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CLIVAR	
  Southern	
  Ocean	
  Panel:	
  General	
  Southern	
  Ocean	
  
comments	
  

•  Climate	
  science	
  requires	
  observa=ons	
  

•  Southern	
  Ocean	
  observing	
  systems	
  are	
  developing	
  and	
  are	
  as	
  
yet	
  INADEQUATE.	
  	
  	
  (remote	
  region,	
  bad	
  weather/seas,	
  sea	
  ice,	
  
subice	
  cavi=es)	
  	
  

•  Boundaries	
  between	
  science	
  organiza=ons	
  (CLIVAR/CliC)	
  and	
  
observing	
  organiza=ons	
  (GOOS)	
  to	
  be	
  surmounted;	
  we	
  should	
  
work	
  out	
  ways	
  to	
  work	
  together.	
  	
  OOPC	
  (GOOS)/CLIVAR	
  
regional	
  panel	
  chair	
  mee=ng	
  is	
  excellent	
  opportunity.	
  

•  Build	
  structures	
  to	
  obtain	
  resources	
  that	
  best	
  combine	
  
ongoing/new	
  observa=ons	
  and	
  the	
  science	
  that	
  comes	
  from	
  
them	
  



1.	
  Need	
  for	
  long-­‐term	
  observa=ons:	
  global	
  heat	
  balance	
  

The	
  global	
  energy	
  
imbalance	
  goes	
  into	
  the	
  

ocean	
  

Box	
  3.1,	
  Figure	
  1:	
  Plot	
  of	
  energy	
  
accumula=on	
  within	
  dis=nct	
  components	
  
of	
  Earth’s	
  climate	
  system	
  rela=ve	
  to	
  1971.	
  

IPCC	
  AR5  




1.	
  Need	
  for	
  long-­‐term	
  observa=ons:	
  global	
  heat	
  balance	
  

(IPCC, 2013 based on Purkey and Johnson, 2010)	
  

•  This	
  map	
  was	
  made	
  using	
  repeat	
  hydrography	
  (GO-­‐SHIP),	
  which	
  is	
  
part	
  of	
  the	
  sustained	
  observing	
  systems	
  (GOOS).	
  

•  It	
  should	
  be	
  possible	
  to	
  do	
  this	
  with	
  more	
  observa=ons	
  and	
  
temporal	
  resolu=on	
  (deep	
  Argo,	
  under	
  ice	
  Argo).	
  	
  Need	
  improved	
  
air-­‐sea	
  fluxes,	
  sea	
  ice	
  fluxes	
  for	
  understanding	
  changes.	
  

IPCC	
  AR5  




1.	
  Need	
  for	
  long-­‐term	
  observa=ons:	
  sea	
  level	
  and	
  ice	
  sheets	
  

Ice	
  sheet	
  mass	
  balances	
  
!	
  sea	
  level	
  

Na=onal	
  Academy	
  of	
  Sciences	
  (2011)	
  



1.	
  Need	
  for	
  long-­‐term	
  observa=ons:	
  sea	
  ice	
  cover	
  

Stammerjohn	
  et	
  al.	
  (2008)	
  

Changes	
  in	
  sea	
  ice	
  
dura=on:	
  	
  1979	
  –	
  
2006	
  

-­‐83	
  ±	
  23	
  days	
  

57	
  ±	
  13	
  days	
  



1.	
  Need	
  for	
  long-­‐term	
  observa=ons:	
  sea	
  level	
  and	
  ice	
  sheets	
  

Rignot	
  et	
  al.	
  (2008)	
  

Ice	
  sheet	
  mass	
  balances	
  
!	
  sea	
  level	
  

Orsi	
  and	
  Whitworth	
  (2005)	
  

It	
  should	
  be	
  possible	
  to	
  track	
  this	
  heat	
  input	
  on	
  a	
  
rou=ne	
  basis,	
  using	
  under-­‐ice	
  Argo	
  profiling,	
  and	
  
importantly,	
  shelf	
  under-­‐ice	
  Argo	
  



1.	
  Need	
  for	
  long-­‐term	
  observa=ons:	
  global	
  overturning,	
  
biogeochemical	
  processes,	
  etc.	
  

Three-­‐dimensional	
  circula=on:	
  not	
  just	
  overturning,	
  but	
  significant	
  
horizontal	
  structure,	
  much	
  of	
  it	
  under	
  sea	
  ice	
  in	
  winter	
  

Orsi	
  and	
  Whitworth	
  (2005)	
  

Talley,	
  afer	
  NRC	
  (2011)	
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1.	
  Need	
  for	
  long-­‐term	
  observa=ons:	
  global	
  overturning,	
  
biogeochemical	
  processes,	
  etc.	
  

Loca=ons	
  of	
  dense	
  water	
  forma=on	
  are	
  distributed	
  along	
  the	
  Antarc=c	
  coast.	
  

Need	
  measurements	
  of	
  ouglows	
  and	
  proper=es	
  in	
  many	
  regions	
  

Under-­‐ice	
  and	
  con=nental	
  shelf	
  Argo,	
  gliders,	
  moorings	
  

Tamura	
  et	
  al.	
  2008	
  

Ohshima	
  et	
  al.	
  2013	
  



CLIVAR	
  and	
  sustained	
  observing	
  systems	
  

•  Argo	
  -­‐>	
  get	
  it	
  under	
  sea	
  ice	
  and	
  up	
  into	
  subice-­‐shelf	
  cavi=es	
  

•  GO-­‐SHIP	
  repeat	
  hydrography	
  -­‐>	
  con=nue	
  suppor=ng	
  
•  XBT/XCTD	
  lines	
  -­‐>	
  con=nue	
  suppor=ng	
  (supply	
  vessels)	
  

•  ADCP	
  lines	
  -­‐>	
  con=nue	
  suppor=ng	
  (supply	
  vessels)	
  

•  Regional	
  surveys	
  such	
  as	
  LTER,	
  CAMLR	
  -­‐>	
  con=nue	
  suppor=ng	
  

•  APB	
  (elephant	
  seal	
  profiles)	
  -­‐>	
  adopt	
  as	
  part	
  of	
  sustained	
  observa=ons	
  data	
  sets	
  

•  OOI	
  first	
  S.O.	
  moorings	
  with	
  air-­‐sea	
  fluxes,	
  water	
  column	
  measurements:	
  these	
  are	
  
sustained	
  observa=ons	
  already,	
  but	
  only	
  at	
  2-­‐3	
  S.O.	
  loca=ons.	
  	
  Perhaps	
  call	
  this	
  “pilot”	
  

•  Under-­‐ice	
  measurements	
  

•  Biogeochemical	
  floats	
  and	
  BGC	
  moored	
  observatories	
  

•  Under-­‐ice	
  insonifica=on	
  for	
  acous=c	
  tracking	
  of	
  profiling	
  floats,	
  gliders,	
  other	
  
autonomous	
  instruments.	
  

•  Data-­‐model	
  approaches:	
  State	
  es=ma=on	
  and	
  OSSEs	
  

•  CPIES-­‐type	
  arrays	
  similar	
  to	
  CDrake	
  at	
  similarly	
  dynamic	
  loca=ons	
  –	
  Macquarie	
  Ridge,	
  
Malvinas,	
  Kerguelen,	
  Agulhas	
  retroflec=on?	
  

•  Gliders,	
  wave	
  gliders,	
  jet	
  kayaks	
  (Straneo),	
  etc.	
  

•  Ice-­‐tethered	
  profilers	
  if	
  they	
  can	
  be	
  adapted	
  to	
  fully	
  seasonal	
  sea	
  ice	
  regions	
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GO-­‐SHIP	
  repeat	
  hydrography	
  

SOOS	
  and	
  GO-­‐SHIP	
  
(Exis=ng	
  observing	
  system	
  that	
  needs	
  LOTS	
  of	
  support;	
  also	
  plagorm	
  for	
  new	
  technologies,	
  new	
  chemistry	
  
obs.	
  18	
  different	
  PI	
  projects,	
  including	
  one	
  from	
  a	
  postdoc	
  and	
  one	
  from	
  a	
  student,	
  on	
  recent	
  P16S)	
  

hpp://www.go-­‐ship.org	
  

Major	
  gap	
  in	
  Indian	
  Ocean:	
  Kerguelen	
  Plateau	
  to	
  Prydz	
  Bay.	
  	
  
Need	
  for	
  an	
  “I07S”.	
  



SOOS:	
  Con=nental	
  shelf	
  and	
  slope	
  

Sec=ons	
  (Iines)	
  and	
  moorings	
  
(circles)	
  completed	
  during	
  the	
  
SASSI	
  IPY	
  program.	
  

Ongoing	
  con=nental	
  shelf	
  
programs:	
  
• LTER	
  (west	
  coast	
  of	
  Antarc=c	
  
peninsula)	
  	
  (US)	
  
• Sco=a	
  Arc	
  (UK)	
  
• Prydz	
  Bay	
  (China)	
  
• Kerguelen	
  (France)	
  
• Patagonian	
  (Argen=na)	
  

Sustained	
  occupa=ons	
  of	
  
these	
  sec=ons	
  and	
  arrays	
  
would	
  make	
  a	
  substan=al	
  
contribu=on	
  to	
  an	
  under-­‐ice	
  
observing	
  system.	
  



“Chokepoint”	
  sustained	
  arrays	
  (ADCP,	
  XBT,	
  PIES)	
  
Drake	
  Passage	
  experiment	
  (PIES	
  ended	
  in	
  2011;	
  underway	
  obs	
  con=nue)	
  

GoodHope	
  line	
  (Polarstern	
  now	
  recovering	
  its	
  PIES	
  moorings)	
  

Chereskin,	
  Waps,	
  Donohue	
  	
  	
  	
  	
  	
  hpp://www.cdrake.org/	
  



Under	
  ice	
  regions	
  are	
  very	
  poorly	
  sampled	
  

SOOS:	
  Argo	
  

hpp://argo.jcommops.org/	
  



SOOS:	
  APB	
  (Autonomous	
  Pinniped	
  Bathythermograph)	
  

Profiling	
  from	
  Elephant	
  Seals	
  since	
  2004	
  

CTD-­‐SRDLs	
  (satellite	
  relay	
  data	
  loggers)	
  

Quality-­‐controlled	
  data	
  base	
  
MEOP	
  (Marine	
  Mammals	
  Exploring	
  the	
  
Oceans	
  Pole	
  to	
  Pole)	
  

394	
  seals	
  for	
  Southern	
  Ocean	
  
" 165,000	
  profiles	
  

" +	
  0.05°C,	
  +	
  0.05	
  psu	
  

hpp://www.meop.info/en/	
  

(Roquet	
  et	
  al.,	
  GRL	
  2013)	
  



•  254,000	
  pH	
  profiles	
  from	
  ships	
  in	
  US	
  Na=onal	
  Ocean	
  Database.	
  
•  55,584	
  pH	
  profiles	
  since	
  measurements	
  were	
  standardized	
  during	
  the	
  WOCE/

JGOFS	
  era	
  (since	
  1990).	
  

COPY OF YOUR SEARCH CRITERIA: 

OBSERVATION DATES: Year	
  from	
  1990	
  to	
  2014;	
  Month	
  from	
  6	
  to	
  9;	
  Day	
  from	
  21	
  to	
  22	
  

GEOGRAPHIC COORDINATES: Longitude	
  from	
  -­‐180.0000	
  to	
  180.0000;	
  La6tude	
  from	
  -­‐40.0000	
  to	
  -­‐90.0000	
  

DATASET: OSD,CTD,XBT,MBT,PFL,DRB,MRB,APB,UOR,SUR,GLD 

MEASURED VARIABLES (must): pH 

MEASURED VARIABLES (extract): pH	
  

For	
  1990	
  –	
  2014	
  there	
  
are	
  only	
  2	
  pH	
  profiles	
  
found	
  South	
  of	
  40oS	
  in	
  
the	
  database	
  for	
  the	
  
Austral	
  Winter	
  (June	
  21-­‐	
  
Sep	
  22).	
  	
  	
  





Argo-­‐type	
  profiling	
  for	
  the	
  future	
  

Argo	
  float	
  profiling	
  for	
  temperature/
salinity	
  has	
  completely	
  transformed	
  
ocean	
  observing	
  over	
  the	
  past	
  10	
  
years.	
  	
  

Do	
  the	
  same	
  	
  
	
  UNDER	
  ICE	
  and	
  	
  
	
  THROUGHOUT	
  Southern	
  Ocean	
  

	
  for	
  the	
  carbon	
  system,	
  nitrate	
  and	
  
oxygen,	
  and	
  net	
  community	
  
produc=on	
  (including	
  sea	
  ice	
  regions)	
  
by	
  measuring	
  biogeochemical	
  
parameters	
  (pH,	
  nitrate,	
  oxygen,	
  
op=cs)	
  

“SOCCOM”	
  (Southern	
  Ocean	
  Carbon	
  
and	
  Climate	
  Observa=ons	
  and	
  
Modelling):	
  recommended	
  for	
  funding	
  
by	
  NSF	
  DPP,	
  but	
  not	
  yet	
  funded.	
  



Planned	
  research	
  cruises	
  on	
  
which	
  SOCOM	
  floats	
  can	
  be	
  
deployed	
  with	
  rosepe	
  water	
  
sampling	
  for	
  float	
  sensor	
  
calibra=on.	
  	
  	
  

Red	
  –	
  Interna=onal	
  partners	
  

Blue	
  –	
  US	
  

DONE	
  in	
  early	
  2014	
  

IN	
  PROGRESS	
  NOW	
  

ON	
  TARGET	
  for	
  March	
  2015	
  

Argo-­‐type	
  profiling	
  for	
  the	
  near	
  future	
  

SOCCOM:	
  biogeochemical	
  floats,	
  part	
  of	
  Argo,	
  including	
  under	
  ice	
  



SOCCOM	
  	
  =	
  Southern	
  Ocean	
  Carbon	
  
and	
  Climate	
  Observa=ons	
  and	
  
Modeling	
  

Pre-­‐SOCCOM	
  floats	
  deployed	
  
March	
  2014	
  

Array	
  will	
  grow	
  to	
  be	
  ~200	
  
floats	
  with	
  pH,	
  O2,	
  NO3

-­‐,	
  
bioop=cs,	
  5	
  to	
  7	
  year	
  	
  life,	
  
year-­‐round	
  coverage	
  

NSF,	
  NOAA,	
  NASA	
  support	
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  SOCCOM	
  underway:	
  BGC	
  Argo	
  floats	
  

Polarstern	
  deployments	
  going	
  on	
  NOW	
  
(Float	
  5	
  deployed	
  yesterday	
  and	
  first	
  
iceberg	
  spoped!)	
  



pH	
  In	
  Situ	
  (total	
  proton	
  scale)	
  

Hawaii	
  

South	
  of	
  Polar	
  Front	
  

North	
  of	
  Polar	
  Front	
  

Pacific	
  Pre-­‐SOCCOM	
  floats	
  in	
  the	
  water,	
  working	
  well.	
  	
  More	
  pH	
  
profiles	
  south	
  of	
  40°	
  in	
  June	
  than	
  previous	
  30	
  years	
  

SOCOM	
  floats	
  

K.	
  Johnson,	
  
MBARI	
  



OOI	
  (Ocean	
  Observatories	
  Ini0a0ve)	
  

First	
  OOI	
  moorings	
  are	
  going	
  into	
  the	
  Southern	
  Ocean	
  March	
  2015	
  

Surface	
  flux	
  mooring	
  
CTDs	
  and	
  pH	
  sensors	
  at	
  various	
  depths	
  
Profiling	
  CTDs	
  
ADCP	
  velocity	
  profiles	
  
3	
  Gliders	
  sailing	
  between	
  moorings	
  



Observing	
  under	
  the	
  sea	
  ice	
  (from	
  SOOS	
  
workshop)	
  

‘vanilla’	
  
Argo	
  

ice	
  Argo	
  
Tracked	
  floats	
  
ITP	
  

2000	
  m	
  

deep	
  Argo	
  
hydrography	
  
moorings	
  

glider	
  
moorings	
  

shelf	
  Argo	
  

Five	
  domains	
  in	
  the	
  sea	
  ice	
  zone,	
  
each	
  with	
  own	
  sampling	
  needs/
opportuni=es:	
  
1. Open	
  ocean	
  above	
  2000	
  m	
  
2. Deep	
  ocean	
  
3. Con=nental	
  shelf	
  and	
  slope	
  
4. Ice	
  shelf	
  cavity	
  
5. Sea	
  ice	
  and	
  atmosphere	
  

Diagram	
  under	
  development	
  ….	
  

1

2

3
4

5



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Pairing	
  sustained	
  observa0ons	
  and	
  state	
  es0ma0on	
  

Southern	
  Ocean	
  State	
  
Es0mate	
  (SOSE)	
   SOSE’s	
  map	
  of	
  where	
  pH	
  measured	
  on~100	
  	
  floats	
  

would	
  influence	
  pH	
  field	
  in	
  SOSE	
  

Use	
  of	
  state	
  es0mates	
  (ocean	
  reanalysis)	
  to	
  
aid	
  with	
  analysis	
  of	
  the	
  broad-­‐scale	
  data	
  

Use	
  of	
  state	
  es0mates	
  and	
  OSSEs	
  to	
  assist	
  
with	
  op0mizing	
  sampling	
  plans	
  



New	
  data/informa=on	
  products	
  

•  Biogeochemical	
  Argo-­‐type	
  profile	
  data:	
  will	
  grow	
  enormously	
  
in	
  the	
  next	
  several	
  years.	
  Needs	
  for	
  archiving	
  and	
  products	
  
similar	
  to	
  T/S	
  Argo.	
  	
  

•  Con=nue	
  to	
  improve	
  data	
  access	
  policies/philosophies/
agreements	
  from	
  all	
  na=ons	
  and	
  programs	
  that	
  rou=nely	
  
survey	
  Southern	
  Ocean	
  regions.	
  	
  

•  Need	
  work	
  plan	
  for	
  developing	
  S.O.	
  priori=es.	
  SOOS	
  has	
  done	
  
a	
  large	
  amount	
  of	
  this	
  work,	
  in	
  consulta=on/cross-­‐
membership	
  with	
  SOP.	
  	
  SCAR	
  is	
  going	
  through	
  the	
  same	
  
process.	
  



What is SOOS?���

Not to mention GOOS…���
or FOO…or EOV or SOCCO or SOCCOM……���
 an alphabet soup of essential international 

oceanography coordination	





SOOS (Southern Ocean Observing System) 
Science Themes 

Key science challenges identified as most pressing 
issues, both scientifically and societally – to be 
addressed by the SOOS:!



SOOS structure	


SOOS steering committee	


Anna Wahlin, co-chair	


Oscar Schofield, co-chair	


Sebastiaan Swart	


Andrew Constable	


Steven Ackley (ASPecT – CliC)	


Parli Venkateswaran Bhaskar	


Angelika Brandt	


Daniel Costa (IMBER)	


Steve Diggs	


Alberto Naveira-Garabato	


Jiping Liu	


Sanghoon Lee (2015)	


Mauricio Mata (WCRP JSC)	


Matthew Mazloff (2015)	


Mike Meredith	


Steve Rintoul (CLIVAR SSG)	


Jean-Baptiste Sallee (2015)	


Bronte Tilbrook (IOCCP Ocean acidification)	


Mike Williams (2015)	



WCRP	









www.csiro.au 

Seeing under the ice:  a strategy for observing the 
Southern Ocean beneath sea ice and ice shelves  

Steve Rintoul 

CSIRO Marine and Atmospheric Research 

Wealth from Oceans National Research Flagship 

Antarctic Climate and Ecosystems CRC 

Hobart, Tasmania , Australia 



Antarctic ice-sheet loss driven by basal melting 
of ice shelves 

Pritchard et al. 2012 

“…the most profound 
contemporary 
changes to the ice 
sheet and its 
contribution to sea 
level can be 
attributed to ocean 
thermal forcing …” 



Ocean – ice shelf interaction 

Objectives: 

1. To determine the sensitivity of Antarctic ice 
shelves to changes in ocean circulation and 
temperature. 

2. To assess the affect of basal melt of floating 
ice shelves on the mass balance of the Antarctic 
ice sheet and its contribution to sea level rise. 

3. To determine the response of the ocean to 
changes in the freshwater input by the Antarctic 
ice sheet. 



Broad-scale sampling in the upper 2000 m 



A strawman strategy for an integrated under-
ice observing system 

‘vanilla’ 
Argo 

ice Argo 
Tracked floats 
ITP 

2000 m 

deep Argo 
hydrography 
moorings 

glider 
moorings 

shelf Argo 

Five domains in the sea ice 
zone, each with own sampling 
needs/opportunities: 
1. Open ocean above 2000 m 
2. Deep ocean 
3. Continental shelf and slope 
4. Ice shelf cavity 
5. Sea ice and atmosphere 

Diagram under development …. 

1

2

3
4

5





SOOS structure	


ICSU    UNEP     IOC     WMO	



WCRP	
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What is GOOS?	





What is GOOS?	





GOOS alliances	





GOOS structure	





GOOS structure: Framework for Ocean Observing	



Eric Lindstrom, John Gunn 
co-chairs of committee	





GOOS structure: Panels	





GOOS structure: Essential Ocean Variables Panels	



Toste Tanhua, chair 	

 	

Maciej Telszewski, Project Director	





GOOS structure: Essential Ocean Variables Panels	



Mark Bourassa and Toshio Suga, co-chairs   	


Katy Hill, Technical Secretariat (Geneva)	





GOOS structure: Essential Ocean Variables Panels	



Nic Bax and Sam Simmons, co-chairs   	


Seeking Project Officer (to be based in Australia)	





GOOS structure: OOPC’s Essential Ocean Variables	



Atmosphere surface: 	


Air temperature 	


 Precipitation	


 Air pressure, sea level pressure (SLP) 	


 Surface radiation budget 	


 Wind speed and direction 	


 Water vapour 	



Ocean surface:	


Sea surface temperature (SST) 	


 Sea surface salinity (SSS) 	


 Sea level 	


 Sea state	


 Sea ice 	


 Current	


 Ocean colour (for biological activity) 	


 Carbon dioxide partial pressure (pCO2) 	



Ocean subsurface:	


Temperature	


 Salinity	


 Current	


 Nutrients	


 Carbon	


 Ocean tracers 	


 Phytoplankton	



OOPC’s EOVs are generally adopted as ECVs by GCOS	





GOOS structure: IOCCP’s Essential Ocean Variables	





GOOS structure: IOCCP’s Essential Ocean Variables	





Southern Ocean observing systems & global 
organizations?	



What have I just tried to tell you about 
international organization for the Southern 
Ocean carbon, biogeochemistry, and physics?	



1. Framework and practicalities for the 
observing system (variables, methods, 
accuracies) lies within GOOS and its panels 
(IOCCP, OOPC, new BEP)	



2. Science framework for the Southern Ocean 
lies within several organizations	


SOOS is very active now	


SCAR is active in overall visioning	


WCRP: CliC, CLIVAR	





SCAR vision 2013	


The vision for a Southern Ocean Observing System	


Meredith, Schofield, Newman,Urban, Sparrow  (Current 
Opinion in Environmental Sustainability, 2013)	



Science schematic	





SCAR vision 2013	


The vision for a Southern Ocean Observing System	


Meredith, Schofield, Newman,Urban, Sparrow  (Current 
Opinion in Environmental Sustainability, 2013)	



Observing system 
schematic	






