gold 
standard” for calibration of other sensors. As 
many of the most critical scientific issues require 
observations in the sea ice zone, ice-capable 
research vessels play a crucial role in the SOOS. 

The development of autonomous profiling 
floats (Argo) has had a particularly large impact 
on the remote and poorly observed Southern 
Ocean. Argo has already collected many more 
oceanographic profiles south of 30°S than 
have been collected in the entire history of 
ship-based oceanography (Figure 2). The map 
in Figure 2 is cause for both optimism and 
concern. On the one hand, Argo is providing 
broad-scale, year-round measurements of the 
temperature and salinity of the upper 2,000 m 
of the Southern Ocean for the first time. On 
the other hand, Argo does not sample the deep 
ocean, and the sea ice zone remains a major 
gap in the global ocean observing system. 

No equivalent broad-scale sampling exists for 
most biogeochemical and biological variables. 
Sustained observations of Southern Ocean 
biology and biogeochemistry are much more 
challenging than observations for physical 

variables, due to the complexity and diversity 
of phenomena to be measured and the lack 
of autonomous sensors. The SOOS strategy 
depends on a combination of approaches, 
including miniaturized oceanographic sen-
sors on mammals and birds (e.g., Biuw et al., 
2007), sampling on repeat hydrographic and 
ship-of-opportunity transects, remote sensing 
(with both acoustics and satellites), genomic 
approaches, and observations of the abun-
dance and distribution of top predators (fish, 
penguins, seabirds, seals, and whales).

Given that the region is historically one 
of the most poorly sampled regions of the 
global ocean, is it really possible to collect 
sustained multidisciplinary observations of the 
Southern Ocean? Experience gained during 
the International Polar Year (IPY, 2007–2008) 
shows that the answer is yes. Many of the 
observations identified as “building blocks” 
of the SOOS were completed during the IPY, 
when the Southern Ocean was measured in 
a truly comprehensive way for the first time. 
The unprecedented coverage led to new 
insights into the physics, biogeochemistry, and 
biodiversity of the Southern Ocean, and the 
coupling between them. The IPY served as a 
“proof of concept” for SOOS, demonstrating 
the feasibility and value of integrated, multidis-
ciplinary observations of the Southern Ocean.

Many of the most difficult and pressing issues 
faced by society—including climate change, 
sea level rise, and the response of marine 
ecosystems to ocean warming, acidification, 
and human exploitation—cannot be addressed 
without improved understanding of Southern 
Ocean processes and their sensitivity to change. 
The SOOS aims to provide the sustained obser-
vations of the evolving state of the Southern 
Ocean needed to tackle these scientific and 
societal challenges.

The Southern Ocean Observing System
B y  S t e p h e n  R .  R i n t o u l ,  M i c h a e l  P.  M e r e d i t h , 

O s c a r  S c h of  i e l d ,  an  d  Lo  u i s e  N e wman  

Oceanography |  Vol.  25, No. 368



Oceanography  |  September 2012 69Oceanography  |  September 2012 69

Author
Stephen R. Rintoul (steve.rintoul@csiro.
au) is Senior Scientist/CSIRO Fellow, CSIRO 
Marine and Atmospheric Research, Antarctic 
Climate and Ecosystems Cooperative Research 
Centre, Hobart, Tasmania, Australia. 
Michael P. Meredith is leader of the Polar 
Oceans programme, British Antarctic Survey, 
Cambridge, United Kingdom, and Co-Chair 
of SOOS. Oscar Schofield is Professor 
of Oceanography, Rutgers University, 
New Brunswick, NJ, USA, and Co-Chair of 
SOOS. Louise Newman is Executive Officer 
of SOOS, Institute for Marine and Antarctic 
Studies, University of Tasmania, Hobart, 
Tasmania, Australia.

References
Biuw, M., L. Boehme, C. Guinet, M. Hindell, D. Costa, 

J.B. Charrassin, F. Roquet, F. Bailleul, M. Meredith, 
S. Thorpe, and others. 2007. Variations in behavior 
and condition of a Southern Ocean top predator 
in relation to in situ oceanographic conditions. 
Proceedings of the National Academy of Sciences of the 
United States of America 104:13,705–13,710, http://
dx.doi.org/10.1073/pnas.0701121104.

Böning, C.W., A. Dispert, M. Visbeck, S.R. Rintoul, 
and F.U. Schwarzkopf. 2008. The response of the 
Antarctic Circumpolar Current to recent climate 
change. Nature Geoscience 1:864–869, http://
dx.doi.org/10.1038/ngeo362.

Doney, S.C., V.J. Fabry, R.A. Feeley, and J.A. Kleypas. 
2009. Ocean acidification: The other CO2 problem. 
Annual Review of Marine Science 1:169–192, http://
dx.doi.org/10.1146/annurev.marine.010908.163834.

Gille, S.T. 2008. Decadal-scale temperature trends 
in the Southern Hemisphere ocean. Journal 
of Climate 21:4,749–4,765, http://dx.doi.org/​
10.1175/2008JCLI2131.1.

Rintoul, S.R., C. Hughes, and D. Olbers. 2001. The 
Antarctic Circumpolar System. Pp. 271–302 in Ocean 
Circulation and Climate. G. Siedler, J. Church, and 
J. Gould, eds, Academic Press.

Rintoul, S.R., M. Sparrow, M.P. Meredith, V. Wadley, 
K. Speer, E. Hofmann, C. Summerhayes, E. Urban, 
and R. Bellerby. 2012. The Southern Ocean Observing 
System: Initial Science and Implementation Strategy. 
Scientific Committee on Antarctic Research/
Scientific Committee on Oceanic Research, 74 pp. 

Sabine, C.L., R.A. Feely, N. Gruber, R.M. Key, 
K. Lee, J.L. Bullister, R. Wanninkhof, C.S. Wong, 
D.W.R. Wallace, B. Tilbrook, and others. 2004. 
The oceanic sink for anthropogenic CO2. 
Science 305:367–371, http://dx.doi.org/10.1126/
science.1097403.

Figure 1. Repeat hydrographic sections to be occupied by 
the Southern Ocean Observing System. Labels indicate the 
WOCE/CLIVAR designations for each line. 
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Figure 2. Status of the Argo array in the Southern Ocean, 
as of February 2010. Blue color indicates 0–2,000 m depth 
contour. Despite the progress in recent years, large regions of 
the high-latitude Southern Ocean remain poorly observed, 
especially in the sea ice zone close to the Antarctic 
Continent. Courtesy of Mathieu Belbeoch, JCOMMOPS
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