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Executive Summary

The CESA research programme supports the development of policy responses to human-induced depletion of the stratospheric ozone layer and climate change. Both environmental issues are global in scope and long-term in nature and require considerable research effort in order to understand the processes involved, to observe trends, to predict and monitor the impact of human actions, and to assess the most effective adaptation and response strategies.  

Looking ahead there are still many challenges and unresolved research questions, particularly in relation to climate change. We will need to reduce uncertainty in climate predictions, improve impact assessments and adaptation strategies, improve assessment of mitigation options and costs and assist with building internationally accepted approaches to the negotiation of a long-term international response to climate change in pursuit of the ultimate objective of the UN Framework Convention on Climate Change (UNFCCC).

PROPOSED CESA RESEARCH PROGRAMME

2006/7 

1. 
Introduction

This paper provides describes CESA’s climate change and stratospheric ozone research programme for the period 2007/8. It is based on Defra’s strategic priorities. 

This paper is similar to those used in previous years as the basis of a consultation to be held with Defra policy leads and representatives from the devolved administrations, with the aim of reviewing the balance of the programme, and identifying gaps or low priority work. 
2.
Policy and scientific context 

The CESA research programme supports the development of policy responses to human-induced depletion of the stratospheric ozone layer and climate change. Both environmental issues are global in scope and long-term in nature and require considerable research effort in order to understand the processes involved, to observe trends, to predict and monitor the impact of human actions, and to assess the most effective response strategies.  Stratospheric ozone is a mature policy area and consequently the large majority of the work focuses on climate change.

The key policy challenges over the next 5 years include taking forward the decisions from COP/MOP1 in Montreal, setting near term actions on climate change in a longer term context, operationalising the Kyoto Protocol, engaging with key players in the developed and the developing world, achieving our domestic goals on adaptation and mitigations, and ensuring that the international scientific assessment processes support the international negotiations. 

Much of this work will need to be supported by scientific research which will increase our understanding of current climate change and its possible future evolution. We will aim to understand, quantify and ultimately reduce uncertainty in climate predictions, especially at the regional level; improve impact assessments and adaptation strategies; improve assessment of mitigation options and costs; and endeavour to assist with building internationally accepted approaches to the negotiation of a long-term international response to climate change. We will set this in the context of the questions raised at the ADCC (Addressing Dangerous Climate Change Conference, Exeter, 2005) and the conclusions of the IPCC’s 4th Assessment Report (2007). New scientific challenges are likely to come from real events, secondary greenhouse gases and other radiatively active minor components, increased use of new substances (eg hydrogen), stability of the ocean circulation and ice sheets, critical feedback mechanisms such as clouds and water vapour and the carbon cycle, and new awareness on impacts including issues such as international security. Improvements in the methodologies for computing the economic cost of climate change damage and adaptation and mitigation responses are needed to support negotiations. Much more will need to be done to determine what affects patterns of energy use, and to assess the technical options and costs of mitigation associated with deep cuts in greenhouse gas emissions. Specific sectors such as aviation pose specific scientific questions. 

CESA also provides scientific analysis for the formulation of new domestic energy efficiency policy. It is responsible for detailed assessment of the efficacy of existing policy in this area. Reliable monitoring of energy efficiency measures and newer, microgeneration technology will allow us to inform these studies. 

Within this context, the key policy objectives with the related scientific  objectives for CESA over the next decade are considered below.

3.
CESA Research Programme Objectives

3.1
International negotiations on Climate Change

Future action

The ultimate objective of the UNFCCC is to stabilise greenhouse gases in the atmosphere at a level that avoids “dangerous” anthropogenic climate change. Now that the Kyoto Protocol is in force, attention has turned to its implementation and to what actions may be needed beyond 2013. At COP11 (Montreal) agreement was reached on two tracks on future action – a) negotiations on Kyoto post 2013 and b) a wider track under the convention. There are two main issues that need to be addressed technically in support of this policy area:

a) a broad scientific analysis in terms of the objective of the convention. We propose to initiate a major work programme which will build on previous scoping studies to address the stabilisation issue.

b) Assessment of approaches to burden sharing. There are a number of proposals on the table and we need to consider them in terms of applicability, effectiveness and what they would mean for the UK.

Leading by example  

The UK takes very seriously its commitment under the UNFCCC to report emissions and projections of greenhouse gases, to show how it will meet its targets and in due course show that it has met them. There are a number of technical and methodological items on the UNFCCC negotiating agenda and the UK domestic policy agenda which require sound technical input and a good scientific basis – these include analysis of trends and projections, consideration of emission inventories, issues associated with particular technologies (eg CCS - Carbon Capture and Storage) carbon sinks (LULUCF – Land Use, Land Use Change and Forestry), and specific trace gases such as HFCs (hydrofluorocarbons). In this regard we will:

a) Continue to meet commitments under the UNFCCC for emissions inventories on an annual basis and projected emissions on a periodic basis

b) Undertake research on factors underpinning future commitments by Parties

c) Achieve supplementary reporting requirements under the Kyoto Protocol from 2010 onwards

d) Support research on sinks

We see scientific research as a useful point of contact with various parties for discussing climate change when other avenues are particularly difficult. We therefore need to maintain a strong science base so that we are taken seriously by other parties, and to ensure that UK scientists contribute to international scientific assessment processes. We will therefore continue to support the Hadley Centre and related underpinning science – see section 3.6.

Adaptation

The UK Government has long recognised the need to adapt to that part of climate change which we cannot avoid. This work is also underpinned by an understanding of science – both in terms of our understanding of likely impacts of climate change and the development of appropriate adaptation responses. Our work in this field in the UK is internationally recognised. Tools and methodologies developed by the UK Climate Impacts Programme (UKCIP) have been made freely available and have been adopted by others. This has also provided another avenue to engage UNFCCC Parties in debates about climate impacts. We have made tools for climate modelling (such as the PRECIS regional model) available, and have provided bilateral support for impacts assessment work in China and India.  In Montreal, agreement was reached on commencing a 5 year programme of work on impacts, vulnerability and adaptation. The UK played a key role in achieving this outcome, and will need to continue to support the programme of work. The IPCC will also deliver its complete fourth assessment report at the end of 2007. The UK has provided support for the co-chair of Working Group II, looking at impacts, vulnerability and adaptation, and has sponsored its Technical Support Unit and the IPCC’s Data Distribution Centre, which makes climate model output available to the impacts modelling community.

Research

In the SBSTA deliberations on the agenda item “Research”, the UK  is represented by the CESA Science Team. In order to maintain a credible presence and to be able to influence the international research scene in a useful way, it is necessary to be running an internationally respected and cutting-edge research programme ourselves.  
Education and Training

The portable regional climate model PRECIS has (with some assistance from DfiD and UNDP) been distributed to many developing countries, by means of a number of regional workshops, run by Hadley Centre staff, which provide the necessary education and training in the model’s use. UKCIP is undertaking a training programme in 2007/8 for potential users of the new 21st Century Climate Change Scenarios which will be published late 2008.
Systematic Observations and the Global Climate Observing System (GCOS)

In the SBSTA deliberations on agenda item “Systematic Observations”, the UK  is represented by CESA officials.  To  maintain a credible presence, it is necessary to be well-informed about the value of climate observations, and for the UK to have a good record itself in supporting  observations.  Information is provided by the contract with the Hadley Centre, and we support Professor Paul  Mason’s work for  the secretariat of the GCOS (Global Climate Observing System). Observation activities are discussed in section 4.2.  

3.2
Intergovernmental Panel on Climate Change

Scientific research is essential to securing progress on climate change as international negotiations on climate change are strongly affected by the status of scientific understanding of climate change.  Internationally, the rationale for action to combat climate change is based on the scientific conclusions reported by the IPCC, approved by Governments and now widely accepted.  Nevertheless, minority dissenting voices, with some scientific credentials, have been unduly able to influence negotiations by stressing uncertainties and giving support to those countries who wish to move more slowly in their response to climate change. This is not to deny that there are uncertainties and that research needs to continue on a broad front but that these are not in themselves sufficient cause to delay action.  The IPCC has itself indicated the need for more research and there is now a standing item under the UNFCCC Subsidiary Body on Science and Technology (SBSTA) which seeks to ensure that needed research is carried out. 

It is important that the international science assessment process of the IPCC remains strong and that it has relevant science to assess, in a timely manner. 

We will continue to support the Co-chair of WG2 of the IPCC and the Technical Support Unit at Exeter. In addition the UK has offered to fund the Technical Head of the unit which will pull together the IPCC Synthesis Report of the AR4. This post may be based in Exeter or Delhi and will support the Chair of the IPCC Dr Pachauri.

We will also continue the strong input that the UK has provided in developing the IPCC’s methodologies for greenhouse gas inventory development, both by engagement of individual scientists and in steering the work overall. 

3.3
UK Domestic programme on Mitigation

Research and data gathering and analysis are needed to assess the UK’s performance on mitigation across different sectors, to understand trends and identify options for further reductions. This work is largely carried out in support of the UK Climate Change Programme, the emission trading schemes and the Energy White Paper. We will:

a) Continue to monitor the performance of the UK Climate Change Programme, published in 2006
b) Provide technologically disaggregated projections of CO2 and non-CO2 greenhouse gases 

c) Provide underpinning assessments of the options available, including low greenhouse gas emission technologies, to reduce emissions over the longer term and to make use of sinks, and further quantify these in terms of cost and size.

d) Assess issues related to aviation and carbon capture and storage
e) estimate the carbon savings likely to arise from proposed policies, together with costs

f) estimate the overall impact of all such policies in a particular sector (including those of other Government departments), allowing for overlaps

g) evaluate the impact of policies to date, both individually and collectively

h) provide technical advice on the theoretical and practical energy savings (and other possible benefits) from individual measures (eg insulation).

3.4
UK Domestic programme on Adaptation to Climate Change

Adaptation is a necessary response to climate change and we are currently developing a UK wide policy on adaptation. – the Adaptation Policy Framework (APF). The European Commission is also developing its thinking on adaptation (with a Green Paper published in the summer of 2007) as part of the second phase of the European Climate Change Programme. Policy on adaptation is however at a relatively early stage and it is clear that the development both of domestic and international adaptation strategies will require considerable development of the knowledge base on climate projections, impact assessment and adaptation options.  

To support the development of adaptation more widely in the UK and to underpin the APF we will:

a) Continue to support the UKCIP in developing information to increase awareness among UK stakeholders of climate impacts and tools to develop adaptation options.

b)  Produce updated probabilistic climate scenarios for the UK in 2008, including assessment of the potential effects of climate change on extreme weather events and their impacts. 

c) Develop a national framework for work on impacts and adaptation through the APF and UKCIP.

d) Include a clause on adaptation in the Government’s Climate Change Bill which is being developed in 2007.

e) Improve knowledge of global impacts through regional climate modelling and country studies of impacts and adaptation. 

3.5
Bilateral programmes on Climate Change

Engagement with developing countries is an essential part of our strategy to deal with climate change.  We aim to build scientific capacity and understanding of the impacts of climate change, and share knowledge of approaches to adaptation and mitigation.

In engaging with developing countries we will:

a) Support the Hadley Centre to develop further the portable regional climate model (PRECIS) to enable other countries to assess their vulnerability to potential climate change, in conjunction with DFID and possibly UNDP.

b) Support research in India and China on the impacts of climate change and the development of adaptation strategies. 

3.6
Underpinning science 

For sixteen years, Defra has funded the Climate Prediction Programme (CPP) at the Met Office’s world leading Hadley Centre for Climate Prediction and Research. During this time, the CPP has made a major contribution to international understanding of past and current climate. The CPP is subject to independent scrutiny by the Science Review Group, which reports annually to both Defra and MOD, the joint funders of the CPP.  Every 5 years or so a wider review is commissioned, from independent consultants, the 2006/7 review is about to be published. It concludes that “The Hadley centre is currently regarded as amongst the leading climate modelling centres in the world”. The CPP underpins much of our work on climate change and Defra uses the CPP to help us address policy relevant questions concerning future changes, particularly for extreme events. Current and planned developments in model sophistication are expected to reduce scientific uncertainties, to improve climate forecasts significantly, and thus to increase further the robustness and credibility of policy outcomes. 

A new 5-year contract is expected to be let early in FY 2007/08.  The Hadley Centre’s work has always been partly funded by the Ministry of Defence, and the new contract will be for a joint programme of work funded by both departments.

Future research at the Hadley Centre will: 

a) provide further detailed information on the causes and effects of recent climate changes and quantify and reduce uncertainties concerning the human influence on past and present climate.

b) quantify and reduce uncertainty about the sensitivity of the climate system to greenhouse gas emissions and other influences on our climate, aimed at generating more accurate predictions of possible future climate changes over the next century and beyond.

c) improve regional climate predictions through development of higher resolution climate models, leading to clearer identification of regional and local impacts of climate change, especially of extreme events; informing adaptation policies in the UK and elsewhere.

d) develop improved earth system models and undertake detailed studies of critical issues such as climate feedback processes, carbon and nitrogen cycles, ocean thermo-haline circulation, ice sheet behaviour and the potential for surprises in the behaviour of the climate system, aimed at providing a more integrated view of future climate change. 

e) consider closely how climate changes might lead to rapid and / or ‘dangerous’ anthropogenic climate change, enabling more sophisticated analyses of mitigation strategies aimed at stabilising climate change. 

f) Develop new techniques in decadal climate forecasting in order to provide better estimates of near-future changes, especially at regional and national scales and thus better inform mitigation and adaptation policies. 

3.7
Underpinning observations

Observations of climate, gases and the effects of climate change are essential and require concerted international action. Whilst parts of the climate system have been and are well observed there are major gaps which were identified in reports from the Global Climate Observing System secretariat. Key issues requiring further work are observation of the oceans, ice caps, land biosphere and atmospheric constituents, and observations of all kinds in developing countries. Observations are funded by a number of agencies in the UK and we coordinate efforts through the Global Environmental Change Committee (GECC) sub-group on observations. We will: 

a) Continue long-term measurements of greenhouse gases in the atmosphere as part of the ALE/GAGE network

b) Continue to support observation of the ocean through verification and exploitation of the AATSR (Along Track Scanning Radiometer) and

c) Contribute to the expansion of the ARGO floating buoy system in conjunction with the NERC and MoD.

3.8
Stratospheric Ozone Depletion 

Policy on stratosphere ozone is relatively mature and actions have already arrested the rise in ozone depleting substances in the atmosphere.  There is less controversy over the science than for climate change and there is considerable research being undertaken in the UK science base and at the European level.  The primary requirement for CESA is to ensure observations of ozone and UVB are maintained over the UK to meet domestic needs and international commitments. Key issues are the effectiveness of the Montreal Protocol and the potential need for tighter regulations, including the phase out schedule for methyl bromide in developing countries, controls on HCFC production in developed countries and HCFC consumption in developing countries and status of compliance by developing countries with Montreal Protocol commitments and milestones in 2006, 2010 and beyond. 

We will:
a) monitor stratospheric ozone and UVB over the UK and analyse low ozone events and trends to meet minimum domestic requirements.

b) encourage research which will increase our understanding of the effects of UVB radiation on health and the environment;

c) assess whether new ozone-depleting substances, and poorly understood substances, could delay recovery
d) improve understanding of the interaction between climate change and stratospheric ozone, and in particular identify whether this could delay recovery or enhance climate change.
3.9
Organisational issues and cooperation with others 

Climate change science is very complex and is funded by a number of bodies in the UK and overseas. The scale of the issue means that there is plenty of work for everyone, but it is necessary to ensure that there is not unnecessary duplication, or significant gaps. This role is undertaken by the Global Environmental Change Committee (GECC), overseen by CESA and chaired by Howard Dalton. There is also a need for on-going work by CESA to influence the programmes of others, eg NERC and the Tyndall Centre. In addition we will be looking to further develop strategic partnerships with other UK funders to share costs on significant items of expenditure, as we already do on ARGO, AATSR and the Hadley Centre. 

We will continue to support a secretariat for the GECC and the Hadley Centre Review Group.    

We will also explore ways to work more closely with the EU and other international programmes.  

Defra funding of UKCIP has also been instrumental in leveraging Research Council support for programmes such as the “Building Knowledge for a Changing Climate” programme funded by EPSRC which is now being continued as a new “Sustaining Knowledge in a Changing Climate (SKCC)” programme in 2007/08. We will look to continue such partnerships.

We have also had limited co-funding from regional government partners within the UK for domestic work on impacts and adaptation. We will look to maximise these opportunities in future.

3.10
Resources

Defra has not yet finalised its budgets for 2007/08.  At the time of writing CESA is permitted to spend 45% of its “probable budget” of £20.2 million.  This would be an increase on 2006/7, partly in recognition of re-organisations which resulted in the Division being expanded to include the team dealing with energy analysis (formerly undertaken elsewhere within Defra). Last year financial restrictions applied but CESA was successful in letting all its planned contracts, as all were judged to be of sufficient importance that the spending moratorium was waived on a case-by-case basis. 

Unsurprisingly the largest part of the budget (£13.2 million) will support the work at the Hadley Centre which provides key underpinning for policy and many other parts of the programme. Support for observations is also significant including development of the AATSR archive and support for ARGO. The adaptation and mitigation areas are the key policy orientated programmes and both receive funding of the order of a million pounds. We caution against facile comparisons between budgets as the resources allocated depend very much on the nature of the programme and the level of activity being funded elsewhere. For example we do not fund any work on technology as it is largely supported by the DTI. We also depend on the funding of large amounts of baseline science and observations by the research councils and in some cases we have some cost sharing arrangements.

4.
GA Research Programme Details

4.1
Stratospheric Ozone Depletion

This is a mature area of policy and the science programme has been pared to a minimum.

Our aim is to ensure that we have basic information on ozone and UV trends over the UK. 

Defra funds the monitoring of column ozone levels at Reading in the south of the UK, and Lerwick in the north. The project also monitors UV levels at Reading. Measurements are reported to international bodies and to the public via a website. As part of the project scientists analyse measurements to identify trends for the UK and highlight the presence and cause of any low ozone events. The project is conducted by AEA Energy and Environment, with scientists from the Met Office, Imperial College and the University of Manchester. 
4.2
Climate Change Science 

4.2.1 Climate Prediction Programme - Hadley Centre 

The Climate Prediction Programme (CPP) at the MO Hadley Centre (see Section 3.6) is our flagship research programme, accounting for the bulk of expenditure on climate science. The CPP provides a focal point for bringing national and international research to bear on the policy process. It underpins our input to international assessments of climate change science, including through the Intergovernmental Panel on Climate Change (IPCC) (see Section 4.3.5).  It is a prominent aspect of the UK's commitment to dealing with climate change and our domestic programme on impacts and adaptation (see for example, Sections 4.3.1 and 4.3.6). The CPP also plays an important role in our bilateral work with developing countries and supports our bilateral projects in China and India (see for example, Section 4.3.4). In this regard the recent and continued development of a portable regional model (PRECIS) is most important.

The programme and some intended future research directions are briefly described in Section 3.6.  It deals with identifying and understanding the causes of climate change and with prediction of future change, both globally and regionally.  Our aim in funding this important research is better to understand climate change mechanisms, processes and feedbacks, to reduce uncertainty in forecasting future change.  It is especially important that we have more robust models of key climate elements, in order to generate ever more detailed and more accurate representations of the climate system as a whole and in order to predict likely climate futures with more confidence.  Key elements include, for example, clouds, ice and ocean circulation, the carbon cycle and terrestrial land use changes – if we understand these even better, then our models of the future and the role of human activities in generating climate changes will both be significantly improved.  

4.2.2 Brazilian Proposal 

The aim of this project is to provide the technical and administrative support for the development of the “Brazilian Proposal” on the scientific and methodological assessment of regional contributions to climate change, and to provide support for a committee who will oversee the scientific work. 

4.2.3 Oceanic Observations 

We have a long-term commitment to a new international ocean monitoring programme (ARGO), which measures deep sea temperatures and salinity. This is essential if we are to understand and predict how ocean currents may change and affect climate. The UK input has been about 5% of the whole and CESA shares costs with MOD and the NERC (payment in kind). CESA’s contribution will be halved in 07/08, in line with cuts by MOD and NERC; however the global array is expected to reach its design density in summer 2007.

4.2.4 Earth Observation - Sea Surface Temperatures 

The AATSR (Advanced Along Track Scanning Radiometer) is the 3rd in a sequence of instruments designed to measure sea surface temperatures with a high degree of accuracy, as part of our efforts to identify the human signature of climate change in the oceans. It may also provide useful information about aerosols. 

The AATSR was launched on the ESA ENVISAT Satellite in March 2002. The programme constitutes a long-term international commitment and our aim is to ensure we are in a position to make maximum use of the data that become available. A new management contract has now been let  to oversee the subcontracts for data management, validation, archiving and exploitation.

4.2.5 UKCIP08 Scenarios 

An updated set of climate change scenarios for the UK will be released in October 2008. The new scenarios, which will contain information on recent climate trends and future scenarios for land and sea, will be based around a new probabilistic modelling technique which gives a range of results based around a probability distribution function (PDF) for each climate variable, using a number of climate models.  Some deterministic results will also be provided where probabilistic data are not yet available e.g. for sub-surface ocean dynamics.  The modelling work is being undertaken by the Hadley Centre as part of the CPP contract, but several other organisations are involved in delivering the UKCIP08 product.   The British Atmospheric Data Centre is developing a web-based data delivery package to allow users to view and manipulate the data based on inputted criteria (such as location, weather variable, SRES scenario and time slice), Newcastle University is producing a Weather Generator tool to sit alongside the data delivery package and produce daily and sub-daily data based on the PDFs.  UKCIP (see 4.3.1) are heavily involved in disseminating the scenarios to the user community.  They are running a dedicated Users’ Panel and will produce guidance and training for the scenarios.  The programme as a whole is being funded and overseen by CESA.  
4.2.6 Role of the Northern seas in global change 

CEFAS has unique experience of measuring two of the most climatically-important of the ocean fluxes that connect the Arctic to the thermohaline circulation of the World Ocean - the freshwater and dense-water fluxes off SE Greenland - and has the only long records of their variability. An EU-funded project is intended to ensure that CEFAS maintains these globally-important measurements throughout the intensive observing phase of the integrated Arctic Ocean Observing System (iAOOS; 2006-9).  CESA provides one of three Defra contributions to ensure this dataset, vital for understanding variability in ocean circulation (and hence the detection and prediction of unusual changes) is maintained.

4.2.7 New Projects

· GCOS Implementation in Africa It is proposed to assist implementation of the GCOS Implementation Plan in Africa by funding a meteorologist to take forward priority climate observing activities and restore non-functioning networks.  This would be part of a larger programme, “ClimDev Africa” aimed at ensuring climate change is accounted for in planning for developing countries to achieve the Millennium Development Goals.  Defra funding (should funds permit) would be additional to £5million already pledged by Dfid.
4.3
Impacts and Adaptation 

4.3.1 UK Climate Impacts Programme – UKCIP 

The UKCIP is our main domestic effort to assess the impacts of climate change, through stakeholder-led studies. Since 1997 Government (Defra and DAs) have funded the UKCIP programme, which aims to assist stakeholders to understand the implications of climate change so that they can prepare adaptation options. An independent review of UKCIP was carried out in Autumn 2004 by ESYS Plc., and in April 2005 a new 5 year phase of work was agreed between Defra, DAs and stakeholders. This retains 2 main aims: to improve knowledge and understanding of the impacts of climate change among UK stakeholders and to help stakeholders to be better equipped to undertake adaptation to climate change.  The UKCIP programme has 5 objectives: 

- To improve knowledge and understanding of the impacts of climate change at a regional and national level among stakeholders, through the co-ordination, integration and communication of research.

- To provide stakeholders with tools and methods, and supporting training and guidance.

- To promote a consistent programme of work on impacts and adaptation across the UK, working through partnerships with stakeholders and other researchers

- To provide a focal point for information on climate change impacts in the UK, through the UKCIP Programme Office and strategic communications activities.

- To learn from the research and experience of other countries, through appropriate links.

As well as supporting regional studies across the UK, UKCIP continues to build up links with individual sectors and organisations through several specific initiatives, e.g., developing a new programme of research on the built environment with EPSRC (Sustaining Knowledge in a Changing Climate) and involvement in the Marine Climate Impacts Partnership (MCCIP).  In addition it will develop its expertise on integrated assessment and continue to provide new tools for stakeholders. The current contract is running at approximately £800k per annum and will extend to 2010.

4.3.2 Cross-regional programme

The Cross-Regional Research Programme aimed to provide detailed, quantitative research to inform regional decision-making on climate change impacts and adaptation, and to help design effective adaptation responses at the sub-national scale. The programme involved 7 separate pieces of research that were published in  October 2006.  The projects are:
- Impacts of climate change on the visitor economy (tourism and day trips visits) in England's north-west, looking at how climate change may influence visitor behaviour, climate impacts on vulnerable locations and on interactions with linked sectors, such as transport, farming and land management. 

- Adaptation responses to climate change for new development in the Growth Areas, aiming to Identify practical climate change adaptation measures that can be taken

by those involved in delivering the Sustainable Communities Plan Growth Area agenda at the development project scale. This looked at master-planning and building and infrastructure design, and the range of delivery mechanisms required to deliver ‘climate proofed’ development at these scales. 

- Climate change and business, looking at impacts on the railway network and supermarket sectors and the extent to which climate change is a factor in business decision making. 

- Impacts on water resources, which is looking at the impact of climate change on the management of water resource zones and existing water infrastructure. In particular, to examine the effect of realistic scenarios of extreme events and combinations of extreme events on water resources and to consider the adequacy of current policy and guidance for managing water resources in the context of climate change. 

- Impacts on the rural economy, investigating the effect of climate change on rural economies and communities and considering whether such effects will have implications for existing patterns of vulnerability. 

- Quantifying the costs of impacts and adaptation - aimed to investigate methodologies for estimating sectoral costs over a number of future time periods and under a range of climate change and socio-economic scenarios. The development of a case study for the hot summer of 2003 in the UK was included to raise awareness of weather events associated with climate change, and the implied costs and adaptation needs.

- Linking adaptation research and practice - has developed a systematic categorisation of observed adaptation in the UK in both the private and the public sectors, including an inventory of examples of adaptation in practice in four sectors in the UK (water (supply / flood management), construction, rural land-use (biodiversity and conservation / agriculture and forestry) and transport. 

4.3.3 Bilateral Projects – India and China 

Two bilateral projects, investigating the impacts of climate change on India (across a range of sectors) and China (agriculture) are continuing and moving towards recommending options for adaptation.  

A second phase of the China project is underway focusing on the interaction between climate change, agriculture, water resources and rural poverty, including case studies at the regional scale.  The research involves extensive stakeholder consultation in the region to ensure that options for adaptation are tailored to the local circumstances.

A second phase of work in India was launched in January.  It is currently in the scoping stage, with the aim of beginning the main research in October this year.  This project will improve the climate modelling and national level impact assessments, particularly focussing on the interactions between sectors.  It will also include a regional project with a strong adaptation focus.

4.3.4 IPCC WGII Technical Support Unit 

We will continue to support the Technical Support Unit for IPCC Working Group II (Impacts & Adaptation), as required by IPCC procedures.  We also provide support to Professor Martin Parry, who serves as developed country co-chair of WGII.  We also fund the Technical Head of the unit which is preparing the Synthesis Report of the AR4.
4.3.5 Climate Impacts Link Project and IPCC Data Distribution Centre
This contract was renewed in 2006 as an integrated contract to provide web-delivery services for climate modelling data alongside the data delivery package for the UKCIP08 scenarios.  The new contract which was awarded to the British Atmospheric Data Centre continues to provide climate change modelling data to the climate impacts research community and other interested parties, in the UK and overseas.  This latest phase of LINK will build upon previous data-dissemination activities and will ensure data resulting from the most recent Hadley Centre runs (in addition to data from other climate models) adequately serve the needs of researchers.  The renewed contract will also serve to distribute some of the more complex data from the UKCIP08 climate change scenarios. The same contract also provides support for the IPCC Data Distribution Centre, which provides climate and socio-economic data under the aegis of the IPCC’s Task Group on Scenarios for Climate Impacts Assessment (TGICA).  This contract runs until the end of 2009.

4.3.6 New Project
· Cross-Sectoral Research Programme for 2007-08

Continuing on from the cross-regional research programme, in 2007/08 CESA will fund two cross-sectoral projects to be managed through UKCIP.  The first project will focus on updating the current set of climate change impacts indicators, bringing together a range of indicators across a number of sectors and including a consideration of European and international indicators (such as migratory species).  The second project will focus on the practice of implementing adaptation at a Local Authority level, specifically studying the interactions of different sectors and how national policy is filtered down to the local level.    

4.4
Response Strategies 

This programme provides essential underpinning for our ongoing commitment to provide annual emissions inventory data and reports on projections to the UNFCCC, assess our ability to meet reduction commitments and to assess the effectiveness of mitigation policies.

4.4.1 UK and Regional Greenhouse Gas Inventories 

To compile the UK’s annual inventory of anthropogenic greenhouse gas emissions by sources and removals by sinks for submission to the UNFCCC and the European Union Monitoring Mechanism (EUMM) and to provide separate greenhouse gas inventories and supporting documentation for England, Northern Ireland, Scotland and Wales, consistent with the overall UK inventory.

4.4.2 Emissions and sinks due to land use change

To provide estimates of CO2 emissions by sources and removals by sinks associated with land use, land-use change  and forestry (LULUCF) in the UK and in other countries. This is a major research area and provides the LULUCF component of the UK’s GHG inventory, assessments of LULUCF in other countries as well as scientific assessments of emerging issues (recent examples being methane from forests of loss of soil carbon).

4.4.3 Trace Gases and Radiative Forcing 

Understanding the origin, transport and loss of trace gases - both greenhouse gases (GHG) and ozone depleting substances (ODS) - is essential for developing effective controls and protecting the atmosphere. Many trace gases occur naturally so we need to understand the relative importance of natural and anthropogenic sources.

The current programme supports long-term measurement of GHG and ODS at Mace Head, on the West Coast of the Irish Republic as part of an international programme. A related programme at the Met Office uses tracer models to assess sources and sinks. This work is important as a tool to validate greenhouse gas inventories, and is also used to determine the success of international agreements such as the Montreal and Kyoto Protocols to limit anthropogenic emissions of harmful gases to the atmosphere.

4.4.4 Updating of non-CO2 greenhouse gas projections

Projects emissions forward using methodologies consistent with the GHG emission inventory, taking account of stakeholder consultations, and maintaining consistency with the DTI energy projections, where these affect emission of greenhouse gases other than CO2.
4.4.5 Factors underpinning future action

To update the UK’s assessment of the basis for engaging developed and developing countries in the international process, and review feasible target regimes. Includes methodological basis for analysis of EU burden sharing.

4.4.6 New Projects
· Review of lifecycle emissions and emissions implications of traded goods.

To develop a compendium of life cycle emissions for use in policy analysis; present information is scattered and without a lot of digging around leave us vulnerable to assertion, including possibly by special interest groups

· Industrial Sector CO2
To update the technology database and projections of CO2 emissions from the industrial sector to 2050. This will incorporate new data into ENUSIM as the UK’s standard model for technologically disaggregated emissions analysis in the industrial sector. Follows from 4.4.7 above. Coordinated with NCCP, SEP and DTI (whose econometric analysis it complements). 

· Reduce uncertainty in methane emissions estimates

Methane emissions estimates are subject to significant uncertainty which will be reduced by further research including measurements.
· Monitoring of the Climate Change Programme

Research to support the requirements emerging from the Climate Change and Sustainable Energy Act/Climate Change Bill.
· Review of the sustainability of global biofuels

Sustainable biofuels could make a significant contribution to GHG mitigation but there is a large potential for unsustainability – research will investigate criteria for sustainable production.
4.5 Sustainable Energy

The sustainable energy analysis team at CESA provides analysis for DEFRA’s UK domestic energy efficiency policies in the residential, business and public sectors. Reliable monitoring of energy consumption patterns and of the true performance of energy saving measures in situ is key to this work. The following sections describe on-going and planned research projects.

4.5.1 Understanding differences between theoretical and actual energy savings following house insulation
Earlier studies based on comparisons of gas bills before and after the installation of cavity wall and loft insulation indicated that actual reductions in consumption were only 50% of the theoretical values produced from computer models. It is important to understand and quantify the reasons in order to ensure policies are most effectively targeted, and potential energy and carbon savings correctly identified. 

Subsequent studies and analysis have quantified two contributory factors:

· Overestimation of the area of “fillable” wall (around 15%);

· “Comfort-taking” by householders, ie taking part of the benefit as higher indoor temperatures (also around 15%).

Together, these account for a reduction of nearly 30%, leaving a further 30% still to be explained. Possible factors include:

· incorrect model assumptions on typical heating patterns (eg length of heating periods, thermostat settings, variations across different parts of the house;

· underperformance of the insulation itself;

· the use of supplementary heating (possibly not recorded in the initial surveys);

· incorrect model assumptions about the split between space and water heating; and

· incorrect assumptions about the split between fabric and ventilation losses.

One study has looked at heating patterns and generally confirmed that model assumptions are still broadly correct, with some relatively small updates. Further studies are in progress or planned to investigate these other factors.

In situ performance of cavity wall insulation 

Following an initial pilot, a larger study is now nearing completion. It involved heat flow measurements across walls, first uninsulated then following the installation of cavity wall insulation, in a sample of different house types in 4 separate regions of the country, in order to calculate the effect of the insulation and compare with the theoretical values. Thermographic imaging was also used to look for examples of cold bridging (ie areas of higher conductivity). The final report is expected to be published later this year.

Hot Water Provision and Use
This field study began in late winter 2006-7 and is gathering data on heating and use patterns, fuels used, etc. Final report possibly late this financial year.  

Ventilation Heat Loss (planned)
Still at planning stage, possibly starting field monitoring in the coming autumn. Likely to take over two years to ensure adequate monitoring period.

 4.5.2 In Situ Efficiency of Condensing Boilers
Project began late 2006, with some very provisional results perhaps later 2007.  Final report next year.
4.5.3  Systems effects of widespread micro and mini-CHP in buildings

This desk study is examining the possible effects of widespread deployment of micro and mini CHP units on the UK’s electricity and gas supply systems. Final report expected summer 2007.
4.5.4  New Projects

· Develop new energy efficiency and energy service demand indicators for the Industry and Services sectors (planned)
Similar indicators have already been developed for the household sector, and have enabled an estimate to be made of carbon emissions from this sector for 2010, independently of the DTI projections. Initial comparisons were close enough to give confidence in both approaches. The main barrier to similar developments in these non-household sectors is a severe lack of essential data. Identifying and acquiring this will be a priority.
· Energy use in UK building stock (possible)
This study will provide estimates of energy consumption and CO2 emission savings potential for the UK domestic and non-domestic building stock. The project will include an assessment of policy effectiveness in these areas, disaggregated by sector, fuel type and end use. It is fully coordinated with SEP and has provided the UK with a very well developed technological analysis which complements the DTI’s econometric projections.

· Update computer stock models on energy consumption via the purchase and analysis of market survey data (planned)
· Peak electricity demand profiles (planned)
This study will enable us to understand the various components of peak electricity demand, and therefore to establish which measures may reduce peak demand. 

4.6
Cross-Cutting project to assess scientific, technological and socio-economic aspects of stabilisation of greenhouses gases in the atmosphere.

A programme would address the questions raised at the Exeter Conference on ADCC, ie:

1. For different levels of climate change what are the key impacts, for different regions and sectors and for the world as a whole? 

2. What would such levels of climate change imply in terms of greenhouse gas stabilisation concentrations and emission pathways required to achieve such levels?

3. What options are there for achieving stabilisation of greenhouse gases at different stabilisation concentrations in the atmosphere, taking into account costs and uncertainties?

It would also draw on previous Defra funded research by the Tyndall Centre, which identified a series of areas for further research in relation to climate stabilisation. The Tyndall project suggested a range of 10 potential projects, form which a short list now need to be identified and put forward for funding, in this key area that will underpin our thinking about future action.

Question 1 would address the impacts for different levels of climate change. Particular projects could include:

a) Continued development of a comprehensive review of impacts, using a suite of relevant indicators, socio-economic, physical and biological, with regional dis-aggregation and spatial distributions.

b) Address risks of high impact low probability events: identification of critical levels of climate change for ocean circulation including El Nino, ice sheet stability – Greenland and Antarctica, carbon cycle feedback, ocean acidification, monsoon circulation, release of methane from hydrates. Key modelling centres to run scenarios out to 2300 at least (perhaps even longer would be needed to cover sea level rise and ice sheet behaviour). The models used should be comprehensive fully coupled ocean-atmosphere GCMs that can demonstrate an ability to simulate the general level of climate changes since 1850 satisfactorily. Lead with Hadley Centre initially.

c) Identification of  critical risk levels of climate change for significant regional or global effects e.g. species or ecosystem loss, catastrophic socio-economic impacts such as famine, water resource failure, drought, forest fire, storm and storm surges.

d) Exploration of critical impacts at the tertiary level – forced migration, political instability, economic failure.

e) Explore impacts for different stabilisation levels ( 450 CO2 Equiv and upward), taking into account stabilisation of all GHGs and a range of aerosol scenarios

Question 2 would identify the possible emissions pathways for different stabilisation levels ensuring consistency with different socio-economic scenarios, and using a risk analysis framework. Dis-aggregation to a 

Regional level would be useful.

A project would develop capability to test ideas on emission pathways using a suite of models, allowing for assessment of feedbacks and risks.

Question 3 would identify the technological and policy options at a regional and sectoral level which would enable particular emissions pathways to be followed, taking into economic aspects

A further project could use integrated assessment modelling to explore feedbacks eg, between impacts and emissions. A project could develop and apply modelling tools linked to a consistent data set to analyse trends and costed options for deep cuts in greenhouse gas emissions, firstly to 2050 and then over the period needed to achieve stabilisation of atmospheric concentrations. The special features of the approach are its level of detail (supply side technology and energy end use analysis disaggregated to 20 economic regions), dynamic estimation of models (rather than estimation from one year's data), cooperation between modelling teams in developing and developed countries, inclusion of induced technological change, consideration of the functioning of capital markets and incorporation of emerging from emissions trading. Would address impact of developed country policies on developing countries – including oil producers.

5.
Emerging issues and Horizon Scanning 

Individual projects to address these are not yet drawn up in detail or costed.  A few are already addressed, to a limited extent, in the existing programme. NERC have major interests in many, so CESA may not need to commission work on all of them, but it is very likely we will want to do something at least on North Atlantic currents, methane hydrates and solar effects.

Ocean acidification A presentation at the Exeter conference highlighted the possible climate feedback and ecosystem implications of ocean acidification. Plymouth Marine Lab (NERC) are working on this (with Defra funding) but we may wish to consider a joint project. There are implications for other Defra divisions.

Variations in sea level rise Covered at the global level in the Hadley Centre contract, but regional variations are poorly understood; we may want to fund a joint project with NERC. (This would need to be considered in the light of the existing Defra/EA joint flood management research programme).
North Atlantic currents We may need to build on results arising from NERC’s RAPID programme. Hadley Centre requested an extra post to do this in 05/06 but funds were not available, so this may be a priority issue for 06/07.

Methane from trees A new and controversial issue with implications for forestation policy.

Air Quality – Climate interactions There are many such interactions, some with policy implications, eg aerosols and climate, diesel/petrol comparisons, photochemical ozone production etc.  Defra’s Air Quality Expert Group are currently reviewing these interactions, and we need to be in a position to work with AEQ Division to consider follow up proposals. 

Aviation – A difficult area to tackle in a small way. The effect of contrails is probably the major issue.

Methane from Hydrates A potentially large climate feedback which is unquantified, because (a) the data which exist are commercially sensitive, and (b) current models don’t have the capability to address the problem very well.  A proposal has been received for work in this area, this too is a priority issue for 06/07.

Solar effects A report by Reading University and Imperial College (under contract to the Hadley Centre) recommended investigating the possible mechanisms by which solar variability could influence climate. This needs to be followed up. Another priority issue for 06/07.
Economics of climate change It may be necessary to follow up recent work on the Social Cost of Carbon, and the Stern review.

Hydrogen – the environmental consequences of a transition to a hydrogen economy should be investigated, eg what role would hydrogen emissions (from leakage) play in atmospheric chemistry?

Global Warming Potentials – We may need to commission work to measure the GWP for new gases and to update current estimates.

Detection of effects of climate change – It would be interesting to try to apply detection and attribution methodology, used to find a human “fingerprint” in warming, to impacts.

Impacts and Adaptation – There is a good case for significant enhancement of effort in this area, perhaps in concert with others; for example, improved integrated impacts modelling, and additional bilateral international projects, similar to those with India and China, particularly in Latin America. 
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