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	Section 2 : Scientific objectives / Milestones

	2.
	Please list the scientific objectives as set out in CSG 7 (ROAME B). If necessary these can be expressed in an abbreviated form. Indicate where amendments have been agreed with the MAFF Project Officer, giving the date of amendment. You may enter a maximum of 12 lines in this box. Press the DOWN arrow twice to move to the next question.


	To identify research needs and priorities for assessing the possible impacts of climate change on coastal and river flood defences in the UK.

To review completed, current and new research into climate change and its relevance to flood defence management and design.

To investigate the usefulness of simple outputs from climatological models to predict changes in the wave climate around the UK coast.

To consider the implication for river morphology in the UK arising from changes in climate.


	3.
	List the primary milestones for the final year.

	
	It is the responsibility of the contractor to check fully that ALL primary milestones have been met and to provide a detailed explanation if this has not proved possible
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	Section 4 : Executive summary
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	The research has had two phases: -

· a review of the R&D implications of the IPCC second assessment report (SAR) for flood defence in the UK, and

· an initial assessment of possible impacts of climate change on particular aspects of river and coastal flood defence

The first phase started with a workshop held at Wallingford in November 1995 based upon the research in the draft of the SAR, followed up by a review of material in the relevant sections of the SAR when published.  This phase of the research produced a report suggesting the scope of research which could be commissioned to understand more fully the possible range of impacts (and their more general implications).  

The second phase of the research covered outline studies of the impacts of climate change on wave climate and on river morphology.  These outline studies approached the problem of impact assessment in different manners.  The wave climate was studied as a key loading parameter in coastal flood defence, whereas the approach to the potential impact of climate change on river morphology was undertaken as a search and commentary on published material in the area.

The review of wave climate change concluded that there is some promise in establishing a simple correlation between present-day mean-monthly wind speeds and wave heights for use with future scenarios of wind speeds from General Circulation Models (GCMs) of the global climate.   However, it was found that whereas monthly mean wind speed is a standard output from GCMs, more detail is needed in terms of wind direction which is important in determining the direction of waves in the near-shore zone and hence the quantification of coastal processes.

The review of the impact of climate change on river morphology identified a complex series of interactions between the physical processes which control river morphology.  Direct climate impacts are on precipitation intensity, duration and frequency, leading to changes in runoff.  Indirect climate impacts on the system are through precipitation, temperature and wind affecting land surface cover and erosion and thus sediment input.  The sediment input and flow frequency together with aquatic vegetation determine the morphology of the river.  Although inferences have been drawn from various GCM scenarios for changes in precipitation and flood runoff, climate impacts on other parts of the system remain largely uncertain.  Hence there is considerable scope for further research in this area.  However, significant climate impacts on river morphology are unlikely to occur on a short to medium time-scale.




	Section 5 : Scientific report

	


	Your  scientific report should be no longer than 16 PAGES  long
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	The research under Commission FD0205 was directed in three areas, an overview, scoping exercise for flood and coastal defence in general followed by two more detailed investigations of coastal wave climate and river morphology.  These are described below.  There have been four publications on the work, which are listed at the end of this scientific report.

Implications of climate change predictions for flood defence research 

This approach to the research is described in the workshop proceedings and scoping report (Samuels, 1998) and the MAFF conference paper by Samuels and Brampton (1996).  The implications of the IPCC Second Assessment Report (SAR) and the UK Climate Change Impact Review Group (UKCCIRG) reports were considered through the definition of current state-of-art at an expert workshop in late 1995 and consideration of these two reports published in their final form in 1996.  The expert papers contributed to the workshop are presented in the report (Samuels, 1998), they cover:

· climate change and the 1996 international reports

· climate change and its impacts – a framework

· influence of climate change on offshore wind, wave and tidal conditions

· trends and changes in rainfall patterns, runoff and flow frequency

· coastal and river responses (see also Samuels and Brampton, 1996)

· social responses and national economic implications

Following this the report has a summary of essential points for flood and coastal defence from the IPCC SAR and UKCCIRG report.  The second volume of the SAR describes climate change impact assessment on several biological, sociological and physical systems.  Of particular relevance to river and coastal flood defence are Chapters 9, 10 and 14 which include coastal and river flooding. Coastal systems are considered to be under especial threat.  Amongst the research and monitoring needs listed in the SAR are:

· development of improved classifications of coastal types for climate change analysis 

· investigation of responses of coastal types to climate change and sea level rise

· improved methodologies for incorporating existing high quality historical and geological coastal change data into response models for climate change

· improved coastal process data and capacity to interpret and analyse the data.
One of the key climate induced changes around the coastline is the rise in mean sea level.  The best estimate in the SAR is a global mean figure of between 0.38 m and 0.55 m by the year 2100.  This implies a mean rate of rise which is comparable with the current MAFF guidance on the allowance for sea level rise to be included in the design of tidal and coastal defences.  For comparison, the SAR gives the historic rate rise at 1.8 mm p.a. for global mean sea level.  However, there are several reasons why the rate of rise around any particular coastline may be different from the global average figure (for example, crustal movement, local currents, and variations in temperature and salinity).  The UKCCIRG has estimated that the increase in the Anglian region will be nearly 0.5 m by 2050 but only half this figure for north‑west Scotland.  This figure for the Anglian region implies a mean rate of rise of about 8 mm per year compared with the current MAFF guidance of 6 mm in the Anglian region.  
Key points identified for research in river flood prediction are to:
· improve the accuracy of GCM simulations at the regional scale,

· improve the understanding and modelling of land-atmosphere interactions,

· improve scenarios for changes in weather patterns which lead to flood and drought, including stochastic weather generators and nested regional climate modelling,

· improvements to the understanding and modelling of hydrological systems under non-stationary climatic conditions,

· uncertainties in socio-economic and environmental impacts of response measures,

· water management* criteria under a potential non-stationary climate (*this includes flooding issues)

· the impact of land-use and land-cover changes on water management.
The workshop included a structured process to identify key research topics and a possible strategy was developed.  An essential precursor to the development and implementation of policy responses to climate change is an understanding of the probable future magnitude of its impacts.   There is substantial inertia in the climate system which means that greenhouse gasses already emitted will probably influence the climate for many years to come.  Hence for assessing the impact of climate change on flood and coastal defence, it is important to pose the following questions:

· Which future climate scenarios should be used?


· Where and what changes will occur? 

· How big will the impacts be?     

· When will they occur?

· What is the confidence in the prediction?

· How will the risk of flooding and coastal erosion change (probability and consequence)?

· Are there any critical characteristics?

The answers to these questions will set the overall parameters for determining the appropriate policy responses.  Responses and adaptations to possible impacts of climate change will not be easy to determine given the complexity of the interactions which determine the impacts and the long time‑scales involved in climate change.  Given the considerable uncertainty in the extent and magnitude of the impacts, an iterative approach to the assessment of the impacts and their sensitivity to climatic forcing should be considered.  “Broad‑brush” studies of typical sites should precede more detailed assessments.  Thus the detailed assessments can concentrate on areas or features of particular concern or sensitivity.
These questions led to the following ten research topics for MAFF to pursue within the context of the national impact assessment co-ordinated by DETR and research funded by the EC.   
1. Data archiving and access for detection of climate change and its impact

2. Site selection and monitoring for strategic data capture

3. Revised allowance for future relative sea level rise based upon all current knowledge with possible allowance for storm waves and surges

4. Estimation of extremes in weather conditions for future climate scenarios

5. Whole catchment modelling to determine river flooding impacts

6. Feasibility of estuarine and coastal modelling for coastal flooding and erosion impacts 
7. Illustrative impact assessments of typical and sensitive areas

8. Regional impacts scaled from illustrative impact assessments

9. Appraisal of investment needs for flood and coastal defences to adapt to climate change

10. Revision of Project Appraisal Procedures to account for precautionary approach to climate change impacts.

Wave Climate Change

In this approach, the use of readily available outputs from GCMs was reviewed for assessing the likely changes in wave climate.   Although the effects of a rise in mean sea level has been a factor in many research projects, change in storminess and the associated waves could also have significant impacts on coastlines around the world.  The design of coastal defences requires knowledge of the extreme wave heights which determine the loads on structures and the movement of beaches.  Long-shore drift which influences the sediment budget along the coastline responds to the annual wave climate rather than just the extremes.  The aim of the project was to produce a methodology to: 

· assess whether the wave climate at a particular location is more or less severe now than in the past, and 

· provide a means of developing from GCM scenarios a means of  assessing whether these results imply a significant change in wave climate.

The study used information readily available from the IPCC Data Distribution Centre (DDC) at the Climate Research Unit of the University of East Anglia.  Previous research had shown the value of the wind-rose as a means of providing statistics for average wind speed and direction (annually or seasonally) but unfortunately the standard output on wind of GCMs from the DDC contains no directional information.   In addition the temporal resolution of GCMs means that short-timescale wind speeds (e.g. 3-hourly) cannot be obtained with any confidence.  Hence the research was restricted to the use of mean monthly wind speeds.  The research examined the relationship between observed wind speed and wave conditions, simulated wave conditions from the UKMO wave model and wind speed information from several GCMs.   Two areas were examined, one to the north of Scotland and the other in the southern North Sea.  

The project demonstrated that there is some promise in the use of  simple results from GCMs on future wind speeds to predict future wave conditions.  Establishing a simple correlation between mean-monthly wind speeds and wave heights at sites of interest, and then using this to interpret predicted changes in wind speeds for various climate scenarios should at least indicate whether there is evidence of a significant change in average wave conditions.  Further research on this topic would be of value, extending the investigations to cover 

· other sites around the UK coastline

· seasonal analyses

· percentage exceedance wind-speed statistics for key UK-CIP scenarios

· further calibration of the wind-speeds from GCM scenarios against current observations.  

In addition the changes in wind direction must be investigated further since changes in wave-direction without change in the wave heights could cause significant difficulty with the management of beaches and soft-engineered coastal defences.  However, such analysis is not possible with the current detail on wind fields available readily from GCMs since this lacks information on wind direction.  Future downscaling of wind information from GCM scenario results should include:

· wind roses for hourly wind speed statistics

· percentage exceedance graphs for the higher wind speeds

· duration of wind speed over threshold values compared with present conditions.

Impact of climate change on river morphology

This approach to the research comprised a search and appraisal of publications relevant to assessing the influence of climate change on river morphology.   Many interacting processes are involved in determining the morphology of a river channel and its response to human intervention.  These include

· Climate (annual and seasonal precipitation, temperature, etc)

· Weather (extreme conditions for precipitation)

· Catchment runoff and sediment yield

· Catchment land cover and in-channel vegetation

· Land use and land management practices

· River engineering works

The level of understanding of the impact of climate change on these processes is variable.   Although the exact impacts of climate change on temperature, runoff, frequency of extreme events etc can not be predicted with certainty, it is possible to make reasonable estimates about what magnitude of effects to expect.  A scenario of future conditions and estimate of the magnitude and frequency of event occurrences could be constructed from GCM results and used as an input to a morphological model.  Changes in sediment yield could then be estimated under the different future scenarios, using relationships established for current climatic conditions.   A limitation of current sediment transport models is that they assume the channel plan form remains constant, and it is not possible to model a dynamic channel.   If changes in climate variables are of the order of 10%, any effects may be masked by the uncertainties in the modelling process.   There is a need for morphological models to be developed which can represent a dynamic channel before feasible future scenarios can be realistically simulated.   

At the present time there appears to be no comprehensive system of collecting sediment data and evidence of morphological change in the UK.   No large scale, long term cross sectional data or sediment data has been collected which makes it difficult to ascertain what the current situation is.   Uncertainty over the natural morphological regime further complicates the task of representing the present situation accurately for rivers in which there has been substantial human intervention.  If there is to be any attempt to detect morphological change over time comprehensive data collection for key indicator sites is essential.

Another important consideration for flood defence planners is land use change.  The direct effect of climate change on vegetation is thought to be small in the short to medium term and it is expected that the majority of future land use change will have anthropogenic causes.  In a warmer climate the distribution and type of crops grown would alter, impacting runoff volume, time to peak and soil moisture deficit.  Research into possible patterns of land use change and land / soil interactions is vital to enable the determination of better feasible future case scenarios.  In attempting to model the direct effect of climate change on land use, and the indirect effects on runoff and river flows more research into parameterisation of land / water interactions must be carried out.

Climate change impact assessments are complex and significant uncertainty and variability is associated with the results particularly further along the chain of impacts.  However, there is enough consensus to allow the to construction of feasible future scenarios of the effects on variables such as rainfall, runoff, temperature, vegetation growth and possibly estimates of frequency of extreme events. 

In order to predict the impact of climate change on river morphology several research areas must be investigated.  Recommendations for future research include:

(
further work on the statistical downscaling of GCM results or development of alternative 
techniques to predict the effects of climate change at the catchment scale.

(
improved parameterisation of land processes in order to determine the effect of climate change (and potential human adaptations)  on soils, land use, land cover, runoff and soil moisture deficit.

(
separation of natural variation form long term trends for sites where sufficient observations are available

(
systematic, long term morphological data collection at a network of key sites

(
development of dynamic bed computational morphological models with provision for lateral adjustment.

Commentary on Primary Milestones in 98/99 

Two reports were planned in 1998/99 covering the two themes of the project.  The report on coastal impacts of climate change was completed and submitted to MAFF on the milestone time.   However, due to staffing difficulties, the report on climate change impact on river morphology is still in an internal draft form.  This report will be completed and sent to MAFF by 30 June 1999.
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