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Short resumé (max 5 lines)
Human made changes to the climate system is a global environmental problem that challenges humanity to respond like no problem before it. It’s a ‘super wicked’ problem with clear need for strategic research investments in the fields of mitigation and effective adaptation that are based on robust cross-disciplinary scientific understandings of challenges and solutions. Cross-disciplinary research is a precondition for solving the problem.
The climate challenge
The warming of the climate system is unprecedented. The period from 1983 to 2012 was likely the warmest 30-year period over the last 1400 years in the Northern Hemisphere (where such measurements are possible) (IPCC, 2015). The world’s current trajectory of GHG emissions poses significant threats to economic development and ecosystems. With the COP21 Paris Agreement, a small step has been taken towards halting global temperature increases below 2˚C, although the agreement still needs ratification of sufficient countries and a real commitment to deep cuts. CO2 emissions today represent about 75% of climate gas emissions. Of these 75%, 2/3 are caused by fossil fuels (OECD 2016).
The climate change challenge is a ‘wicked’ problem (in the sense of Rittel & Webber, 1973), and it has even been coined a ‘super-wicked problem’ (Levin, Cashore, Bernstein, & Auld, 2012). The ‘super-wicked’ aspect of the climate challenge is characterized by i) time is running out; ii) those seeking to end the problem is also causing it ; iii) lack of central effective authority; and iv) both policies and the public discount the future irrationally, by not acting on evidence of significant risks. 
The social complexity of the problem is enormous, but also the scientific understanding of the problem is constantly evolving, making climate change a dynamic problem. Rising to the challenge involves behavior change, with all the difficulties that this poses to different target groups; attempts at regulation are characterized by chronic policy failure and difficulties as regards defining the problem clearly across stakeholders. The responsibility for the climate challenge does not reside with any one organization, making the problems cross governance, nationally and internationally. Also, the many interdependencies and often multi-causal nature of the challenge create conflicting goals to stakeholders. 
Furthermore, severe challenges are lying ahead of us. Agricultural production is closely linked to global challenges of population growth and economic growth, as these drivers increase demand for food, feed and other bio-based products. OECD (2013) estimates that demand for food will increase 60% by 2050 compared to the present demand. Agriculture is currently estimated to contribute 25% of global greenhouse gas emissions, but is also source of several other sources of environmental degradation (e.g. nutrient leakage and water overuse) and it is a threat to biodiversity. At the same time, increases in climatic variability and weather extremes cause considerable challenges for current agricultural production systems across the globe.
Research needs
i) There is a research need for knowledge on behavioral aspects - how the population, businesses and other societal groups react on different policy instruments and on which policy instruments are most cost-effective in combating climate change. 
ii) Research is needed on how Denmark can stick to a path described by the so-called Porter hypothesis, where relatively strict policy instruments triggers development of cleaner technologies and thereby environmental improvements and makes production processes and products more efficient, foster innovation, and in the end improves commercial competitiveness (Porter & van der Linde, 1995).
iii) How can Denmark adapt to existing and future expected negative climate changes most effectively by picking cost-effective climate adaptation measures and how can Denmark take advantage of the effects of climate change? As part of this challenge, knowledge on how population, businesses and other societal groups perceive climate changes and adapt to them is a precondition for choosing cost-effective measures.
iv) Improving the scientific understanding of the drivers of the climate system and how the climate system interacts with changes in ecosystems is essential.
v) Both climate adaptation and climate mitigation calls for analyses and modelling of synergies that can be obtained and conflicts that may appear between regulations of greenhouse gasses and other policy areas. Examples include policy measures that aim to sequester C and measures to abate nutrient emissions to the aquatic environment.
vi) Development and testing of specific technologies for reducing agricultural greenhouse gas emissions from soils, crops, livestock and manure management while enhancing the productivity of the respective systems.
vii) Improved understanding of the effects of climatic variability and climatic extremes on the functioning of agricultural systems (crops, soils and livestock), including the impacts on abiotic and biotic stressors and how these can be better managed.
viii) Development of new biomass production systems that target a range of different concerns in terms of reducing greenhouse gas emissions, enhancing resource use efficiency, maintaining soil fertility and providing high production of biomass at target quality for bio-refining.
ix) Development and testing of agricultural systems that enhance tolerance and resilience to climatic variability and extremes. E.g. through cropping systems with improved soils that enable better water use and nutrient cycling, crops and varieties with higher tolerance to extremes and stressors, and farming systems with better integration between different plant species and livestock, and which consider both technological and social aspects of the production systems.
x) Develop methods for ascertaining the baseline for soil organic carbon in quantitative terms as well as in terms of quality and variability in space and time across scales, landscapes and management systems. 
xi) Improved understanding of the potential effects of climate change on the prevalence and significance of weeds, diseases and pests, including new invasive species
xii) Development of sustainability concepts, with a focus on reducing greenhouse gas emissions in biomass production and utilization for food, feed and other purposes, which include concerns for adaptation to increased climatic variability and extremes.
xiii) Methods for assessing the climate and environment impacts of different production systems in the bio-economy which integrates the interlinkages of effects across scales, e.g. the integration of direct and indirect land use change in estimation of sustainability and greenhouse gas emissions from agriculture and biomass production systems.
xiv) New governance principles for reducing greenhouse gas emissions at farm and food chain scales that also incentivize innovations for cost-effective emissions reductions and which make use of new technologies for monitoring the production processes.
xv) A better fundamental understanding of air pollution and climate change interactions, with focus on short lived climate forcers (SLCF) as e.g. black carbon, ozone and methane where reduction strategies are more effective on the short term. 
xvi) Impacts of climate change on future air pollution levels and the effects these have on human health and societal welfare systems.
xvii) Impacts of climate change in the Arctic area, where climate change is amplified, changes in atmospheric transport pathways to the Arctic of contaminants and heavy metals as well as impacts on sensitive ecosystems in the Arctic.

Cross-disciplinary research at the international level is needed to undertake the modelling and analysis  required. This calls for comparative research e.g. within the fields of environment, agriculture, health, economics, sociology, political science, engineering, technology development etc.  

Implementation
Implementation of these research topics involves long term stakeholder interaction to understand the complexity of the field and to disseminate findings and analyses such that the policy level and private sector has the best available basis for making decisions, develop new markets and reduce risks. 
The research is aligned with European and global research agendas.  As recognized in the Standing Committee on Agricultural Research (SCAR) Foresight 2015, climate change is a main driver for the bio-economy and food production on a global scale.  Individual countries affected by climate change cannot solve challenges at national levels owing to the connectedness of production, consumption and resource access across national borders.
Likewise, addressing the research challenges will contribute to reducing the economic and the social costs of climate change and of energy transition. This is in line with the ambitions of COP21, as well as the Sustainable Development Goals (SDGs).
Often climate is either the direct focus or an indirect driver that must be considered in international research programmes. The alignment with international agendas, as well as a cross-disciplinary focus, will play an important role in ensuring funding from Danish sources, and in strengthening Danish research chances in international funding, including Horizon 2020 and BONUS programme. 
Danish preconditions
Climate mitigation is a global problem, where Denmark is among the world’s pioneering countries in finding solutions. The research community in Denmark is particularly good at addressing impacts of climate change in the northern hemisphere, technological research and development of low-carbon/carbon-neutral energy provision, innovative societal solutions at local community level as well as political, sociological and economic analyses of multi-causal problems, effects and potential solutions.
Similarly, over the past couple of decades, agricultural research in Denmark has increasingly carried out research into interactions between climate and agricultural production. Within a bio-economy framework, current research foci are on reduction of carbon footprints, and enhancing resilience to climatic variability and extremes. This includes specific measures and technologies to reduce greenhouse gas emissions, but also changes in production systems that provide sufficient food, bioenergy and biomaterials with enhanced resource use efficiencies while reducing greenhouse gas emissions and nutrient leakages, enhancing soil carbon storage and preventing crop losses through biotic and abiotic stresses. The focus on climate and agri-food systems has contributed to Danish agricultural research becoming globally renowned, in a context where there is an increasing demand for research that  enables sustainable intensification. 
Aims, effects, perspectives
Climate change is challenging the capacity of humanity to respond like no problem before it. The aim of a strategic research investment in climate mitigation and adaptation is first and foremost to help the society to effectively reduce the challenges of climate change. Strategic integrated research  in this field has the potential to provide the public and private sectors with new ways of ensuring value added growth in society with regard to (i) reducing the damage costs of climate change, thereby freeing public/private funds for more productive investments and (ii) exporting mitigation and adaptation solutions to other public and private sectors.
Specifically for agricultural research, the objectives are (i) to reduce the carbon footprint and environmental effects of food production; (ii) adapt food production to changing climate conditions, and; (iii) increase the sustainable production of biomass for the bio-economy.
Climate change is a global challenge and if not addressed in the context of energy, food and climate nexus thinking, it may compromise current agri-food systems in Denmark, Europe and globally. The environmental challenges associated with increased demand for food, feed, and energy in the context of climate change are likely to be less in Northern Europe (where society’s capacity to adapt by means of e.g. sustainable intensification measures is high), than in, for instance, dry subtropical regions (IPCC 2015).
However, shifts in agricultural production areas across the world, along with estimations that the world’s poorest regions are likely to be the most affected by climate change (IPCC 2015), are factors that may lead to upheavals with respect to food security, migration and geopolitics (OECD 2016). While this lends a sense of urgency to the research area in general, these circumstances will also affect Denmark.
Contact persons
Seniorforsker Anders Branth Pedersen, abp@envs.au.dk, tel 87 15 85 45, AU-ENVS  (environmental social science). Seniorforsker Marianne Zandersen, mz@envs.au.dk, tel 87 15 87 28 28 45, AU-ENVS (environmental social science). Seniorrådgiver Torsten Rødel Berg, Torsten.berg@agro.au.dk, tel 24 85 81 15, AU-Agro (agricultural science). 
Priority
N.a.
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