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CLIMATE VARIABILITY AND PREDICTABILITY (CLIVAR)

(Submitted by the Chairs of the CLIVAR Scientific Steering Group and the Director, International CLIVAR Project Office)

1. Introduction

Highlights of recent outputs from the activities of CLIVAR
 panels and working groups
 are provided below in the requested format.  These should not be taken as a comprehensive summary of CLIVAR networking activity but are illustrative of its breadth. 
2. Science

· Many CLIVAR scientists have taken part in the IPCC AR4 assessment, contributing as Convening Lead Authors and Lead Authors and in media outreach activities.  Some of these testified before the US Senate and the House; a number also played a leading role in the formulation of the IPCC WG1 summary for Policymakers.

· A paper on global observed changes in daily climate extremes of temperature and precipitation incorporating the outputs of the earlier ETCCDI capacity building workshops has been published. (Alexander et al. JGR, 2006).  The outputs from this and two other papers by Christidis (GRL, 2005) and Tebaldi (Climatic Change, 2006) which draw on a previous ETCCDI-related paper by Frich (Clim. Res., 2002) enabled ETCCDI to have a substantial influence of the IPCC AR4 Report.
· Community access to and analysis of the WCRP CMIP archive of model datasets for IPCC AR4 continues unabated.  At 15 September 2006 there were 553 diagnostic sub projects registered with PCMDI and soon the milestone of the1000th user of the archive will be reached. A large number of the diagnostic sub-projects cover science directly relevant to CLIVAR objectives.  The CLIVAR SSG continues to encourage analysis of this dataset through its regional panels and working groups and this is reflected in a number of associated projects.  Amongst other things VACS, has noted that the dataset has stimulated a new generation of Sahel research.

· Results from the joint WCRP(WGCM)/IGBP Coupled Climate Carbon Cycle Model Intercomparison Project (C4MIP) have shown that unanimous agreement among the models that future climate change will reduce the efficiency of the earth system to absorb the anthropogenic carbon perturbation ( Friedlingstein et al., J Climate, 2006).
· A CLIVAR/PAGES Workshop (Wengen, Switzerland, June 2006) on “Past Millennia Climate Variability: Proxy based reconstructions, Modeling and Methodology - Synthesis and Outlook” has stimulated ideas for a community-wide “paleoclimate reconstrution challenge” building on the theme of model intercomparison using synthetically-derived “pseudoproxy test datasets” from climate models as a test of methods used in paleoclimate reconstruction.

· Analyses of the outputs from the international Seasonal Model Intercomparison Project organized by WGSIP to estimate seasonal predictability using existing models are providing a focus for input to the WCRP Workshop on Seasonal Prediction, Barcelona, June 2007 (see the separate JSC paper on “Seasonal Prediction”).
· A paper is being drafted summarizing the results of early contributions from six international modelling efforts to the WGOMD Coordinated Ocean and sea ice model Reference Experiments (COREs).  The paper demonstrates, in particular, that missing feedbacks at the ocean-sea ice edge can lead to either unrealistic mixed boundary condition oscillations, and/or to a very weak Atlantic Meridional overturning circulation in model simulations.
· Under AAMP, coordinated analysis of results from several intercomparison projects has demonstrated that monsoon-warm pool interaction is one of the essential causes of Asian-Australian monsoon variability and a source of monsoon seasonal predictability and that air-sea interaction is one of the factors influencing monsoon intra-seasonal oscillations and prediction of their evolution. 

· Various modelling and data assimilation activities have leveraged off the outputs from the VAMOS North American Monsoon Experiment (NAME) 2004 Field Experiment. A special issue of the J Climate on NAME with some 22 papers is due out in early 2007. The Monsoon Experiment South America (MESA) also has produced a BAMS paper on the South American Low Level Jet Experiment in 2006, as well as participated at the J. Climate paper on the unified vision of the American Monsoons in 2006.  Future MESA modeling and assimilation activities are reflected in a new MESA Science and Implementation Plan that will be ready in March 2007.  It will include modeling and field activities for 2 field experiments planned for 2008-2009 (PLATEX and ALTIPLANEX).
· The VACS panel, with funding support from various organizations, ran a training workshop at the Tanzania Meteorological Agency (TMA) in Dar es Salaam, Tanzania during 10-13 July 2006. The workshop was entitled Predictability and Prediction of southern and eastern African climate variability and impacts of the neighbouring oceans. The workshop ran for four days and was aimed at senior operational staff responsible for long range forecasting at national meteorological services and operational staff from related agencies (hydrology, water resources, oceans). In all there were around fifty participants from over twenty countries.  An interactive CD was put together for the participants which included the agenda (with links to all the talks and practicals) as well as all the background documents, useful links, participant lists etc. A workshop website is also available at: http://www.clivar.org/organization/vacs/VACS_workshop.php and an interactive discussion forum hosted by TMA will shortly be available.
· The electronic African Climate Atlas, developed at the University of Oxford, UK, through VACS is being extended to include a fifth outreach section devoted to answering FAQs about African Climate for e.g. journalists, educationalists etc. The other has four interactive parts covering Climatology, Anomalies, Aerosol Index, Pressure level climatologies and composites from the ECMWF 40 –year reanalysis. (http://www.geog.ox.ac.uk/%7eclivar/ClimateAtlas/)
· 2006 saw the successful completion of the Special Observing Periods for the African Monsoon Multidisciplinary Analysis (AMMA) field programme.

· A pilot assessment of some 20 ocean re-analyses has been carried out through a GSOP/GODAE Ocean Synthesis Evaluation Workshop held in August 2006 at ECMWF.  The assessment was carried out against a coordinated set of metrics developed by GSOP in coordination with CLIVAR’s ocean basin panels. The meeting provided a quantitative statement of the skill of available global synthesis products; identified common strengths and weakness of present systems and produced recommendations with regard to future synthesis resource planning, data processing and management.

· The Tropical Atlantic Climate Experiment (TACE), promoted by the Atlantic Panel, is underway. A Tropical Atlantic Climate Variability Experiment in the south-western Atlantic is now being formulated jointly between the VAMOS and Atlantic Panels.
· The Pacific Panel ran a WCRP-sponsored workshop on Multidecadal to Centennial Global Climate Variability (Hawaii, USA, November 2006).  One of the outcomes (the result of analysis of CMIP water hosing experiments) was the emerging awareness that the North Atlantic significantly influences the Pacific climate system on long timescales.  It does so via the atmosphere, global ocean wave adjustment and changes to Bering Strait throughflow, cooling the North Pacific and impacting the equatorial eastern Pacific in spring, reducing the annual cycle and intensifying ENSO substantially.

· FRCGC/University of Tokyo reported at IOP-3 (March 2006) that their seasonal forecasting group predicted a positive Indian Ocean Dipole in the latter half of 2006. Predictability was discussed at the meeting, and analysis of dynamics suggesting that skill is possible, but others debated the 2006 prediction. A strong IOD event occurred. The apparent success of this prediction will be the subject of further research to see if it was just good luck or a good prediction for dynamically valid reasons.
· A paper on the Southern Ocean Region (SO) Panel's Climate of Antarctica and the Southern Ocean (CASO) umbrella project for IPY entitled "The Role of the Southern Ocean in Past, Present and Future Climate: A Strategy for the International Polar Year" has been submitted to the International Polar Year special issue of the Indian Journal of Marine Sciences. The panel has also been active in producing an integrated modelling strategy for the Southern Ocean region linked to IPY.

· At the ICPO, the second volume of the WOCE Atlases, which focuses on the Pacific is currently being finalised and will likely be published in late March or early April. The atlas will consist of a high quality printed volume of around 300 pages as well as an electronic version available on DVD and the internet (a draft of the electronic version is already available from http://www-pord.ucsd.edu/whp_atlas/). A volume focusing on the Indian Ocean will likely be completed towards the end of the year with the final, Atlantic, volume hopefully being available in early 2008.
· A selection of papers from the 1st International CLIVAR Science Conference (Baltimore, USA, June 2004), organized by US CLIVAR, have recently been published as a special issue of J Climate (Volume 19, Issue 20 October 2006); a second special issue of the J Climate  containing papers from the Atlantic Panel’s Workshop on Atlantic Climate Predictability (Reading, UK, April 2004) has also been published recently (Volume 19, Issue 23, December 2006).
3. Value added (outcomes that would not have been possible without CLIVAR coordination)
The science items outlined above have arisen directly from the activities of CLIVAR’s panels and working groups.  They are illustrative of wide range of CLIVAR activities that have been funded from national resources.  Recent other examples are:

· Under US CLIVAR development of model improvements through its funded Climate Process Teams;  Funding for US CLIVAR Working Groups relating to the MJO (with focus on key metrics and the issue of prediction across scales), western boundary currents and drought;  announcement of a new activity (DRICOMP) to provide support for research into the physical and dynamical mechanisms leading to drought and the mechanisms through which drought may change as climate changes 

· A recent NOAA award of $12M for applications-focussed research on African Weather and climate systems.  This is related to the VACS East African initiative led by Dr F Semazzi.

· Announcement of funding for the VAMOS Ocean Cloud Atmosphere Land (VOCALS) study involving field studies and modelling over the South East Pacific region.

· Funding by the European Science Foundation of MedCLIVAR to integrate CLIVAR-relevant activities in observations, paleoclimatic studies, prediction and synthesis in the Mediterranean region over the next 5 years.

· In collaboration with the Tropical Buoy Implementation Panel (TIP), initial deployments contributing towards a basin-scale array of fixed moorings spanning the Indian Ocean in response to the IOP’s plan for a sustained Indian Ocean observing network.  It has recently been reported that China (SOA) will join Japan (JAMSTEC), India (NIO) and the US (NOAA) in maintaining elements of the array.  The TIP continues to provide coordination of national contributions to the TAO and PIRATA buoy arrays.
· Funding support in several countries for the Tropical Atlantic Climate Experiment (TACE), developed through CLIVAR’s Atlantic Panel.  TACE will advance understanding of coupled ocean-atmosphere processes, seek to improve SST based climate prediction for the eastern tropical Atlantic region and provide coordinated observational, modelling and synthesis studies of the region in the 2006-2011 timeframe. A key component of TACE is extension of the observational network in the region, including the PIRATA array.
·  An activity that has greatly benefited the coordination provided by the Pacific Panel is the emerging South Pacific Circulation and Climate Experiment (SPICE) programme.  CLIVAR has provided an umbrella for scientists from 5 countries to share ideas and expertise, resulting in a comprehensive Science Document and a preliminary Implementation Plan.
4. Impact (impacts that CLIVAR has had recently on international or national policies or decision making as a result of its activity)

Many CLIVAR scientists and a number of its activities (see above) feed into international and national policies through the inputs the programme makes to the IPCC process.  A related recent activity with potential feed into policy was the organization by WGCM, in coordination with SPARC, IGBP AIMES and IGAC and the IPCC Task Group on Emission Scenarios, of a summer session at the Aspen Global Change Institute (AGCI) in August, 2006, to discuss the near term prospects for what will be included in the next generation global coupled climate models for ACC, and what the future emission scenario requirements would be for a future IPCC assessment.  Emerging emphases for any future IPCC assessment included "decadal prediction", thus demanding better initial conditions (major need for ocean analyses); "prediction across scales" (MJO, links to THORPEX, NWP  methods and community, etc.); better representation of land surface change and processes (links to GEWEX; IGBP); chemistry (IGBP, megacities, etc.); much in response to societal needs (how to adapt to climate change over next 20 years).  Many of these match to JSC cross cutting topics.

CLIVAR scientists also make specific inputs to national policy advice as needed. For example VACS research priorities have been placed on UK NERC strategy 2007-2012.  More explicitly in Africa, AMMA seeks to ensure that the multidisciplinary research is effectively integrated with prediction and decision-making activity. Recently an African Centre for Earth Stewardship Science proposal focussed on southern Africa benefited from a VACS science steer whilst ongoing work with UK DFID on climate risk management includes a VACS related bid for major research programme.  VACS has also led an application to the Royal Society for networking of Southern African climate science.

In the past, in the context of the La Plata Basin (LPB) Project as a Continental Scale Experiment with joint involvement of GEWEX & CLIVAR, leverage of CLIVAR research in S America through VAMOS was a key component in the successful bid in 2003 to the Global Environmental Facility  (GEF) for funds for LPB planning and for implementation of strategic actions to be taken by governments in countries in LPB for the environmentally and socially sustainable economic development of the region.  

More widely, CLIVAR has stimulated national and international funding for a wide variety of activities as outlined in “Value added” above, emphasizing the impact of CLIVAR on national and international programmes. 
5. Responsiveness (new developments in national or international research agendas either contributed to or influenced by the CLIVAR research agenda)

An extensive Initial Implementation Plan was developed for CLIVAR and published in 1998 and this provides a guide for the programme overall.  However specific development of activities within the programme is carried out interactively by the scientists involved in CLIVAR’s Panels and Working Groups under the overall guidance of the CLIVAR SSG.  This process offers the opportunity for national or international research interests to be brought to the table by individual scientists and aired in an international context. (examples include IPY, developments in ocean observing systems and of ocean and atmosphere process studies, model intercomparison and other studies, needs for climate information etc). CLIVAR has also sponsored/organized a variety of research workshops providing a forum within which national research efforts can influence CLIVAR’s research agenda.  CLIVAR’s influence on national research agendas and funding is exemplified in the responses to “Values added” and “Impact” above.

CLIVAR is also seeking to respond to the needs of IGBP GLOBEC for climate information and to respond to a set of questions and issues relating to the role of climate variability and change on marine ecosystems posed through CLIVAR’s Atlantic Panel. In response to these, CLIVAR hosted a session at the SCOR Summit of International Marine Projects (Royal Society, London, December 2006)  to plan a joint CLIVAR/IMBER/GLOBEC conference provisionally entitled "Climate driving of ecosystem changes - making the connections". Through Jim Hurrell’s membership of the GLOBEC SSG, CLIVAR is seeking to more widely engage GLOBEC in planning that will link their marine ecosystem modeling with global change modeling.  Links to IMBER are also strengthened by membership of the IMBER SSG by Wilco Hazelegler (Atalntic Panel Chair)  

6. New Directions

Anticipated developments include:

· Future contributions to any future IPCC assessment and to WCRP activities in this area (see JSC paper on ACC) including further ETCCDI-led capacity building workshops.
· Continued focus on seasonal prediction, including implementation and management through WGSIP of the TFSP Seasonal Prediction Experiments and links to applications (see JSC paper on Seasonal Prediction).
· Development of decadal timescale prediction and exploration of its use in planning and implementing measures for adaptation to climate change (see JSC paper on Decadal Prediction.
· Contribution to the new WCRP-led initiative on Climate Extremes on defining and assessing extremes in modeling and observational studies and on the predictability of extremes, including assessing whether extremes are changing in a changing climate (see JSC paper on Extremes).

· Continued development (with GEWEX, WGNE, THORPEX and others) of global and regional aspects of monsoon prediction and of our understanding of the role of monsoons in the global climate system (see JSC paper on “Monsoons and YOTC”).
· Continued emphasis by GSOP of data synthesis activities, including further development of ocean reanalysis leading to coupled reanalyses of the total ocean-ice-atmosphere-land system

· Through CLIVAR’s ocean basin panels and GSOP, continued development of the sustained climate observing system including use of new technology and integration of in-situ and remotely-sensed data; in collaboration with OOPC assessment, through a workshop/conference, of the current status of the global ocean observing system. Encouragement of key field programmes to enhance understanding of ocean processes and their representation in models,

· Transition of CLIVAR science from research to operations, in particular developments in seasonal to interannual prediction and applications of CLIVAR science for societal benefit including capacity-building efforts.

· Greater integration of physical and biogeochemical aspects of climate research (with IGBP, in particular through IMBER and GLOBEC)

· Assembly of the overall “CLIVAR legacy”

7. Challenges 

Key issues include:

· The reduction in the sustained in situ observing system (especially for the atmosphere and the African continent)

· The still relatively sparse ocean observing system (Argo has done a lot to help)

· The lack of clear pathways for the transition from research to operational (and sustained) mode for much of the ocean observing system.

· The need for greater access to high speed computing facilities for climate research.

· The need for greater efforts in data analysis integration and synthesis activities (involving both in situ and remotely-sensed data).
� CLIVAR’s mission is “to observe, simulate and predict changes in the 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”. In line with the WCRP overarching objectives and strategic plan, CLIVAR acts to encourage and facilitate national and international activities that contribute to our understanding of climate variability and our ability to provide improved climate predictions on seasonal, interannual, decadal and centennial timescales.  It seeks to encourage the development and implementation of sustained observations of the climate system, field and modelling studies that help our understanding of climate processes and how they can be represented in models, analytical studies to assist our understanding of climate variability and coordinated effort in climate prediction. CLIVAR has a number of cross cutting science topics aligned with those currently providing the focus for WCRP: ENSO and other tropical modes of variability; monsoons; decadal variability; anthropogenic climate change (ACC); the role of the oceans in climate and climate prediction.  CLIVAR’s focus is on the physical climate system on both regional and global scales, linking with other programmes on the wider biogeochemical, ecological and human dimension aspects of the Earth system. 





� To aid CLIVAR implementation, the CLIVAR SSG has established a number of global and regional panels and working groups. These comprise the JSC/CLIVAR Working Group on Coupled Modelling (WGCM); Working Group on Seasonal to Interannual Prediction (WGSIP); the Working Group on Ocean Model Development (WGOMD). CCl/CLIVAR/JCOMM Expert Team on Climate Change Detection and Indices (ETCCDI); Global Synthesis and Observations Panel (GSOP); CLIVAR/PAGES Panel; Variability of the American Monsoon System (VAMOS) Panel; Variability of the African Climate System Panel (VACS); Asian Australian Monsoon Panel (AAMP); Atlantic Panel; Pacific Panel CLIVAR//GOOS Indian Ocean Panel (IOP); CLIVAR/CliC/SCAR Southern Ocean Panel and the CliC/CLIVAR Arctic Climate Panel. The International CLIVAR Project Office (ICPO) is responsible for the coordination of the scientific and administrative aspects of CLIVAR, acting as the executive arm of the SSG under its general direction.





