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To observe, simulate and 
predict changes in 
Earth’s climate system 
with a focus on ocean-
atmosphere system,  

enabling better 
understanding of 
climate variability, 
predictability and 
change,  

to the benefit of society 
and the environment in 
which we live. 
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Evolution of CLIVAR 

•  CLIVAR	  is	  in	  the	  process	  of	  formulaKng	  its	  new	  Science	  Plan	  and	  Implementa/on	  
Strategy	  

•  CLIVAR	  formulated	  a	  new	  set	  of	  research	  foci	  that	  will	  contribute	  to	  the	  Grand	  
Challenges	  of	  WCRP	  and	  the	  wider	  context	  of	  the	  oceans	  role	  in	  climate	  
variability	  and	  change.	  

•  CLIVAR	  will	  retain	  its	  global	  and	  balanced	  approach	  based	  on	  observaKons,	  
models	  and	  theory	  and	  their	  joint	  exploita/on	  for	  climate	  assessment	  and	  
climate	  predic/on.	  

•  CLIVAR	  supports	  the	  development	  of	  sustained	  climate	  and	  ocean	  observa/ons	  
as	  well	  as	  targeted	  improvements	  to	  the	  climate	  and	  ocean	  components	  of	  earth	  
system	  models.	  

•  CLIVAR	  will	  intensify	  its	  partnerships	  with	  the	  	  
	  	  	  	  	  	  	  	  marine	  biogeochemistry	  and	  eco-‐system	  	  
	  	  	  	  	  	  	  	  community	  as	  well	  as	  with	  a	  selected	  spectrum	  	  
	  	  	  	  	  	  	  	  of	  its	  informaKon	  user	  community.	  
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Scientific Steering Group Members 

Detlef	  Stammer	  
(co-‐chair	  2016)	  

CEN,	  Universiy	  Hamburg	  

Dr.	  Ed	  Hawkins	  (2015)	  
Department	  of	  

Meteorology,	  University	  
of	  Reading,	  UK	  

Dr.	  Sergey	  Gulev	  (2014)	  
Russian	  Academy	  of	  
Sciences,	  Moscow,	  
Russian	  Federation	  

Dr.	  Ken	  Drinkwater	  
(2014)	  

Institute	  of	  Marine	  
Research,	  Bergen,	  

Norway	  

Dr.	  Annalisa	  Bracco	  
(2015)	  	  

School	  of	  Earth	  &	  
Atmospheric	  Sciences,	  	  

Atlanta,	  USA	  

Professor	  Martin	  Visbeck	  	  
(past	  Co-‐chair	  2014)	  	  

GEOMAR,	  Kiel,	  Germany	  

Dr.	  Lixin	  Wu	  (2015)	  
Ocean	  University	  of	  

China,	  China	  

Dr.	  Sigfried	  Schubert	  	  
(2014)	  

NASA	  Goddard	  Space	  
Flight	  Centre	  

Dr.	  Pedro	  MS	  Monteiro	  
(2015)	  

CSIR,	  South	  Africa	  

Dr.	  Steve	  Rintoul	  (2013)	  
CSIRO,	  Australia	  

Dr.	  Lisa	  Goddard	  	  
(co-‐chair	  2015)	  
Earth	  Institute	  at	  
Columbia,	  USA	  

Dr.	  Pascale	  Braconot	  
(2016)	  

CEA-‐CNRS,	  France	  

Dr.	  Stephen	  GrifZies	  
(2016)	  

NOAA-‐GFDL,	  Princeton	  	  

Dr.	  Carlos	  Moffat	  
(2016)	  

University	  
Concepcion	  –	  Chile	  
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Transi/on	  of	  CLIVAR	  project	  office:	  
from	  UK	  to	  node	  structure	  

ICPO  
NOC UK The “new” ICPO 

  
Three sponsors:  India, China, USA 
 
Executive Director:  Valery Detemmerman  
Deputy Executive Director:  Anna Pirani  
 
Two “nodes”:  
•  Global at FIO, Qingdao, fully operational September 

2014; 
•   Monsoons at IITM, Pune, fully operational June 

2014 
 
Contract staff at Univ. Buenos Aires and ICTP, Trieste 
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ICPO objectives for 2014: 
 
•  Pan-CLIVAR organization and follow up 
•  Achievements report 
•  Science Plan 
•  Exchanges; 2 issues: ocean modelling, monsoons 
•  New website 
•  Plan 2015 Panel and Research Foci meetings 
•  Monsoons Panel -and build community network 
•  Establish Climate info/ Knowledge Exchange Panel 
•  CLIVAR Conference in 2016 -begin preparations 
•  ICPO Handbook- new version 
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New CLIVAR Web Page 
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Ocean Model Development Panel 

Global Synthesis and  
Observations Panel 

Atlantic Region Panel 

Pacific Region Panel 

Indian Ocean Region Panel 

Southern Ocean Region Panel 

Monsoons Panel 

Core Panels                                            Research Foci 

ETCCDI 

Knowledge Exchange and 
Capacity Building Panel 

Predictability	  	  
of	  monsoon	  
systems	  	   Decadal	  climate	  

variability	  and	  
predictability	  

Biophysical	  interacKons	  
and	  dynamics	  of	  
upwelling	  systems	  

Regional	  	  
sea	  level	  changes	  and	  

impacts	  
PredicKon	  and	  
aQribuKon	  of	  
extreme	  events	  

ENSO	  in	  a	  warmer	  
climate	  

Planetary	  heat	  
balance	  &	  ocean	  
heat	  storage	  

…	  	  

Climate Dynamics Panel 
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WCRP	  CLIVAR/GEWEX	  	  	  	  	  	  Monsoons	  Panel	  	  

WG	  Austral	  
Asian	  Monsoon	  

WG	  American	  
Monsoons	  

WG	  African	  
Monsoons	  

WG	  
Predictability	  

AAMP,	  
MAHASRI	  	  

VAMOS,	  LPB	  	   VACS/ACP,	  
AMMA	  

WGSIP,	  MJOTF,	  
WGCM,CORDEX	  

Monsoons Panel 

Build on existing activities 

First panel meeting during pan-GEWEX/CLIVAR meetings 



Climate	  Dynamics	  Panel	  
•  Focus	  on	  the	  large-‐scale	  dynamics	  of	  climate	  variability	  and	  change	  over	  

seasonal,	  interannual,	  mulKdecadal	  to	  centennial	  Kmescales,	  for	  example,	  
addressing	  annular	  modes,	  storm	  track	  dynamics,	  teleconnecKons,	  and	  mid-‐
laKtude	  air-‐sea	  interacKons.	  	  

•  Linkages	  with	  several	  other	  CLIVAR	  panels,	  and	  within	  WCRP	  with	  SPARC	  DYVAR,	  
GEWEX	  (GASS),	  CliC,	  WGNE,	  WGCM,	  WGSIP,	  WGOMD,	  and	  the	  Monsoons	  Panel.	  	  

•  Address	  phenomena	  that	  span	  two	  or	  more	  ocean	  basins,	  or	  those	  phenomena,	  
which	  are	  common	  to	  mulKple	  basins,	  in	  which	  links	  between	  ocean	  and	  
atmosphere	  processes	  are	  important	  (coupled	  climate	  modes).	  	  

	  
An/cipated	  impacts	  of	  the	  panel	  
The	  panel	  acKvity	  will	  advance	  our	  understanding	  of	  climate	  variability	  and	  change,	  
and	  facilitate	  internaKonal	  collaboraKon.	  	  It	  is	  intended	  that	  the	  panel	  will	  build	  a	  new	  
bridge	  across	  the	  broad	  collecKon	  of	  basic	  and	  applied	  climate	  dynamics	  research.	  	  
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Meeting Title  Panel  Location Date 
Global Ocean Sub-Surface Climate 

Data Workshop 
GSOP Australia June -13 

CLIVAR GSOP/GODAE Ocean View 
Ocean Reanalyses Intercomparison 

Workshop 

GSOP UK July -13 

CLIVAR/ESA "Earth Observation 
Measurement Constraints on Ocean 
Heat Budget" Consultation Workshop 

GSOP UK July -13 

10th Session of the CLIVAR/IOC-
GOOS Indian Ocean Panel 

IOP China July-13 

8th Session of the CLIVAR Pacific 
Panel 

PP China July-13 

Second ‘International Symposium on 
Boundary Current Dynamics 

PP -IOP China July-13 

16th Session of the VAMOS panel VAMOS Peru September-13 
WCRP VAMOS/CORDEX Workshop 

on Latin-America and Caribbean  
Phase I - South America 

VAMOS Peru September-13 

Panel	  and	  Workshop	  Meeting	  –	  June	  2013	  /	  June	  14	  
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Meeting Title  Panel  Location Date 
Africa Climate Conference 2013 ACP Tanzania October -13 

13th Session of the Asian-Australian 
Monsoon Panel 

AAMP China October -13 

High-End Scenarios of Regional Sea 
Level Changes and their Uncertainties 

Workshop 

Germany November -13 

AGU	  &	  AMS	  (February	  2014)	  townhall	  
discussion 

December	  2013 

OCEAN	  SCIENCE	  MEETING	  rollout	  of	  
NEW	  CLIVAR	  strategy	  and	  plans	  

March	  2014 

WCRP Conference for Latin America 
and the Caribbean 

VAMOS Uruguay March-14 

WCRP VAMOS/CORDEX Workshop 
on Latin-America and Caribbean 

Phase II - The Caribbean 

VAMOS Dominican 
Republic 

April-14 

WGOMD Workshop on High 
Resolution Ocean Climate Modeling 

WGOMD Germany April-14 

12th WGOMD Meeting WGOMD Germany April-14 

Panel	  and	  Workshop	  Meeting	  –	  June	  2013	  /	  June	  14	  
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Pan CLIVAR Meeting 
 
•  July 16-18 2014 in The Hague, Netherlands jointly with GEWEX. 

•  All panels and WGs members meet at the same time.  

Goals of the week's meeting: 
 
1)    Communication of new CLIVAR structure, introduction of new ICPO. 
2)    Internal communication and coordination between CLIVAR activities. 
3)    Further development of new science and implementation plans. 
4)    Interaction with GEWEX and coordination of joint activities. 
 
Based on the output of the pan CLIVAR meeting a concise science 
plan will be put together by the end of 2014.  
Will serve as strategy for the implementation of the new CLIVAR for 
the next 5 to 10 years. 
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Pan CLIVAR Meeting 
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Meeting Title  Panel  Location Date 

pan-CLIVAR Workshop 
 

The Hague, 
NL 

 
July -2014 

Panel meetings All 
panels 

14/15 

Research Foci and Capabilities 16/17 
Joint CLIVAR/GEWEX Session 18 

SSG (CLIVAR/GEWEX)  
 

21st Session of CLIVAR SSG SSG Moscow November -14 

Pan	  CLIVAR	  Workshop,	  The	  Hague,	  NL	  
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Meeting Title  Panel  Location Date 
CLIVAR SSG-22 SSG Pune 2015 

CLIVAR Science Conference  Quindao 2016 

CLIVAR SSG-23 
SSG Quindao 2016 

Planned	  Panel	  and	  Workshop	  Meeting	  –	  2015/16	  
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Current CLIVAR Research 
•   Anthropogenic Climate Change 

•   Natural variability versus forced change 
•   Climate sensitivity and feedbacks 
•   Regional phenomena (e.g., ENSO, AMOC, …) 
•   Extremes 
•   CMIP# 
•   Climate Engineering (Geo-engineering) 

•   Decadal Variability, Predictability and Prediction 
•   Determine predictability 
•   Mechanisms of variability (AMO, PDV, …) 
•   Role of oceans 
•   Adequacy of observing system 
•   Coupled Initialization 
•   Quantifying prediction uncertainty 
•   Building pan-WCRP links 
 

•   Intra-to-Seasonal Variability, Predictability and Prediction 
•   Monsoons (and ENSO, TAV, …) 
•   ISV/MJO 
•   Quantifying prediction uncertainty 
•   Building pan-WCRP and WWRP links 
•   CHFP 
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CLIVAR Capabilities 
•   Improved (Atmosphere and) Ocean Components of ESMs 

•   Analysis and Evaluation 
•  “Climate Process Teams” (process studies) 
•   Building links pan-WCRP and IGBP 
•   Model-Data comparisons 

•  Education, Capacity Building 
•   Summer schools and topical workshops 
•   Expert training 
•   Call for panel membership 

•   Data Synthesis and Analysis 
•   Ocean 
•   Coupled Data Assimilation Systems 
•   Links – carbon, biogeochemistry, marine-ecosystems 

•   Ocean Observing System 
•   Development, implementation and system design 
•   Advocacy for sustained observations 
•   IGBP links for Carbon, Biogeochemistry, Ecosystems 
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 CLIVAR Research Foci 

•  Science and work plans are currently designed and 
reviewed by the SSG. 

•  Outcome of planning process available later this year.  
•  Participation by community intended (please contact 

leads of research foci). 
•  Proposals for new research foci possible.   
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 CLIVAR Research Foci 

•  Intraseasonal, seasonal and interannual variability and 
predictability of monsoon systems 

•  Decadal variability and predictability of ocean and climate 
variability 

•  Trends, nonlinearities and extreme events 
•  Marine biophysical interactions and dynamics of upwelling 

systems 

•  Sea level changes and regional impacts 
•  Consistency between planetary heat balance and ocean heat 

storage 

•  ENSO in a changing climate  
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Intraseasonal, seasonal and interannual 
variability and predictability of monsoons 

Key	  areas	  for	  progress	  in	  the	  next	  5-‐10	  
years:	  

•  Improved	  model	  constraint	  on	  
monsoon	  variability	  and	  change.	  

•  Be\er	  model	  representa/on	  of	  
the	  key	  processes	  involved	  in	  
monsoon	  variability.	  

•  Improved	  predic/on	  of	  monsoon	  
variability	  and	  change	  using	  land	  
surface	  modelling	  and	  
incorporaKon	  of	  land	  surface	  
iniKalisaKon.	  

•  Enhanced	  understanding	  of	  
natural	  climate	  variability	  and	  
anthropogenic	  change	  on	  monsoon	  
systems.	  	  

Figure	  shows	   large	  mulK-‐model	  mean	  precipitaKon	  biases	  are	  present	  for	  the	  
Asian	  summer	  monsoon	  in	  CMIP5	  (from	  Sperber	  et	  al.,	  2012,	  Clim.	  Dyn.).	  

Figure	  demonstrates	  (for	  
South	  Asian	  monsoon):	  	  
• 	  Discrepancies	  between	  
observed	  datasets.	  
• 	  Apparent	  recent	  downward	  
trend	  in	  monsoon	  rainfall	  
• 	  Large	  decadal	  variability	  
• 	  Uncertainty	  in	  future	  
projecKons	  in	  SRES-‐A1B	  
(from	  Turner	  &	  Annamalai,	  
2012,	  Nature	  Climate	  Change).	  
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•  Improving	  understanding	  of	  decadal	  
variability	  and	  predictability.	  

•  Applica/on	  of	  past	  data	  sets	  including	  
instrumental	  and	  proxy	  data.	  

•  Improving	  models	  to	  beQer	  represent	  
key	  processes	  associated	  with	  decadal	  
variability.	  

•  Analysis	  and	  development	  of	  current	  
predicKon	  potenKal	  of	  CMIP5	  hindcasts.	  

•  Developing	  cri/cal	  evalua/ons	  of	  
proposed	  climate/geo	  engineering	  
methods.	  

Decadal variability and predictability of 
ocean and climate variability 

Twenty-‐first-‐century	  projecKons	  of	  SST	  (top)	  and	  North	  AtlanKc	  Tropical	  
Storm	  frequency	  (boQom)	  using	  CMIP5	  (Villarini	  and	  Vecchi	  2012)	  



Trends,	  nonlineari/es	  and	  	  
extreme	  events	  

•  Ocean-‐atmosphere	  varia/ons	  
influencing	  the	  magnitude	  and	  
frequency	  extreme	  events,	  both	  now	  
and	  in	  the	  future.	  

•  Increasing	  observa/onal	  data	  sets,	  
providing	  higher	  temporal	  and	  spaKal	  
resoluKon	  for	  ocean-‐atmosphere	  
processes.	  

•  Developing	  ocean-‐atmosphere	  
models,	  which	  simulate	  extreme	  
events,	  focusing	  on	  observaKonal	  
approaches.	  

•  Inves/ga/ng	  the	  physical	  mechanisms	  
leading	  to	  changes	  in	  high	  impact	  
extreme	  events.	  

Top:	  The	  posiKve	  and	  the	  negaKve	  phases	  of	  the	  North	  AtlanKc	  OscillaKon	  
(Bojariu	  and	  Gimeno	  2003);	  BoQom,	  Hurrell	  North	  AtlanKc	  OscillaKon	  (NAO)	  
Index	  (Hurrell	  2012).	  



Marine	  biophysical	  interac/ons	  and	  dynamics	  
of	  upwelling	  systems	  

•  Iden/fying	  the	  key	  physical	  
processes	  that	  are	  responsible	  for	  
upwelling.	  

•  Improving	  model	  representa/on	  of	  
upwelling	  processes.	  

•  Examining	  interac/ons	  between	  
the	  physical,	  biogeochemical	  and	  
marine	  ecological	  systems.	  

•  Examining	  the	  cause	  of	  tropical	  
bias	  in	  climate	  models.	  

•  Understanding	  future	  variability	  of	  
upwelling	  systems,	  including	  
changes	  in	  the	  biology	  and	  
biogeochemistry	  associated	  with	  
upwelling.	   Link to IMBER and SOLAS 
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Sea Level Rise and Regional Impacts 

•  An	  integrated	  approach	  to	  
historic	  sea	  level	  esKmates	  (paleo	  
Kme	  scale)	  

•  Process	  understanding	  of	  fast	  ice	  
sheet	  dynamics	  (contemporary)	  

•  Causes	  for	  contemporary	  regional	  
sea	  level	  variability	  and	  change	  	  

•  Predictability	  of	  regional	  sea	  level	  

•  Sea	  level	  science	  for	  coastal	  zone	  
management	  

Figure 1: Regional sea-level change patterns of sea-level contributions.
(a) Projected relative sea-level change patterns (m) including the global mean
over the period from 1986–2005 to 2081–2100. The field is being constructed
from the ensemble mean (21 climate models) CMIP5-RCP4.5 glaciers, land ice,
groundwater and GIA (Slangen et al., 2014). (b) Time interval required before
the measured trend passes a 90% CL test. The degrees of freedom are adjusted
by the historical data’s integral time scale, which therefore tests against internal
variability. Shown is the ensemble average of the time intervals, which are cal-
culated on per-model basis. Time series’ intervals tested all start from 2006 for
the full RSL projection, the di�erence change of which is shown in panel (a).

10

Figure 5: Coastal sea level: relative to global mean, and by component.
Coastal values of relative sea level (RSL) rise by 2100, in m, with the central
value of the colorbar being the global mean RSL rise. Therefore, redder regions
correspond to coasts projected to have higher RSL rise, and bluer regions to
have less RSL rise, than the global average. Inset boxes show a set of selected
locations along with the size of the contributions to RSL at that location, in m.

14

(Carson et al., 2014) 
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Consistency between planetary heat 
balance and ocean heat storage 

Analyze	  the	  consistency	  between	  
planetary	  heat	  balance	  and	  ocean	  
heat	  storage	  esKmates,	  data	  sets	  
and	  informaKon	  products	  based	  on	  	  
different	  parts	  of	  the	  global	  
observing	  systems	  and	  ocean	  
reanalysis.	  	  
•  Earth	  ObservaKon	  Measurement	  

Constraints	  on	  Ocean	  Heat	  
Budget	  

•  In	  situ	  observaKons	  of	  	  
ocean	  heat	  content	  changes	  

•  Ocean	  reanalysis	  for	  
atmosphere-‐ocean	  heat	  
exchange	  and	  ocean	  heat	  
content	  esKmate	  	  
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ENSO in the climate system and how it 
may change in a warmer world 

1.	  BeQer	  understand	  the	  role	  of	  different	  physical	  
processes	  that	  influence	  ENSO	  characterisKcs.	  
2.	  Provide	  a	  synthesis	  of	  exisKng	  ENSO	  evaluaKon	  
methods	  in	  GCMs.	  
3.	  Propose	  ENSO	  evaluaKon	  protocols	  and	  develop	  a	  
strategy	  for	  coordinated	  ENSO	  analysis	  of	  CMIP	  
models.	  
4.	  IdenKfy	  new	  observaKons	  needed	  to	  beQer	  
constrain	  ENSO	  processes,	  both	  for	  the	  current	  
climate	  and	  for	  past	  climates	  (via	  paleo	  proxies).	  
5.	  Provide	  a	  beQer	  understanding	  of	  how	  ENSO	  might	  
change	  in	  the	  future.	  
6.	  Promote	  and	  coordinate	  internaKonal	  
collaboraKon	  between	  observaKonists	  and	  modelers	  
for	  studies	  of	  ENSO	  
7.	  Build	  research	  capacity	  by	  contribuKng	  to	  the	  
development	  of	  the	  next	  generaKon	  of	  talent	  dealing	  
with	  ENSO	  science.	  
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Highlights against CLIVAR Objectives 

•  Understand the causes of climate variability on  
   intra-seasonal to centennial time-scales through 
   observations, analysis and modeling. 

•  Improve predictions of climate variability and 
   change associated with both internal and  
   external processes. 

•  Extend observational climate record through  
   assembly of quality-controlled data sets. 

•  Improve the atmosphere and ocean components 
   of Earth-System Models. 
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IOP	  highlights	  
Intraseasonal	  variability	  

•  Large intraseasonal SST 
variability in the Indian Ocean 
(e.g. Vialard et al. 2013, 2014, 
Jayakumar et al. 2012) 

•  Accounting for this SST 
signature has the potential to 
improve prediction at 
intraseasonal timescale (e.g. 
Woolnough et al. 2007) 

•  Is there an impact of those SST 
anomalies on neighbouring 
land areas (e.g. in terms of 
rainfall) ? 

Summer


Winter
 Flux-driven


Role of ocean dynamics
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Pacific climate 
 change and Adaptation science 

Programme 
PACCSAP 

GAIA 

Process Experiments in the Pacific 
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TPOS 2020 

•  GCOS/GOOS Workshop in Jan2014 to address TAO/
TRITON Crisis 

•  Birth of an international coordinated program: gaps and 
new requirements for observations in support of ENSO 
research, modelling and forecasting; importance and 
value of long time series 
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Southeast Pacific 

MARINE BIOPHYSICAL INTERACTIONS & DYNAMICS OF UPWELLING SYSTEMS  
CLIMATE VARIABILITY 

38	  

Chile (C. Morales) 
1.  Center for Climate and 

Resilience Research 
2.  SPICES (!) 
3.  Millenium Institute 
4.  COPAS / OOS 
5.  Cabo de Hornos 
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•  AMOC observing system including 
trans-basin, overflow & western 
boundary current observations. 

•  EU-NACLIM exchange across 
Greenland-Scotland ridge, 
subpolar North Atlantic 
BMBF RACE (different locations, 
overflow and western boundary) 

•  OSNAP in the subpolar North 
Atlantic 

•  WHOI Line W at 40°N 
•  RAPID-WATCH/MOCHA/WBTS at 

26°N 
•  US MOVE  at 16°N 
•  SAMOC at 34.5°S 

	  	  	  	  	  	  	  	  	  AMOC	  Observing	  System	  
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Tropical Atlantic Observing System 

Gulf of Guinea and Eastern Boundary Upwelling regions 
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AMOC Observing System 

New components 
• OSNAP 
• SAMOC 

!
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A Southern Ocean Observing System – SOOS 

SSG20 Kiel May 6-9 2013	
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Flow splitting across the Shackleton Fracture Zone 
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3.5x 107DIMES floats 
-  Flow split by f/H over ridges 
-  Basin-wide stirring in the Scotia Sea 
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Confirms several of our expectations of the relation between the internal wave field and 
turbulent mixing and dissipation in the Southern Ocean interior ...

The Southern Ocean FINEstructure project (SOFINE)  
the first full-depth microstructure observations of the turbulent dissipation rate in the ACC

profiles of temperature, salinity, and velocity permit
a characterization of the regional velocity, shear, and
strain fields on internal wave vertical scales. From these
quantities, one can gain insight into characteristics of the
regional internal wave field.
The regional map of internal wave energy (given by

the sum of horizontal kinetic energy and potential en-
ergy, see the appendix for further details) integrated
over a range of vertical wavelengths typical of internal
wave scales is shown in Fig. 7a. Here energy is integrated
over vertical wavelengths between 130 and 320 m that
are well resolved by the fine structure measurements;
however, patterns are robust for other reasonable
wavelength range choices—again see the appendix for
further details. Like the turbulent dissipation rate, in-
ternal wave energy is high in the upper 1000–1500 m of
the water column, and in some places near the bottom,
places often associated with rough topography (e.g.,
stations 24–27 and stations 36–42) and/or the ACC jets
(e.g., stations 6–7, 16–20, 30, 45–47, and 54). Similarly,
the station-averaged depth and height profiles (Figs. 7b
and 7c) show enhancement in the upper 1000–1500 m
and within 1000–1250 m from the bottom. Worthy of
note is a pronounced local maximum at 1000–1500 m
height in the average vertical profile characterizing
stations with enhanced near-bottom dissipation. The
correspondence of elevated turbulent dissipation with
elevated energy at these vertical scales suggested vi-
sually by the spatial distributions of these quantities

(Fig. 3 versus Fig. 7), is seen directly in an examina-
tion of the local relation between internal wave energy
and turbulent dissipation (Fig. 8) and indicates a
physical link between turbulent dissipation and the
internal wave field at these scales. The role of internal
waves in underpinning the near-bottom enhanced
dissipation signals is suggested by the marked increase
in near-bottom internal wave energy for stations with
near-bottom ! enhancement (Fig. 7c, contrast the av-
erage height profile of internal wave energy for sta-
tions with enhanced near-bottom dissipation vs.
stations representing background levels as defined in
section 3), while the importance of bottom-generated
waves as a source of this elevated near-bottom in-
ternal wave energy is suggested by the association of
elevated near-bottom internal wave energy levels with
elevated bottom roughness and bottom flow speeds
(Fig. 9). Internal wave energy is consistently small in
regions of smooth topography, and elevated values
are consistently found in regions of relatively rough
topography. Again however, like near-bottom dis-
sipation, many instances of weak near-bottom in-
ternal wave energy levels in locations with relatively
rough topography and strong near-bottom flow are
also observed.
We make characterizations of the bulk frequency

content of the internal wave field and the predominant
direction of the internal wave energy flux by considering
the shear to strain variance ratio Rv and the ratio of
counterclockwise to clockwise polarized shear variance
(the ‘‘polarization ratio’’).1 While the two-dimensional
maps of both quantities (Figs. 10a and 10b) are noisy,
there is a visual suggestion that strong polarization with
a value of the polarization ratio greater than one (sug-
gesting an elevated presence of downward-propagating
internal waves) tends to occur in the upper ocean, and
strong polarization with a value of the polarization ratio
less than one (suggesting an elevated presence of upward-
propagating internal waves) tends to occur close to the
bottom. Similarly the map of Rv suggests a tendency
for the largest values of Rv to be found in the upper
1000–1500 m (suggesting an elevated presence of near-
inertial frequency waves there) while the lowest values
(indicative of the dominance of waves with suprainertia
frequencies) tend to be observed close to the bottom.

FIG. 6. Bin-average depth-integrated dissipation rates in the
bottommost 1000 m as a function of bottom roughness and near-
bottom background flow speed (average LADCP speed in the
bottommost 500 m). Both the size and color of the dot display the
median power dissipated. Black circles indicate the 90% confi-
dence intervals on the median power computed via bootstrap
sampling. The number inside the circle indicates the number of
estimates in each bin.

1 See the appendix for definitions and details of their calculation
from the observational data. Here again the range of vertical
wavelengths considered in the variance integrals is from 130 to
320 m. Patterns are generally qualitatively similar for other ranges
of suitable vertical wavelengths as well, however, Rv (and in par-
ticular the strain variance) is very sensitive to the wavelength limits
of integration.
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;750–;1750-m height above bottom in the profile for
stations showing enhanced near-bottom dissipation.
We translate the microstructure-derived value of !

into a turbulent mixing rate or diapycnal diffusivity k
using the Osborn relation k 5 G!N22 (Osborn 1980).
Here G is a mixing efficiency defined as the ratio be-
tween the buoyancy flux and the turbulent production,
and N is the buoyancy frequency. Following Osborn
(1980) we set G to 0.2. The resulting map and average
vertical profiles of diapycnal diffusivity are shown in
Fig. 4. Like !, k is highly variable. It is especially high in
the vicinity of rough topography on the eastern side of
the plateau (stations 31–51). Overall however, values of
k again are characterized as moderate relative to ex-
pectations for the ACC in regions of rough topography
based on past studies, although they can be very high in
some places. The overall mean ocean interior value
(outside the upper 250 m) is 6.9 3 1025 m2 s21 with
a 90% confidence interval spanning 6.8 3 1025 m2 s21

to 7.0 3 1025 m2 s21. The maximum interior value is
two orders of magnitude larger. The average vertical
distribution of k (Figs. 4b and 4c) shows a small en-
hancement of the mixing rate with depth in the upper
ocean, with the suggestion of a local maximum at ap-
proximately 1000-m depth (Fig. 4b). Here the average
value of the mixing rate is 8 3 1025 m2 s21. Near the

bottom, k steadily increases toward the bottom reach-
ing a maximum bottom 250-m-depth bin value of 2.0 3
1024 m2 s21. For stations characterized by above aver-
age near-bottom dissipation (as defined previously), this
maximum value is 2 times larger and the average vertical
profile shows a local maximum at;1000–1250-m height.
In contrast, the average ‘‘background’’ near-bottom
value is half the overall mean value and shows no off-
bottom enhancement.
We compute the depth-integrated interior dissipation

from the microstructure measurements of ! and the
CTDmeasurements of the density field. This dissipation
is displayed in Fig. 5a. Values of turbulent kinetic energy
dissipation excluding the upper 250 m are in the range of
0.7 to 13.5 mW m22 with a regional mean value of
2.8 mW m22. As such, they are larger than the values in
the southeast Pacific and smaller than those in Drake
Passage inferred from the application of the finescale
parameterization by Naveira-Garabato et al. (2004).
They lie in between the fine structure inferred dissipa-
tion levels at 358S and 558S along I8S reported by Polzin
and Firing (1997). In general, trends in the average
dissipation along the various transects show similar
trends to transect-average speeds and topographic
roughness (Fig. 5d). Levels of dissipation are highest
on the central and eastern transects where both depth-

FIG. 3. Microstructure measurements of the turbulent kinetic energy dissipation rate !. (a) An along-transect distance-depth section of
log10(!) displayed as in Fig. 2. The arithmetic mean profiles of ! as a function of (b) depth and (c) height above bottom. In (c) the overall
mean profile (black) is contrasted with a mean profile for stations showing above average near bottom enhancement (red) versus those
that do not (yellow) as defined in the text. The shaded area shows the 90% confidence interval calculated by bootstrapping.Note that here,
and in following average vertical profiles, only stations of total depth greater than or equal to 2000 m are included to minimize the
contamination of near surface with near bottom signatures.
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Potentially as a consequence, results of our calculations
are often very sensitive to its choice. Here we consider
500 m following Nikurashin and Ferrari (2011), thus
making our results comparable to theirs. Using this
definition, bottom values of stratificationNbot are found
to range from 1 3 1023 s21 in the deep waters north of
the plateau to ;4 3 1023 s21 in the shallow waters on
the plateau (Fig. 13b). Bottom speeds Ubot are much
more variable. They tend to be largest in the shallow
waters on the plateau and inside the ACC frontal jets:
the average of this latter group is 0.19 m s21 and the
maximum (at station 30) is 0.33 m s21 where the SAF/
PF exits the survey domain along the eastern transect
(Fig. 13a). Off the plateau and outside the ACC jets,
bottom velocities are smaller: 0.07 m s21 on average.
The dependence of the predicted lee wave vertical
wavelength on Ubot and Nbot implies that the largest
predicted lee wave wavelengths are inside the ACC jets,
where they are on the order of 1000 m on average,
reaching a maximum of over 2000 m inside the SAF/PF
crossing the eastern transect. Outside the ACC fronts,
the predicted wavelengths are smaller: approximately
400 m on average. Predictions in the lee wave wave-
length tend to track variations in the bottom speed field.
We note that these large theoretical predictions, in
particular at stations with strong bottom flows, are typ-
ically an order of magnitude larger than the vertical
scales we are considering in our internal wave charac-
terizations, and hence the scale of waves we have iden-
tified as showing enhanced near-bottom internal wave
energy at these locations and signatures in their shear-
to-strain and polarization ratios consistent with upward-
propagating bottom-generated waves. The examination

of internal wave properties on larger vertical scales does,
in some places, suggest consistent signatures; however,
a robust characterization is problematic for a number of
reasons. The larger Fourier transform interval required
to examine wave properties on large vertical scales
implies that large-scale (geostrophic) flow structure as
well as near-surface signatures at many stations con-
taminate the near-bottomwave signal. Further, structure
with respect to depth versus height above bottom cannot
be resolved. The relation between the predicted large-
scale lee waves and the much shorter wavelength wave
signals we analyze here is a subject of ongoing study.
Energy transfer from the long lee waves to shorter in-
ternal waves, and in particular the coupling of near-in-
ertial lee waves entering critical layer scenarios to high-
frequency waves propagating in the opposite direction,
is currently being investigated. For further details see
Waterman et al. (2012, manuscript submitted to J. Phys.
Oceanogr.).
We next apply linear wave radiation theory to bottom

speed, stratification, and topography data to estimate
the lee wave energy radiation. Lacking high-resolution
multibeam data, we rely on the small-scale topographic
parameters estimated by Nikurashin and Ferrari (2011),
obtained from fitting a one-dimensional model spec-
trum to in situ one-dimensional topographic sections
from all available ship soundings in the region from
the U.S. National Geophysical Data Centre (NGDC).
See Nikurashin and Ferrari (2011) for further details.
The nature of the available topographic data implies
that the topographic parameters required for the wave
radiation calculation (namely the root mean squared
height of the topography and the high-wavenumber
slope) are estimated with a much coarser spatial res-
olution than the SOFine station sampled Ubot, Nbot

and turbulent dissipation (see Fig. 1d), and the in-
terpretation of the calculation’s results should be
considered keeping this in mind. We calculate the pre-
dicted lee wave energy radiation with the topographic
data of Nikurashin and Ferrari (2011) and the observed
bottom speeds and stratifications following themethod of
Nikurashin and Ferrari (2011), making all the assump-
tions therein. The results as a function of station are
shown in Fig. 14.
The predicted lee wave energy radiation varies

strongly (by 5 orders of magnitude) across the survey,
ranging from ;0 to 175 mW m22. This variability is
largely determined by the variability in the bottom
speed, and to a lesser extent the bottom stratification:
the largest radiated flux values are on the plateau where
Nbot and Ubot are large, and inside the ACC jets where
Ubot is large. The average value of the energy radiation
for this latter group is 59 mW m22, more than 10 times

FIG. 12. Relation between bulk wave polarization, frequency
(diagnosed from Rv as s5

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
(Rv 1 1)/(Rv 2 1)

p
f where f is the

inertial frequency), and turbulent dissipation. Display is as in Fig. 6.
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1988 – 2007 TREND: mixed layer depth (m/yr) 

MARCH MODEL MEAN SEPTEMBER MODEL MEAN 

Trends ~3 m yr-1 Trends ~10 m yr-1 

COREII: Overall spatial pattern coherent across models 
Courtesy of Stephanie Downes 
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Highlights against CLIVAR Objectives 

•  Understand the causes of climate variability on  
   intra-seasonal to centennial time-scales through 
   observations, analysis and modeling. 

•  Improve predictions of climate variability and 
   change associated with both internal and  
   external processes. 

•  Extend observational climate record through  
   assembly of quality-controlled data sets. 

•  Improve the atmosphere and ocean components 
   of Earth-System Models. 
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	  	  	  	  	  	  	  	  	  CLIVAR:	  Impact	  of	  Up-‐welling	  regions	  
Eastern Tropical Atlantic SST Bias 
Foster research to improve observational network, reduce systematic 
model errors, and improve tropical Atlantic predictability 

Toniazzo and Woolnough (2013) 

Mean SST error in the historical integrations of a set of 25 coupled GCMs in 
the CMIP5 ensemble. White hatching denotes areas where the sign of the 
error agrees in all models; black dots where all but one (CSIRO-Mk3.6.0) 
agree. 
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Tropical Atlantic SST Bias in CMIP3 & CMIP5 

Xu et al (2014) 
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Impact of Atlantic SST Bias 

CAM-SOM Experiments 
 
•  CTRL run: 50-year run 

with Q-flux computed 
using observed annual 
cycle of SST 

•  BIAS run: 50-year run 
with Q-flux=0 in the south 
tropical Atlantic 
(30°S-5°S) (see the box) 

•  Removing Q-flux in the 
south tropical Atlantic 
results in a warm SST 
bias that bears close 
resemblance to the bias 
in the CMIP5 ensemble 

•  The warm SST bias has 
a strong remote influence 

SST bias 

Precipitation bias 
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Issues for the JSC 

•  CLIVAR will rework all the TORs for its panels as part of 
pan-CLIVAR meeting.  

•  CLIVAR will consult further with GEWEX on the ETCCDI 
member etc. 

•  CLIVAR made WGOMD a panel (OMDP); will rework its role 
as model development panel within WCRP.   

•   … continue to wrestle with the connection to WGSIP and 
WGCM … 

•  Knowledge Exchange and Capacity Building Panel still 
spinning up.  



Joint	  CLiC/CLIVAR	  Arc/c	  Panel?	  

•  Issues	  of	  CliVar/CliC	  coordinaKon	  in	  the	  
Southern	  Ocean	  and	  the	  ArcKc	  has	  been	  
raised;	  some	  iniKal	  discussions	  toward	  joint	  
panels	  are	  on	  a	  way	  forward.	  	  

•  We	  will	  be	  discussing	  detailed	  implementaKon	  
during	  the	  margins	  of	  the	  JSC	  meeKng	  and	  will	  
propose	  some	  concrete	  next	  steps	  soon	  
therealer.	  



Atmospheric	  Dynamics	  Panel?	  	  

•  CLIVAR	  was	  charged	  to	  discus	  this	  with	  core	  
Projects.	  	  

•  It	  was	  communicated	  by	  all	  that	  there	  is	  no	  
need	  for	  an	  atmospheric	  dynamics	  panel	  
beyond	  exisKng	  acKviKes	  in	  panels	  and	  GC	  
acKviKes.	  	  	  



30	  June	  	  -‐	  4	  July	  2014	  
	  	  	  	  Detlef	  Stammer	  and	  Lisa	  Goddard	  

Co-‐Chair	  	  CLIVAR	  SSG	  	  	  	  
WCRP	  JSC-‐35	  

Heidelberg,	  Germany	   !

IGBP/PAGES core project? 

•  CLIVAR Informed IGBP and PAGES on discontinuation of CLIVAR/
PAGES Panel.  

•  CLIVAR will not support a separate panel of PAGES-CLIVAR activities 
but encourages all CLIVAR groups to liaise with PAGES where 
appropriate (like we do with CARBON and IMBER/SOLAS). 

•  However, PAGES/IGBP is quite relevant for WCRP at large. 
Moreover, PAGES seeks closer affiliation with WCRP; they see 
them more closely related to physical climate research (WCRP) than 
to research on sustainability (the Future Earth).  

 
Suggestion: To sound out interactions have a pan-WCRP / 
PAGES scoping workshop.  
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Ocean Platform in Future Earth?  

“Future Earth - Ocean Alliance” 
“A global research platform for marine sustainability research” 

 
Mission: To encourage and facilitate the co-design, co-production and 
co-delivery of marine knowledge with relevant stakeholders in order to 
address and create solution pathways for global, regional and local 
ocean and coastal sustainability problems. To support current and new 
marine core projects and their interaction and integration in the context 
of Future Earth research.  
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address and create solution pathways for global, regional and local 
ocean and coastal sustainability problems. To support current and new 
marine core projects and their interaction and integration in the context 
of Future Earth research.  
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Thank You!	
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CLIVAR SSG Co-chairs and Director ICPO 
 
Action 1 
WCRP JSC and its constituencies to engage in implementation of the Research, Modelling and 
Prediction component of GFCS, for which WCRP has the lead; engage in this work National 
Hydrometeorological Services; and make an effort on achieving successful outcomes during the initial 
stage of GFCS implementation, particularly in the activities of the Compendium of GFCS activities with 
WCRP responsibilities, focussing on GFCS initial priorities: water resources management, food 
security and agriculture, disaster risk reduction, and human health protection.   
Deadline: Workplans to be determined by the end of 2013 
We have not done anything about this at the SSG level rather than pointing the members to this 
process.  We think that not more to be done ‘top down’ beyond what we are doing in CLIVAR already.  
Action 3 
WCRP projects and constituencies WCRP engaged in joint activities with IGBP (such as IGAC, 
iLEAPS, AIMES, IMBER, PAGES, SOLAS) to monitor their status and continuity. 
Deadline: report on status and progress of joint activities at JSC-35 
We keep very close tabs on IMBER and plan to participate in the IMBER Future Oceans conference 
next summer in Norway.  
Action 8 
Ensure that members of WGRC representing projects not only work within WGRC but also serve as 
active liaisons between WGRC and project regional activities, especially GEWEX GHPs, and that they 
participate in corresponding project meetings such as SSGs. Recommend to GEWEX- and CLIVAR-
affiliated WGRC members to participate in the 2014 Pan- GEWEX and CLIVAR meeting.   
Deadline: continuously, start immediately after JSC 
The PAN – CLIVAR meeting will take place in 2 weeks and welcome every WGRC members to 
participate. 
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Action 14 
To prepare an expanded contribution on interannual – decadal predictability research to the Regional GC 
white paper and include in it contribution from all WCRP Projects, with emphasis on tractable 
opportunities for regional predictability research. To include an analysis of opportunities to involve 
research on modes of climate variability as a contribution to this white paper. To brainstorm on this 
problem, and particularly on the idea of focussing on science versus services and on moving ahead as a 
series of smaller initiatives under the GC focus of the provision of climate information on regional scales. 
Deadline: Approach/strategy to be reported to JSC-35 
We are aware of this issue and charging the CLIVAR research opportunity groups with a revised 
perspectus and implementation strategy that would also make key contributions to the Regional GC. 
Action 15 
To identify optimal choice of leadership for the WCRP research work on provision of skilful/action-
oriented regional climate information on interannual to decadal time scales. 
Deadline: report at JSC 35 
Both topics will be served through the CLIVAR research foci. Once those activities have been better 
defined additional areas of research might have to be filled from other parts of the WCRP research 
family. 
Action 25 
To recommend to all GCs to consider the benefits of including within their activities, if feasible, the 
approach of U.S. Climate Process Teams CPTs), which are, as a rule, built around the idea of using 
observations to motivate climate model improvements, take advantage of regular meetings, e-mail 
discussions, and telecons, and involve a number of full-time post-doctoral researchers. CLIVAR IPO to 
send information to GC leaders. 
Deadline: once leadership of GC is determined 
That has been communicated to the CLIVAR teams more than once. 
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Action 38 
Inform IGBP and PAGES on discontinuation of CLIVAR/PAGES Panel.  
Deadline: August 2013 
Done. We want to move closer to PAGES research on specific issues rather than the more generic issues 
covered under the current CLIVAR/PAGES panel. Note also that PAGES might reorganize in the context 
of the FutureEarth transition. 
Action 39 
To inform CCl and JCOMM that GEWEX was accepted by WCRP as a cosponsor of the CLIVAR/CCl/
JCOMM ETCCDI and to invite CliC to provide to ETCCDI an expert with cryospheric expertise.  
Deadline: August-September 2013  
A brief communication has been initiated and confirmed to inform CCL about the changes. 
Action 40 
Encourage JSC members to participate in the Pan-GEWEX/CLIVAR meeting of 2014 and act as 
conveners. 
Deadline: in the course of the meeting preparation 
The PAN – CLIVAR meeting will take place in 2 weeks and welcome every WGRC members to 
participate. 
Action 41 
CLIVAR to review ToRs for all its groups.  
Deadline: to report at JSC-35 
Ongoing. To be done in 2014 and given to the SSG before the PAN-CLIVAR meeting. Action been given to 
panels.  
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Action 42 
CLIVAR to develop an implementation strategy for the Regional GC pertaining to regional predictability on 
time scales from seasons to decades. 
Deadline: once feasible 
Part of the CLIVAR research foci team challenge. 
Action 43 
CLIVAR, GEWEX, SPARC, WGNE, CliC, Regional GC and GC on climate sensitivity to propose a solution 
with regard of the gap in the WCRP structure in the domain of research on atmospheric dynamics. CLIVAR 
to take the lead in organising this discussion.  
Deadline: to report at JSC-35 
Done: no need seen by all for such an activity 
Action 44 
CLIVAR and GEWEX to co-develop strategy for management and oversight of the Monsoon Panel 
Deadline: to report at JSC-35 
Done. New panel was formed; will meet first time in The Hague 
Action 57 
CLIVAR to review engagement of CLIVAR basin panels in renewed GOOS/OOPC and their new structure. 
Deadline: when feasible 
Basin panels all participate in next OOPC meeting 
Work in progress and consultation with respective panels is ongoing. 
Action 59 
Update information on WCRP and Core Project websites, especially with regard to membership of working 
bodies, calendar of meetings, and other current information. 
Deadline: As soon as possible 
We think the information is pretty up to date.  


