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This project will investigate how geomorphological information can be used in predictions of climate impacts for complex upland landscapes and how climate change will in turn influence the geomorphological evolution of the landscape.

The Scottish uplands are regions of major ecological, agricultural and recreational importance, and upland processes strongly impact on hydrology, sediment transport and nutrient fluxes in downstream lowland areas. Because of adaptation to sharp climatic gradients and complex topography, mountainous regions are expected to be particularly sensitive to the impacts of climate change. Climate controls both the delivery of sediment from upland hillslopes to rivers and the transport of this sediment through the river network to lowland areas. Predictions of climate change from global models are only available at coarse resolutions due to the necessity and computational expense of predicting changes on long time scales (centuries) and estimating uncertainty (through scenarios and ensembles of simulations), so regional climate models are often used with boundary conditions from global models to provide predictions at higher resolutions for restricted areas. The UK Climate Impacts Programme produced climate change scenarios on a 50 km grid covering the UK in 2002, and this will be enhanced to 25 km in 2008 (UKCIP08). Such resolutions still fail to cover important heterogeneity length scales in upland ecology and topography, however. The mere 14 km from Fort William High Street to the summit of Ben Nevis, for example, sees transitions from an urban environment through grazing land, forest and heath to an alpine boulder field over a 1300 m elevation range. The climate differs greatly between these zones and it can be expected that climate change will impact them differently.
The central hypothesis of this project is that knowledge of the geomorphological processes that shape the mountain landscape can be combined with regional climate model outputs and high resolution atmospheric modelling to produce improved predictions of climate impacts. Microclimatic variables such as air temperature, precipitation, wind speed and solar radiation are strongly influenced by elevation, slope and aspect, all of which vary on scales smaller than regional climate model grid cells. The student will develop methods for the characterization of geomorphology and land use in the Scottish uplands, specifically for use in high resolution models of surface mass and energy balance; the characterization itself will inform the resolution necessary to capture spatial variation in processes of interest. High resolution atmospheric modelling will be used to generate meteorological variables downscaled from UKCIP08 scenarios, adjusting for the influences of slope, aspect and elevation. Downscaling methods will be evaluated in comparison with observations from an instrumented upland catchment, using meteorological data from operational analyses in place of climate model outputs. Downscaled climate data will be used to predict both upland erosion and fluvial sediment transport by combining a number of recently quantified relationships between climate and sediment flux within a geomorphological model. For example, both scree production and sediment transport by frost heave have been shown to be functions of the periodicity and magnitude of surface temperature fluctuations, which are influenced by snow and vegetation cover, and fluvial sediment transport is known to scale with catchment runoff.

The range of techniques to be used in this project will provide superb training opportunities for the student in meteorological, hydrological and geomorphological modelling, model integration and evaluation of models with observations. The supervisors have wide experience between them in these areas. Through involvement with the SAGES Knowledge Transfer programme, the student will also have training in the communication of scientific results.

40 Word Summary

The complex landscapes of upland areas make them sensitive to climate impacts and prediction of their responses is challenging. This project combines landscape modelling, climate modelling and meteorological observations to improve methods for predicting climate impacts in the Scottish uplands.
SAGES links

This project contributes to the aims of the SAGES integrative programme on Earth system dynamics to link SAGES themes through modelling and add value by interdisciplinary collaboration. By combining geomorphological, hydrological and atmospheric modelling, a strong link is made between the “atmosphere, oceans and climate” and “landscape dynamics” themes. Depending on the interests and aptitudes of the student, consideration could also be given to impacts on land use, natural vegetation and organic soils, linking to the “terrestrial carbon cycle” theme. The SAGES example questions that this project could address include:

· What are the feedbacks between climate change and land use change?  
(CESD)
· What determines the sensitivity of landscapes to future climate change? 
(Theme 1)

· How does land management influence the sources and sinks of carbon? 
(Theme 2)

· How can we predict the impacts of global change at regional level?
(Theme 3)
As the outcomes of this project will be of considerable societal and policy interest, knowledge transfer to Scottish stakeholders will be an important consideration.
Facilities

Much of the computational work to be done in this project can be undertaken with desktop resources. For the more computationally demanding modelling, the SAGES Centre for Earth System Dynamics will have a high performance computing allocation for student use. Upland hydrometeorological data will be used from the Feshie catchment, data acquisition and infrastructure for which were funded by NERC through the CHASM project. Regional climate model outputs and meteorological analyses are freely available for academic use through the UK Climate Impacts Programme and the British Atmospheric Data Centre.

Relevant experience of the supervisory team

Black: impacts of hydrological change, hydrometric networks
Brock: micrometeorology, snow processes, surface energy balance, field instrumentation, landscape evolution
Essery: climate modelling, land surface and atmosphere interaction modelling, field instrumentation
Mudd: landscape evolution, geomorphological modelling, landscape response to climate forcing 
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