Title: Refreezing and runoff at the surface of the Greenland Ice Sheet

Supervisors: Doug Mair, Univ. of Aberdeen (d.mair@abdn.ac.uk), Pete Nienow, Univ. of Edinburgh (Peter.Nienow@ed.ac.uk) 

University of Registration: University of Aberdeen

Proposed research:

Warming atmospheric temperatures are manifest at the surface of the Greenland Ice Sheet (GIS) by increased spatial extent of surface melting. However not all this melt contributes to run-off into the oceans. Across the percolation zone, a spatially variable but unknown proportion of melt refreezes within the underlying cold snowpack as ice layers and lenses. This refreezing causes rapid seasonal densification of the snowpack and can result in surface lowering without any loss of mass from the ice sheet. At present major uncertainty surrounds 1) the spatial patterns in extent and rate of snowpack densification by refreezing, and 2) estimates of, and controls on, the proportion of melt that translates to run-off.  The first uncertainty is a major constraint on current calculations of mass change based on measurements of surface elevation change and the second severely limits predictions of changes in run-off from the GIS under future climatic warming scenarios. 

The aim of this studentship will be to develop a quantitative model to predict spatial variation in snowpack densification across, and run-off from, the percolation zone of the GIS. To achieve this aim the studentship will :1) carry out detailed stratigraphic and spatial analyses of an extensive suite of shallow ice core data (layer depths, densities, grain sizes and shapes, presence and continuity of ice layers and lenses, between depths of 3 -18 m) previously obtained from field experiments carried out along transects across the percolation zone of the GIS and other high arctic ice caps; 2) aggregate existing field and re-analysis meteorological data sets to construct time series of air temperature and precipitation at key core sites; and  3) use these data to generate, constrain and improve ice sheet run-off estimates for a range of future climatic scenarios, determined by snowpack densification models that incorporate refreezing processes. The successful candidate is likely to have an opportunity to contribute to existing datasets by participating in field research in Greenland and/or Arctic Canada during spring 2009. A better characterization of near-surface densification by refreezing is fundamental to determining the degree to which measured change in the surface elevation of the GIS reflects actual mass change. An improved prediction of surface melt-water run-off from the GIS is a vital component in elucidating the effect that atmospheric warming may have in enhancing freshwater run-off into the North Atlantic.


Additional Funding: The £7k/yr for fees and research expenses will be met by the University of Aberdeen.
Techniques:
i) empirical and statistical analyses of structural ice core stratigraphy

ii) analysis and integration of time series datasets 

iii) representation and interpretation of four-dimensional environmental data

iv) utilisation and development of snowpack densification and run-off models

Training: 
General training generic to any PhD (e.g. time management, scientific writing, presentation skills); training in all aspects of the above techniques by participation in short courses, through mentoring by supervisors and by additional targeted training as project develops.

Available facilities, infrastructure and funding:

The project does not require any additional facilities, software, or funding which is not already in place. Ice core stratigraphy and met datasets are currently available and will be augmented by concomitant field campaigns from ongoing related research projects. A high spec PC will provide sufficient computing power for the project and will be funded from the research expenses. 

Project Advertising Summary: 
This studentship will examine an archive of shallow ice core stratigraphic data and meteorological data to characterise and model near-surface densification associated with melt-water refreezing within the snowpack of the Greenland Ice Sheet. The model will improve spatial and temporal estimates of melt-water runoff under a range of future climatic scenarios. The ideal candidate will have a good BSc or MSc in Physics/ Maths / Engineering / Physical Earth Science subject and be numerically literate.  
Relevance to SAGES Theme 3:
This project directly investigates processes that link atmospheric change over one of the most crucial components of the cryosphere, namely the Greenland ice sheet, to oceanic composition and volume change. It aims to reduce the uncertainty associated with predictions about the contribution of ongoing changes in surface melt extent across terrestrial polar ice masses to potential increases in freshwater input to the North Atlantic. Since meridional overturning circulation in this region is believed to be influenced by changing inputs of freshwater and is a potential mechanism and driver of abrupt regional and global climate change, this project clearly focuses on issues directly related to overarching area 1 within Theme 3. 

