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Key research questionsKey research questions

Workshop recommendationsWorkshop recommendations



The Southern Ocean Plays a Critical Role in the The Southern Ocean Plays a Critical Role in the 
Global Climate System Owing to Its Unique Global Climate System Owing to Its Unique 
Physical, Biogeochemical, and Ecological FeaturesPhysical, Biogeochemical, and Ecological Features

NASA MODIS Ocean Color
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Workshop GoalWorkshop Goal

Facilitate interaction between physical, biogeochemical, Facilitate interaction between physical, biogeochemical, 
and ecosystem research communities to develop  and ecosystem research communities to develop  
research strategies, resolve current limitations, gaps and research strategies, resolve current limitations, gaps and 
discrepancies in our understanding and prediction of the discrepancies in our understanding and prediction of the 
Southern Ocean ecosystems, biogeochemical cycles, and Southern Ocean ecosystems, biogeochemical cycles, and 
carbon uptake. carbon uptake. 



Workshop ObjectivesWorkshop Objectives

Provide a critical overview of recent advances in Provide a critical overview of recent advances in 
scientific understanding of Southern Oceanscientific understanding of Southern Ocean

Build a collaborative Southern Ocean community Build a collaborative Southern Ocean community 
across disciplinesacross disciplines

Identify key research questions of scientific Identify key research questions of scientific 
significancesignificance

Formulate implementation plans for collaborative Formulate implementation plans for collaborative 
research in the Southern Oceanresearch in the Southern Ocean



Bottom Up Processes: Physical ForcingBottom Up Processes: Physical Forcing



Mike Meredith talk

The Southern Ocean is Undergoing Substantial Changes in The Southern Ocean is Undergoing Substantial Changes in 
Response to Climate Trends and VariabilityResponse to Climate Trends and Variability



AtmosphereAtmosphere--Ocean Interactions:  Ocean Interactions:  
ENSO and Southern Annual Mode (SAM)ENSO and Southern Annual Mode (SAM)

Mike Meredith talk



The dominant mode of climate variability across the The dominant mode of climate variability across the 
Southern Hemisphere Southern Hemisphere 

SAM is an expression of the meridional pressure SAM is an expression of the meridional pressure 
gradient between the subgradient between the sub--Antarctic and middle Antarctic and middle 
latitudes. latitudes. 

SAM has been increasing towards its positive polarity SAM has been increasing towards its positive polarity 
since the late 1960s, leading to lower surface pressures since the late 1960s, leading to lower surface pressures 
over Antarctica. over Antarctica. 

Southern Hemisphere Annular Mode (SAM) Southern Hemisphere Annular Mode (SAM) 



Changes in the Southern Ocean CO2 SinkChanges in the Southern Ocean CO2 Sink

Nikki Lovenduski talkNikki Lovenduski talk



Wind Driven Upwelling and Impact on CO2Wind Driven Upwelling and Impact on CO2

Bob Anderson talkBob Anderson talk



Efficiency of the Biological Pump:Efficiency of the Biological Pump:
Mechanisms to Increase Nutrient UtilizationMechanisms to Increase Nutrient Utilization

Increase nutrient utilization Increase nutrient utilization 
(John Martin(John Martin’’s Fe hypothesis)s Fe hypothesis)

[No evidence for this][No evidence for this]

Decrease nutrient supply Decrease nutrient supply 
(Glacial stratification hypothesis(Glacial stratification hypothesis

Bob Anderson talkBob Anderson talk



Bob Anderson talkBob Anderson talk



OceanOcean--Atmosphere Interactions: Atmosphere Interactions: 
Southern Annual Mode (SAM)Southern Annual Mode (SAM)

ModelsModels suggest that there a latitudinal shift southward in the ACC suggest that there a latitudinal shift southward in the ACC 
(impacts on  stratification, CO2 flux, primary productivity, etc(impacts on  stratification, CO2 flux, primary productivity, etc.).)

SAM intensification implies a poleward shift in windsSAM intensification implies a poleward shift in winds

A poleward shift in winds implies a poleward shift in the ACC A poleward shift in winds implies a poleward shift in the ACC 

An ACC shift implies either an increase in Ekman transport, An ACC shift implies either an increase in Ekman transport, 
intensification of the overturning circulation and change in isointensification of the overturning circulation and change in isopycnal pycnal 
slope, OR  a change in eddy energy (not seen in coarseslope, OR  a change in eddy energy (not seen in coarse--scale IPCC scale IPCC 
models)models)

Sea level measurements Sea level measurements indicate that the ACC transport does indicate that the ACC transport does 
change on these time scales in response to winds, with little lachange on these time scales in response to winds, with little lag g –– but but 
response is small.response is small.-- Need more observations.Need more observations.

Sara Gille, Mike Meredith, Kevin Speer talks



Current Debate in the Community Current Debate in the Community -- Can  a shift in Can  a shift in 
winds affect carbon sink in Southern Ocean?winds affect carbon sink in Southern Ocean?

BBööning et al. 2008 Nature Geoscience Vol. 1ning et al. 2008 Nature Geoscience Vol. 1

Observations show intensification of westerliesObservations show intensification of westerlies

Argo float and historical oceanographic data show Argo float and historical oceanographic data show 
warming and freshing of ACC to >1,000 mwarming and freshing of ACC to >1,000 m

Did not detect increase in tilt of surfaces of equal Did not detect increase in tilt of surfaces of equal 
density.density.

Concluded ACC transport and meridional overturning Concluded ACC transport and meridional overturning 
are insensitive to decadal changes in wind stress.are insensitive to decadal changes in wind stress.



British Antarctic SurveyBritish Antarctic Survey

Average winter (June-July-August) temperature (Faraday Base)

+1.1oC per decade:  6oC (11oF) since 1950:  5 x global average
-1.8oC (sea ice formation)

Climate Change West of the Antarctic PeninsulaClimate Change West of the Antarctic Peninsula
Effects on BiologyEffects on Biology
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Antarctic Peninsula one of most Antarctic Peninsula one of most 
rapidly warming regions on the rapidly warming regions on the 
planetplanet



Western Antarctic Peninsula & Bellingshausen Sea

Decreased Sea Ice Duration

Sea ice retreating 31 days earlier in Sea ice retreating 31 days earlier in 
springspring

Advancing 54 days later in fallAdvancing 54 days later in fall

Related to a shift towards positive Related to a shift towards positive 
values of the Southern Annual Mode values of the Southern Annual Mode 
since the 1990ssince the 1990s

(Stammerjohn et al. 2008)(Stammerjohn et al. 2008)



(1978-86 to 1998-2006) Decrease in Phytoplankton Concentrations
CZCS     - SeaWiFS

-90%

+66%

Montes-Hugo et al
Science, 2009

Hugh Ducklow talk



19981998--2006 SeaWiFS ocean color 2006 SeaWiFS ocean color 
climatology shows persistent, climatology shows persistent, 
large aggregations in the large aggregations in the 
southern sector of the southern sector of the 
Antarctic Peninsula & Antarctic Peninsula & 
Bellingshausen SeaBellingshausen Sea

Marrari, Daly, & Hu  2008 DSR II 55Marrari, Daly, & Hu  2008 DSR II 55

January ocean color January ocean color 
climatology 1998climatology 1998--20082008



The Southern Ocean is Undergoing Substantial Changes in The Southern Ocean is Undergoing Substantial Changes in 
Response to Climate Trends and VariabilityResponse to Climate Trends and Variability
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Atkinson et al. (2004)

30% decline in Antarctic krill in South
Atlantic in last 30 years 



Hugh Ducklow talkHugh Ducklow talk



Top Down:  Food Web PerturbationsTop Down:  Food Web Perturbations



Dan Costa talk

Top Down Food Web PerturbationsTop Down Food Web Perturbations



Dan Costa talk



Dan Costa talk
Total whales = 300,000 tons Fe y-1



ModelsModels

Scott Doney, Andrew Constable, Eileen Hofmann talks









Coupled models have large regional errors – sea 
ice, mixed layer depth, very simplified biology











Breakout Group RecommendationsBreakout Group Recommendations



At present, we do not have a sufficient understanding At present, we do not have a sufficient understanding 
to predict climate change impacts on Southern to predict climate change impacts on Southern 
Ocean ecosystems.Ocean ecosystems.

We need a multiWe need a multi--tiered approach to fill in knowledge tiered approach to fill in knowledge 
gaps.gaps.

Compile database of historical data Compile database of historical data –– retrospectiveretrospective
analyses (ICED Office analyses (ICED Office www.iced.ac.uk/ )

Three focus regions for timeThree focus regions for time--series dataseries data
West Antarctic PeninsulaWest Antarctic Peninsula
Ross SeaRoss Sea
Open Ocean (1Open Ocean (1--3 sectors?)3 sectors?)



Need sustained observations of physical, chemical, Need sustained observations of physical, chemical, 
and biological parametersand biological parameters

Southern Ocean Observatory System (SOOS)Southern Ocean Observatory System (SOOS)
http://www.clivar.org/organization/southern/expertgroup/SOOS.htmhttp://www.clivar.org/organization/southern/expertgroup/SOOS.htm

Interdisciplinary process studiesInterdisciplinary process studies

Laboratory studies of multiple stressors on key Laboratory studies of multiple stressors on key 
organismsorganisms

Determine level of biological complexity required for Determine level of biological complexity required for 
predictive ecosystem modelspredictive ecosystem models

Develop nested modelsDevelop nested models



Satellite Capability EssentialSatellite Capability Essential

Ocean colorOcean color
SSTSST
Sea iceSea ice
Collaboration with other countriesCollaboration with other countries
Stress importance for earth mission inside NASAStress importance for earth mission inside NASA
Wind fieldsWind fields
CloudsClouds
AltimetryAltimetry
Orbit matters Orbit matters –– South Hemisphere; frequencySouth Hemisphere; frequency
Follow up to OCOFollow up to OCO


