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CLIVAR: CLIMATE & OCEAN 
variability, predictability and change 

To observe, simulate and 
predict changes in Earth’s 
climate system with a focus 
on the ocean-atmosphere 
system as part of the 
climate 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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CLIVAR: Basin panels 
Int’l Coordination.  Regional Implementation. 

Observations -- process studies – modeling   

RAMA Array 

Decline of Carbon uptake 
from repeat hydrography, 
Perez et al 2013 

Multi-national, -institutional,  
and -investor  
process study programs 



 
  

Figure 8. Schematic diagram illustrating the component parts of the AMOC-MOCHA-WBTS 26N 
observing system. Black arrows represent the Ekman transport (predominantly northward). Red 

arrows illustrate the circulation of warm waters in the upper 1100 m, and blue arrows indicate the main 
southward flow of colder deep waters. The array of moorings used to measure the interior geostropic 

transport is illustrated too (Smeed et al 2014) 
 

1.2.3 Tropical%observing%system%
During the past decade the tropical Atlantic observing system has been greatly developed. 
The Prediction and Research Mooring Array in the Tropical Atlantic (PIRATA), launched in 
1997, is now recognized as the backbone observing network in the tropical Atlantic for both 
climate research and operational climate and ocean prediction. The PIRATA (see 
http://www.pmel.noaa.gov/pirata/) was developed as a multinational cooperation among USA, 
Brazil and France. This multinational cooperation continues to grow thanks to the long-term 
close collaboration and a MoU among these countries. A 10-ATLAS buoy network in its initial 
phase between 1997 and 2005 has grown into a 18 permanent ATLAS buoy observing 
system combined with one acoustic Doppler current profiler (ADCP) mooring on the Equator 
at 23°W. Recommendations for the future development of the PIRATA array include 
enhanced measurements of the air-sea heat and freshwater exchange, improved near 
surface current observations, and the inclusion of biogeochemical measurements, like e.g. 
oxygen and CO2 measurements. 
 
On the basis of the PIRATA network, other multinational observing programs, such as the 
CLIVAR Tropical Atlantic Climate Experiment (TACE), had been developed over the past 
decade under the guidance of the AIP. One of the main goals of TACE was to improve the 
observational database and to carry out dedicated process studies designed to enhance our 
understanding of the eastern tropical Atlantic climate system. The regional focus of TACE 
thus was on the central and eastern equatorial Atlantic (Fig. 9) where the development of the 
Atlantic cold tongue (ACT) during boreal summer is a defining character of system’s 
variability. The year-to-year variability of the ACT sea surface temperature (SST) is known to 
have an impact on climate variations in the region, including the strength and onset of the 
West African Monsoon (WAM).  However, climate model forecast skills in the region are 
dismal because of several model biases.  
 

 
Figure 7.  Guide to OSNAP elements:  (A) Existing German 53°N western boundary array to be 

supplemented by a Canadian shelfbreak array; (B) US West Greenland boundary array; (C) US/UK 
East Greenland boundary array; (D) Netherlands western Mid-Atlantic Ridge array; (E) US eastern 

Mid-Atlantic Ridge array; (F) UK glider survey over the Hatton-Rockall Bank and Rockall Trough; (G) 
UK Scottish Slope current array. Red dots: US float launch sites. Blue star: US OOI Irminger Sea 

global node. Black circles:  Sound sources. 
 

1.2.2 RAPIDQMOCHAQWBTS%Array%at%26°N%
Since 2004, the meridional overturning circulation has been measured along 26.5°N in the 
subtropical North Atlantic using a combination of Gulf Stream transport through Florida Strait 
using a submarine telephone cable and repeat direct velocity measurements, deep western 
boundary currents by direct velocity measurements, basin wide interior baroclinic circulation 
from moorings measuring vertical profiles of density at the boundaries and on either side of 
the Mid-Atlantic Ridge, barotropic fluctuations using bottom pressure recorders and Ekman 
transports by various wind products. Figure 8 shows a schematic diagram of the components 
of the program (Smeed et al, 2014). The project was funded from 2004 to 2008 in the 
framework of the Rapid Climate Change (RAPID) thematic program of the Natural 
Environment Research Council (NERC), the National Science Foundation (NSF) Meridional 
Circulation and Heat Flux Array (MOCHA) and by the NOAA Office of Climate Observations’ 
Western Boundary Time Series (WBTS). Funding has since been extended by NERC, NSF 
and NOAA till 2014 and beyond as part of the Rapid-WATCH program to provide a decade 
long timeseries of measurements.  
  
This project has resulted in increased understanding of the observed variability of the MOC 
and its associated heat transport on seasonal and interannual time scales.  Plans are 
underway to augment the existing array to measure ecosystem relevant marine chemistry 
with measurements of oxygen, nutrients and perhaps even carbon species. 
 

 
Figure 1.  The latest RAPID time series including the AMOC (red), Gulf Stream (blue), Ekman (green) 
and upper mid-ocean (magenta) transports. Colored lines are ten-day values. Black lines are 90-day 

low-pass filtered values. 
 

 
Figure 2. Time series of the MHT (black), and the contributions by the temperature transport of the 

Florida Current (blue), the Ekman layer (green), and the mid-ocean region from the Bahamas to Africa 

 
 

Figure 9. Observational network in the tropical Atlantic including the PIRATA network, the 
observational program during TACE, and more recent observations particularly in the eastern tropical 

South Atlantic. 
 
While during TACE the eastern equatorial observing system was further developed, severe 
gaps in the observing system were still present in the eastern boundary coastal upwelling 
regions of both hemispheres, particularly in the Southeast Atlantic. Different national and 
multi-national programs are initiated, including German SACUS-SPACES, German-French-
West African AWA and EU PREFACE programs, which are multidisciplinary studies linking 
physical, biogeochemical, ecology and fishery studies. The physical observing program of 
these studies include mooring networks along the continental slope of Southwest Africa and 
enhanced shipboard and glider measurements (Fig. 9). Of particular importance to those 
programs is the North-South cooperation that includes a substantial effort in building 
scientific capacities in the different West African nations.   
 

1.2.4 SAMOC%
Expanding the MOC observing system has proven challenging, however key components of 
the MOC are being measured by time series arrays deployed in the North Atlantic at a variety 
of locations. In the South Atlantic comparable arrays were missing, even if time series 
measurements have been obtained across Drake Passage and south of South Africa where 
inter-ocean exchanges of mass, heat and salt crucial to the global MOC occur (e.g. 
Chereskin et al., 2009; Swart et al. 2011) and, in the South Atlantic, regular trans-basin 
sections with hydrographic and expendable bathythermograph (XBT) observations have 
been collected at selected latitudes such as 11°S (SACUS-SPACES and RACE projects 
funded by the German Ministry of Education and Research including mooring arrays at the 
eastern and western boundaries, respectively), 24°S (e.g. Bryden et al., 2011; McCarthy et 

IOP report in preparation for July 2014 pan-CLIVAR meeting 
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Figure 1: Overview of the various components of the IndOOS observing system. 

Argo. Argo floats provide temperature and salinity profiles down to 2000 m depth with a 
temporal resolution of 10 days. The build-up of the Argo array in the IO began in 2002. The IO 
(north of 40°S) requires 450 floats to meet the Global Argo design of one float per 3x3 deg. The 
Argo program's unprecedented spatial and temporal coverage of density and geostrophic current 
is opening new perspectives on circulation-research and for seasonal forecasting. 

Ship of opportunity lines. Several SOOP XBT lines obtain frequently repeated and high-
density section data. The frequently repeated lines in the IO are narrow shipping routes allowing 
nearly exact repeat sections. At least 18 sections per year are recommended in order to avoid 
aliasing the strong intraseasonal variability in this region. The CLIVAR/GOOS IO Panel 
reviewed XBT sampling in the IO and prioritized the lines according to the oceanographic 
features that they monitor (International CLIVAR Project Office, 2006). The highest priority 
was on lines IX1 and IX8. IX1 monitors the Indonesian throughflow (Wijffels et al., 2008). The 
IOP recommended weekly sampling on IX1 because of the importance of throughflow in the 
climate system. IX8 monitors flow into the western boundary region, as well as the Seychelles-
Chagos Thermocline Ridge, a region of intense ocean-atmosphere interaction at inter-annual 
time scales (Xie et al. 2002;Vialard et al. 2009). IX8 has proven to be logistically difficult so an 
alternate line may be needed. The other active lines in the Indian Ocean include IX12, IX22, 
IX15/21. 

Surface drifting buoys. Surface drifting buoys have also been extensively deployed over 
the decade after OceanObs99, and the targeted coverage of one buoy per 5-degree box is almost 
achieved. The key application of surface drifter data is reduction of the bias error in satellite 
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Research Foci   

•  Timely, tractable and socially-relevant research challenges; 
limited life-time (2-5 yrs) 

•  Cross-cutting between CLIVAR & WCRP, modeling & obs. 
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CLIVAR pressing needs 

Observations:  
²  Enhance sustained observations of ocean surface, subsurface 
and deep ocean;  

²  High-resolution paleo-climate proxy data. 
 

Modeling:  
²  Systematic investigation of processes and parameterization that 
impact the representation of decadal variability in climate models – 
using coupled global models and theoretical/process studies. 
(e.g. mixed-layer, vertical mixing, resolution, nonlinear processes including eddies)  



 
WCRP CLIVAR 2016 Open Science 

Conference 
   

Ø  Three segments 
•  Early Career Scientists Symposium (2.5 days) 
•  Regional stakeholder forum (1 day) 
•  Main Conference (4.5 days) 

Ø Estimated participants: 600 
Ø Scientific Organizing Committee 

•  WCRP projects, WMAC groups, and partner projects 
Ø Sponsored by China SOA FIO  
Ø Strong support from USCLIVAR, SCOR, APN, START, 

ICES, PICES…fundraising launched!! 
Ø Commitment from JSC/WCRP is critical 



CLIVAR Science Plan 

•  First draft anticipated 2nd half of 2015. 
•  Will reflect greater collaboration across  

Earth science disciplines. 
•  Implementation will include enhanced interactions 

with other WCRP projects and FutureEarth. 
•  Scientific scope will be informed by JSC  

(i.e. funding).  



Future WCRP/CLIVAR ? 

•  Bloom: Continue to evolve, embrace new 
problems, new people, new opportunities? 

or 
•  Shrink: Respond to shrinking budget? 
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CLIVAR challenge:  
Variability & Prediction  

Across Timescales 
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CLIVAR challenge:  
The changing ocean circulation 
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CLIVAR challenge:  
Ocean’s Role in Climate Extremes 
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CLIVAR challenge:  
Climate Dynamics and Coupled 

Climate Modes 
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CLIVAR challenge:  
The Role of Upwelling Systems 



            

ICGPO, ICPO 
Executive Director, 

 Qingdao 

ICMPO, 
Pune, 
India 

ICPO Deputy 
Director, 

Trieste, Italy 

Truly International ICPO 



NEW Collaborations   

•  Monsoons Panel with WCRP 
•  Upwelling RF with IMBER 
•  New GEC Ocean projects network,  

– CLIVAR, SOLAS, IMBER, OceanCarbon, 
PAGES, SCOR, WCRP, GOOS, Future Earth 

•  ECS network 
•  Stronger links to national programs, e.g. 

USCLIVAR 



CLIVAR challenge: Overarching 

How the surface and deep ocean circulation and the climate 
system interact?  

 Ocean Model Development 
Panel 

Global Synthesis and  
Observations Panel Climate Dynamics Panel 


