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Introduction

Valery has a long history of support to climate and ocean science starting with the Mid-Ocean 
Dynamics Experiment and including TOGA, WOCE and now CLIVAR.  After 27 years at the WCRP 
secretariat in Geneva, she joined the ICPO as Executive Director and is now located in Qingdao, 
China.

Background 

WCRP’s core project on Climate and Ocean:  Variability, 
Predictability and Change - CLIVAR, is celebrating 20 
years of progress since publication of its first Science 
Plan in August 1995.  To mark the occasion, the ICPO 
sought a way to summarize all the amazing achievements 
of the project over its 20-year history and to contribute to 
2016 Open Science Conference.

At first we aimed to put together an “accomplishments 
report”, but as we collected input, we were faced with 
the fact that the material was either too detailed or too 
superficial.  It seemed impossible to do justice to the science 
and yet still make a short, readable document.  We also 
recognized that there are many excellent review papers, 
special journal volumes, annual reports to WCRP and 69 
issues of Exchanges, that together, offer a very thorough 
summary of CLIVAR achievements.

It then occurred to us that perhaps a more personal 
approach could be taken that might add interest and 
provide a new perspective.  Who could do this better 
than the people who had chaired the SSG, who had been 
directly involved in CLIVAR’s formulation and progress 
and who had guided CLIVAR to be the programme it is 
today?  So in April of this year we sent a message to all 
the past chairs, and to Lennart Bengtsson, asking if each 
of them would write a short piece on a particular aspect 
of the CLIVAR project that they felt had made particular 
strides during their tenure as SSG chair or co-chair.    
Almost without exception they said yes.  So what we have 
here is a compilation of individual reflections on how 
CLIVAR progressed and what it achieved in two decades. 

The articles in this issue show the roots of CLIVAR in 
late 1970s (the days of FGGE – the first global weather 
experiment), and take us through the revolutionary 
advances of the 1990s to the modern era of climate 
services. We are reminded throughout of the value 
of international cooperation, the important interplay 

of observations and models, and the need to work 
across disciplines and communities.   The importance 
of contributions from all the individuals working in 
the climate enterprise is emphasized, perhaps most 
eloquently by Lisa Goddard who tells us “Whatever your 
role is in the climate community, you are relevant to 
climate services through the excellence of your work and 
your ability to communicate it”.

I would like to thank John Gould for accepting the role of 
Guest Editor and for doing an excellent job of interacting 
with the authors and taking the diverse contributions 
and making them into a coherent whole.  John has also 
contributed an article from the perspective of an ex-ICPO 
director, one who has attended almost as many CLIVAR 
SSG meetings as I have.

This special edition of Exchanges, published to coincide 
with CLIVAR’s second Open Science Conference, tells a 
story – the story of CLIVAR – of successes, some failures, 
and much fun along the way.  I hope you enjoy reading it.
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In the early 1970s he became involved in a planning group that lead to the establishment of the European Center for Medium–
Range Weather Forecasts (ECMWF) and during 1970s he was heavily involved in the planning for the Global Weather Experiment. 
Later he became involved in the planning of the World Climate Programme for which he chaired a number of committees and 
working groups. His international involvement is still ongoing.

He has held senior positions at ECMWF (Head of Research, 1975-81, Director 1982-1990), Max Planck Institut für Meteorologie, 
Hamburg (Director, 1991-2000, now Professor Emeritus), International Space Science Insitute (ISSI)  Bern, Switzerland (Director 
of Earth Sciences,2008 - 2013).   For 5 years he chaired the WCRP/WMO’s Working Group on Numerical Experimentation (WGNE).

Lennart Bengtsson
Max Planck Institute for Meteorology, Hamburg, Germany

Contact e-mail: lennart.bengtsson@mpimet.mpg.de

Background 

The global weather experiment (actually the First GARP 
Global Experiment (FGGE)) in 1979 and the subsequent 
establishment of a global observing system was a 
necessary condition for the rapid progress in global 
numerical weather prediction that commenced during 
the 1980s. By 1990 the time had come to take a new hard 
look at the central issues in weather and climate research 
with the aim of exploring the extension of predictive skill 
and obtaining a more in-depth understanding of the 
climate system. The following five factors underpinned 
the need for a new initiative within the World Climate 
Research Programme:

1. An operational global atmospheric observing system 
had been put into place.

2. A breakthrough had occurred in global weather 
prediction using data-assimilation.

3. Encouraging results in predicting El Niño had 
been achieved through the Tropical Ocean Global 
Atmosphere (TOGA).

4. Major steps were being taken through the World 
Ocean Circulation Experiment (WOCE) towards a 
synoptic observing system for the oceans, particularly 
using satellite altimetry.

5. First clear signs of a climate warming had been 
identified.

The Task

In order to assist formulating a research program that 
would build on these five ponts I was asked by WCRP in 
March 1991 to chair a study group for a new research 
programme for the understanding and possible prediction 
of low frequency climate variations. The members of the 
study group represented a broad range of distinguished 
scientists. They were David Anderson, Tim Barnett, 
Kirk Bryan, Mark Cane, Allyn Clarke, Larry Gates, David 
Goodrich, Gordon McBean, Jagadish Shukla and ex officio 
Pierre Morel, then Director of WCRP.

After some considerable deliberations, including 
difficulties to find a suitable name for the new 
program, the Study Group agreed finally on 
CLIVAR (CLImate VARiability and Predictability). 
Originally the view was that CLIVAR should only be 
concerned with natural processes of the climate system 
and with emphasis on time scales from say months to 
decades but during the planning process this was extended 
to include climate changes caused by external processes 
such as changes in greenhouse gas concentrations.

The proposal

In its final report in September 1992 the Study Group 
proposed that CLIVAR should address the fundamental 
overarching objectives of WCRP:
• to determine the extend to which climate can be 

predicted 

How CLIVAR came about

Lennart Bengtsson is a Swedish-born meteorologist and climate scientist who has had a long 
and distinguished career, almost all of it with an international focus.  His research interests 
started in the 1960s and early 1970s with meteorological research projects between Nordic 
countries. Since then his research has been focused on climate modeling and on understanding 
the complexity of climate processes. 
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• to determine the extent of human influence on climate.

The Study Group believed that the next step in climate 
research would require a unified effort cutting 
across traditionally disciplinary boundaries between 
investigations of atmosphere, land and ocean. The 
document proposed the formation of a new internationally 
co-ordinated, interdisciplinary research programme on 
climate variability and predictability. The overarching 
objective of the new program was to address the 
fundamental objectives of WCRP as listed above but 
highlighting the following four key objectives.

1. To identify the natural modes of variability of the 
global climate system.

2. To simulate the characteristics of observed climate 
variations, identify their mechanisms and assess the 
extent of their predictability.

3. To develop experimental prediction schemes by 
exploiting the scientific findings of the predictable 
components of the climate system.

4. To investigate by means of coupled ocean-
atmosphere model simulations, the response of 
the global climate system to prescribed changes 
in the external forcing factors such as the 
concentration of greenhouse gases and aerosols. 

Concrete tasks that needed to be addressed were provision 
of climate data sets, a climate modelling program, extension 
of prediction to seasonal and inter-annual time scales and 
ocean observations and assimilation.

The achievements

Looking back over a quarter of a century we can conclude 
that outstanding progress has taken place within all the 
areas of climate research outlined by the Study Group. 
Today we have in place an advanced integrated 
observing system that can monitor land, ocean and 
atmosphere as well as atmospheric composition 
in real time. This includes new, revolutionary, space-

based observations using radar altimetry, GPS occultation 
and extremely accurate gravity measurement that are 
playing an increasingly important role in monitoring the 
climate system. The scientists have developed methods 
for advanced data assimilation that have reproduced 
past weather and climate for more than a century. 
Comprehensive models of the climate system are used 
to simulate in great detail the evolution of a possible 
future climate. And finally, by the use of ensemble climate 
simulations, the scientists are now able to separate the 
natural fluctuations of the climate from genuine climate 
change such as from the greenhouse gases. This was a key 
central challenge that occupied the minds of some of the
members of the Study Group.

CLIVAR has played a major role in making these 
achievements.

Pierre Morel (Director WCRP (1982-1994) photographed in 
2008 and the cover of the Study Group report.
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The early days of CLIVAR 

 
Comparison and extension of observational data with model results are an increasingly important part of his research. Historically 
much of it has focussed on the Southern Ocean, but research within the warmer waters of the Indonesian Seas, tropical North 
Pacific, Indian and Atlantic Oceans now compose most of his activities. Recently he has concentrated on the role of the ocean 
mesoscale in the transfer of heat and freshwater to compensate for net sea-air flux. He tends to go to areas that have been neglected 
by the research community, but that have the potential of being key players in the global system.

He has been involved in the organization of many international programmes and chaired the CLIVAR SSG from 1993-96 and 
subsequently been member of national and international CLIVAR committees.

Arnold Gordon is a field-going physical oceanographer, an observationalist. His 
research is directed at the ocean’s stratification, circulation and mixing and its role 
in Earth’s climate system. He studies the transfer of heat and freshwater within the
ocean and between the ocean, cryosphere and atmosphere. Since he views the ocean as a global 
system he has paid particular attention to interocean exchanges and to ventilation of the deep 
ocean interior through sea-air-ice interaction.

Arnold L. Gordon
Lamont-Doherty Earth Observatory, Palisades, NY, USA

Contact e-mail: agordon@ldeo.columbia.edu

Background 

In early 1993 at a meeting in Bermuda I was asked by 
Pierre Morel, then Director of WCRP, and D. James (Jim) 
Baker (one of the scientists had led the foundation of the 
World Ocean Circulation Experiment (WOCE)) to lead the 
newly established WCRP programme, CLIVAR.  CLIVAR 
had been launched in 1992 with a brochure: “CLIVAR 
– a study of Climate Variability and Predictability” 
(see previous article by Lennart Bengtsson). I foolishly 
said “Yes”, and so became the first chair of the CLIVAR 
Scientific Steering Group, serving through 1996. 

The first SSG meeting was at Lamont-Doherty Earth 
Observatory in Palisades NY, in the hot summer of 1993. 
The early SSG meetings were focused on developing a 
CLIVAR Science Plan (ICPO, 1995). A number of larger 
meetings were held in subsequent years with the aim 
of producing the initial implementation plan. The initial 
CLIVAR implementation plan was published in 1998 
(ICPO, 1998)

In those initial years CLIVAR toiled to define itself: its 
scientific scope; its organizational structure; its transition 
from TOGA (Tropical-Ocean Global Atmosphere) and 
WOCE (World Ocean Circulation Experiment) and its 
relationship to other WCRP programs. The assembled 
group in 1993, largely drawn from the TOGA and WOCE 
communities, was deeply involved, often with strongly 
held divergent views, leading to ‘lively debates’ concerning 
what should be the balance of CLIVAR core themes that 
included global, ocean basin and regional foci; ocean

processes governing heat and freshwater fluxes and air- 
sea interaction; the oceans’ role within the global climate 
system; the balance (integration) of observations and 
models, between time scales.  In many ways we set out 
the pathways for the future course of global scale, climate-
related ocean science and what is today’s CLIVAR. In 
retrospect it was fun.

To fully appreciate the development of CLIVAR 
one has to look at the broader historical context. 
The great expeditions of the late 19th and early 20th 
centuries studying the world ocean, particularly the 
Challenger expedition of 1872-76 and continued in the 
International Geophysical Survey of 1957–58, delineated 
ocean stratification and property distributions, and 
the oceans’ horizontal and overturning circulation. 

The logos of TOGA and WOCE programmes from which 
CLIVAR developed
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The assumption of a steady state ocean was required to 
blend together these data sets to come up with what might 
be considered as the ocean climatology. The survey mode 
continued into the 1960s with the ELTANIN Southern 
Ocean survey and the (first) International Indian Ocean 
Expedition (IIOE) of 1963-1965. In the 1970-1980s there 
were a growing number of time series observations 
from fixed site moorings, more process-oriented field 
programs, and the start of satellite based observations 
providing near synoptic views of the ocean surface. 

Advances were driven by new technology to 
observe the ocean along with improved, higher  
resolution of ocean and climate model simulations, 
with varied degrees of data assimilation. Such 
advances have greatly accelerated in recent decades as a 
wider range of ocean parameters could be viewed
from orbiting satellite and arrays of in situ, free drifting 
platforms, (subsurface profiling floats and surface 
drifters) relay their data to satellite. The drifters, the 
Argo profilers and programs of glider observations gather 
more data in a year than all of the great expeditions of 
the past (see the article by Allyn Clarke in this issue).   

These data were also free of the previous seasonal and 
regional bias to the good weather areas and so enabled 
a view of the real ocean climatology. The steady state 
assumption was no longer required. This exposed the 
oceans’ complex 3-D spatial and temporal patterns and 
the coupling of ocean variability with the climate system. 
The amount of information was exploding, and with it we 
needed a more comprehensive ocean research plan. 

It is within this context that CLIVAR was introduced through 
its Science Plan (ICPO, 1995) and Initial Implementation 
Plan (ICPO, 1998) to which commitments were sought 
from countries at the CLIVAR International Conference in 
Paris in December 1998.   CLIVAR has contributed to the 
‘lively debates’.  I would say it took ~10 years for CLIVAR to 
properly mature to the effective comprehensive program 
that we now have.  I am pleased to have contributed to 
those first contentious years.

References 

ICPO (1998), CLIVAR Initial Implementation Plan [online]. 
Available from (http://www.clivar.org/node/255).

Timeline – SSG meetings and Co-Chairs
Dates Place Co-chairs

SSG 1 July 1993 Palisades, NY, USA Gordon
SSG 2 December 1993 Gordon
SSG 3 26 Sept-1 Oct 1994 London, UK Gordon
SSG 4 1995 Hamburg, Germany Gordon
SSG 5 3-7 June 1996 Sapporo, Japan Clarke/Trenberth
SSG 6 28 April-02 May 1997 Washington, DC, USA Clarke/Trenberth
SSG 7 27-30 April 1998 Santiago, Chile Willebrand/Trenberth
SSG 8 10-14 May 1999 Southampton, UK Willebrand/Trenberth
SSG 9 2-5 May 2000 Hawaii, HI, USA Trenberth/Willebrand
SSG 10 14-18 May 2001 Toulouse, France Willebrand/Busalacchi
SSG 11 May 2002 Xi’an, China Willebrand/Busalacchi
SSG 13 27-29 June 2004 Baltimore MD, USA Busalacchi/Palmer
SSG 14 19-21 April 2006 Buenos Aires, Argentina Busalacchi/Palmer
SSG 15 11-14 September 2007 Geneva, Switzerland Palmer/Hurrell
SSG 16 19-22 May 2009 Madrid, Spain Palmer/Hurrell
SSG 17 17-20 May 2010 Boulder, CO, USA Hurrell/Visbeck
SSG 18 02-05 May 2011 Paris, France Hurrell/Visbeck
SSG 19 11-14 June 2012 La Paz, Mexico Hurrell/Visbeck
SSG 20 6-9 May 2013 Kiel, Germany Visbeck/Goddard
SSG 21 10-12 November 2014 Moscow, Russian Fed Stammer/Goddard
SSG 22 23-24 September 2016 Qingdao, China Stammer/Bracco
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Background 

The oceans cover about 71% of the Earth’s surface and 
contain 97% of the Earth’s water.  Through their fluid 
motion, their high heat capacity, and their ecosystems, the 
oceans play a central role in shaping the Earth’s climate 
and its variability. Changes in sea level have major impacts 
on coastal regions and storm surges.  Accordingly, it is 
vital to monitor and understand changes in the oceans 
and their effects on weather and climate, and improve 
the verisimilitude of model ocean simulations. CLIVAR’s 
central mission is to deal with the role of the oceans in 
climate, how to better observe and analyze it, and how 
it influences climate variability from years (ENSO) to 
centuries (climate change). 

The most important characteristic of the oceans is 
that they are wet and, while obvious, this is sometimes 
overlooked. Water vapor, evaporated from the ocean 
surface, provides latent heat energy to the atmosphere 
during the precipitation process. Evaporation E over 
the oceans exceeds precipitation P, with the residual 
moisture transported onto land as water vapor. On 
average, this flow is balanced by a return flow over and 
beneath the ground through river and stream flows, and 
subsurface ground water flow and is a substantial factor 
in the salinity of the oceans, affecting ocean density and 
currents.

Changes in phase of water, from ice to liquid to water 
vapor, affect the storage of heat. However, even 
ignoring these complexities, many facets of the 
climate can be deduced simply by considering the 
heat capacity of the different components of the 
climate system. The total heat capacity considers the 
mass involved as well as its capacity for holding heat, as 
measured by the specific heat of each substance. 
1

The heat capacity of the global atmosphere corresponds 
to that of only a 3.5m layer of the ocean. However, the 
depth of ocean actively involved in climate is much greater 
than that. The specific heat of dry land is roughly a factor 
of 4.5 less than that of seawater (for moist land the factor 
is probably closer to 2). Moreover, heat penetration into 
land is limited by the low thermal conductivity of the 
land surface; as a result only the top two meters or so of 
the land typically play an active role in heat storage and 
release. Accordingly, land plays a much smaller role than 
the ocean in the storage of heat and in providing a memory 
for the climate system. Major ice sheets over Antarctica and 
Greenland have a large mass but, like land, the penetration 
of heat occurs primarily through conduction so that the 
mass experiencing temperature changes from year to year 
is small. Hence, ice sheets and glaciers do not play a strong 
role in heat capacity, while sea ice is important where it 

1 The National Center for Atmospheric Research is sponsored 

by the National Science Foundation. 

The central role of the oceans in CLIVAR
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Group from 1996-99, and served from 1999 to 2006 on the Joint Scientific Committee of the WCRP.

Kevin E. Trenberth
National Center for Atmospheric Research1, Boulder, CO, USA

Contact e-mail: trenbert@ucar.edu



7      CLIVAR Exchanges No. 70, Sep 2016

forms. Unlike land, however, ice caps and ice sheets melt, 
altering sea level albeit fairly slowly. 

The seasonal variations in heating penetrate into the 
ocean through a combination of radiation, convective 
overturning and mechanical stirring by winds. These 
processes mix heat through the mixed layer which, on 
average, involves about the upper 90m of ocean. The 
thermal inertia of a 90m layer can add a delay of about 
6 years to the temperature response to an instantaneous 
change. As a result, actual changes in climate tend to be 
gradual. With its mean depth of about 3800m, the total 
ocean would add a delay of 230 years to the response if 
rapidly mixed. However, mixing is not a rapid process 
for most of the ocean so that the response depends on 
the rate of ventilation of water between the well-mixed 
upper layers of the ocean and the deeper, more isolated 
layers that are separated by the thermocline. The rate 
of such mixing is not well established and varies greatly 
geographically. An overall estimate of the delay in surface 
temperature response caused by the oceans is 10–100 
years. The slowest response is in high latitudes where deep 
mixing and convection occur, and the fastest response is 
in the tropics. In the subtropics, the oceans typically take 
up in excess of 100Wm-2 in the summer months and give 
it back to the atmosphere in winter mostly in the form 
of evaporation of moisture. This cools the ocean while 
eventually warming the atmosphere when released as 
latent heat in precipitation. Wind blowing on the sea 
surface drives the large-scale ocean circulation in its upper 
layers. The oceans therefore store heat, absorbed at the 
surface, for varying durations and release it in different 
places; thereby ameliorating temperature changes over 
nearby land and contributing substantially to variability 
of climate on many time scales.  On average there is a 
substantial net flow of energy from oceans to land of 
about 2.2Petawatts, mainly in the Northern Hemisphere 
in winter.

An example of the role of the oceans in moderating 
temperature variations is the contrast in the mean annual 
cycle of surface temperature between the northern 
hemisphere (NH) (60.7% water) and southern hemisphere 
(SH) (80.9% water). The amplitude of the 12-month cycle 
between 40 and 60o latitude ranges from <3oC in the SH 
to about 12oC in the NH. The average lag in temperature 
response relative to peak solar radiation is 33 days in the 
NH versus 44 days in the SH, reflecting the differences in 
thermal inertia.

The ocean thermohaline circulation (THC) driven by 
changes in sea water density arising from temperature 
(thermal) and salt (haline) effects allows water from 
the surface to be carried into the deep ocean, where 
it is isolated from atmospheric influence and hence it 
may sequester heat for periods of a thousand years or 
more. The Meridional Overturning Circulation (MOC) 
involves not only the THC but also wind-driven currents. 

The oceans also absorb carbon dioxide and other 
gases and exchange them with the atmosphere 
in ways that change with ocean circulation 
and climate change. In addition, it is likely that 
marine biotic responses to climate change will result in 
subsequent changes that may have further ramifications, 
for instance by changing ocean color and penetration of 
sunlight into the ocean.

El Niño events are a striking example of a phenomenon 
that would not occur without interactions between 
the atmosphere and ocean. Historically, El Niños have 
occurred about every 3–7 years and alternated with the 
opposite phases of below average temperatures in the 
tropical Pacific, dubbed La Niña.  Because convection 
and thunderstorms preferentially occur over warmer 
waters, the pattern of sea surface temperatures (SSTs) 
determines the distribution of rainfall in the tropics, 
and this in turn determines the atmospheric heating 
patterns through the release of latent heat. The heating 
drives the large-scale monsoonal-type circulations in 
the tropics, and consequently determines the winds. 
If the Pacific trade winds relax, the ocean currents and 
upwelling change, causing temperatures to increase 
in the east, which decreases the surface pressure and 
temperature gradients along the equator, and so reduces 
the winds further. This positive feedback leads to the 
El Niño warming persisting for a year or so, but the 
ocean changes also sow the seeds of the event’s demise. 
The El Niño develops as a coupled ocean–atmosphere 
phenomenon and, because the amount of warm water in 
the tropics is redistributed, depleted and restored during 
an ENSO cycle, a major part of the onset and evolution 
of the events is determined by the history of what has 
occurred one to two years previously. This means that 
the future evolution is predictable for several seasons in 
advance.

Because of increasing greenhouse gases in the atmosphere 
from human activities, the planet is warming.  There is 
an energy imbalance at the top-of-atmosphere of order 
0.8Wm-2. Some heat melts glaciers and ice, contributing 
mass to the ocean and thus eustatic sea level rise. Most 
(about 93%) of the excess heat enters the ocean and 
increases temperatures, leading to expansion of the ocean 
and thus thermosteric sea level rise.  Only very small 
amounts of heat enter the land. Sea level rise is an excellent 
indicator of a warming planet and the observed rate from 
altimetry and sea level measurements since late 1992 is 
3.3 mm/year. 

Since about 2005, a major revolution has taken place 
in oceanography (See article by Allyn Clarke) with the 
implementation of the Argo float array: some 3,500 or 
more floats cover the oceans and provide measurements 
of temperature and salinity for the upper 2000m.  Moored 
buoys in the tropical Pacific, mainly since 1992, have also 
were fostered by CLIVAR.  New analyses of changes in
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ocean heat content (OHC) show indeed that the ocean is 
warming at a rate of about 0.8 W m-2 (globally) although 
a lot of spurious noise remains in many OHC analyses (Fig. 
1).  There remains a mismatch between analyses of ocean 
heat content and the incoming radiation at the top-of-
atmosphere.

It has been a challenge to observe the whole ocean. 
Observations from ships are expensive and inherently 
limited in spatial and temporal scope.  Moored and 
autonomous drifting buoys have revolutionized the 
observing system and made a global system possible. 
Space-based observations of sea level through altimetry, 
ocean color, surface salinity, surface wind stress through 
scatterometry and other passive sensing, SST through 
infrared (skin, clear sky) and microwave (1 cm bulk, all 
weather) techniques, precipitation using passive and 
active radar systems have been established but are largely 
confined to surface variables, so that in situ observations 
provide an essential complement. 

Synthesis of all the observations in a physical framework 
(using models) is an essential step in the overall process 
of determining the state of the ocean, and continuity of 
record is a major challenge.

References 

Trenberth, K. E., J. T. Fasullo, K. von Schuckmann and L. 
Cheng, 2016: Insights into Earth’s energy imbalance from 
multiple sources. J. Climate,  doi:10.1175/JCLI-D-16-0339, 
in press.

Figure 1:  The mismatch between CERES top of the 
atmosphere (TOA) observations and several in situ Argo-
based analyses of ocean heat content (OHC) is revealed here 
(Trenberth et al. 2016).  The overall warming is 0.8 W m-2, but 
whereas the standard deviation of rates of change for CERES 
are 0.64 W m-2, for most of the OHC analyses they are 6 to 15 
W m-2 ORAP5 excepted.
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The revolution and evolution 
in ocean observation

global ocean climate program.  He co-chaired the working group that was responsible for designing WOCE’s global array of ship 
based observations. From 1989 to 1994 as WOCE moved from planning to operations he was co-chair and then chair of WOCE’s 
Scientific Steering Group (SSG).  He was a member of the Canadian National Committee for WOCE and the Scientific Co-ordinator 
of its programs (1987-1996).  From 1991-1997, Dr. Clarke was a member of WCRP JSC serving as its vice-chair from 1993 to 1996 
when he stepped down to become co-chair (with Kevin Trenberth) of the CLIVAR SSG (1996-1999).

Dr. Clarke was a lead author or reviewer for the first four IPCC Climate Change Assessment documents and has served as a co-
opted member the SCOR executive (1993-1996) providing expertise on ocean climate issues. He represented SCOR and ICSU on 
the committees that through the 2000s designed the Global Ocean Observing System (GOOS).

Allyn Clarke had a 35year (1970-2005) career as a research scientist at Canada’s Bedford Institute 
of Oceanography.  He carried out observational studies into the dynamics of the North Atlantic and 
led major multi-institutional programs in the Gulf Stream extension, Labrador Sea and Nordic Seas.  

He was a member of the original WCRP task group on global ocean climate observations and from 
1985-1993 played important roles in the planning and implementation of WOCE, the first truly

R. Allyn Clarke
5719 Southwood Dr Halifax, NS B3H 1E6 Canada

Contact e-mail: Allyn420@aol.com

Background 

Twenty years ago, the CLIVAR scientific working groups 
had a suite of new technologies that allowed them to 
envision observing the ocean and marine boundary 
layer globally on seasonal through decadal time scales. 
These technologies freed oceanographers and marine 
meteorologists from their dependence on research 
ships and vessels of opportunity (VOS). Many of these 
technologies were born in the 1970s but had been 
brought to maturity during the Tropical Ocean-Global 
Atmosphere (TOGA) programme (1985-1994) and the 
field phase of the World Ocean Circulation Experiment 
(WOCE) (1990-1998).

Not all the observation systems were new. Our knowledge 
of the climatology of sea surface temperature (SST), 
salinity, surface currents and surface meteorology was 
based on observations made and logged by merchant 
vessels plying their trades.  This practice was established 
by the first intergovernmental meeting on ocean 
climatology held in 1853 under the sponsorship of the 
King of Belgium.
 
By the 1980s, these observations were covering 
65-70% of the sea surface; however, changes in 
the observational methods and the size of the 
vessels had introduced changing biases in the 
observations over time.

Corrections have been developed to account for the 
changes in observing methods. For instance, SST 
observations evolved from, first, measuring the 
temperature of a water sample obtained by a canvas 
bucket to later using an electronic sensor in the engine 
intake.  The determination of SST was greatly aided by 
the arrival of satellite systems. These provided global 
coverage where the sea surface was cloud-free. However 
the accuracy of the measurement was dependant on the 
composition of the atmosphere so in situ measurements 
of SST were necessary to correct for these atmospheric 
conditions.  Originally, a selected group of ships with 
well-calibrated sensors was used as the in situ standard 
for satellite SST. With the deployment of a global 
array of surface drifters by TOGA and WOCE as part 
of their joint Surface Velocity Programme (SVP), their 
drifter hull temperature became the in situ standard. 

The most important new technology was 
the development of low power satellite 
communication systems that could be used on 
autonomous platforms located anywhere on the 
global ocean. Two systems were available, Système 
Argos and the Iridium satellite telephone system.   By 
the 1990s, Système Argos transmitters had undergone 
two decades of development.  This system allows the 
position of a platform be determined up to 14 times a day 
to an accuracy of a few 100 metres.  The system works by
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transmitting a radio signal with a precisely controlled 
frequency to a satellite in polar orbit at an altitude of 
850 km.  The satellite measures the Doppler shift of the 
signal and returns this information to the system’s land 
stations. Système Argos records the Doppler shifts as 
the satellite first approaches and then departs from the 
transmitter and uses these to determine the position 
of the transmitter. In addition, Système Argos allows a 
short digital message to be transmitted back to the user. 
The system is easy to use; however, data could only be 
transmitted from the platform to the satellite and the 
amount of data that could be transmitted is very limited. 

Iridium, a commercial satellite system, was an alternate 
mechanism.  The system allows two way communication 
initiated by either the in situ platform or the onshore 
laboratory.  The system uses considerably more power 
for each transmission but the transmissions need only 
be made once so the overall energy requirements of 
each system are comparable.  Iridium transceivers have 
to be coupled to GPS receivers in order to position the 
platform.  By the 1990s, low power miniaturized GPS 
receivers were available at low cost. The Iridium system 
was an attractive option from a technical point of view; 
however, concerns about the long term financial stability 
of the enterprise, slowed its adoption.     

One of the objectives of TOGA and WOCE was the 
observation of the seasonal cycle of heat in the upper 
ocean.  TOGA was focussed on the tropical Pacific 
while WOCE had global and  higher latitude interests. 
Expendable bathy thermographs (XBTs) deployed 
from Volunteer Observing Ships (VOS) had been 
employed since the 1970s.  The BATHY format had been 
developed to allow temperature profile observations 
to be exchanged in near real time via the Global 
Telecommunication System (GTS); however, the GTS was 
losing these messages where the bandwidth was limited 
in the more remote parts of the globe.  A focussed effort 
was mounted to identify and correct the weaknesses in 
the transmission of BATHY messages.  By the 1990s, near 
real time temperature profiles were being collected along 
most of the globe’s major shipping routes.

During its second phase, TOGA developed an array of 
moorings along the equatorial Pacific.  These moorings 
of the TAO-TRITON array measured wind speed and 
direction, air and surface temperature and a temperature 
profile.  A subset of their observations was sent ashore via 
Système Argos where they were used in models designed 
to predict El Niño conditions.  The planned array for the 
Pacific was only fully deployed at the end of TOGA.  The 
array has been continued during CLIVAR and similar arrays 
extended into the equatorial Atlantic and Indian oceans. 

The most remarkable technological development 
in the 1990s has been the development of the 
profiling float. This instrument can change its buoyancy 

by pumping oil in or out of an external bladder.  The 
instrument is programed to drift at some resting depth 
for periods that are typically 10 days.  At that time, it fills 
its bladder and rises to the surface observing a profile of 
ocean parameters as it rises.  On the surface it delivers 
its position and its data profile ashore via an Argos or 
Iridium satellite link.  It then returns to its resting depth.  
The profilers have mean lifetimes of the order of 4 years.  
The original profilers deployed by WOCE only measured 
temperature; today’s profilers can measure temperature, 
salinity, oxygen plus any other sensor that a scientist 
might venture to add.  An international program, Argo, 
has been maintaining since 2000, a global flotilla of at 
least 3000 profilers throughout the deep ocean. As of 26 
Jun 2016, 3918 profilers had reported a data profile over 
the previous 30 days. Figure 1 shows the impact of this 
technology on our knowledge of the salinity field of the 
ocean.  The number of salinity profiles to 1000 metres 
has increased by a factor of 5 in the decade 2000 – 2010.

TOGA/WOCE also left the surface drifter as one of their 
technological legacies.  Surface drifters were developed 
for the First Global GARP Experiment (FGGE) 1978/79 
and were deployed largely in the Southern Ocean to 
measure surface pressure (SLP) in this data-poor region 
of the ocean.  These floats were large, expensive and 
subject to significant windage which discounted their 
value as a surface current observation.  The TOGA/
WOCE drifter used in the Surface Velocity Programme 
(SVP) is smaller, cheaper, has a very low freeboard and 
is subject to minimal windage. A global array of these 
drifters is still maintained.  The target is for 1250 
drifters; currently the total is 1372.  The drifters in 
the Southern Ocean measure SST and SLP while those

Figure 1:  Salinity profiles to 1000m (blue) and 4000m (red) 
collected per decade. (Source John Gould)
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in the mid latitudes only measure SST.  The trajectories 
of these drifters have been used to track debris fields as 
they move across oceans.

The various elements of the Global Ocean Observing 
System are co-ordinated the Joint Technical Commission
for Oceanography and Marine Meteorology (JCOMM) and 
their status is monitored by its Observing Programmes 
Support Centre (JCOMMOPS).

The 1990s introduced much new technology that allows 
global observation of the ocean.  Even more remarkable 
has been the development of rapid and unrestricted 
sharing of data.  There has indeed been a revolution 
in our ability to observe the oceans through in site 
measurements as described here and through satellite 
measurements as described in Tony Busalacchi’s article.  
The next in situ technology whose  potential is yet to 
be fully realised on a  global scale is the use of ocean 
gliders that have particular value at the boundaries of 
the deep ocean.  For all elements of the observing system 
a persistent challenge is to find resources in national 
funding streams to maintain and enhance the system.

Figure 2: The global in situ observing system as monitored 
by JCOMMOPS.  Clearly visible are the Argo and drifter arrays 
(blue dots) and the tropical moored arrays (red squares).  
Coastal moored buoys are also in red.  The full key can be 
found at  http://www.jcommops.org/board.
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Watching the oceans from space

His research on climate variability and predictability has supported a range of international and national research programs 
dealing with global change and climate, particularly as affected by the oceans.  

Dr. Busalacchi has been involved in the activities of the World Climate Research Program (WCRP) for many years, and was chair 
of the JSC from 2009-14.  He was also co-chair of the CLIVAR SSG from 2000-2006. He has served extensively on US national 
climate–related advisory panels.

Antonio J. Busalacchi, Jr., was in May 2016 appointed president of the University Corporation 
for Atmospheric Research (UCAR) on leave from his position as Director of the Earth System 
Science Interdisciplinary Center (ESSIC) in the University of Maryland. He has studied 
tropical ocean circulation and its role in the coupled climate system. His interests include the 
development and application of numerical models combined with in situ and space-based ocean 
observations to study the tropical ocean response to surface fluxes of momentum and heat. 

Antonio J. Busalacchi
University Corporation for Atmospheric Research (UCAR) Boulder, CO, USA

Contact e-mail: tonyb@ucar.edu

Background 

Over the course of the past two decades of CLIVAR many 
satellite observations of the coupled ocean-atmosphere 
system have transitioned from a proof-of-concept category 
to one of being sustained, allowing the production of 
a number of climate data records based on satellite 
observations.  Arguably, the period from 1995 to the 
present ushered in a new era of space-based observations 
of coupled climate variability and change. Given the long 
lead-time for the development and launch of satellite 
missions, the remotely-sensed observations at the outset 
of CLIVAR are traceable to the planning of decades before. 
For example, one of the enduring legacies of the World 
Ocean Circulation Experiment (WOCE) is today’s 30+ 
year long time series of sea surface topography and upper 
ocean heat content from satellite altimeters. Spaced-based 
scatterometers for measuring surface winds came very 
late in the Tropical Ocean – Global Atmosphere (TOGA) 
decade. Their delay served as a major justification for 
the in situ observations provided by the TAO array. For 
the purposes of this essay, I will restrict my remarks to 
those satellite measurements most relevant to air-sea 
interaction. Observations of precipitation, water vapor, 
shortwave and longwave radiation, clouds, aerosols, soil 
moisture, and greenhouse gases, while of direct benefit 
to CLIVAR, were mainly championed by CLIVAR’s sister 
WCRP program the Global Energy and Water Experiment 
(GEWEX). Similarly, passive microwave observations 
of sea ice concentration and extent, and laser/radar 
altimeter observations of ice sheet elevation were
central to the Climate and Cryosphere project (CliC).

Global observations of air-sea interaction and 
ocean circulation came into their own during 
CLIVAR. Comprehensive space-time coverage could only 
be made possible from the global perspective afforded 
by space-based observing platforms. Infrared (IR) 
observations of sea surface temperature (SST) as derived 
from the AVHRR class of sensors are now more than 30 
years old. However, clouds and aerosols contaminate 
such retrievals in areas of tropical convection, stratus, 
and during volcanic eruptions. This was particularly 
evident prior to TOGA when the eruption of El Chichon 
hindered early detection of the 1982 El Niño. All-weather 
SST became a reality at the outset of CLIVAR with 
passive microwave observations. Since then SST data 
products have been derived from blending both IR and 
passive microwave measurements with the advantage of 
improved accuracy for climate research and applications.

One of the most important climate data records to emerge 
from CLIVAR is that of global sea level. Routine, high 
precision satellite altimetry began in the early 1990s. 
Collectively, TOPEX/Poseidon, ERS-1 and -2, Jason1, 2 
and 3, Envisat, GFO, and Cryosat radar altimeters have 
created a climate quality data record spanning 25 years. 

This global record of sea surface topography has served 
to complement the century long point measurements of 
sea level from tide gauges to yield robust measurements 
of global sea level rise for use in climate change science, 
impacts, and policy discussions. Estimates of ocean heat 
content from satellite altimeters together with Argo 
floats providing information on the vertical distribution
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of heat storage have also provided the impetus for routine 
production of ocean analyses. These 4-D estimates of 
the ocean state are produced in either research mode 
or in support of operational seasonal climate forecasts 
at major national or international weather prediction 
centers. For the latter application, ocean analyses share 
a common heritage with atmospheric (re)analyses that 
emerged from the compilation of data assimilated to 
initialize numerical weather prediction.

One of the more impressive new observation technologies 
that emerged during CLIVAR was the Gravity Recovery 
and Climate Experiment (GRACE). This mission, launched 
in 2002 as a partnership between NASA and the German 
Aerospace Center, had as its purpose to map the Earth’s 
gravity fields by making accurate measurements of the 
distance between a pair of satellites using GPS and a 
microwave ranging system. For more than a decade 
GRACE has provided an accurate definition of Earth’s 
geoid at order 100km spatial scales. GRACE data have 
provided new insights and reduced uncertainties in 
measures of mean dynamic topography. When combined 
with altimetry data, the two data sets have allowed for   
global mapping of absolute ocean surface geostrophic 
currents.

Improved understanding of the wind-driven global 
ocean circulation during CLIVAR has been aided by 
scatterometer measurements of ocean surface wind 
speed and direction. These remotely-sensed observations 
of surface wind velocity have been continuous since 
1991 from the European Space Agency (ESA), NASA, and 
Japan’s National Space Development Agency (NASDA) 
missions. ERS-1 and ERS-2 launched in 1991 and 1995 
respectively. The NASA Quick Scatterometer (QuikSCAT), 

While the aforementioned satellite sensors 
and missions provided key and critical data 
during CLIVAR, their continued existence is far 
from guaranteed. The long lead-time from mission 
formulation to deployment, the cost of access to space, 
and premature failure are among just a few of the 
impediments to be faced. Although observations of sea 
surface topography and surface wind velocity have now 
become routine it is hard to classify them as operational 
given that operational climate services are still in their 
infancy. While the Jason set of altimeters has reached 
serial number 3, every subsequent satellite initiates 
a new round of negotiations to continue the surface 
topography time series. 

Yet, there are many reasons to be optimistic. There are 
new players in the launch vehicle business that is serving 
to bring down the cost and increase the access to space. 
There is a greater number of legitimate space-faring 
nations today than at the beginning of CLIVAR. Small 
satellite buses such as cubesats and the increasing use 
of passive sensors that require less weight and power 
can help lower costs. Similarly, there are synergies, 
potential cost savings, and risk reduction to be had via 
constellation and formation flying observing system 
strategies. In sum total, the future does indeed seem 
bright for the continued space-based monitoring of 
the air-sea interface. More missions and new sensors 
are on the horizon, but careful attention and diligence 
are still needed to make sure that the requisite 
climate quality data records are available to support 
the monitoring and prediction objectives of CLIVAR. 
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Figure 1: An example of views of the ocean now possible 
thanks to space-based observing systems.  Spatial and 
temporal patterns of an EOF analysis of SST, SSM/I wind 
stress vector, TOPEX/Poseidon sea level anomaly, and 
surface current fields over the 1993–1998 period.
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CLIVAR Contributions to a Global 
Observing System

Atlantic Deep Water formation and transport. In the Tropical Atlantic, they examine ocean mixing with a focus on the dynamics of 
oxygen minimum zones. These increasingly use modern robotic platforms, including moorings, profiling floats and gliders.

His interest in integrated ocean observatories led to the launch of a large-scale EU project “AtlantOS” in 2015 to better coordinate 
the participation of European and international partners. He also works to integrate marine sciences by bringing together 
different disciplines from the natural and social sciences in the framework of the Kiel based ‘Future Ocean’ research cluster. A 
recent interest is the sustainable development of the ocean.

He is member of the WCRP JSC and of the Leadership Council of the United Nations Sustainable Development Solutions Network. 
He serves on the ICSU Committee on Scientific Planning and Review and chairs the German committee “Future Earth”. He is a 
fellow of the AGU and a member of the European Academy of Sciences.

Martin Visbeck is the head of the Physical Oceanography research unit at GEOMAR Helmholtz 
Centre for Ocean Research Kiel and a professor at Kiel University in Germany. 

His research interests and those of his group revolve around the ocean’s role in the climate system 
with an emphasis on understanding ocean and climate variability and they maintain current 
measurements in the Subpolar North Atlantic to document the variability and change of North

Martin Visbeck
GEOMAR Helmholtz Centre for Ocean Research, Kiel, Germany

Contact e-mail: mvisbeck@geomar.de

Background 

Observations remain one of the foundations of climate and 
ocean science. These, together with theory and modeling 
have led to improved understanding and in many cases 
to routine climate and ocean products that now provide 
timely assessment and prediction of the climate and ocean 
system. The evolution of the ocean observing system and 
its connection to the World Climate Research Programme 
(WCRP) was recently reviewed by Gould et.al. (2013). As a 
core project of the WCRP CLIVAR followed in the footsteps 
of two globally recognized ocean and climate programmes. 
The first, the Tropical Ocean Global Atmosphere (TOGA) 
project, aimed at understanding and predicting the 
evolution of the El Niño - Southern Ocean (ENSO) 
phenomenon in the Pacific. The World Ocean Circulation 
Experiment (WOCE) set out to improve models of the 
ocean’s role in climate by collecting comprehensive remote 
sensed and in-situ data. Many of the physical observations 
established by WOCE and TOGA were subsumed into 
the framework of the much broader CLIVAR project that 
focussed on the coupled ocean-atmosphere system. In 
particular its interest in a broad range of time scales (from 
seasonal to centennial) needed a much broader observing 
agenda.

CLIVAR contributed to the observing system by supporting 
a large number of climate and ocean process experiments 

that helped to understand and model particular processes 
of relevance for the climate system, including: 

Two projects focussed on the American monsoon system
• VAMOS MESA (Monsoon Experiment South America) 

South American Low Level Jet Experiment (SALLJEX) 
and archive. This aimed at obtaining improved 
temporal and spatial description of the tropospheric 
flow over central South America for the validation and 
improvement of short- and long-term predictions in 
the region. 

• VAMOS North American Monsoon Experiment (NAME) 
a joint CLIVAR-GEWEX process study.  This aimed at 
determining the sources and limits of predictability of 
warm season precipitation over North America, with 
emphasis on time scales ranging from seasonal-to-
interannual. 

Five projects with regional foci
• The Tropical Atlantic Climate Experiment (TACE).  This 

brought improved coverage of surface and subsurface 
data and dedicated process studies in the eastern 
tropical Atlantic through extension of the PIRATA 
array, French EGEE cruises in the Gulf of Guinee, US 
and German programs, extended Argo coverage, a 
meteorological station at São Tome and additional 
moorings. 
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• The African Monsoon Multidisciplinary 
Analysis (AMMA) with the aim to improve our 
knowledge and understanding of the West 
African monsoon and its variability with an 
emphasis on daily-to-interannual timescales. 

• NPOCE (the Northwestern Pacific Ocean Circulation 
and Climate Experiment) program observes, simulates, 
and improves understanding of the dynamics of the 
northwestern Pacific ocean circulation and its role 
in low-frequency modulations of regional and global 
climate, including the western Pacific warm pool 
variability, the Indonesian through flow variability, 
ENSO, the East Asian Monsoon and cyclones in the 
region.

• The South Pacific Ocean Circulation and Climate 
Experiment (SPICE), focused on observing a shallow 
western boundary current system in the tropical 
Pacific

• The VAMOS Ocean-Cloud-Atmosphere-Land Study 
(VOCALS) explored processes central to the climate 
system of the Southeast Pacific region, a tightly coupled 
system involving poorly understood interactions 
between the ocean, the atmosphere, and the land.

These process studies typically lasted a few seasons 
and instrumented the atmosphere, ocean and/or land 
system in one region extensively. CLIVAR requested those 
groups to identify opportunities and requirements for a 
reduced system that could be sustained.  Those sustained 
observations were co-developed under the auspices of 
the Global Climate Observing System (GCOS), which was 
established in 1992 and by the United Nations Framework 
Convention on Climate Change (UNFCC).

In particular CLIVAR played an important 
role in advancing the ocean component of the 
sustained observing system. This was organised 
under the Global Ocean Observing System (GOOS, Figure 
1) under the auspice of the Intergovernmental Oceanic 
Commission (IOC). CLIVAR science supports the enhanced 
monitoring of the ocean through its ocean basin panels 
and GSOP (Global Synthesis and Observations Panel) 
in collaboration with the GOOS/GCOS/WCRP Ocean 
Observing Panel for Climate (OOPC).

A particularly successful example has been the 
development and maturity of the Argo Programme, 
which benefitted from the early WOCE developments 
of a profiling version of the Autonomous LAgrangian 
Circulation Explorer (ALACE) floats.  These were the 
means of building a global array that would provide 
unprecedented observations of the upper 2000m of the 
open oceans. CLIVAR supported the establishment of the 
Argo programme which started in the Atlantic and North 
Pacific in 2000 and by 2007 covered the whole ice free 
ocean with currently about 4000 active floats sampling 
the ocean typically every 10 days. 

Hydrographic sections were arguably one of the key
observing elements of WOCE and systematic ship-based 
surveys of the global ocean have been continued under 
CLIVAR in collaboration with the International Ocean 
Carbon Co-ordination Project (IOCCP). The joint objective 
is to establish a program of hydrographic sections re-
occupied at 5-10 year intervals. The Global Ocean Ship-
based Hydrographic Investigations Program (GO-SHIP) 
was formally established in 2007 and has since overseen 
the continuation of sustained ship-based hydrography.

Other contributions to global sustained observations and 
monitoring included:

• CLIVAR’s early promotion of the PIRATA array in the 
tropical Atlantic; its advocacy in support of further 
developing and maintaining the tropical Pacific buoy 
array and the initial development under the CLIVAR/
GOOS Indian Ocean Region Panel of a sustained buoy 
array for the Indian Ocean.  These observational 
systems feed directly into operational seasonal 
prediction.

• Development of the wider Indian Ocean sustained 
observing system (IndOOS) by the CLIVAR/GOOS 
Indian Ocean Region Panel consisting of several 
observing system  elements, including Argo floats, 
Volunteer Observing Ship XBT/XCTD sections, 
surface drifting buoys, the regional tide gauge 
network, the tropical moored buoy array referred to 
above, as well as satellite observations. 

• Planning for the Southern Ocean Observing System 
as a post-International Polar Year legacy (Southern 
Ocean Region Panel, with the WCRP project Climate 
and Cryosphere (CliC) and the Scientific Committee 
for Antarctic Research (SCAR)).

• Coordination of programmes to monitor the Atlantic 
Meridional Overturning Circulation under the 
Atlantic Region Panel (ARP) and efforts to develop 
the South Atlantic ocean observing system.

Figure 1: Artist’s impression of the ocean observing system 
(GOOS, IOC/UNESCO)
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• ASOF, the Arctic Sub-arctic Ocean Fluxes programme.  
This is a CLIVAR-endorsed activity to measure 
and model the variability of fluxes between the 
Arctic Ocean and the Atlantic Ocean.  It aims on 
implementing a longer-term system of critical 
measurements needed to understand the high-
latitude ocean’s steering role in decadal climate 
variability.

Observations were also increasingly required to be 
delivered in near real time so that they could be used 
in operational ocean information products to guide and 
safeguard marine operations and deliver short term 
ocean and weather forecasts.  During the first decade of 
CLIVAR there was a growing recognition of the potential 
to build on the observational capabilities that had been 
established for limited-lifetime scientific experiments 
so as to provide a framework for an emerging sustained 
ocean observing system.
 

CLIVAR was a key sponsor of the OceanObs conferences 
in 1999 and 2009.  The ocean community had made 
tremendous progress between OceanObs’99 where the 
vision was first articulated to deploy an increasingly truly 
global ocean observing system and OceanObs’09. Despite 
some significant inadequacies the observing system has 
allowed the production of estimates of quantities that are 
essential for monitoring the ocean’s role in climate (heat, 
freshwater and carbon storage, upper ocean circulation 
and, with less confidence, changes in the ecological cycle). 
The Framework for Ocean Observing (FOO) concept 
starts with societal drivers and the demands that these 
generate for ocean observations and include:

• The need to document ocean change (measuring 
the responses to climate change, overfishing and 
pollution)

• Initializing ocean models for climate predictions (e.g. 
El Niño, Tropical Atlantic Variability, Indian Ocean 
Dipole and their respective impacts on monsoon 
systems and decadal predictability)

• Initializing short-term ocean forecasts for marine 
operations (e.g. oil spill and pollution tracking, 
search-and-rescue)

• Regulatory matters for coastal states (e.g. compliance 
with the Climate Change Convention, Convention of 
Biodiversity, Marine Spatial Planning and associated 
demands).

The Framework is intended to guide the whole 
ocean observing community and be organized 
around the Essential Ocean Variables (EOVs).
This approach has been shown by GCOS to break down 
barriers to co-operation amongst funding agencies and 
observing networks. Implementation is to be guided by 
the level of “readiness” with immediate implementation 
of components that have already reached maturity while 
encouraging innovation and capacity building for less 
mature observation streams and methods. CLIVAR science 
has played a key role to improve the readiness of the 
various observing systems. Though initially just an idea, 
CLIVAR scientists have proposed a small-scale pilot of this 
new observing concept. This would then be scaled up and 
deployed in a region for a few years mostly in the context 
of a process study. Once the feasibility is fully understood 
plans for global implementation would become possible. 

In summary, CLIVAR science has provided motivation, 
implementation as well as advances to the global and 
regional climate observation. Its focus on the interaction 
between atmosphere and ocean made CLIVAR a 
particularly strong force in the development of a sustained 
ocean observing system. These observations have proved 
invaluable to our understanding of climate processes, 
detection of climate variability and change and have 
provided the basis for an increasing number of climate 
services to society from climate change assessment (IPCC) 
to climate services under the Global Framework for 
Climate Services, (GFCS).
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Figure 2: Essential climate variables (Source: Framework for 
Ocean Observing).
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CLIVAR contributions to coupled 
modelling and the IPCC

keynote talks, as well as many other contributed presentations at national and international conferences.

Jim has been extensively involved in the World Climate Research Programme (WCRP) project on Climate Variability and 
Predictability (CLIVAR), including roles as co-chair of the Scientific Steering Group (SSG) of both U.S. and International CLIVAR, 
Chair of the Scientific Organizing Committee for the WCRP Open Science Conference (2011), and membership on several other 
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James (Jim) W. Hurrell is the Director of the National Center for Atmospheric Research (NCAR). He is 
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editorials. Jim has also edited several books, and he has given more than 150 professional invited and
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Background 

The main objectives for the World Climate Research 
Programme (WCRP) since its inception at the conclusion 
of the first World Climate Conference in 1980 have been 
to determine both the predictability of climate and the 
effect of human activities on climate. A major contribution 
to these objectives has come through the Coupled Model 
Intercomparison Project (CMIP), which has been organized 
and promoted by the WCRP Working Group on Coupled 
Modeling (WGCM) since the mid-1990s (Meehl et al. 
1997; Stouffer et al. 2016). CMIP is formulated to provide 
a co-ordinated multi-model experimental framework to 
address emergent and compelling science questions and 
to study future climate change through the use of new 
emission scenarios. The CMIP data sets have provided a 
new paradigm for climate science research (Meehl et al., 
2007) and have proven to be a tremendous resource to 
the climate research community (e.g., Meehl et al. 2014; 
Eyring et al. 2016). Among other uses, they promote and 
facilitate model validation and diagnosis of shortcomings, 
lead to improved understanding of key processes and 
feedbacks in the climate system, and enable evaluation of 
inter-model differences. In addition, CMIP data sets are the 
major resource used to assess not only near-term climate 
change and climate predictability at decadal timescales, but 
also changes to year 2100 and beyond through the use of 
future emission scenarios in projections of future climate 
change. Consequently, CMIP has enabled a tremendous 
expansion of academic interest in global coupled climate 
models and their simulation characteristics. While CMIP 

is not dictated, organized, or run in any way by the 
Intergovernmental Panel on Climate Change (IPCC), CMIP 
state-of-the-art co-ordinated climate change simulations, 
and comprehensive and insightful scientific studies of 
climate change which have emerged from analyses of the 
model data, have underpinned the IPCC assessments as 
well as various national assessments of climate change 
(e.g., Eyring et al. 2016). To be clear, however, the primary 
goal of CMIP is to advance the foundations of climate 
science and address the research foci of CLIVAR (Climate 
and Ocean: Variability, Predictability and Change) and the 
other core projects of WCRP. 

The origins of CMIP can be traced to the Steering Group 
on Global Coupled Models (SGGCM), which was a WCRP 
committee formed in 1990. The charge to the SGGCM 
was to formulate a strategy for developing nascent global 
coupled climate models.  This strategy involved organizing 
coordinated experiments and formulating experimental 
standards. It was at this time that global coupled 
climate models were being used for the first time 
for century timescale climate change simulations.
The SGGCM organized a first-ever global coupled climate 
model workshop in 1994, where representatives from 
modeling and analysis groups from around the world first
discussed the concept of a coupled model intercomparison 
project. CMIP then began in 1995 under the auspices of 
CLIVAR NEG-2 (Numerical Experimentation Group), 
which was previously the SGGCM, and later became
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WGCM. Since the beginning, CMIP was run by a committee 
within WGCM called the CMIP Panel.  CMIP has evolved 
in phases, with the current incarnation being the sixth 
phase (CMIP6, Eyring et al., 2016).  The CMIP activities 
of the WGCM are implemented in close co-operation with 
WCRP core projects, including CLIVAR, as well as the 
Working Group on Numerical Experimentation (WGNE), 
the Working Group on Seasonal to Interannual Prediction 
(WGSIP), and other partner programs.

The objective of CMIP is to configure and analyze multi-
model datasets to better understand past, present and 
future climate changes arising from the interactions 
between internally-generated, unforced variability and 
the climate system response to natural (e.g. volcanoes, 
solar) and anthropogenic (e.g. greenhouse gases, 
aerosols) changes in radiative forcing. This understanding 
includes assessing model performance during the 
historical period, and studying the causes of the spread in 
future projectionsto characterize uncertainty. Idealized 
experiments are also used to increase understanding 
of the model responses. In addition, experiments are 
performed to investigate the predictability of the climate 
system on various time and space scales, and to make 
predictions from observed climate states. An important 
goal of CMIP has always been to make the multi-model 
output publically available in a standardized format 
to facilitate multi-model analysis by CLIVAR scientists 
as well as the broader climate research community. 
The Program for Climate Model Diagnosis and 
Intercomparison (PCMDI; http://www-pcmdi.llnl.gov/
projects/pcmdi/) has provided much of the infrastructure 
support for CMIP, and it has helped to establish well-
defined experiment protocols and data standards. PCMDI 
continues to be a key supporter of CMIP and is playing 
a leadership role in the distribution of CMIP data that is 
now more broadly shared across the community through 
the Earth System Grid Federation (Williams et al., 2015). 
Stouffer et al. (2016) provide a historical summary of CMIP. 
Briefly, the first common experiments did not involve 
interannual changes in radiative forcing, but rather used 
idealized forcing with an atmospheric carbon dioxide 
concentration increase of 1% per year compounded. 
As CMIP evolved, the suite of experiments expanded to 
include historical “20th century” simulations and more 
detailed and elaborate projections for future changes in 
climate using various emission scenarios, in addition to 

more idealized simulations to better understand specific 
climate processes. A milestone for the scientific research 
community came with the third phase of CMIP when 
emphasis was placed on making the multi-model output 
broadly and easily accessible to the public (Meehl et al. 
2007).  Importantly, the broad availability of model 
output also enabled its use beyond the traditional 
climate modeling community, including scientists 
who study the many different impacts of climate 
change. The resulting rich collection of peer-reviewed 
scientific findings were thoroughly assessed by the IPCC, 
and they formed the foundation for the conclusion of 
Fourth Assessment Report that “most of the observed 
increase in global average temperatures since the mid-
20th century is very likely due to the observed increase 
in anthropogenic greenhouse gas concentrations”.

The fifth phase of CMIP (Taylor et al. 2012) included more 
idealized, process and feedback-oriented experiments 
and output to even further facilitate studies addressing 
the processes and mechanisms responsible for climate 
variability and change. It also was designed to address the 
physical mechanisms through which the climate system 
responds to changes in external forcing in the context 
of internally generated climate variability, including 
extreme conditions of the more distant past (Braconnot 
et al. 2012). Taylor et al. (2012) and Stouffer et al. 
(2016) describe other novel aspects of CMIP5, including 
coordinated experiments designed to better document 
carbon-climate interactions (e.g., Friedlingstein et al. 
2012), the impact of atmospheric chemistry on climate 
(e.g., Lamarque et al. 2013), and a new approach to 
specifying future scenarios developed in collaboration 
with the integrated assessment modeling community 
(Moss et al. 2010).  Also noteworthy was the introduction 
of a suite of “near-term” experiments in which climate 
models were initialized with observations of the climate 
system at specific times, starting in 1960, allowing more 
detailed analysis of predicted changes in the next few 
decades. These experiments largely defined the new field 
of “decadal climate prediction” that continues to be a 
major focus of CLIVAR and the broader climate research 
community (Meehl et al. 2009; Smith et al. 2013). 

Planning for Phase 6 of CMIP started a few years ago, again 
building on the previous phases, and an important part of 
the process was surveying community needs (Meehl et al. 
2014; Eyring et al. 2016). This was especially important 
given the need for CMIP to address an ever-expanding 
range of scientific questions arising from more and more 
research communities utilizing the CMIP experimental 
databases. As Eyring et al. (2016) describe, the outcome 
of these discussions is that CMIP has been reorganized 
into a more distributed activity.  To address the modeling 
groups’ comment that they felt too much pressure to 
run all the experiments in CMIP5, in CMIP6 there is 
now a menu of CMIP-Endorsed Model Intercomparison 
Projects (“MIPs”) that address various science questions. 
The modeling groups can then choose which MIPs to 
run based on their science interests and human and 
computer resources.  These particular MIPs are specific

Figure 1: The chairs and co-chairs of SGGCM, CLIVAR NEG-2, 
and WGCM, 1990 – 2007 L to R Jerry Meehl, Lennart Bengtsson, 
Larry Gates, John Mitchell  (Reading,UK  May, 2008)
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to CMIP6, but there is a common core element to this 
and future CMIP phases consisting of a set of baseline 
experiments that are typically run when a new model 
version is developed (e.g., pre-industrial control run, 
1% CO2 increase run to obtain the transient climate 
response (TCR), instantaneous 4XCO2 experiment 
to derive the equilibrium climate sensitivity). These 
experiments have been formalized as the Diagnostic, 
Evaluation and Characterization of Klima (DECK) 
experiments.  Additionally, there is also a requirement 
for a CMIP historical simulation (1850-present) to 
be performed to quantify a climate model’s response 
to a combination of forcings over the 20th century.  
These represent a common set of simulations that all 
participating model groups must complete to participate 
in CMIP6. The DECK and historical simulations are also 
critical for continuity and for establishing and comparing 
model characteristics. Another CMIP element, which is 
essential to the user community, is agreement on a set of 
common standards and documentation that facilitate the 
distribution of model outputs and the characterization of 
the model ensemble. 

Over the last two decades, not only has CMIP expanded 
and evolved, but so has the climate modeling community 
itself. Today, many modeling centers routinely release 
state-of-the-art model output for public scrutiny through 
CMIP.  Because much of the analysis takes place outside 
of these centers, planning for CMIP now involves both 
climate modeling groups and the community of scientists 
analyzing results. CLIVAR scientists fit into both of these 
categories, with many involved in model development, 
including the CLIVAR Ocean Model Development Panel 
and service on WGCM, as well as others who have set the 
broader CLIVAR objectives and research foci that CMIP 
helps to address. This includes the overarching CLIVAR 
objective to describe and understand the dynamics of 
the coupled ocean-atmosphere system and to identify 
processes responsible for climate variability, change 
and predictability on seasonal, interannual, decadal, 
and centennial time-scales. CLIVAR tackles its research 
foci through the collection and analysis of observations, 
through the development and application of coupled 
climate system models, and through the analysis of model 
simulations such as those coordinated through CMIP.
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Background 

CLIVAR’s mission is to understand the dynamics, the 
interaction, and the predictability of the coupled ocean-
atmosphere system. CLIVAR facilitates observations, 
analysis and predictions of changes in the Earth’s 
climate system, enabling better understanding of climate 
variability and dynamics, predictability, and change, to 
the benefit of society and the environment in which we 
live. The observational data, climate predictions, and 
an understanding of the climate system, while critical 
to adaptation, resilience, and climate risk management, 
are not sufficient to yield benefits to society. The gap 
can be bridged by climate services. Climate services 
involve the timely production, translation, and delivery 
of useful climate data, information and knowledge for 
societal decision-making (National Research Council, 
2001).  Climate services are a broad multi-disciplinary, 
sometimes trans-disciplinary, enterprise, which may 
draw on many experts and practitioners. They seek to 
impact positively social, human, economic, development 
and/or sustainability outcomes. 

Several levels of intervention often separate the 
climate scientist from the “end user” (Figure 1), such 
as the farmer, the water reservoir manager, or the land 
conservation planner. The role of the climate scientists 
and international research organizations such as CLIVAR 
is to support that enterprise, and to make sure that the 
best possible observations, models and understanding is 

available, accessible, and communicated in a clear manner. 
CLIVAR has been fostering that work for over 20 years.

How CLIVAR structure supports Climate Services

CLIVAR’s capabilities grow out of a strong 
foundation of international co-ordination to build 
and sustain ocean and atmosphere observations 
and to improve climate models. These activities 
help us understand the past, monitor the present, and 
predict the future,which is the type of information 
that forms the basis of climate services (Goddard et al. 
2014). CLIVAR’s Global Synthesis and Observations Panel 
(GSOP) has the challenging task to synthesize the global 
observations through both observation-based syntheses 
and model-based syntheses (i.e. re-analyses). The global 
ocean observing system relies on the contributions and 
cooperation of countries around the world (as outlined 
in the articles by Visbeck, Clarke and Busalacchi) (e.g. 
McPhaden et al. 1998, Roemmich et al. 2009), as does 
the synthesis of that data. CLIVAR’s climate model 
development contribution from the Ocean Model 
Development Panel (OMDP) emphasizes coordination of 
ocean modeling. The connections of this Panel to the 
Earth-system modeling community are inherent because 
its members are typically from the leading centers of 
climate model development and model use from around 
the world. The OMDP brings together the modeling
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community to assess things like the added value of using 
very high-resolution ocean models that can resolve 
ocean eddies (CLIVAR 2014). One of the main functions 
of the group is to stimulate model development through 
investigation of the effect of various formulations 
through coordinated studies, such as CORE-Co-ordinated 
Ocean-ice Reference Experiments (Griffies et al. 2009, 
Danabasoglu et al. 2014). The models that their work 
helps to improve are used in the model-based synthesis of 
observations mentioned above. They are also used to test 
understanding of the observed world and to contribute 
to predictions of the future. The resulting information 
about the global ocean from high quality observations 
and models benefits climate services through 
contributions to better El Niño prediction (Stockdale 
et al. 2011, Balmaseda et al. 2009), understanding and 
measuring regional sea level rise (Cazenave et al. 2009), 
quantification of heat and carbon storage (e.g. Majkut et 
al. 2014, Frölicher et al. 2015), the role of ocean variability 
and change in affecting fish stocks (e.g. Mantua et al. 
1997) and numerous other ways. 

At a more regional scale, ocean basin panels focus on 
processes of variability and change relevant to that 
ocean region, which then impacts the climate in nearby 
continents and possibly beyond.  For regional climate 
variability and change that has global-scale linkages, 
CLIVAR created the Monsoons Panel jointly with GEWEX, 
and the Climate Dynamics Panel to focus international co-
ordination and collaboration on those global-scale issues 
that have local-to-regional impacts.

The international co-ordination and collaboration within 
these panels aid our interpretation of predictability at 

different timescales, motivate observational campaigns, 
and contribute to process understanding for model 
improvement. All of which comes back to strengthen the 
scientific foundation of climate services.

Examples of CLIVAR(/WCRP) science that supports 
Climate Services

A potentially valuable contribution to climate services 
is the ability to inform expectations about the future 
climate – whether it is the next season, the next decade, 
or the end of the century. The same types of global climate 
or Earth-system models are used for each timescale, but 
the data used for their initialization or what external 
factors influence radiative forcing differ. The research 
co-ordinated by working groups under CLIVAR (though 
now transitioned to WCRP) has been integral to our 
understanding of how to design effective modeling and 
prediction systems, as well as how to evaluate them. 

The Working Group on Seasonal-to-Interannual Prediction 
(WGSIP) focuses on assessing and improving predictions 
(e.g. Kirtman and Pirani 2009). The group includes 
scientists from centers that make real-time climate 
forecasts. They have contributed to evaluations on ENSO 
prediction, the role of sea ice and the stratosphere to 
seasonal climate variability and prediction, and evaluation 
of ensemble methods. While WGSIP does not itself provide 
seasonal climate forecasts, the outcomes of its research 
and co-ordination contribute to better practices among 
groups who do make forecasts. 

The Working Group on Coupled Modeling (WGCM) reviews 
and fosters the development of coupled climate models, 
including organization of model intercomparisons and 
utilization of available instrumental records and paleo-
climatic data for model validation and the diagnosis of 
shortcomings. WGCM is responsible for the Coupled Model 
Intercomparison Project, which is now planning for Phase 
6 (See article by Jim Hurrell) (Eyring et al. 2016). 

These co-ordinated experiments of the current climate 
system and its projected alteration under anthropogenic 
climate change have been the backbone of climate 
adaptation and mitigation research and policy since the 
CMIP3 contributed to the IPCC 4th Assessment Report, and 
even more strongly with the CMIP5 suite contributing to 
the IPCC 5th Assessment Report. A quick search on Web of 
Science reveals that over 700 papers have used CMIP3 since 
2007 and approximately 1800 papers have used CMIP5 
since 2009 (admittedly some may be in common). These 
are peer reviewed papers and do not include the numerous 
reports and grey literature that have been produced 
within the development and humanitarian communities, 
local-to-national governments, UN agencies, etc.

A current scientific and climate services frontier that CMIP5 
catalyzed was the experimental prediction of decadal

Figure 1: A VERY simplified decision network for agriculture. 
The illustration indicates the types of institutions and 
expertise involved in connecting relevant climate information 
to agricultural decision-making, recognizing that agricultural 
decisions are occurring in manyplaces, not just on the farm. 
The arrows between boxes indicate connections and flow 
of information that could be accomplished in many ways 
including the media, training, and direct interaction and 
collaboration. (Source: Walter Baethgen; Goddard et al 2014).
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variability (Taylor et al. 2012). The scientific impetus to 
conduct these experiments, which address a timescale 
relevant to many adaptation interventions, rests on the 
global ocean observations, particularly of the deep ocean, 
as well as the increasing understanding of decadal-scale 
phenomena and the ability of climate models to capture 
important aspects of that. US CLIVAR initiated a working 
group to assess these early experimental predictions 
(Goddard et al. 2013), which included many international 
participants. Better understanding of decadal variability 
and development of predictions is now one of the WCRP 
Grand Challenges (http://www.wcrp-climate.org/grand-
challenges), entitled “Near-term Climate Prediction”, in 
which CLIVAR plays a central role. The Grand Challenges 
are societally-relevant issues in climate science, where 
we believe notable progress is possible in the next 5-10 
years through focused international co-ordination and 
collaboration. They cut across the four Projects of WCRP – 
CLIVAR, GEWEX, CLiC and SPARC.

The relevance of high quality ocean observations, 
ocean models, and an understanding of ocean 
processes, including air-sea interaction, is obvious 
in all seven of the current Grand Challenges. Finally, 
CLIVAR contributes to climate services through capacity 
building and outreach. This effort targets mainly young 
scientists and developing country scientists. One of the 
most active efforts has been the training workshops 
of the Expert Team on Climate Change and Detection 
Indices (ETCCDI), which is co-organized by WMO’s CCl 
and JCOMM. In these workshops, scientists within a 
region come together with their data, are trained on 
climate issues, particularly the statistics of extremes, 
learn how to calculate extremes indices on their data, 
and then collectively write a paper. The process has been 
very successful. Another process that has demonstrated 
positive value to climate services is the PACE program 
(Postdocs Applying Climate Expertise; http://vsp.ucar.
edu/pace) initiated by US CLIVAR to connect postdoctoral 
climate scientists to decision making institutions. Now in 
its eighth year, young climate scientists have successfully 
worked on issues of famine early warning, high mountain 
extremes, communal impacts of Arctic climate change, 
drought management, and others.

Concluding Thoughts

The landscape of climate services is complex. Decisions 
and policy that may be impacted by climate are typically 
also impacted by many more things; some maybe more 
important than climate. Many disciplines must contribute 
to effective connections with the end users including 
social scientists, economists, sectoral experts, and more. 
Everyone must do their part, and do it well. Climate 
scientists contribute by doing good science, not necessarily 
by working directly with the farmer or the politician. There 
are some climate scientists, who will do that, and that is 
important too. What must be kept in mind is that those 

scientists or experts can’t do their job effectively if the rest 
of the climate science enterprise is not working effectively. 
Contrary to recent commentary, the job of climate science 
is not “done”. We know a lot about the climate system, 
and there is a lot we can say, but don’t know everything 
we need to know. Questions and problems remain that 
we have had for decades, and maybe only now have the 
computing power, or the observing technology, to start to 
address them. 

Whatever your role is in the climate community, you are 
relevant to climate services through the excellence of your 
work and your ability to communicate it. Communication 
is everyone’s responsibility, and one that most of us 
continue to work to improve throughout our careers. 
Clear communication means providing data and/or 
interpretation so others can take that to the next stage. It 
means not overselling your results. It also means that we 
step out of the jargon trap, even when we speak to our own 
communities. As climate scientists, and those that use the 
science of others, we will move the whole climate services 
enterprise forward if we can consider 
1. Where are the new opportunities to use new science 

and understanding?, and 
2. What are some of the challenges that climate services 

face that CLIVAR could better inform? 
The answers to these questions will not be answered 
effectively by individuals working in isolation but by the 
broad climate community working together.
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The way forward: cross-disciplinary 
collaboration

the International Center for Theoretical Physics in Trieste in the Earth System Group, lead by Franco Molteni. After a year as 
Assistant Scientist at WHOI, she then moved to Georgia Tech in 2007. Her group’s research focuses on understanding the role 
of the ocean circulation in transporting and mixing physical and biogeochemical tracers at scales ranging from 100 m to ocean 
basins. Her research goal is to link physical processes to climate variability, biodiversity and evolution by combining basic and 
applied sciences with innovative modeling tools.

In 2011 she was awarded the AMS Nicholas Fofonoff Award ‘For contributions to understanding mesoscale ocean dynamics, 
geostrophic turbulence, and tropical dynamics, and their coupling with marine ecosystems.’

Annalisa Bracco is a professor in the School of Earth and Atmospheric Sciences at Georgia Tech.  
She graduated in Physics from the University of Torino, Italy and obtained her PhD in 2000, from 
the University of Genoa, in geophysical sciences and oceanography. A postdoctoral scholar at the 
Woods Hole Oceanographic Institution from 2000 to 2002, she then worked as Junior Scientist at
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Background 

To fulfill its mission ‘to understand the dynamics, the 
interaction, and the predictability of the coupled ocean-
atmosphere system’ CLIVAR has begun considering the 
role played by the global ocean in the Earth’s carbon 
cycle. The ocean is a major sink of anthropogenic CO2, 
and contributes to slowing the increase in atmospheric 
CO2 concentrations due to anthropogenic emissions. 
Such absorption of greenhouse gases at increasing 
rates impacts the circulation, biogeochemistry and 
ecosystem structure of the ocean. Those changes are 
not well characterized and remain a major uncertainty 
in climate simulations, due to the number and nature of 
processes involved and of their time and spatial scales. 
They have also the potential to feedback positively onto 
the atmospheric carbon dioxide concentrations, slowing 
down the oceanic carbon uptake rates and further 
enhancing global warming. The strength of this feed 
back depends on the complex interplay between physical 
and biogeochemical processes regulating the sensitivity 
of ocean carbon uptake to climate perturbations. The 
ocean similarly affects distributions and concentrations 
of other important chemical elements, from nitrogen 
and phosphorous to sulfur, the first two regulating 
photosynthetic carbon fixation and in turn the marine 
ecosystem, and the latter being potentially a source of 
nuclei for cloud condensation.

Developing a better understanding of the 
links and feedbacks between climate and the 
chemical and biological properties of the world’s 
oceans requires cross-disciplinary studies. These 
encompass a broad range of time and space scales, and 
cannot be tackled by a single program. While the CLIVAR 
mission remains focused on understanding the physical 
aspects of the climate system, the program is poised to 
be both a resource for, and an active participant in, the 
research being done to determine how climate variations 
mediate air-sea fluxes, how the ocean circulation 
redistributes chemical elements, and ultimately how the 
atmosphere and ocean chemical states may change over 
time in conjunction and/or response to physical changes.

One sample activity recently initiated by the CLIVAR 
community to address this overall area of investigation 
in collaboration with scientists from IMBER (Integrated 
Marine Biogeochemistry and Ecosystem Research project) 
and SOLAS (Surface Ocean - Lower Atmosphere Study 
program) is the Research Focus on eastern boundary 
upwelling systems  (EBUS).  These systems include the 
California, Humboldt, Canary and Benguela Current 
systems.  Such coastal upwelling systems account for less 
than 3% of the world ocean surface, but they contribute the 
largest single amount to ocean biological productivity, with 
up to 40% of the global fish catch. EBUS also contribute 
to the global carbon cycle, though the magnitude of this 
contribution is highly uncertain due to the difficulties
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in estimating with accuracy fluxes on continental 
margins where complex dynamics, terrestrial inputs, 
biological processes, sediment-water interactions, 
and human-induced perturbations all contribute with 
nonlinear interactions. The adjacent coastal regions, in 
addition, host large human populations, thus playing 
key biological and socio-economical roles. The state 
of these upwelling systems varies dramatically on 
interannual and interdecadal time scales and longer, and 
the variability is associated with that of tropical modes 
of variability, from ENSO to the Atlantic Equatorial Mode 
at interannual scales, and to extra-tropical modes such as 
the Pacific Decadal Oscillation, the Southern Oscillation 
or the Atlantic Multidecadal Mode at interdecadal times. 
Ecosystems in upwelling systems respond strongly to 
these variations through the physical influence of winds, 
light, and temperature, and their effects on nutrient and 
oxygen availability. Observations however are scarce, 
and our understanding of the response of EBUS marine 
ecosystems to climate variability remains incomplete.

Even more challenging is to predict the ecosystem response 
to climate change. Phytoplankton growth depends strongly 
on the physical environment, particularly on the depth of 
the surface mixed layer and on the strength of the processes 
that bring subsurface nutrients into the euphotic zone. 
Furthermore, the potential for reorganizations in biological 
community structure and likely, but yet unknown, 
sensitivities of different species to different climate 
drivers complicates any predictive attempt. It is unclear 
how known physical-biogeochemical relationships 
may respond to changing climate. It is also still an 
open question whether upwelling in coastal areas will 
increase or decrease under climate change.  In summary, 
EBUS model biases strongly limit our ability to advance 
understanding. Those regions indeed coincide with the 
largest SST errors in state-of-the-art coupled general 
circulation models, with simulated mean SSTs in excess 

of 3°- 10°C when compared to observations. The primary 
cause of this bias appears to be in the underestimation of 
the upwelled waters due to low resolution, both horizontal 
and vertical, at times augmented by a poor representation 
of deep water characteristics; the resulting air-sea 
contrast is thus weaker, preventing the formation of low-
level clouds. The SST biases also have remote effects, 
influencing the representation of ocean temperature and 
salinity across the water column, and precipitation over 
surrounding land masses. As a further complication, the 
EBUS radiative budget at the air-sea interface is only 
qualitatively understood and the role played by ocean 
eddies in transferring heat zonally from the coast to the 
open ocean and in maintaining the stability of coastal 
current systems has yet to be quantified. 

Observational programs are therefore required. In this 
respect CLIVAR has recently supported VOCALS (VAMOS 
Ocean-Cloud-Atmosphere-Land Study) that, with a major 
field campaign in the southeastern Pacific in 2007, has 
attempted to characterize the heat exchange processes 
and cloud-aerosol interaction. VOCALS also motivated 
research on the Benguela upwelling system, which has 
taken form with the current European project PREFACE. 
The main objective of the Research Focus is to improve 
the EBUS representation in earth system models through 
a more realistic representation of the physical processes 
at play, but the research coordinated by this initiative will 
also help identify key physical and biological processes 
controlling air-sea carbon fluxes, carbon export and 
oxygen budgets.

Figure 1: The California current system imaged in March 
2004 by the SeaWIFS ocean colour satellite and showing the 
complex spatial structure of an EBC. (Image NASA)
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Addressing a Grand Challenge - 
Regional sea level change and 

coastal impacts

in America until 2003, when he returned to Germany, to take up a Professorship position at the Institut für Meereskunde of the 
University of Hamburg. He is now the director oft the Center für Erdsystemforschung und Nachhaltigkeit (CEN) of the University 
of Hamburg. Some of Detlef’s many research interests include the role of the ocean in climate variability and sea level change.

Detlef Stammer is a co-Chair of the CLIVAR SSG. He received his PhD in Physical Oceanography 
from the Universität Kiel, Germany. In 1993 he took a post doctoral position at MIT where he stayed 
subsequently as Principal Research Scientist. In 1999 he proceeded into a tenured faculty positions 
at Scripps Institut of Oceanography and University of California, San Diego. Detlef remained
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Background 

A few years ago WCRP introduced so called “Grand 
Challenges in climate sciences” to its portfolio of activities. 
Grand Challenges are meant to be exciting and high-
priority research topics for which answers are required 
in a timely manner and solution of which requires 
international partnership and co-ordination. At the 
same time Grand Challenges are meant to bring together 
knowledge and insight gained by the core projects such 
as CLIVAR – the base on which all activities rest within 
WCRP - to answer those questions in an efficient way. 

Several prominent topics were selected as Grand 
Challenges, and each represents an area of high emphasis 
in WCRP scientific research, modeling, and analysis of 
observations over the coming decade. Among them is the 
high profile and high-visibility topic of “Regional sea level 
change and coastal impacts” (GC Sea Level). This Grand 
Challenge deals with sea level in a broader sense and is 
naturally being led by CLIVAR. It was selected to meet 
urgent societal needs for useful information on future sea 
level change and its impact on coastal societies. 

The ability to address integrated climate topics like sea 
level change and its societal implications is an achivement
of CLIVAR activities over the last 20 years.  It required:

• the development of global observing components, 
especially in the ocean. 

• the development of fully coupled climate models to 
provide predictions and projections of sea level as an 
integral component of all climate components. 

• full understanding of ocean and climate dynamics. 

However, many issues related to sea level change – today 
or in the future – are also concerned with changes of heat 
content in the ocean or with decadal-scale predictability, as 
well as with climate modes and their changes in the future. 
All those latter aspects are being dealt with in CLIVAR 
research foci, notably those on the planetary heat content, 
on decadal predictability and on ENSO in a changing world. 

Through the success and developments in and around 
CLIVAR over the last 20 years, the project is now ideally 
equipped to deal with the issue of regional sea level change 
and coastal impacts within WCRP – hence the decision by 
the JSC to hand over responsibility for this important is-
sue to CLIVAR. CLIVAR is playing a pioneering role 
within WCRP to bridge the link between climate 
science and societal applications as well as climate 
services. The Grand Challenge Sea Level is an example of 
how the development of CLIVAR research now provides 
an excellent basis for solving important climate problems 
taking into considerations requirements and expectations 
from climate research emerging from the Paris Conference 
of the Parties COP21 decisions in 2015. 

The overarching goal of the GC Sea Level is to establish a
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quantitative understanding of the natural and anthropo-
genic mechanisms of regional to local sea level variability; 
to promote advances in observing systems required for an 
integrated sea level monitoring; and to foster the develop-
ment of sea level predictions and projections. To meet this 
goal, the GC Sea Level is being put together as an integrat-
ed interdisciplinary program on sea level change reaching 
from the global to the regional and coastal scales. Over a 10 
year time span the Grand Challenge will provide a quan-
titative understanding of the natural and anthropogenic 
mechanisms of regional to local sea level variability so as 
to promote advances in observing systems for integrated 
sea level monitoring and to support development of sea 
level predictions and projections that are of increased ben-
efit and utility for coastal zone management. At the same 
time the program aims for close interaction with relevant 
coastal stakeholders to make sure and impacts and adap-
tation efforts (see http://www.clivar.org/research-foci/
sea-level for details). 

Despite considerable progress during the last decade, ma-
jor gaps remain in our understanding of past and contem-
porary sea level change and their causes, particularly for 
prediction/projection of sea level rise on regional and local 
scales, and superimposed extreme events (magnitude and 
return frequency). These uncertainties arise from limita-
tions in our current conceptual understanding of relevant 
physical processes, deficiencies in our observing and mon-
itoring systems, and inaccuracies in statistical and numer-
ical modeling approaches to simulate or forecast sea level. 

Specifically predicting regional to local sea level changes 
is an intrinsically multi-disciplinary challenge involving 
many communities, as changes in regional sea level involve 
a complex interplay between many contributing process-
es operating over a broad range of spatial and temporal 
scales. These contributions can include: change of mass of 
the ocean (barystatic sea level change) caused by exchang-
es of mass with the land (e.g., ground water extraction) 
and the cryosphere and the resulting gravitational and 
rotational changes; wind-driven and buoyancy-driven dy-
namics of the ocean and associated water mass transfor-
mation and/or redistribution.

Simultaneous to dealing with future sea level changes, it 
is also imperative to improve our understanding of past 
and contemporary changes in regional sea level, since we 
need to learn from past sea level changes to understand 
processes participating in future changes. In particular, 
the development of short-term predictions and long-term 
projections require a quantification of global, regional and 
local processes underlying sea level changes, the determi-
nation of how these contributions vary with time, and the 
understanding of their causes (natural or anthropogenic 
attribution) and sources of uncertainty. Large uncertain-
ties remain in reconstructing past sea level changes and 
in monitoring contemporary sea level within an integrated 
framework.

Climate models are just beginning to simulate sea level 
variations on basin scales, but have many deficiencies in 
simulating sea level changes on local/coastal scales. Par-
ticularly lacking is a proper understanding of the relation 
of basin scale sea level changes with those happening on 
the shelves and along coastlines. Some local effects (e.g., 
shelf dynamics, tectonics, land subsidence due to ground-
water extraction) may additionally complicate or obscure 
such a relationship between coastal and offshore sea level 
change. Increasing ice sheet mass losses will also contrib-
ute to regional patterns of sea level change through a dy-
namical adjustment of the ocean because of the effect of 
freshwater flux on ocean salinity, which alters density and 
causes an ocean dynamical response.

For precise projections of regional sea level pattern we 
need to better understand the details of where ice masses 
are being lost as a function of time and which exact sea lev-
el fingerprint results. To this end projections for the future 
contributions from ice sheets need to improve, especially 
those resulting from ice sheet dynamics, all processes that 
are not even part of existing climate models. Geological sea 
level records and uplift data depend on the location and 
timing of ice mass changes and need to be interpreted in 
an integrated way. Without this step we will not be able to 
improve our understanding of glacial isostatic adjustment 
(GIA) processes, which will continue to act also in the fu-
ture. 

Understanding and predicting regional and coastal sea 
level require the quantification of the composite of glob-
al mean sea level (GMSL) change and regional and local 
processes. Besides oceanographic contributions, such as 
dynamics of the ocean, these contributions can also in-
clude exchanges of mass between the land, the cryosphere 
and the ocean and associated water mass transforma-
tion and/or redistribution; static processes associated 
with deformation of the solid Earth, resulting in seafloor 
movement along with gravitational and rotational effects. 
All this demonstrates that dealing with sea level 
is a truly pan-WCRP wide activity that needs input 
and participation from all WCRP core-projects.
At the same time the subject is a welcome topic to reach 
out to other communities dealing with climate change im-
pacts and adaptation. However, studies related to detailed 
impact assessments and the development of adaptation 
plans will not be performed as part of this WCRP GC on 
sea level. Instead the GC effort will focus on all the compo-
nents of global to local sea level changes and will consid-
er the necessary analyses on global and regional climate 
change data and simulations, extreme events and potential 
impacts, including the evaluation of sea level rise impacts 
for coastal zones.

More research on attribution of sea-level rise and the com-
ponents of sea-level rise would be useful to communicate 
the impacts that are already occurring and reinforce con-
cerns about future impacts. Actual extreme water levels at
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the coast also depend on regional to local coastal factors 
that may evolve over weeks, years and decades, including 
tides, surges, wave breaking and wave setup. To better 
evaluate the recent or future impacts of sea level rise for 
extreme coastal flooding events, models must be devel-
oped to evaluate each component of extreme water levels 
at the coast (mean sea level changes, tides, atmospheric 
and waves effects) and their potential interactions under 
different near shore and inland geomorphic and anthro-
pogenic coastal changes. These will be applied locally in 
selected pilot studies to demonstrate these methods.

This issue deserves attention as coastal storms can have 
major physical and human impacts at present, as demon-
strated by recent events. Still, whatever the specific coastal 
change considered, regional to local information regarding 

sea level change will be required. The WCRP Grand Chal-
lenge “Sea level rise and regional impacts” strives to pro-
vide such information to exposed coastal communities. 
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Figure 1: (a) Coastal sea level change projections relative 
to global mean (colored coastal line), and by component. 
RCP4.5 plus other components: coastal values of mean 
relative sea level (RSL) rise in 2081-2100, in m, with the 
central value of the colorbar being the global mean RSL 
rise. Inset boxes show a set of selected locations along with 
the size of the contributions to RSL change at that location, 
with zero being the global mean for that component, in m. 
(b) Coastal sea level uncertainty: global and by component. 
Shown is the 90% onesided uncertainty, in m, by component 
for the RCP4.5 scenario, plus other scenario-independent 
components. (From Carson et al. 2016)
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An SSG Co-Chair remembers - some 
personal reflections

Palmer won the Institute of Physics’s 2014 Dirac Prize for theoretical and computational physics.

Tim Palmer is a Royal Society Research Professor in the Department of Physics at the University 
of Oxford. His PhD, also obtained at Oxford, was in General Relativity theory under the cosmologist 
Dennis Sciama. Over his career Palmer has worked on applications of chaos theory to weather and 
climate prediction, and to quantum theory. Prior to his current position, he was Division Head at the 
European Centre for Medium-Range Weather Forecasts. Palmer has been a lead author of the IPCC 
climate assessment reports and has led two EU climate prediction projects. Amongst prizes received,
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Background 

CLIVAR – the very name conjures up feelings of happiness 
and deep dread at the same time. Deep dread, because I 
think the most stressful talk I have ever had to give was my 
first talk to the JSC as CLIVAR Co-Chair. I had input from all 
the CLIVAR panels so it was merely a case of giving other 
people’s slides – surely not that stressful? However, each 
slide was full of acronyms, for programmes, organisations, 
goodness knows what else. It wasn’t so much knowing 
what the letters stood for, though that was bad enough. 
It was also knowing what it was that the organisation or 
activity whose acronym was being discussed, actually did!  
I was worried by being caught out by the JSC as being a 
complete fraud and not knowing even the most basic 
things about the organisational structure of CLIVAR and 
its partners, that I was representing.  The truth be known, 
I expect I was a bit of a fraud in this respect (let me see, 
what does JSC stand for again??)

Happiness, though, because of the wonderful people I 
met from other areas of climate science: oceanographers, 
land-surface modellers, people who went out and made 
observations of things, paleoclimatologists and so on and 
so forth. This for me is the single most important thing 
about WCRP in general, and CLIVAR in particular – that 
it brings together people from different areas of research 
and operations. I very firmly believe that we make 
progress in our individual fields of science by 
cross-disciplinary interaction. Sure we can all sit 
in our offices hoping for inspiration, and sometimes it 
comes that way, but usually it only comes when some 
seed of an idea has been planted by a conversation with 
someone from another community.  CLIVAR has been a 
wonderful source of cross-disciplinary inspiration for me 
over the years. 

For this reason, happy as I am that CLIVAR has reached its 
20th Anniversary, I hope that it won’t, for example, reach 
its 40th Anniversary.  Every now and again we need to roll 
the WCRP dice again, see how they fall, and reorganise 
accordingly. After all, it’s not as if our problems have been 
solved. For me, the big problem of simulating the global 
climate system without big systematic errors remains a 
crucial unsolved problem, and one that must be solved 
if we are to provide society with reliable predictions and 
projections on timescales of seasons to decades.  My own 
view (Palmer, 2016) is that to make progress we need, 
amongst other things, to bring together modellers and 
observationalists whose work spans a wide spectrum 
of time and space scales: from numerical weather 
prediction, seasonal prediction, decadal prediction, 
climate change projection and paleoclimate simulation.  
One of the single most important things that WCRP can 
do – whether within CLIVAR or not – is firstly enabling 
such groups to interact and learn from one another’s 
experiences, and secondly, to bring in experience 
from other fields of endeavour, if necessary (which 
for the problem of simulating climate, it probably is).

Having said that, CLIVAR can rightly claim to have enabled 
one of the truly remarkable landmarks in our field – 
that of bringing the field of seasonal prediction from a 
research activity to a truly operational activity. The path 
was not straightforward for a number of reasons, both 
scientific and non-scientific. However, the ability to 
show, from coordinated experimentation, that with our 
combined observational and modelling capabilities we 
were able to predict ENSO with remarkable levels of skill, 
made a compelling argument that this is something that
should now be done operationally.  Of course, key to this
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success were the high quality observations from the TAO 
moorings, from which the coupled models were initialised. 
Following on from the earlier TOGA programme, we 
could show that with successful predictions of ENSO, 
seasonal predictions of climate phenomena remote from 
ENSO – such as the Asian monsoon – were possible. 
Because of the inherent unpredictability of some of the 
resulting teleconnections, these predictions had to be 
made using probabilistic ensemble forecast techniques, 
and again, CLIVAR took the lead in the development of 
such techniques. Of course, because of model biases 
these probabilistic predictions were not fully reliable, 
which brings me back to this as yet unsolved problem of 
how to simulate climate ab initio without such biases.   

The ability to perform coordinated numerical experiments 
raised the profile of the multi-model ensemble – I think 
CLIVAR as much as any other programme has led the way 
in developing the notion of a multi-model ensemble, as 
a way to represent model uncertainty in a probabilistic 
forecasting system. But is this the way forward for 
the next 20 years? Here I am less of an advocate. The 
problem with maintaining and developing multi-model 
ensembles is that individual climate institutes are finding 
that, as models become more and more complex, they 
are becoming increasingly stretched in terms of both 
human and computing resources. Maybe it is time for 
the community to focus on a relatively small number 
of global models, and to develop explicitly stochastic 
parameterisation schemes to represent uncertainty 
within these models.

When I think back to those wonderful CLIVAR meetings, 
there are so many great memories; and some, perhaps, 
not so great. An example was the SSG meeting in Santiago 
where we were briefed by a local climatologist about the 
unique climate of the Atacama Desert (where subsiding 
air associated with convection over the South American 
interior meets subsiding air associated with the Walker 
Cell, leading to exceptionally dry conditions). After the 
SSG meeting, John Mitchell and I travelled up to the 
Atacama to see this remarkable dryness for ourselves. On 
the way up we met a lady from some UN agency and 
offered to give her a lift to the Atacama in our rented 
4-wheel drive. When we reach the Atacama desert I 
thought this would be a good moment to impress her 
with my deep knowledge of South American climatology, 
and reeled off the contents of the Santiago lecture on
why this was the driest desert in the world. “That’s very 
interesting” says the passenger, “but tell me, if what 
you say is correct, then what’s this stuff falling on the 
windshield?” Holy Cow it was raining!  I was humiliated, 
but John Mitchell managed to salvage some small crumb 
of respect, for our subject if not for me: “Of course, strictly 
speaking, Tim was referring to non-El Niño years.” It was 
1998!
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Meanwhile back in the 
Office - Reminiscences of a CLIVAR 

Project Office Director

After his CLIVAR Directorship he was Director of the Argo profiling float programme (2002-2006). He was an editor and 
contributor to the “WOCE books” Ocean Circulation and Climate –Measuring and Modelling the Global Ocean (2001) and – a 21st 
Century Perspective (2013).  He now focuses much of his effort into documenting the development of marine science in the 20th 
century (See for example http://www.oceanswormley.org)

John Gould is a physical oceanographer who began his career with John Swallow, the inventor 
of the neutrally buoyant float at the UK’s National Institute of Oceanography (later the Institute 
of Oceanographic Sciences).  He focused on measuring and understanding ocean circulation, 
taking part in the pioneering MEDOC (Mediterranean Oceanography, 1969/70), MODE (Mid-
Ocean Dynamics Experiment, 1972), JASIN (Joint Air-Sea Interaction, 1978) experiments 
and in the planning a fieldwork of WOCE for which he later became Project Office Director.  
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Visiting Scientist Emeritus, National Oceanography Centre, Southampton, UK

Contact e-mail: wjg@noc.soton.ac.uk

Background 

On 1 April 1998 I became the Director of the International 
CLIVAR Project Office.  Since 1994 I had led the equivalent 
office for the World Ocean Circulation Experiment 
(WOCE) so I was very familiar with WCRP projects and 
had a good idea what Directorship entailed.  

I was not new to CLIVAR because, as a representative 
of WOCE, I had taken part in all of the CLIVAR SSG 
meetings right back to the first in 1992 held during a very 
uncomfortable heatwave at Lamont Doherty Geological 
Observatory in Palisades, NY.  CLIVAR’s gestation period 
had not been without tension since it brought together 
many aspects of climate research that had not previously 
worked closely together and each community had its own 
idea of priorities.  This job was going to be quite different 
from WOCE. 

It was a formative time for CLIVAR, WOCE and climate 
science and a time of rapid change.  Increases in 
computing power, and continuous satellite monitoring 
as well as in situ observing of the oceans resulting from 
TOGA and WOCE allowed us to consider doing research 
that would not have been possible a decade earlier.   
CLIVAR published its Initial Implementation Plan in 1997 
(prepared with the help of George Needler - the first 
WOCE IPO Director).  WOCE ended its observational 
phase in 1998 and started on a period of Analysis, 
Interpretation, Modelling and Synthesis (AIMS) that 
would last until the programme’s end in 2002. From 

a wider perspective the Ocean Observations Panel for 
Climate (OOPC), co-sponsored by the Global Climate and 
Global Ocean Observing Systems and by WCRP,  held its 
first meeting in March 1996.  So I joined CLIVAR at a time 
of rapid scientific change and innovation.  

The international project office to support CLIVAR 
had been established in the Max Planck Institut für 
Meteorologie in Hamburg as early as 1996 with Mike 
Coughlan as Director assisted by Andreas Villwock and 
Anne Stephan. Following Mike’s move to  WMO in 1997 to 
lead its  World Climate Programme and a short period as 
acting Director by Lydia Dümenil, the ICPO Directorship 
was advertised and I applied. 

The WOCE and CLIVAR SSGs agreed to a proposal 
in my application that the Directorship of the two 
project offices should be co-located in the then-new 
Southampton Oceanography Centre with financial 
support particularly from the UK Natural Environment 
Research Council (NERC) who seconded me to WOCE 
and CLIVAR.  CLIVAR also had the assurance and 
stability provided by strong organizational, scientific 
and financial underpinning from USA agencies and 
the USCLIVAR office .  This support has continued 
throughout CLIVAR’s life for the funding of staff positions. 

One of my first tasks in April 1998 was to appoint a 
secretary to support the office and so Sandy Grapes
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became, and remained until 2011, the first point of 
contact with the ICPO.  Andreas continued to work for 
the Office, but remained based in Hamburg.  Carlos Ereño 
played a similar role in Buenos Aires.  New staff were 
hired as money permitted so as to support the growing 
number of committees and working groups.

Our first task was to prepare for the CLIVAR International 
Conference to be held in Paris the December 1998 and 
at which countries would make commitments to the 
Implementation Plan.  

Rather than trying to document all that happened during 
my 4-year tenure, what follows are some personal views 
and reminiscences.

What is the role of a project office?

I believe it can be summarized by the words “To make 
things happen”.  Projects like CLIVAR entrain literally 
hundreds of the brightest and best scientists from 
throughout the world but each of them can spend only 
a fraction of their time thinking about or working on the 
project.  Their main priorities are teaching and/or their 
own and their laboratory’s research.  The Project Office is 
the ONLY organization that provides continuous and full-
time support.   

A seasonal cycle rapidly develops marked particularly by 
the annual meeting of the WRCP Joint Scientific Committee 
(JSC) in March at which the co-chairs present material, 
usually prepared by the project office staff, describing the 
past year’s progress.  Making this into an easily digestible 
format was always a challenge.  The other major point 
was the annual meeting of the SSG, often in April, May or 
June. And in between were all the meetings of the various 
CLIVAR panels and Working groups that needed to be 
supported, a web site to be maintained and kept up to date 
and regular issues of CLIVAR Exchanges to be produced.

The challenges of international travel

Project office staff spend a great deal of their working lives 
travelling to and from meetings.  (I estimate that while I 
was ICPO Director I flew almost half a million kilometers).  
Even the subsequent advent of internet-based conference 
calls has done little to reduce this travel burden.  Travel 
to distant destinations inevitably produces problems that 
have to be solved.  The following is one that sticks in my 
mind.     

For 1999 and 2000 Prof Fred Semazzi from North Carolina 
State University joined the ICPO as CLIVAR Chief Scientist.  
Fred was a climate modeler and was instrumental in 
developing the CLIVAR Africa panel. In 1999 Fred was at 
a meeting in Uganda when his briefcase, containing his US 
passport and credit cards, was stolen.   He went straight 
to the US embassy to explain the situation.  They told 
him that, since passport fraud was endemic in the region, 
he would have to go through what was effectively a new 
passport application process.  This was tricky and involved 
us breaking into Fred’s locked desk in Southampton to find 
a copy of his old passport as evidence of his identity.  Days 
turned into weeks with Fred still stuck in Uganda.  As a last 
resort I asked our senior US colleagues to tap into contacts 
in the State Department and Fred finally came back.

The Anatomy of a Project Office

The ICPO Directors (see list on page 35) have come from a 
wide variety of science backgrounds (atmospheric science, 
oceanography, glaciology, climate modeling) so each 
brought to the Directorship their own particular interest 
(prejudice?).  I can’t speak for all the others but I found 
it an interesting and challenging job. CLIVAR brought you 
into contact with the world’s brightest climate scientists 
and you had the opportunity to help them to achieve a 
great deal.   What was especially gratifying was that these 
interactions were international and not intergovernmental 
and so everyone was able to speak freely.  This might 
result in some scientific feathers being ruffled but not in a 
diplomatic incident. 

Maintaining funding for project offices is never easy.  The 
first pre-requisite is to find a country/funding agency 
willing to host the office and to provide the necessary 
infrastructure (office space, administrative/secretarial 
and IT support).  Then you need staff.  Some Directors have 
been seconded into the post and others have been funded 
by the nation hosting the ICPO. Most have either already 
retired or are  been  near the end of a career in science 
research and/or project management. With a project as 
wide-ranging and with as many committees and working 
groups and external links as CLIVAR  the project office 
staff need to cover a wide range of scientific expertise, 
be able to multi-task and have the self confidence to 
persuade scientists to agree on a course of action.  Most 
of all they need to have a wide perspective, have good

Anne Stephan, flanked by John Gould (left) and Mike Coughlan, 
is presented with a retirement gift at the International CLIVAR 
Conference in Paris in December 1998.
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interpersonal skills and have the drive and the authority 
to get reports completed and published on time.   When 
a project is new, as was CLIVAR in the 1990s, the task of 
funding and staffing an office is easier because there is 
a certain caché from a country or host laboratory being 
associated with a project that is trying something new.  
After the first 5-7 years funding becomes harder to find as 
new projects take the limelight.  (Perhaps this is one good 
reason for WCRP projects to have a limited lifetime).

Where next?

So, is working in a project office a good career move 
for a scientist?  A search of Web of Science shows that 
CLIVAR project office staff were not very active as 
researchers while they worked in the Office – it is a full-
time job.  Some stayed in the Office for a short time and 
returned to research (a chance to gain some scientific 

management experience) others stayed for much longer. 
Some moved on to the management of other projects.  
Andreas Villwock is now the Head of Communications 

and Media for Geomar in Kiel, Germany. I progressed to 
become Argo Director, three, (Mike Sparrow, Katy Hill and 
Roberta Boscolo) are now working in the WMO Geneva 
and can personally testify to the difference between 
“international” and “intergovernmental”.

These are my personal recollections.  Others may have 
very different views of what a Project Office is for and how 
it fits in a scientist’s career path.  Personally I found it both 
challenging and fun. 
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The First Institute of Oceanography (FIO) and the World Climate Research Programme (WCRP) 
invite applications for the post of Executive Director of the International CLIVAR (Climate and 

Ocean - Variability, Predictability, and Change) Project Office, based in Qingdao, China.

The post is available from the 1st of October and will remain open until filled 
by a suitable candidate.

Announcement: http://wcrp-climate.org/resources-room/wcrp-news

Interesting Career Opportunity
Executive Director of CLIVAR International Project Office

Name Role Dates
MICHAEL COUGHLAN Director 1995-97 BOB MOLINARI Director 2010-12
Anne Stephan Admin Assist 1995-98 Catherine Beswick Staff Scientist 2011-12
Andreas Villwock Staff Scientist 1996-03 Matt Reynolds Webmaster 2011-12
LYDIA DÜMENIL GATES Director 1997-98 Christina Thompson Admin Assist 2011-13
Andreas Villwock Staff Scientist 1996-03 ROGER BARRY Director 2012-14
Carlos Ereño Staff Scientist 1997-14 Tim Waterfield Webmaster 2012-14
JOHN GOULD Director 1998-02 Jennifer Riley Staff Scientist 2013-14
Sandy Grapes Admin Assist 1998-11 Jane Wilkinson Admin Assist 2013-14
Fred Semazzi CLIVAR Chief  Sci 1999-00 VALERY DETEMMERMAN Director 2014-
Katherine Bouton Staff Scientist 2000-02 Rokkam R. Rao Director (ICMPO) 2014-
Roberta Boscolo Staff Scientist 2001-09 Harish J. Borse D.T.P. Operator 2014-
Mike Sparrow Staff Scientist 2001-07 Lei Han Staff Scientist 2014-
Daniela Turk Staff Scientist 2001-02 Annika Jahnke-Bornemann Webmaster 2014-15
Zhongwei Yan Staff Scientist 2001-04 Lina Kang Admin Assist 2014-
HOWARD CATTLE Director 2002-10 K. P. Sooraj Staff Scientist 2014-15
Katy Hill Staff Scientist 2002-05 Ramesh H. Kripalani Staff Scientist 2015-
Nico Caltabiano Staff Scientist 2005- Radhika C. Pawar Admin Assist 2015-
Anna Pirani Staff Scientist 2007-16 Jing Li Staff Scientist 2016-
Kate Stansfield Staff Scientist 2008-00

ICPO  Staff 
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