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Background

The first farmers used climate knowledge when planting seeds in anticipation of a harvest. Over time, farmers developed increasingly sophisticated empirical knowledge about climate-crop interactions that they constantly refined to suit their management. This empirical knowledge is now being supplemented or even replaced by an avalanche of scientific data and information. Although it appears intuitively obvious that better and more detailed information about climate should lead to better decisions in agriculture and natural resource management, the evidence is scarce. Increasingly questions are being asked about societal benefits of climate information and climate services. Here we outline reasons for this problem and suggest how boundary organisations can temporarily
 improve the societal relevance and value by transforming climate information into climate knowledge. 
The problem
Climate risks and climate shocks are at least partly foreseeable, some are now even predictable. This foreseeability and predictability should enhance agricultural productivity and lead to more efficient management of our natural resources without raising the overall level of risk exposure. High quality climate information (including forecasts) should improve risk management and help capturing so far unrealised benefits. Yet this potential remains largely untapped. Some of the key reasons are:
· Decision makers are exposed to an unfiltered, largely irrelevant avalanche of ‘information’.
· Climate service providers generally lack a broad, inclusive mandate and the vision to create engagement mechanisms. This is caused by a combination of lack of resources and interest - climate-related problems are complex and often require only little sophisticated climate science.

· A lack of engagement mechanisms leads to failure to create much needed local and regional adaptive capacity.
· Therefore a huge disconnect continues to exists between the transdisciplinary issue of climate risk management and the highly disciplinary and institutionalised climate science community.
· Maladaptation caused by providing single-disciplinary answers to transdisciplinary problems results in a loss of credibility.
A way forward

· Salience: don’t provide a ‘data dump’ – critically assess information in terms of its relevance for the decision maker; we don’t need ‘downscaling’, we need ‘rightscaling’;
· Credibility: establishment of relationships and trust; services embedded within communities
· Legitimacy: no undeclared interests; long-term funding commitment independent of politics; leadership in coordination (e.g. portals, clearinghouse); see Cash et al. (2003) for a detailed discussion on salience, credibility and legitimacy in climate applications and the role of boundary organisations;
· Focus on defining and answering the right questions. This requires collective problem definition for adaptation science (Meinke et al. 2009 proposed an ‘adaptation cycle’ as a multi-scale conceptual framework on which to base a reflective analysis-action continuum that connects science with society). NB: Adaptation science differs from science for adaptation, i.e. adaptation science focuses on testing alternative solutions and developing adaptation pathways or processes as opposed to generating more data.

The following examples briefly demonstrate what successful climate applications might look like. They also show the difficulties in maintaining such efforts as both of these highly successful initiatives are now defunct:

· The Arizona Water Institute (AWI - http://www.azwaterinstitute.org/about.html), a boundary organization that was formed to enhance water sustainability in Arizona, USA, by mobilizing the expertise of three universities in partnership with three state agencies, launched a project called “Agricultural Listening Sessions” in which farmers were encouraged to identify issues of concern associated with climate change and globalisation of agricultural markets. These farmers had previously been unwilling to discuss climate change impacts, but in these sessions, cosponsored by the Agri-Business Council of Arizona and AWI, they were willing to engage in a dialogue with climate researchers and economists to identify research needs in a constructive, non-threatening context. Despite its reputation as an innovative approach to bridging the science-policy interface, the Arizona Water Institute was defunded July 1, 2009.
· The Queensland Government, through its (then) Department of Primary Industries initiated  ‘Managing for Climate and Weather Workshops’ in which many of the above aspects were realised. In these workshops, which attracted over 10,000 farmer participants over 10 years, core decisions were first identified by the participants with the assistance of agricultural extension specialists who facilitated the meetings. Aspects of climate science were then delivered by a climate scientist followed by detailed questions by the users relating to the relevance and salience of the climate science provided. Importantly, aspects related to systems science and especially crop and pasture simulation modelling were also provided in a ‘discussion-support’ environment. Satisfaction levels recorded at these workshops were, not surprisingly, remarkably high (Stone and Meinke, 2007). However, government policy changes have since seen the demise of this program. 
Recommendations and conclusions

The urgency for climate-informed management and adaptation actions is rapidly growing, particularly for agricultural and natural resource management. Science needs to play an important role in instigating actions that go beyond the experience-based response process. This requires well-structured, conceptual frameworks that connect science with action and that ensure that the scientific input remains salient, credible and legitimate. To improve societal benefits of climate information we propose an adaptation cycle that (i) provides a reflective analysis-action continuum, (ii) ensures broad-based scientific input and feedback, and (iii) helps to increase the adaptive capacity of everyone involved (including farmers, policy-makers and scientists). The climate science community needs to play an important role in this process accepting that the provision of the climate information per se will be only a small part of the whole science engagement. Embedding scientific approaches within context-specific, participatory dialogues helps to match the highly contextual needs of decision makers to available knowledge and tools. Hence we recommend to: 

· Embed climate risk management principles as stated in the Espoo Statement of the WMO into the mandate of NMHS (WMO, 2006); 

· Establish priorities for action based on regional or local consultations and risk assessment;
· Use existing networks and organisational structures to create and support lasting boundary organisations with sufficient capacity to serve concerned individual, businesses, communities and sectors at multiple temporal and spatial scales;
· Support these initiatives via the creation of multidisciplinary, sector-focused and solution-driven R&D teams with secure funding.
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� In our experience even successful boundary organisations eventually fail due to a lack of sustained institutional support. 
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