Arctic and upland soils as carbon sinks: Modelling landscape and environmental controls on C sequestration and storage
Supervisors: Dr Philip A Wookey (University of Stirling, School of biological and Environmental Sciences; pw9@stir.ac.uk) and Dr Mathew Williams (University of Edinburgh, School of GeoSciences; mat.williams@ed.ac.uk)

http://www.sbes.stir.ac.uk/people/wookey.html

http://www.geos.ed.ac.uk/homes/mwilliam/

http://www.abacus-ipy.org/

Fees (~£3k) and research costs (notionally £4k) will be covered by the University of Stirling
Project rationale: The soils of boreal forest and tundra regions merit a central position in the debate on potential effects of environmental change on the global C cycle.  This is because of the massive (although poorly quantified) amount of C in the northern, high latitude soils (at least 390 Gt C); the predicted greater-than-average climate warming at these latitudes (ACIA 2004); a lesser degree of ‘chemical stabilisation’ of soil organic matter compared with soils in warmer ecosystems; and the hypothesised enhanced microbial responses to small changes in temperature and moisture in cold ecosystems. Unfortunately, however, estimates of the size of soil C pools at high latitudes, and their potential to respond to change, remain very crude. The primary objective of this studentship is therefore to determine the degree to which detailed topographic information (Digital Elevation Models: DEMs) can be used to model and map spatial variability in soil C pools. The hypothesis underpinning this work is that topographic controls on soil hydrological regimes and vegetation communities in sub-arctic ecosystems are useful primary predictors of the size of soil C pools.
Methodology: The student will use DEMs available for complex landscapes in Swedish and Finnish Lapland as the basis for a stratified random sampling of soils in contrasting landscape units, and determination of the pool sizes and depth distributions of soil C. This information, together with measured and modelled soil hydrology and mapping of vegetation communities in the contrasting landscape units, will be used to develop and validate a landscape model of soil C densities. Additional predictors of soil C pools (e.g. the permeability and mineralogy of underlying parent materials and deposits; soil erosion and mass movements) will be plugged-in to the model where primary topographical controls are inadequate for predicting soil C. The project will interface with the new NERC Arctic IPY ABACUS project (http://www.abacus-ipy.org/), using data collected by the Edinburgh-based research aircraft, and be extended to the Scottish Highlands during the 3rd field season of the project. The project thus combines fieldwork in Sweden, Finland and Scotland, with soil sampling and analysis, and modelling. 
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Student development and training of the student: Training will be provided in arctic fieldwork and safety; soil profile description, sampling and chemical analysis; vegetation community analysis/description; microclimatic and soil hydrological monitoring; geo-statistical analysis and GIS; soil organic matter, ecosystem and hydrological modelling.
Sub-arctic landscape near Abisko, Swedish Lapland. There is marked spatial heterogeneity in vegetation and soils here; the Student will quantify the role of topography as a primary predictor of soil C pools at this and other sites.
Expenditure not already in place

A major cost for this project will be travel and subsistence associated with fieldwork abroad. The proposed base for fieldwork is in Abisko, Swedish Lapland, where the Abisko Scientific Research Station (ANS: http:www.ans.kiruna.se/) provides laboratory facilities and accommodation for visiting scientists. An ongoing scholarship scheme of the Swedish Royal Academy of Sciences provides T&S costs for working in Abisko, and application will be made for these funds. T&S costs for supervisors can be covered from the ABACUS project, or from sponsors such as the Carnegie Trust if required.
Project summary for advertising

Can soil carbon pools in complex landscapes be predicted accurately based primarily upon detailed topographical information, and across which scales? The results from this project will fill some fundamental gaps in our understanding of the C cycle in cold regions.
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