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Introduction:  

Nitrous oxide (N2O) is a natural greenhouse gas (GHG) more potent than CO2 and CH4. Increases of 
N2O in the atmosphere since the beginning of the industrial revolution, over 20%, has contributed 
significantly to climate change (IPCC, 2007) and may affect many natural ecosystems particularly in polar 
regions. N2O has a significant atmospheric lifetime (>100 years) and a global warming potential (GWP) 
300 times that of CO2 contributing 6% of the global total radiative forcing from long-lived greenhouse 
gases. Whilst the seasonal cycle of N2O in polar-regions has been well documented and attributed to 
seasonal cycles in surface N2O sources, actual fluxes of N2O, particularly from natural sources, are 
difficult to measure, particularly in climate sensitive remote polar regions. As such there are still large 
gaps in our knowledge of the actual N2O sources and how these might respond to climate warming in 
these regions. As such sources and sinks of N2O are poorly quantified in climate models. For example it 
has been suggested recently that emissions from supersaturated brines in arctic sea-ice may be an 
important atmospheric seasonal source of N2O.  Another concern is the potential for enhanced releases 
of N2O in polar regions due to melting permafrost in tundra regions as well as changing snow and ice 
covered surfaces. N2O, is a by-product of nitrification, and studies show that N2O production can occur in 
ice surfaces. Recent observations also support the existence of significant nitrification in Antarctic sea ice 
also supplying up to 70% of nitrate assimilated within Antarctic spring sea ice. The conclusions from 
these studies is that a better understanding of N2O sources is needed for polar regions so that the 
impacts of warming on release rates can be better predicted.  

In this project the student will investigate surface-atmosphere fluxes of N2O over key surfaces using 
direct flux measurement techniques (Neftel, A., et al. 2007, Famulari et al. 2010) incorporating a high 
precision quantum cascade laser absorption spectrometer. The student will initially receive training and 
test and characterise the flux system both at an urban site (Manchester) and at an rural agricultural site 
(in Scotland with partners at CEH, Edinburgh, Dr. Ute Skiba) to investigate agricultural and farm 
emissions before deploying it to tundra and wetland sites in northern Scotland and Scandinavia to assess 
seasonal changes in N2O emissions as a function of the surface freeze-thaw cycle. Additional fluxes of 
CH4 and methane isotope concentrations (using a new ICL real-time isotope analyser) will also be 
measured for comparison. Pending funding there may also be opportunity to take part in a field 
experiments on research ships to either the Arctic or Antarctic to determine N2O emissions over sea-ice 
which are current areas of interest. 

 



 

 

  

Image 1 – Arctic research station (photo courtesy C EH). 

   

Image 2 - Measurements of greenhouse gas emissions and isotopes over artic wetlands using 
eddy covariance and chamber systems 
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