SAGES Theme 3 Studentship Proposal
Using hydro-climatic history to estimate flood risk under climate change
Supervisors: Dr Andrew Black (Geography, Dundee) a.z.black@dundee.ac.uk, Dr Gabi Hegerl (Geosciences, Edinburgh) gabi.hegerl@ed.ac.uk Prof Alan Werritty (Geography, Dundee) a.werritty@dundee.ac.uk, Prof Trevor Hoey (GES, Glasgow) Trevor.hoey@ges.gla.ac.uk , Prof Marian Scott (Statistics, Glasgow) marian@stats.gla.ac.uk 
Status: no other funding has been sought for this proposal

Anthropogenic climate change is expected to increase the risk of flooding in high latitudes due both to changes in the precipitation distribution and change in the North Atlantic Oscillation (NAO) . The NAO is understood to be a key influence in explaining shifts in precipitation over Europe over recent decades (e.g. Mayes, 1995; Kingston et al. 2006), during which time flood risk has shown considerable volatility. The NAO or the related Northern Annular Mode (NAM, Thompson and Wallace, 1998) has shown a tendency towards its positive phase in recent decades, which is at least partly anthropogenic and is expected to continue (Gillett et al., 2006; Hegerl et al., 2007; Meehl et al., 2007). Significant correlations have been established between annual and seasonal precipitation totals and the NAO Index using instrumental records. However, it is presently unclear how strongly the NAO influences flood magnitude, frequency and risk, and to what extent it explains year-to-year variability, nor how a trend in the NAO or NAM together with an anthropogenic increase in high latitude precipitation have influenced and will continue to influence flood risk. Our hypothesis is that by examining the relationship between NAO, precipitation and flood magnitude and frequency, an improved understanding of the link between this general climatic driver and its effects will be achieved. 
Techniques, approaches and work to be undertaken: The studentship would investigate selected high quality annual maximum and peak-over-threshold records for a network of river basins encompassing western and eastern Scotland, with a range of catchment sizes and flood seasonalities. The analysis will explore connections between the NAO and flood risk on interannual timescales and the robustness (and sensitivity) of the risk estimates. The analysis will also attempt to establish connections between variability and change in the daily rainfall distribution observed at rainfall stations nearby and flow extremes observed at catchments. Although flow extremes will be governed by shorter term rainfall, statistical models may be able to build on relationships between daily precipitation extremes, for which observations and model simulations are available, and the hourly extremes relevant for flooding.  The statistical relationship between atmospheric circulation (NAO) and flooding, and, if robust, changes in the precipitation distribution and flooding will be used to predict changes in future flood risk. Data for the expected change in the NAO/NAM and its uncertainty can be derived from the IPCC multi-model archive. Based on the relationships developed, these model simulations could provide estimates of changes in rainfall quantiles and flood risk estimates for the selected catchments over the 21st century.  The results will represent a significant advance in predicting sensitivity of flood risk to climate change and are expected to generate considerable interest among professionals concerned with protecting and insuring communities against flooding hazards.

Training element: The student will be trained in interpreting and using results from hydrological modelling and climate modelling, and will be exposed to modern statistical techniques including extreme value theory, non-linear and non-parametric modelling.

Resources required: Standard SAGES ‘Prize Studentship’, costing c. £19k pa. This project does not depend on any facilities, software or expenditure which is not already in place
40 word summary:

Anthropogenic climate change is expected to increase flood risks in high latitudes due to changes in precipitation patterns and the North Atlantic Oscillation (NAO). The studentship will explore connections between flood risk, the NAO and precipitation, predominantly in Scotland. 

Links of the project with stated objectives of theme 3: 

This project directly refers to one of the topics of theme 3, Atmosphere, Oceans and Climate, namely connections between flood risk and atmospheric dynamics. It is an interdisciplinary project involving hydrologists, a climate change scientist, and statisticians, and is an area where these three disciplines are all needed to advance on this difficult subject that is very important for impacts of climate change. The research also involves partners from Dundee, Edinburgh and Glasgow, connecting SAGES partners. The direct responsibility for the student will be with Dr. Black, with Dr Hegerl co-advising. Regular meetings with the other scientific advisers will ensure that the statistical techniques applied are appropriate and powerful.
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