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Evolution of CLIVAR 
The World Climate Research Programme’s project on ocean-atmosphere interactions 
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Meeting	
  Title	
   	
  Panel	
  	
   Location	
   Date	
  

15th	
  VAMOS	
  Panel	
  Meeting	
   VAMOS	
   Brazil	
   June	
  -­‐12	
  
CLIVAR	
  VAMOS	
  Workshop	
  on	
  Modeling	
  

and	
  Predicting	
  Climate	
  in	
  Americas	
  
VAMOS	
   Brazil	
   June	
  -­‐12	
  

IMBER	
  ClimECO3	
  Summer	
  School	
   IMBER	
   Turkey	
   July	
  -­‐12	
  
12th	
  Annual	
  Meeting	
  of	
  the	
  	
  

Asian-­‐Australian	
  Monsoon	
  Panel	
  
AAMP	
   China	
   September-­‐12	
  

12th	
  Session	
  of	
  the	
  Implementation	
  
Panel	
  

AIP	
   Germany	
   September-­‐12	
  

WCRP/CLIVAR	
  Workshop	
  on	
  Decadal	
  
and	
  Multi-­‐decadal	
  Variability	
  in	
  the	
  

Pacific	
  and	
  Indian	
  Ocean	
  

PP	
  -­‐IOP	
   China	
   September	
  -­‐12	
  

9th	
  Session	
  of	
  the	
  CLIVAR/IOC-­‐	
  GOOS	
  
Indian	
  Ocean	
  Panel	
   IOP	
   South	
  Africa	
   October	
  -­‐12	
  

Ocean	
  Synthesis	
  and	
  Air-­‐	
  Sea	
  flux	
  
evaluation	
  Workshop	
  

GSOP	
   USA	
   November	
  -­‐12	
  

Panel	
  and	
  Workshop	
  Meeting	
  held	
  2012	
  



Meeting	
  Title	
   	
  Panel	
  	
   Location	
   Date	
  
GSOP	
  6	
  Workshop	
  for	
  Assembly	
  of	
  
Observational	
  Data	
  for	
  Climate	
  and	
  
Decadal	
  Prediction	
  and	
  Predictability	
  

GSOP	
   USA	
   November	
  -­‐12	
  

Panel	
  and	
  Workshop	
  Meeting	
  held	
  2012	
  and	
  planed	
  for	
  2013	
  

Third	
  Workshop	
  on	
  the	
  Evaluation	
  of	
  
ENSO	
  Processes	
  in	
  Climate	
  Models	
  

PP	
   Australia	
   January	
  -­‐13	
  

11th	
  Session	
  of	
  WGOMD	
  	
   WGOMD	
   Australia	
   January	
  -­‐13	
  

8th	
  Session	
  of	
  the	
  CLIVAR/CLiC/SCAR	
   SOP	
   Australia	
   February	
  -­‐13	
  
WGOMD/SOP	
  Workshop	
  on	
  sea	
  level	
  

rise,	
  ocean/ice	
  shelf	
  interactions	
  and	
  ice	
  
sheets	
  

WGOMD/
SOP	
  

Australia	
   February	
  -­‐13	
  

CLIVAR	
  SSG-­‐20	
  
SSG	
   Germany	
   May-­‐13	
  

CLIVAR/GSOP	
  Workshop	
  on	
  Global	
  
Ocean	
  Sub-­‐Surface	
  Climate	
  Data	
  

GSOP	
   Australia	
   June	
  -­‐13	
  

WCRP/CLIVAR	
  Second	
  International	
  
Symposium	
  on	
  Boundary	
  Current	
  

dynamics	
  

CLIVAR/
IOC-­‐
GOOS	
  

China	
   July	
  -­‐13	
  	
  



Future	
  Arrangements	
  of	
  (ICPO)	
  	
  
to	
  start	
  early	
  2014	
  

Global	
  ICPO	
  Management	
  	
  
(close	
  collabora,on	
  with	
  JPS)	
  

IPO-­‐China	
  
(focus	
  on	
  ocean)	
  	
  

IPO-­‐India	
  
(focus	
  on	
  monsoon)	
  	
  

IPO-­‐Italy	
  
(focus	
  on	
  modelling)	
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To improve understanding and prediction  
of ocean-atmosphere interactions 

and their influence on climate variability and change,  
to the benefit of society and the environment. 

CLIVAR OCEANS & CLIMATE 
variability, predictability and change 

The World Climate Research Programme’s project on ocean-atmosphere interactions 
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Evolu,on	
  of	
  CLIVAR	
  –	
  Main	
  Direc,ons	
  
•  CLIVAR	
  remains	
  the	
  ocean-­‐atmosphere	
  program	
  of	
  the	
  World	
  Climate	
  Research	
  Program	
  

•  CLIVAR	
  is	
  in	
  the	
  process	
  of	
  formula?ng	
  a	
  new	
  set	
  of	
  research	
  opportuni?es	
  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	
  observa?ons,	
  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	
  informa?on	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  user	
  community.	
  

•  CLIVAR	
  support	
  educa?on,	
  capacity	
  building	
  and	
  outreach.	
  

•  Next	
  Steps	
  	
  
-­‐	
  AGU	
  (December	
  2013)	
  &	
  AMS	
  (February	
  2014)	
  townhall	
  discussion	
  
-­‐	
  OCEAN	
  SCIENCE	
  MEETING	
  (March	
  2014)	
  rollout	
  of	
  NEW	
  CLIVAR	
  strategy	
  and	
  plans	
  
-­‐	
  PAN-­‐CLIVAR	
  mee?ng	
  in	
  16-­‐18	
  July	
  2014	
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             Mission 
 To observe, simulate 
and predict changes in 
Earth’s climate system 
with a focus on 
ocean-atmosphere 
interactions, enabling 
better understanding of 
climate variability, 
predictability and 
change, to the benefit 
of society and the 
environment in which 
we live. 

CLIVAR (Climate Variability and Predictability) 

Copyrigh
t NASA 
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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. 



27-­‐31	
  May	
  2013	
  
	
  	
  	
  	
  Mar,n	
  Visbeck	
  and	
  Lisa	
  Goddard	
  

Co-­‐Chair	
  	
  CLIVAR	
  SSG	
  	
  	
  	
  
WCRP	
  JSC-­‐34	
  
Brasilia,	
  Brazil	
   !

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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current CLIVAR Imperatives 
•   Improved Atmosphere and Ocean Components of ESMs 

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

•  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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Current CLIVAR Research&Imperatives 
•   Anthropogenic Climate Change 

•   Decadal Variability, Predictability and Prediction 

•   Intra-to-Seasonal Variability, Predictability and Prediction 

•   Improved Atmosphere and Ocean Components of ESMs 

•   Data Synthesis and Analysis 

•   Ocean Observing System 

•   Capacity Building 

All Must Remain WCRP Priorities 
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CLIVAR – A Global View 
Regional implementation 
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✔ ✔ 

current 

joint with 

joint with 
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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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Pacific climate 
 change and Adaptation science 

Programme 
PACCSAP 

GAIA 

Process Experiments in the Pacific 
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Warming across the ACC 



SSG20 Kiel May 6-9 2013 



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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propose a new 
CLIVAR 
research 
opportunity on 
Ocean Mixing 
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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. 



Warming event in the Southeast Indian 
Ocean 

Alongshore wind 

Shelf mooring 
Argo profiles 

Ming Feng, et. al., Nature  







Impact on fisheries and food security (Pacific Islands) 

CLIVAR Pacific Panel:  
science outreach to decision makers and adaptation 

Cascade down climate information 
Work with local organization (S. of the Pacific Communities) 
80 authors; 900-p book; country reports; 
Adaptation recommendations 



Ratio of forced to 
total decadal SST 
variance (Stippling: 
forced variance ≈ 0 
at the 5% level). 
Estimated over 
1850-1960; 
Decrease with 
increasing latitude;  
Decadal SST 
variance in mid to 
high latitude 
regions due to 
internal variability. 
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•  Improve predictions of climate variability and 
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   external processes. 

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

•  Improve the atmosphere and ocean components 
   of Earth-System Models. 



67% of sites occupied at present (31 of 46) 

Resource Formula: 
  NOAA provides most 

equipment (+JAMSTEC, 
NIO, FIO)  

  Regional partners provide 
ship time 

ORV Sagar Kanya deploys 
ATLAS mooring 

RAMA	

 Indian Ocean Panel 



Putting our Dots on your Maps!	



CLIVAR Indian and Pacific Panels: Including our moorings on your maps is 
important international recognition for regional funding agencies


Funded and 
deployed


Not funded 
but planned






  






Observing System Issues and Challenges 
and the development of the SOOS 

The Southern Ocean Observing System 
•  Design and implementation of an observing system that encompasses physical, 

biogeochemical and ecological processes is therefore a formidable challenge 
•  Requires multiple nation and agency involvement since the region is vast, 

remote and logistically difficult to access and thus is one of the least sampled 
regions on Earth 

Observing gaps? 
•  Ecosystem monitoring on Argo profiling (CSOBOM – application pending) aims 

to address this gap) 
•  CO2 gas fluxes 
•  Need to expand ocean coverage under sea-ice zone (CSOBOM and Argo to 

implement more profiling floats, but other technologies should be under 
consideration) 

•  Need to include atmospheric boundary layer and better observe SO clouds 
•  Must include ice interaction regions 
•  Process studies 

International	
  SOOS	
  of.ice	
  to	
  carry	
  forward	
  this	
  work	
  

CLIVAR/CliC/SCAR Southern Ocean Region  

SSG20	
  Kiel	
  May	
  6-­9	
  2013	
  



A Southern Ocean Observing System – SOOS 

SSG20 Kiel May 6-9 2013	
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Objec&ve:	
  “To	
  quan&fy	
  the	
  large-­‐scale,	
  low-­‐frequency,	
  full	
  water-­‐column	
  net	
  
fluxes	
  of	
  mass,	
  heat	
  and	
  fresh	
  water	
  associated	
  with	
  the	
  meridional	
  
overturning	
  circula&on	
  in	
  the	
  subpolar	
  North	
  Atlan&c.”	
  

OSNAP	
  elements:	
  (A)	
  German	
  53°N	
  western	
  boundary	
  array,	
  supplemented	
  by	
  Canadian	
  shel`reak	
  array;	
  	
  
(B)	
  US	
  Lab	
  Sea	
  glider	
  survey;	
  (C)	
  US	
  West	
  Greenland	
  boundary	
  array;	
  (D)	
  US/UK	
  East	
  Greenland	
  boundary	
  
array;	
  (E1	
  and	
  E2)	
  US	
  float	
  launch	
  sites;	
  (F)	
  US	
  OOI	
  Irminger	
  Sea	
  global	
  node;	
  (G)	
  Netherlands	
  western	
  Mid-­‐
Atlan,c	
  Ridge	
  array;	
  (H)	
  US	
  eastern	
  Mid-­‐Atlan,c	
  Ridge	
  and	
  Iceland	
  Basin	
  array	
  ;	
  (I)	
  UK	
  glider	
  survey	
  (Rockall-­‐
Hagon	
  Plateau);	
  (J)	
  UK	
  glider	
  survey	
  (Rockall	
  Trough);	
  (K)	
  UK	
  Scohsh	
  Slope	
  current	
  array.	
  	
  





Upcoming augmentations/
expansions of the existing SAM 

pilot array at 34.5°S 

Tentative cruise track for the planned December 2012 joint 
cruise on the Brazilian research vessel Alpha Crusis.  Three 
of the four existing NOAA instruments will be recovered and 
redeployed, while the new Brazilian moored instruments will 
be deployed for the first time.  A joint Brazilian/Argentine 
science party will also collect a detailed hydrographic 
section.   

The first turn-around for the NOAA pilot 
array will be done in December 2012 as 
part of a joint Brazilian, Argentine, and US 
cruise.  

In addition to the NOAA turn-arounds, this 
cruise represents a crucial expansion of 
the MOC observing system in the region, 
as Brazil will be deploying additional 
instruments to improve the existing 
western boundary array and to expand it 
up onto the continental shelf.   

High resolution hydrographic/
biogeochemical data will be collected 
during the cruise. 



SMOS	
  SSS	
  &	
  alt.	
  surface	
  current,	
  June	
  13-­‐27,	
  2012	
  

SSS	
  measurements	
  from	
  SMOS	
  &	
  Aquarius	
  provide	
  new	
  view	
  of	
  the	
  
dynamic	
  ocean,	
  complement	
  exis?ng	
  obs,	
  bring	
  new	
  understanding	
  

Aquarius	
  SSS	
  &	
  Reynolds	
  SST,	
  Dec.	
  18	
  2011	
  

•  SMOS	
  reveals	
  the	
  rich	
  salinity	
  structure	
  
of	
  Gulf	
  Stream	
  meanders	
  &	
  rings.	
  

•  Give	
  a	
  great	
  opportunity	
  to	
  study	
  cross-­‐
frontal	
  exchanges.	
  

N.	
  Reul	
  et	
  al.	
  (2013)	
  

•  Aquarius	
  reveals	
  SSS	
  structure	
  of	
  
tropical	
  instability	
  waves	
  (TIWs)	
  
for	
  the	
  1st	
  ,me	
  from	
  space.	
  

•  Dominant	
  TIW	
  speed	
  at	
  equator	
  is	
  
twice	
  as	
  fast	
  as	
  that	
  off	
  equator	
  
(not	
  reported	
  in	
  the	
  past	
  3.5	
  
decades	
  of	
  literature).	
  

•  Implica,ons	
  to	
  eddy-­‐mean	
  flow	
  
interac,on	
  &	
  eddy	
  mixing.	
  

Lee	
  et	
  al.	
  (2012)	
  



ARGO profiling float network	
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Global	
  ocean	
  heat	
  content	
  change	
  and	
  significant	
  depth	
  contribu,on	
  
(based	
  on	
  ECMWF	
  ORAS4	
  ocean	
  reanalysis)	
  	
  
Balmaseda,	
  Trenberth,	
  and	
  Källén	
  (2013)	
  



ETCCDI 
Observations: evaluation of Indices 

HadEX2 released 
Better coverage than 
HadEX 
Regional ETCCDI 
workshop data is 
ingested 
A separate dataset 
based on GHCN data 
offers near real time 
update for monitoring 

Donat et al. 2013 



Capacity building, regional workshops  

•  Practice and goals: 
–  Free software + hands-on training + post workshop follow-ups 
–  build capacity to analyze observed changes in extremes 
–  improve information services on extremes 
–  publish peer-reviewed papers from each workshop 
–  contribute to worldwide database of derived indices 

•  Detection and attribution of anthropogenic influence on weather and climate 
extremes at regional scale and attribution to causes of extreme climate events. 

•  Mechanisms by which modes of ocean-atmosphere variability affecting  weather and 
climate extremes.  

•  If and how these modes of ocean-atmosphere variability may change under global 
warming and possible impacts on future weather and climate extremes. 

ETCCDI Key science questions 
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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. 







Coupled Ocean-ice Reference Experiments 
Phase II - CORE-II  
An experimental protocol for ocean – sea-ice 
coupled simulations forced with inter-annually 
varying atmospheric data sets for the 
1948-2007 period (Large and Yeager 2009).  

These hindcast simulations provide a framework for  
•  evaluating, understanding, and improving ocean models 
•  investigating mechanisms for seasonal, inter-annual, and decadal variability 
•  evaluating the robustness of mechanisms across models,  
•  complementing data assimilation in bridging observations and modeling and in 
providing ocean initial conditions for climate prediction simulations. 

Participating Groups: 18 models 
Level, isopycnal, hybrid, mass, and sigma coordinates; unstructured finite 
element ocean model; mostly nominal 1o resolution 

Working Group on Ocean Model  
Development (WGOMD) 



CORE II Results 
AMOC Mean (1988-2007) in Depth Space 

Danabasoglu et al, submitted 

Griffies et al, in prep. 



CORE II Results 

Griffies et al, in prep. 



•  Model biases and improve model physics, considering biogeochemistry and 
ecosystems, 

•  High resolution modeling and regional/coastal modeling (scale aware 
parameterizations), 

•  Sea level and interactions with ice sheets, 

•  Role of ocean in decadal variability (e.g., AMOC), 

•  Operational oceanography and data assimilation. 

WGOMD Key Activities over next 1-10 years 

North Atlantic simulations with a focus on the Atlantic meridional overturning circulation, Part I: 
Mean states; Part II: Variability (Danabasoglu, Yeager, Bailey et al.) 
•  Global and regional sea level (Griffies & Yin, et al.) 
•  Arctic Ocean and sea-ice (Gerdes, Wang, Drange et al.) 
•  The Antarctic Circumpolar Current and Southern Ocean overturning circulation with a focus on 
eddy compensation (Farneti & Downes, et al.) 
•  Evolution of Southern Ocean water masses and ventilation (Downes & Farneti, et al.) 
•  South Atlantic simulations (Treguier & Weiner, et al.) 
•  Ocean circulation in temperature and salinity space (Nurser & Zika, et al.) 

CORE II Results (more topics to come) 



Evolution of CLIVAR 
The World Climate Research Programme’s project on ocean-atmosphere interactions 
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SSG20 Issues 
•  Finalize the words that go with the *NEW* CLIVAR 

•  Develop and agree on an action plan for the next 12-18 month 
to roll out the *NEW* CLIVAR 

•  Advance the concept of CLIVAR research opportunities and how 
to implement them in the context of WCRP-Grand Challenges 

•  Develop and hopefully agree on a revised CLIVAR governance 
model to be presented at the JSC end on May 

•  Broader science community engagement  
(ECS, national reports, communication) 

•  Engagement with other groups (WCRP family, Future Earth, 
IOC regions, GOOS, ...) 

•  Knowledge exchange with users of climate research (GFCS, 
IPCC, AoA, prediction centers, data centers, nations) 
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To improve understanding and prediction  
of ocean-atmosphere interactions 

and their influence on climate variability and change,  
to the benefit of society and the environment. 

CLIVAR OCEANS & CLIMATE 
variability, predictability and change 

The World Climate Research Programme’s project on ocean-atmosphere interactions 
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WCRP Grand Challenges 
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 new CLIVAR Capabilities 

•  Improving the atmosphere and ocean component of 
Earth System Models. 

•  Implementing innovative process and sustained ocean 
observations. 

•  Facilitate free and open access to climate and ocean 
data, synthesis and information.  

•  Support Regional and global networks of climate and 
ocean scientist. 

•  Facilitate knowledge exchange and user feedback. 

•  Support education, capacity building and outreach. 
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 new CLIVAR Research Opportunities 

•  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 

•  Dynamics of regional sea level variability 

•  …  •  Consistency between planetary heat balance and 
ocean heat storage 

•  ENSO in a warmer world  



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	
  incorpora,on	
  of	
  land	
  
surface	
  ini,alisa,on.	
  

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

Figure	
  shows	
   large	
  mul,-­‐model	
  mean	
  precipita,on	
  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	
  
projec,ons	
  in	
  SRES-­‐A1B	
  
(from	
  Turner	
  &	
  Annamalai,	
  
2012,	
  Nature	
  Climate	
  Change).	
  



Decadal	
  variability	
  and	
  predictability	
  
of	
  ocean	
  and	
  climate	
  variability	
  

•  Improving	
  understanding	
  of	
  decadal	
  
variability	
  and	
  predictability.	
  

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

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

•  Analysis	
  and	
  development	
  of	
  current	
  
predic,on	
  poten,al	
  of	
  CMIP5	
  
hindcasts.	
  

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

Twenty-­‐first-­‐century	
  projec,ons	
  of	
  SST	
  (top)	
  and	
  North	
  Atlan,c	
  Tropical	
  
Storm	
  frequency	
  (bogom)	
  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	
  spa,al	
  
resolu,on	
  for	
  ocean-­‐atmosphere	
  
processes.	
  

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

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

Top:	
  The	
  posi,ve	
  and	
  the	
  nega,ve	
  phases	
  of	
  the	
  North	
  Atlan,c	
  Oscilla,on	
  
(Bojariu	
  and	
  Gimeno	
  2003);	
  Bogom,	
  Hurrell	
  North	
  Atlan,c	
  Oscilla,on	
  (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.	
  



Dynamics	
  of	
  regional	
  	
  
sea	
  level	
  variability	
  

•  Examining	
  wind-­‐driven	
  
circula?on	
  changes	
  to	
  sea	
  level	
  
variability.	
  

•  Regional	
  distribu?on	
  of	
  ocean	
  
heat	
  content	
  changes	
  by	
  ocean	
  
circula,on	
  and	
  regional	
  
warming.	
  

•  Understanding	
  ocean-­‐ice	
  sheet	
  
interac,ons	
  in	
  Southern	
  Ocean	
  
and	
  Greenland.	
  

•  Representa?on	
  of	
  gravita?onal	
  
a`rac?on	
  in	
  climate	
  models	
  
(with	
  geode,c	
  community).	
  

Projec,ons	
  of	
  ocean	
  global	
  thermal	
  expansion	
  under	
  low,	
  medium	
  and	
  high	
  
representa,ve	
  concentra,on	
  pathways,	
  rela,ve	
  to	
  2006	
  (Yin	
  2012).	
  



Consistency	
  between	
  planetary	
  heat	
  
balance	
  and	
  ocean	
  heat	
  storage	
  

Analyze	
  the	
  consistency	
  
between	
  planetary	
  heat	
  balance	
  
and	
  ocean	
  heat	
  storage	
  
es,mates,	
  data	
  sets	
  and	
  
informa,on	
  products	
  based	
  on	
  	
  
different	
  parts	
  of	
  the	
  global	
  
observing	
  systems	
  and	
  ocean	
  
reanalysis.	
  	
  

•  Earth	
  Observa?on	
  
Measurement	
  Constraints	
  
on	
  Ocean	
  Heat	
  Budget	
  

•  In	
  situ	
  observa?ons	
  of	
  	
  
ocean	
  heat	
  content	
  changes	
  

•  Ocean	
  reanalysis	
  for	
  
atmosphere-­‐ocean	
  heat	
  
exchange	
  and	
  ocean	
  heat	
  
content	
  es?mate	
  	
  



ENSO	
  in	
  the	
  climate	
  system	
  and	
  how	
  
it	
  may	
  change	
  in	
  a	
  warmer	
  world	
  

1.	
  To	
  beger	
  understand	
  the	
  role	
  of	
  different	
  physical	
  
processes	
  that	
  influence	
  ENSO	
  characteris,cs.	
  

2.	
  To	
  provide	
  a	
  synthesis	
  of	
  exis,ng	
  ENSO	
  evalua,on	
  
methods	
  in	
  GCMs.	
  

3.	
  To	
  propose	
  ENSO	
  evalua,on	
  protocols	
  and	
  develop	
  
a	
  strategy	
  for	
  coordinated	
  ENSO	
  analysis	
  of	
  CMIP	
  
models,	
  including	
  development	
  and	
  maintenance	
  of	
  
an	
  interac,ve	
  website,	
  in	
  coordina,on	
  with	
  the	
  
WGCM	
  Metrics	
  Panel.	
  

4.	
  To	
  iden,fy	
  new	
  observa,ons	
  needed	
  to	
  beger	
  
constrain	
  ENSO	
  processes,	
  both	
  for	
  the	
  current	
  climate	
  
and	
  for	
  past	
  climates	
  (via	
  paleo	
  proxies).	
  

5.	
  To	
  provide	
  a	
  beger	
  understanding	
  of	
  how	
  ENSO	
  
might	
  change	
  in	
  the	
  future.	
  

6.	
  To	
  promote	
  and	
  coordinate	
  interna,onal	
  
collabora,on	
  between	
  observa,onists	
  and	
  modelers	
  
for	
  studies	
  of	
  ENSO	
  

7.	
  To	
  build	
  research	
  capacity	
  by	
  contribu,ng	
  to	
  the	
  
development	
  of	
  the	
  next	
  genera,on	
  of	
  talent	
  
dealing	
  with	
  ENSO	
  science.	
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Proposed 
after SSG-20 

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                       Focused & Integrated Res. Opportunities 

ETCCDI 

predictability  
of monsoon 

systems  
Decadal climate 
variability and 
predictability 

biophysical interactions 
and dynamics of 

upwelling systems 

Dynamics of 
regional  

sea level variability 
Prediction and 
attribution of 

extreme events ENSO in a 
warmer climate 

ocean heat 
storage 

NEW  

Knowledge Exchange and 
Capacity Building Panel 
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SSG20 Follow up 
•  Pan CLIVAR meeting during July 16-18 2014 in The Hague, 

Netherlands jointly with GEWEX 
(all panels and WGs members meet at the same time)  

•  CLIVAR SSG meeting in the fall 2014 (Moscow)? 



27-­‐31	
  May	
  2013	
  
	
  	
  	
  	
  Mar,n	
  Visbeck	
  and	
  Lisa	
  Goddard	
  

Co-­‐Chair	
  	
  CLIVAR	
  SSG	
  	
  	
  	
  
WCRP	
  JSC-­‐34	
  
Brasilia,	
  Brazil	
   !

Issues for the JSC 
•  CLIVAR proposed to have a single Monsoons panel that should 

serve all of WCPR’s monsoon activities. Focused working groups 
under that are encouraged with the possibility to be regional. 

•  CLIVAR has no concrete plans to include the Arctic in its scope 
of activities. We defer to CLiC to take the initiative. 

•  CLIVAR will rework all the TORs for its panels. Plan to make the 
WGOMD a panel.  

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

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

•   … wrestle with the connection to WGSIP and WGCM … 



Evolu,on	
  of	
  CLIVAR	
  –	
  Main	
  Direc,ons	
  
•  CLIVAR	
  remains	
  the	
  ocean-­‐atmosphere	
  program	
  of	
  the	
  World	
  Climate	
  Research	
  Program	
  

•  CLIVAR	
  is	
  in	
  the	
  process	
  of	
  formula?ng	
  a	
  new	
  set	
  of	
  research	
  opportuni?es	
  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	
  observa?ons,	
  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	
  informa?on	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  user	
  community.	
  

•  CLIVAR	
  support	
  educa?on,	
  capacity	
  building	
  and	
  outreach.	
  

•  Next	
  Steps	
  	
  
-­‐	
  AGU	
  (December	
  2013)	
  &	
  AMS	
  (February	
  2014)	
  townhall	
  discussion	
  
-­‐	
  OCEAN	
  SCIENCE	
  MEETING	
  (March	
  2014)	
  rollout	
  of	
  NEW	
  CLIVAR	
  strategy	
  and	
  plans	
  
-­‐	
  PAN-­‐CLIVAR	
  mee?ng	
  in	
  16-­‐18	
  July	
  2014	
  



27-­‐31	
  May	
  2013	
  
	
  	
  	
  	
  Mar,n	
  Visbeck	
  and	
  Lisa	
  Goddard	
  

Co-­‐Chair	
  	
  CLIVAR	
  SSG	
  	
  	
  	
  
WCRP	
  JSC-­‐34	
  
Brasilia,	
  Brazil	
   !



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	
  

Visualization of the Monsoons Panel 

Build	
  on	
  exis,ng	
  ac,vi,es	
  


