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T he demand for and importance of understand- 
 able information about climate is increasing,  
 especially as extreme weather, climate events, 

and their adverse impacts on natural ecosystems 
and global economic development increase in fre-
quency and severity. The complexity of the informa-
tion requested for a diverse set of economic sectors 
and geographic regions around the world is also 
increasing, as reflected by the World Meteorological 
Organization’s (WMO) creation of a global frame-
work for climate services (GFCS) (WMO 2011). A 
better understanding of the behavior of Earth’s 
climate and its interactions with other Earth system 
components is critical to predict its future evolution, 
reduce vulnerability to high impact weather and 
climate events, and sustain life.

Progress on the scientific understanding required 
to skillfully predict future states of the climate 
system will require an increasingly holistic approach 
across scientific disciplines, as well as an unprec-
edented commitment to the development of a diverse 
and talented future workforce. To advance such 
challenges, the World Climate Research Program 
(WCRP) convened, for the first time, its entire 
research community in a major open science confer-
ence (OSC) to assess the current state of knowledge 
on climate variability and change, consult with the 
international community of experts to identify the 
most urgent scientific issues and research challenges, 
and ascertain how the WCRP can best facilitate the 
research and partnerships required for progress over 
the ensuing decades.

Under the joint sponsorship of the WMO, the 
Intergovernmental Oceanographic Commission 
(IOC), and the International Council for Science 
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(ICSU), the main objectives for the WCRP since its 
inception more than 30 years ago have been to deter-
mine the predictability of climate and to determine 
the effect of human activities on climate (WCRP 
2005; Asrar 2009). The OSC confirmed that these 
objectives remain valid today, along with the WCRP 
strategic focus on climate research that is of direct 
value and benefit to society. In fact, the overall theme 
of the conference was “climate science in service to 
society” to allow a more effective dialogue between 
the climate information and knowledge develop-
ers (i.e., the research community) and the decision 
makers wrestling with difficult adaptation, mitiga-
tion, and risk management issues.

The OSC included 7 plenary sessions, 15 parallel 
sessions, and more than 2000 poster presentations, 
which were all organized around daily themes that 
reflected integrative aspects of the WCRP program 
as well as connections to the related international 
research and observation programs (Leemans 
et al. 2009). The sessions were designed to allow for 
in-depth plenary presentations informed by a series of 
community-based scientific position papers, followed 
by parallel and posters sessions with sufficient time 
for discussion and one-on-one interactions among 
presenters and participants. The outcome of the 
presentations and discussions are being used to iden-
tify the research priorities for WCRP and its related 
activities in the ensuing decades, including those of its 
four major international projects: Climate Variability 
and Change (CLIVAR), Global Water and Energy 
Experiment (GEWEX), Stratospheric Processes and 
Their Role in Climate (SPARC), and Climate and 
Cryosphere (CliC).

A major emerging theme from the conference was 
the need for “actionable” science. Decision makers—
including water providers, farmers, insurance 
companies, oil exploration companies, and many 
more—need climate and other scientific informa-
tion to guide decisions. Future water availability in 
a region, for example, may guide crop selection one 
year or siting decisions for a new water treatment 
plant that will be operational for decades. However, 
there is often a mismatch between the scientific data 
available and the information needed. There is a need 
for “symbiotic” relationships between providers and 
users of climate information to ensure that actionable 
(timely, accessible, and easy to understand) climate 
information is developed and used effectively. Most 
scientists have had limited formal training and expe-
rience in explaining their complex research results in 
the simple and understandable manner required of 
actionable science. Jargon-free and understandable 

explanations are needed to explain uncertainties 
and ensure the best and most appropriate use of the 
science. There is also a need for the training and 
development of the next generation of scientists and 
decision makers who would be able to pursue and 
promote the use of actionable climate/environmental 
information.

The need for actionable science was also explored 
during an evening session with a panel of experts 
from the private sector. Sponsored by the University 
of Maryland’s Earth System Science Interdisciplinary 
Center, the panelists were senior executive members 
of several major companies: British Petroleum, 
Northrup Grumman, Zurich Financial Services, 
Computer Sciences Corporation (CSC), and the 
Weather Channel. They discussed how scientists 
and private enterprise could better work together 
toward actionable information, and the perspective 
that conversations such as the OSC were a start in 
that awareness of the richness of the scientific data 
and information available is gained by users while 
scientists begin to understand what kind of data 
and information is required to guide business and 
policy decisions. Participants agreed that, while gaps 
exist today between data/information needs and 
availability, those gaps are rich with opportunity. 
“There’s a business case to be made here,” said one of 
panelists. “On the one side are the people who create 
and ‘own’ the data, who may be government scientists, 
and on the other side are users. In between there’s 
the chance for private companies to take the data 
and use it to deliver more detailed, relevant informa-
tion to decision makers who need it.” A major point 
made repeatedly by the users of climate information 
throughout the conference was the importance of 
their early and continued engagement with scientists 
to define the needs from science, the type of informa-
tion needed, and the most effective way to convey the 
results to inform actionable decisions. The symbiotic 
relationship between producers and users of climate 
information is a good model to ensure such effective 
partnership.

The opening plenary session of the conference 
highlighted past contributions by the WCRP and 
identified some of the challenges ahead. For example, 
the WMO considers that the WCRP interface with 
the GFCS is critical, and the success of the GFCS 
will require a stronger focus on the climate infor-
mation needs of developing regions/nations. The 
United Nations Educational, Scientific and Cultural 
Organization (UNESCO) and IOC emphasized the 
importance of the WCRP role in advocating for 
sustained ocean observations. ICSU emphasized the 
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importance of strengthening the link with social 
sciences to understand the role of humans and their 
impact on climate and the many issues associated 
with Earth sustainability, including the recently pub-
lished ICSU grand challenges. The valuable role of 
entities translating the users’ needs into requirements 
for climate information, such as the International 
Research Institute for Climate and Society (IRI), the 
Asia Pacific Network (APN), and the Inter-American 
Institute (IAI), should be sought in the development 
and delivery of climate information, especially at the 
regional level. WCRP should do all it can to enable 
such organizations and also stay cognizant of how 
they use its research results.

Three speakers in the final plenary session of the 
conference also focused on the development and use 
of climate knowledge and information for socio-
economic development and societal services. They 
stated that in less developed countries there is a direct 
relationship between building adaptive capacity and 
development. This calls for a new paradigm of adap-
tive development especially for development areas 
that should be addressed with due consideration 
to climate/environmental changes. In such cases, 
implementation of climate-related risk management 
interplays in a complex manner with existing/
traditional development policies and practices. The 
ICSU vision for “Future Earth” initiative (Reid et al. 
2010), for example, states that global sustainability 
is a prerequisite for poverty alleviation. The concept 
of “planetary boundary thresholds” (Rockström 
et al. 2010) calls for innovative pathways for societal 
transformations to ensure global sustainability and 
science-based planetary stewardship for human 
prosperity. Climate services are a necessary element 
of this transformation, and they have the potential 
to bridge communities, language, and value systems. 
However, at present, scientific products are not opti-
mally aligned with most users’ decisions framework, 
in which climate is only one factor. The language of 
uncertainty employed in the climate information 
provision casts doubts among the users, and there 
is merit in informing them based on the concept 
of probabilities and likelihood. Providing climate/
environment information that meets or exceeds in 
time, space, and frequency the user-defined needs is 
powerful. The issues of responsibility, accountabil-
ity, credibility, and values are largely missing from 
the climate services dialogue. To put these in place, 
producers and users of climate information need to 
develop the language that leads to plausible, defend-
able, and actionable information. The basis for joint 
action is the agreement among the stakeholders on 

the corresponding evidence, stemming from a strate-
gic approach to the creation of science-based knowl-
edge and its effective dissemination to ensure ease 
of access and proper use in both policy and practice.

The number one service to society provided by 
WCRP is coordinating and enabling climate-related 
research that will be needed over the next decades. 
The WCRP contribution to the Intergovernmental 
Panel on Climate Change (e.g., the Coupled Model 
Intercomparison Project) is a superb demonstration 
of a climate service to society. However, for modern 
practical services, WCRP should establish an effective 
interface between climate information development 
and its use for intended application(s). Understanding 
relevant aspects of the climate system and well-
established science can often provide the basis for 
actionable information and enable the handling and 
communicating of uncertainties. The main chal-
lenge in the discussion of science support to climate 
services is the optimal balance of fundamental and 
applied research and the interface between climate 
research and climate information and users. Given 
the still-existing gap between science and decision 
making, climate information that is easy to under-
stand and use has become even more important than 
in the past. The WCRP-affiliated community should 
proactively engage in development of usable and use-
ful climate information. Such engagement will ensure 
the necessary attention to create a sound science 
foundation for the information provided to users and 
to temper any undue expectations for the type and 
time frame for delivery of the needed information.

Much of the OSC was focused on an assessment of 
the current state of knowledge on climate variability 
and change and the identification of key opportunities 
and challenges in observations, modeling, analysis, 
and process research required to understand and 
predict responses of Earth as a system. Three pre-
sentations in a plenary session, Climate System 
Components and Their Interactions, emphasized 
the extent to which the WCRP research strategy 
should become even more holistic in the future. In 
particular, these lectures highlighted still existing 
and challenging problems in the observing, modeling, 
and understanding of global climate system processes 
and phenomena, and they emphasized the need for 
prediction of the Earth system that bridges the physi-
cal climate system with biogeochemistry, the social 
sciences, and human dimensions, a problem that 
transcends the WCRP. This calls for a WCRP focus 
in its research on seamless prediction of all aspects of 
the Earth system that both affect and are affected by 
climate. Future organization of the WCRP research 
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activities should contribute to existing challenges in 
food production and security, water resources avail-
ability and management, climate and health, disaster 
risk management, and energy and transport, to just 
name a few applications. With a complex composition 
of Earth system domains (ocean, atmosphere, land, 
and cryosphere) and interactions among them and the 
varied impacts of climate over different geographical 
regions, the importance of advancing knowledge on 
region-specific phenomena should not be lost.

Speakers for the Observations and Analysis of 
Climate System session reported significant progress 
in all Earth system domains during the past three 
decades. The tone of this session was set by one key 
phrase: “we cannot manage what we cannot measure.” 
Growing requirements for data diversity and conti-
nuity, emergence of new observations, and improved 
coverage and accuracy of some observations are 
notable, while some key observations have been lost.

The speakers for the session Assessing and 
Improving Models and Predictive Capabilities 
stated that climate models are getting more real-
istic, comprehensive, and capable to deliver short-, 
medium-, and long-term climate predictions and 
projections to users. For example, dynamical pre-
diction of ENSO is now operational, and seasonal 
forecasting also demonstrates a practically useful 
skill. The power of multimodel ensemble is proven, 
but models are still far from perfect and the list of 
systematic errors for unknown reasons is long. The 
WCRP agenda of climate modeling research should 
therefore include model development, validation, 
and evaluation metrics, and it should promote sig-
nificantly greater use of observations and process 
studies in conjunction with model development. 
Two outstanding issues are the need to train a new 
generation of model developers, and to “reinforce 
the foundations” of Earth system models: namely, 
the modules for the atmospheric, oceanic, and ter-
restrial components. Overall, the necessity of skillful 
climate information on regional scales, embodying 
the so-called seamless prediction paradigm, was 
emphasized, as was the importance of quantifying 
“true” uncertainty in climate predictions, confirm-
ing the recommendations of the WCRP Modeling 
Summit (WCRP 2009).

The speakers for the Climate Assessment and 
Future Challenges and the Strengthening the Policy 
Relevance of Scientific Assessments sessions high-
lighted the need for research on anthropogenic climate 
change. Several major scientific themes and priorities 
emerged, including 1) the challenges and opportu-
nities of predicting how natural modes of climate 

variability will modify the “forced” anthropogenic 
component of climate change over the coming years to 
decades; 2) the increasing importance of establishing 
the predictability of polar climate, perhaps espe-
cially with the opening of the Arctic and international 
negotiations regarding increased commercial traffic 
for shipping and extraction of natural resources;  
3) the need to better understand the causes of extreme 
events and performing attribution studies in near–real 
time; 4) the challenges of improved predictions of 
future sea level on regional scales, which will require 
knowledge of not only cryospheric and thermosteric 
contributions but also how gyre circulations, storm 
tracks, and tidal amplitudes; and 5) the requirement 
to train and empower the next generation of climate 
scientists across all corners of the globe.

Another highlight of the OSC was the selection 
of the best papers and posters among the more than 
500 presented by students and early career scientists. 
Special awards included complimentary member-
ships and books generously provided by the American 
Geophysical Union (AGU), the American Meteoro-
logical Society (AMS), and the European Geophysical 
Union (EGU). Five grand-prize winners each received 
an iPad courtesy of the WCRP, WMO, ICSU, IOC, 
and the Science and Technology Corporation.

A luncheon session, sponsored by the AMS and 
including more than 150 early career scientists, 
opened discussion on the importance of commu-
nicating climate science to the public and media. A 
panel of professional science communication experts 
presented their views and advice, followed by a ques-
tion and answer period. Media experts noted that 
there are now tremendous opportunities for early 
career scientists to promote science communication 
by cultivating relationships with reporters to become 
trusted sources for interpreting their work or that of 
others. They advised that, for the most effective com-
munication with media, scientists should lead with 
what they know and the certainties of the science. 
Emphasizing the uncertainties at the beginning of a 
dialog, for example, buries the most salient aspects 
of the message. It is also important to identify well-
respected media outlets and reporters who are recep-
tive to the message. Other major conclusions from 
this session were 1) great communicators are created, 
not born; 2) citizens are peppered everyday with bad 
news: emphasize the positives whenever possible; 
3) it is scientists’ responsibility to help journalists 
learn about scientific topics; 4) a discussion with a 
journalist is not a casual conversation: be certain 
about your message; 5) learn when to stop talking; 
6) prepare well, perhaps by reading blogs, business 
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publications, etc., to get a broad perspective on the 
contemporary climate debate; 7) learn from those 
who are good at communicating; 8) learn about basic 
rules of journalism; 9) effective communication takes 
time; and 10) scientific institutions should acknowl-
edge and reward science communication.

In summary, the general consensus among the 
OSC participants was that the WCRP and its affili-
ate network of international scientists and projects 
must continue to provide the scientific foundation for 
understanding and predicting Earth’s climate system, 
but they also must play a major role in providing the 
resulting knowledge and information in ways that 
yield practical solutions to the complex and inter-
related challenges required to ensure a sustainable 
Earth for future generations. The breadth and diver-
sity of the participants made the conference a terrific 
success by all accounts. The WCRP and its leaders 
stand ready to support the research community in 
pursuing the challenges and opportunities identified 
during the conference and to pursue climate science 
in service to society in the ensuing decades.
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