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CROSS-CUTTING THEME 1: RESPONDING TO CLIMATE CHANGE

Summary of Activity

Introduction

1. SEERAD’s current strategic research programmes:
· Profitable and Sustainable Agriculture – Plants;

· Profitable and Sustainable Agriculture – Animals;

· Environment – Land Use and Rural Stewardship;

· Impacts on Human Health
Will deliver outputs under three strategic Cross-Cutting Themes (CCTs):
· 
Responding to climate change;

· 
Protecting biodiversity;

· 
Environmental, social and economic sustainability of rural Scotland.
2. This paper summarises activity to date on CCT1 – Responding to Climate Change.  It 
summarises:
· research requested by SEERAD in Work Package (WP) specifications;

· research proposed by the Main Research Providers (MRPs) in WP proposals;

· an update on MRP activity on co-ordinating their approaches across CCTs.
Strategy And Specifications

3. The strategy set out the overall aim for CCT1: To generate products and knowledge that enable Scotland to respond to climate change and which help mitigate the release of greenhouse gases.  It suggested a number of general illustrative outputs on climate change, for example: adaptation and mitigation measures for climate change impacts as part of farming systems; identification of … impacts [of climate change] upon Scottish biodiversity; consideration of the impact of climate change on animal and plant health and diseases in Scotland and the identification of future animal and plant health risks.

4. These illustrative outputs were developed into required outputs in the WP specifications issued to the MRPs.  The WP proposals submitted to SEERAD by the MRPs set out the research proposed to deliver the required outputs.
5. Required outputs are tabulated against proposed research activity at Appendix 1 from which it is possible to summarise as follows.

· Programme 1 focuses on practical management of arable ecosystems, but includes components relating to epidemiology and disease control that are likely to be subject to impact of climate change.

· Programme 2 is light on climate change related research, limited to general sustainability of livestock systems.

· Programme 3 has good incorporation of climate change issues into research proposed across the varied WPs dealing with biodiversity functionality and conservation, farming systems, soils, water and landscape.

· Programme 4 does not currently contain any proposed research on climate change.
MRP Policy Statement

6. The MRPs have set out to collectively prepare a standard-format ‘policy statement’ for each CCT, the aim of which is to match research to SEERAD policy goals, link WP objectives, and identify gaps in existing research and recommend priorities for future work.

MRP Co-Ordination Activity

7. Each MRP has appointed a champion for each of the CCTs, and this group has started meeting periodically in order to ensure co-ordination and standardisation of approach where appropriate across and between organisations and CCTs.  The group has set up a web-based portal for joint access to, and editing of, its outputs, including meeting minutes, links and relevant documents and CCT policy statements (above).
Reporting

8. The four main programmes will report annually.  SEERAD expects Programme Groups to report on the progress of outcomes relating to the CCTs at the Programme level.  Progress within CCTs will also be considered within the Mid – Programme Review exercise in 2008. 
Perspectives On Delivering CCTs

9. Over the coming months, through engagement with MRP co-ordination activity the SEERAD CCT1 co-ordinator will seek feedback from the MRPs on their experience, successes and difficulties encountered in delivering CCT outputs under the current arrangements.  SEERAD will reflect on this when developing mechanisms to ensure CCTs remain an appropriate focus for research within the current programmes and to feed into the next strategy.

Ben Dipper

SEERAD CCT1 Co-ordinator

SEERAD : SAG : EERGIS

4 May 2007
Appendix 1
Required outputs (SEERAD) mapped against proposed research activity (MRPs)
	Required outputs listed in SEERAD WP specifications
	Research activity listed in §2.5 of MRP WP proposal

	WP 1.1
Barley Genetics

	· Identification of tools (genes, markers, bioinformatics, knowledge) to allow breeders to select crop varieties suitable for future Scottish climates.

· Explore the potential for extended season (early cropping): Science to deliver barley varieties with earlier maturation.
	· Develop cultivars able to maintain yield and quality characteristics under variable or extreme conditions.  This will require an understanding of responses to environmental conditions and development of new phenotyping and monitoring systems, markers, breeding and agronomic approaches.  Given the uncertainty of climate change in Scotland, the development of resilient lines rather than specialists may have to be considered to sustain predictable production levels.
· Linkage maps, Quantitative Trait Loci identification, association mapping, microarray research (BioSS).

	WP 1.2
Potato Genetics

	· Identification of tools (genes, markers, bioinformatics, knowledge) to allow breeders to select crop varieties suitable for future Scottish climates.
	· Evaluation of the biodiversity in the Commonwealth Potato Collection and derived germplasm for water and mineral use efficiency and the development of selection criteria and tools will provide breeders with the means to produce new cultivars adapted to changed growing seasons and conditions.

· Maintenance of the Commonwealth Potato Collection will ensure that breeders have access to wild and cultivated potato germplasm adapted to a wide range of environments which is not available within current collections of Solanum tuberosum subsp. tuberosum.  Such germplasm will be the raw material for breeding potatoes adapted to different growing seasons, diseases and pests under future climate change scenarios.

· Desk study on the effect of climate change on potato diseases (WP 1.5.7) will evaluate the need to breed for resistance to new disease and pest problems.
· Linkage maps, Quantitative Trait Loci identification, association mapping, microarray research (BioSS).


	Required outputs listed in SEERAD WP specifications
	Research activity listed in §2.5 of MRP WP proposal

	WP 1.3
Soft Fruit Genetics

	· Identification of tools (genes, markers, bioinformatics, knowledge) to allow breeders to select crop varieties suitable for future Scottish climates.

· Explore the potential for extended season (early and late cropping): Science to deliver raspberry cultivars suitable for growth under protective cropping.
· Development of crop protection strategies for key pests and diseases affecting Scottish crops, which will lead to a reduction in pesticide use and environmental impact.
· Information on the nature of host resistance and susceptibility to key diseases affecting Scottish crops which will lead to the development of durable resistance in the field.
Consideration of the impact of climate change on crop health in Scotland and the identification of future plant health risks.
	· The development of germplasm with improved adaptation to the likely changes in climate, the identification of markers for early bud break and elucidation of the heritability of these traits, and the introgression of suitably adapted germplasm into the downstream breeding programmes will allow continuity of production throughout the Scottish and UK soft fruit industries across the various possible climate change scenarios.
· Assessment of potential changes in pests and diseases based on a changed environment in protected fruit cropping could give early insights on the influences of long term climate change on pests and diseases in the Scottish environment.  This will be done as a pilot study involving field monitoring of protected Rubus crops at SCRI and selected Hortlink HLO 175 sites.
· Linkage maps, Quantitative Trait Loci identification, association mapping, microarray research (BioSS).


	Required outputs listed in SEERAD WP specifications
	Research activity listed in §2.5 of MRP WP proposal

	WP 1.4
Barley Pathology

	· Development of crop protection strategies for key pests and diseases affecting Scottish crops, which will lead to a reduction in pesticide use and environmental impact.
· Consideration of the impact of climate change on crop health in Scotland and identification of future plant health risks.
	· Improved understanding of the impacts of climate change on:

· farm management systems;

· timing of operations;

· crop choice, quality (e.g. malting barley quality or straw strength) and behaviour (e.g. timing of sprouting or maturity);

· disease pressure and risk, impact, quantity of inoculum, reservoirs of pathogen variability, range of pathogen species (particularly the splash-dispersed spot and blotch diseases), changes in the type or amount of fungal pathogens detected associated with disease epidemics;

· the use and effectiveness of agrochemicals.

· Improved understanding of disease tolerance, induced resistance, diversification and use of mixtures to provide increased resilience against biotic and abiotic stresses.

· Crop canopy structure studies (with WP 1.7) will specifically address alleviation of the effects of extreme rainfall events on pathogen dispersal, lodging and resource exploitation.

· Development of increased risk of epidemics arising from climate change (e.g. barley yellow dwarf virus (BYDV), brown rust, fusarium) will be monitored through the Adopt-a-Crop network.

· Germplasm screens for resistance to Rhynchosporium will be extended to monitor resistance to such diseases.

	WP 1.5
Potato Pathology

	· Development of crop protection strategies for key pests and diseases affecting Scottish crops, which will lead to a reduction in pesticide use and environmental impact.
· Information on the nature of host resistance and susceptibility to key diseases affecting Scottish crops which will lead to the development of durable resistance in the field.
· Consideration of the impact of climate change on crop health in Scotland and the identification of future plant health risks.
	· Knowledge of genetic plasticity of pest and pathogen populations and their response to a changing climate. 

· Identification of plant genes influencing genotype/environment interactions for pests and pathogens will enable breeding of cultivars that are less affected by adverse weather conditions. 

· Research on gene(s) controlling (biotic and abiotic) stress resistance (such as plant caspase) and their targets will lead to creation of biosensors for monitoring environmental stresses.

· Awareness of the way changing climate might influence existing problems (e.g. earlier blight epidemics due to warmer spring;  earlier build up of aphid populations) and increase the threat of new pest and pathogens (CP Beetle, Erwinia chrysanthemi, Brown rot and Ring rot).


	Required outputs listed in SEERAD WP specifications
	Research activity listed in §2.5 of MRP WP proposal

	WP 1.7
Sustainable Crop Systems

	· Understand and define quantitatively the social, economic and environmental components that confer resilience on arable land use systems.
· Understanding of how crop management practices may be developed and used  to optimise the management of these components, particularly those reducing or reversing adverse environmental impacts whilst maintaining economic sustainability.
	· Crop canopy structure studies will address alleviation of the effects of extreme rainfall events on pathogen dispersal, lodging and resource exploitation.
· Identify biophysical factors likely to be most sensitive to climatic change, for example by:

· estimating the effect on actual and potential carbon sequestration in the cropped habitat (soil, arable plants, vegetation in non-cropped areas and rotation and tillage management);
· defining plant traits that govern the response of primary production to climatic change (e.g. plastochron, phyllochron, dry matter increment per phyllochron);
· defining the range of crop phenotypes (development, architecture etc.) needed to sustain crop rotations in northern Britain under any of the predicted climate scenarios (including assessment of the match between existing and required crop types);
· from knowledge of crop and weed performance in years of extreme or unusual weather, assessing the relative adaptability of weed and crop types and of the implications for future weed control (parallel to contributions from pathology work packages for main pests and diseases);
· assessing the relative conservatism to climatic change of soil microbes, soil invertebrates, arable plants and food webs; for example, changing microbial activity could change greenhouse gas release and thereby provide a feedback effect on climate change;
· estimating the effect of the above on nutrient requirements and losses in the cropped habitat.

· Compare the economic consequences of (a) not adapting to the changed climate and (b) adapting as fully as possible.  This comparison will include estimation of the gain or loss of likely change in yield (e.g. reduced yield of cereals under slightly warmer climate) with the indicative cost of preparing to adapt to change by breeding new varieties.


	Required outputs listed in SEERAD WP specifications
	Research activity listed in §2.5 of MRP WP proposal

	WP 2.1
Control of Viral Diseases in Livestock

	· Improved diagnosis and control of important endemic viral diseases of livestock in Scotland.
· Epidemiological studies: 
· understanding patterns of disease through pathogen biology;
· linked to the effects of control measures via surveillance data;
· economics of diseases control.
	· Monitoring of changes in endemic virus diseases in Scotland with climate change.  For example, virus diseases that may appear with climate change include “Bluetongue” in sheep and “West Nile virus” in a variety of animal species.

	WP 2.2
Control of Bacterial Diseases in Livestock

	· Improved diagnosis and control of important endemic bacterial diseases of livestock in Scotland.
· Epidemiological studies to inform research and disease control policy and implementation:
· understanding patterns of disease and pathogen biology;
· knowledge on the economics of diseases control.
	· Monitoring of changes in bacterial disease incidence and emergence related to climate change.
· Horizon scanning element will specifically address the CCT on climate change.
· Development of statistical methods for the analysis of large-scale GIS databases and species atlases to support assessment of risks to biodiversity from climate and land use change (BioSS).

	WP 2.3
Control of Parasitic Diseases in Livestock

	· Strategies for control of important endemic parasitic infections and infestations of livestock in Scotland.
· Epidemiological studies to: 
· understanding patterns of disease and parasite biology. 
· assess the effects of control measures via surveillance data. 
· develop a clear understanding of the economics of diseases control.
	· Accurate surveillance of:

· the change of incidence of clinical diseases with climate change, including those associated with pathogens such as nematode Haemonchus contortus , roundworm, liver fluke and ticks;
· enhanced reliance on anthelmintics and impacts on resistance and the environment;

· Modelling prevalence and geographical distribution of parasitism in ruminant populations associated with climate change- and CAP-reform induced changes to husbandry. 

	WP 2.4
Livestock Welfare

	· Evidence from experimental and on-farm systems studies to support guidance on best practice to improve welfare via both husbandry improvements and genetic approaches.
· Scientifically validated, practical, reliable welfare assessment tools that can identify problems and assess progress in improvements in the field.
	· Improved understanding of potential welfare issues associated with climate change.  For example, predicted global warming will have implications for the ability of current breeds to adapt to seasonal temperature fluctuations.  For sheep this could mean a movement away from current wooled breeds to hair breeds (e.g. Lleyn) with welfare implications for breeding strategies and management programmes.


	Required outputs listed in SEERAD WP specifications
	Research activity listed in §2.5 of MRP WP proposal

	WP 2.5
Livestock Genetics and Management for Product Quality and Sustainability

	· Provide evidence and advice on best practices that will help livestock systems deliver biodiversity and environmental goals, both for more intensive systems such as dairying and in extensive systems.
	· Developing sustainable livestock production systems: Using farming systems models to identify routes to improve sustainability.

	WP 3.1
Sustainable farming systems

	· Holistic, inter-disciplinary understanding of the interactions between social, economic, management and environmental drivers which impact upon farming systems (including climate change, protection of biodiversity and sustainability).

· To develop acceptable ranges of key criteria for farm resilience and to test concepts of farm resilience under contrasting levels of farm management.
· Optimised models of farm-scale management for landscape-scale environmental benefits.
· An evidence base for advice to farmers on solutions that are good for the environment and good for business.
	· Climate change issues will be addressed in:

· Module 1 with integration of the research approach to ecosystem approach;

· Module 2 where it will be considered as one of the key drivers on the future development of farming systems;

· Module 3 which considers its implications for the resilience of cropping and stocking systems.
· Module 4 includes a specific project on the role that farm systems may play in contributing to or mitigating Greenhouse Gas emissions.

	WP 3.2
Risk-based Methodologies to Assess Soil Quality

	· Approaches to soil management which minimise loss of carbon and GHG from, and promote carbon sequestration within, Scottish soils.
	· Monitoring status, impacts and response for key processes such as organic matter loss/C sequestration will assess changes due to climate. The partial re-sampling of the National Soil Inventory will provide, as part of the suite of analyses, data on current organic matter levels that can be compared with historical data.

· Soil quality indicators will specifically assess critical thresholds for deleterious outcomes in relation to wetter/drier soils which are sensitive to climate.

· Understanding how changes in climate, via effects on soil physical conditions, will impact on plant growth is a major research challenge. The Least Limiting Water Range (LLWR) and S-theory will be used to determine if they provide appropriate frameworks for studying these effects, and at what scales.
· One of the functional genes under investigation will consider methane oxidation which relates to soils as a sink for this greenhouse gas.

· Modelling Dissolved Organic Carbon losses will assess how proposed climate change variables such as temperature and moisture can be used to derive mechanistic model parameters.


	Required outputs listed in SEERAD WP specifications
	Research activity listed in §2.5 of MRP WP proposal

	WP 3.3
Management of Soils to Enhance Function and Value

	· Approaches to soil management which minimise loss of carbon and GHG from, and promote carbon sequestration within, Scottish soils.

· New modelling methodology to predict the impacts of land-use and climate change upon soils and the consequences for soil functions. 
	· Improved quantification of the carbon cycle in soil which will help prioritise decisions on the management of soils in these systems to maximise carbon sequestration and minimise GHG emissions.
· Development of management scenarios which will minimise GHG emission and maximise C sequestration in soil.
· New process-based models which describe the effects of land use change or climate change on carbon and nitrogen cycling in organic rich soils and forecast the effects of future scenarios of land use and climate change.
· New models which predict the effect of climate or land use change on the ecological functions of soil in the systems under study at the landscape scale.
· Developing innovative and integrative approaches to measuring the social value of soils and their management encompassing carbon sequestration, biodiversity and other values.
· Developing and assessing the scope of new policy instruments to facilitate the sustainable management of soils, realising carbon sequestration and biodiversity benefits.

	WP 3.4
Methodologies to Assess Water Quality

	· Use of the ecosystem approach to assess ecological health (including biodiversity) and status of water and methods to assess ecological impacts of diffuse pollution. 
· Linkages between chemical status and ecological status of water bodies.
· Methodologies for the characterisation of diffuse pollution.
	· Application of novel statistical techniques to long term data collected from the Environmental Change Network to detect environmental change brought about by climate change, for example changes in sulphur deposition.
· Development of process-based catchment models incorporating climatic variables will enable evaluation of the impact of climate change on biogeochemical cycles, thereby enabling assessment of the consequences of this on the generation of diffuse pollutants and impacts on aquatic ecology.
· Development of process-based models to provide a mechanism to evaluate the impacts of changes in climatic factors such as rainfall intensity and storm variability, thermal regimes and seasonality on stream flow generation and potential flooding.
· Improved understanding of the controlling processes, transport mechanisms, and ecological impacts of increased organic matter turnover in soils and the production and loss of Dissolved Organic Carbon and nutrients to receiving waters under different climate scenarios.


	Required outputs listed in SEERAD WP specifications
	Research activity listed in §2.5 of MRP WP proposal

	WP 3.5
Management to Enhance Water Quality

	· Adaptation of water resource management in the light of changes in climate, social and economic pressures and land use patterns.
	· The use of the integrated modelling and appraisal of Programmes of Measures under the Water Framework Directive will enable systematic consideration of impacts of, and responses to, climate change.

· Climate change is likely to result in changes to water balance, flooding risk, crop water requirements and contribution of groundwater to river flows.  These will impact on the cost and valuation of water use.  Analysis of such water use and values will address sensitivity to these climate change impacts.

· The above climate change impacts will also influence the cost:efficacy relationship for Best Management Practices and Programmes of Measures - for example through increased frequency of events delivering significant pollutant loads to water, and the impacts of changing baseflows on stream ecology.  These changes will in turn influence stakeholder views on the uptake of measures.

	WP 3.6
Functioning of Species, Habitats and Ecosystems

	· Not specifically requested.
	· Taxonomic work will provide historical and modern records of the distribution of the Scottish flora and the database of meteorological and phenological records will be expanded.

· Work on lichens will examine the potential impacts of climate change on the distribution of the montane and woodland lichen flora.

· Work on the role of interactions between herbivores in determining population dynamics, and work linking functional traits and diversity to the environment will also contribute to CCT1.
· General focus on increasing our understanding of how ecosystems function will improve our predictions of the response of ecosystems to environmental change.

	WP 3.7
Management of Biodiversity Change

	· Identify drivers of change, pressures, resilience of and impacts upon Scottish biodiversity (including climate change, spatial fragmentation, pollution, land use change and invasive species), and means of predicting and mitigating these impacts to develop and support conservation policies and targets.
	· Range of research investigating the impacts of key drivers (including climate change) on biodiversity change and habitat conservation/restoration.
· Module 3 will directly address the climate change points 33-36 of the Scottish Biodiversity Forum’s Draft Research Strategy (2004).

· The forest fragmentation and genetics component of the work will address points 21 and 39 of the Scottish Biodiversity Forum’s Draft Research Strategy (2004), provision of genetic guidance for conservation programmes and optimal strategies for conservation of genetic diversity.


	Required outputs listed in SEERAD WP specifications
	Research activity listed in §2.5 of MRP WP proposal

	WP 3.8
Protection and Enhancement of Landscapes and Rural Communities

	· Development of appropriate methods and schemes for monitoring and modelling landscape and land use change.
· Understanding the socio-economic value and pressures put upon landscapes, including the impacts of public perception, recreation and access.
· Development of best practice for public participation in environmental decision making and land use change including understanding the constraints, conflicts and barriers that exist.

· Development of decision support tools and evidence based land management strategies  and policies in order to promote landscape conservation and enhancement while maintaining economic and social sustainability.
	· The overall work-package aims at an enhanced understanding of the main social, economic and biophysical processes involved in land-use change in Scotland, and how these interact with each other in relation to climate change, biodiversity, and sustainable rural development. The first three modules of the work-package focus directly on the three Cross-Cutting Themes, underpinned by knowledge, tools, and methodologies developed in the remaining four modules focusing on in-depth research on components of landscapes and rural communities.  Links are made to activities in other work packages as appropriate.

· Development of a set of stakeholder-assessed scenarios concerning adaptation to climate change and mitigation of greenhouse gas emissions in Scotland (linked to WP 3.3), linking theory and models of human decision-making processes regarding land-use with biophysical models of carbon dynamics.
· Development of new modelling methodologies to explore potential impacts of land use and climate change on soils and soil functions.

	WP 4.1
Improving Gut Health

	· Nothing of relevance to CCT1.
	· Nothing proposed.

	WP 4.2
Dietary Strategies for the Obesogenic Environment

	· Nothing of relevance to CCT1.
	· Nothing proposed.

	WP 4.3
Dietary and Nutritional Strategies to Reduce the Risk of the Development of Cardiovascular Disease and Cancer

	· Nothing of relevance to CCT1.
	· Nothing proposed.



