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Calculating the environmental persistence and climatic impact of black 
carbon from anthropogenic burning in snow and sea ice? 
Fully funded, 4-year PhD opportunity 
Supervisor(s): Martin D. King and Rebecca Fisher (Department of Earth Sciences, Royal Holloway 
University of London) 

 

Project Description: 

Fossil fuel combustion and oil spills can disproportionally affect the Arctic ecosystem. Applications are 
invited for a research studentship to investigate whether natural oxidation of black carbon, and spilt 
crude oil in snow and sea-ice can lessen the climatic forcing on the cryospheric albedo. Nanogram 
quantities of black carbon in snowpacks can significantly reduce the albedo of snowpacks – a global 
warming mechanism. The black carbon is from anthropogenic burning of oil and gas and transported to 
the Polar regions as aerosol. Increasing concentrations of black carbon in snow may be causing the 
earlier springs and loss of sea-ice in the Arctic. The Intergovernmental Panel on Climate Change listed 
this radiative forcing and the uncertainty was of order 0.1 W m-2. 
 
To reduce the uncertainty of this radiative-forcing, requires parameterization of the effect of black 
carbon on snow so that it can be included in global climate models and its true effect assessed as a 
function of latitude and season and scenarios where (a) black carbon is increasing and (b) burner 
technology changes (and consequently the optical properties of black carbon change). As little as 10 
ng of Black carbon in 1 g of snow can cause 1% change in albedo. The effect of black carbon in snow 
and ice is a factor of two more effective than carbon dioxide in changing global air temperatures. The 
student will perform a joint experimental and modelling study: (1) conducting experiments in the sea-ice 
simulator at Royal Holloway on the reflectivity and light penetration of sea-ice and snow poisoned with 
different loadings of black carbon. 
 
The simulator will also be used to record the recovery of sea ice and snow owing to OH radicals formed 
from the action of sunlight. (2) The study will be complimented with Ice-Atmosphere radiative-transfer 
modelling to parametrize the effect of black carbon (and spilt crude oil) on the optical properties of the 
snow/ice and calculate a top of atmosphere albedo change (radiative forcing). 
 
These parametrisations, along with kinetic recovery rate data for the optical properties owing to natural 
oxidation will provide an assessment for policy makers and be provided in a format for implementation 
in Hadley centre climate models. (Only very limited experiments will be performed with crude oil owing 
to its flammability in confined spaces such as cold rooms). The result of the research will be a 
quantitative assessment of the environmental persistence and impact of black carbons and crude oils 
in snow and sea ice. 
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Benefits: 
 
This proposal is part of the multi-University, industry-funded Doctoral Training Centre in “The role of 
Geoscience in facing the low carbon energy transition and the challenge of net-zero”. The successful 
applicant will therefore be on a PhD programme with exceptional benefits including: 
 

• Fees and maintenance fully funded for 4 years.  
• Additional £20k of research support funding (e.g. for conference attendance).  
• 20 weeks of vocational training and industry links to enhance employability. 
• Industry links. 

 
 

 
 

Please contact the lead supervisor directly for further details 
 

Martin D. King at M.King@rhul.ac.uk 
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