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Overview 
 

Methane (CH4) is one of the most potent greenhouse 

gases and a significant regulator of global climate. 

Organic-rich, anoxic sediments found in lakes, 

wetlands and peatlands are important sources of CH4 

emissions and these pathways have been well-

studied1,2,3,4. However, the importance of lotic 

freshwaters to gas efflux is less well known. 

Autochthonous methane in streams is mostly 

produced in anoxic sediments5, but there can be 

inflow of CH4 from proximal sources e.g. peatlands6. 

‘Bottom-up understanding’ developed from field 

measurements of the strength and landscape controls 

on these ‘natural’ fluxes is poorly developed4. 

Additionally CH4 emissions from inland waters may 

increase with warmer temperatures and with a global 

warming potential (GWP) 23 times greater than CO2 

(over 100 years), increases in CH4 efflux can create a 

significant positive feedback between the changing 

carbon cycle and warming5. Thus, quantification of 

CH4 emissions from inland waters is crucial for 

estimating the global carbon and greenhouse gas 

budgets, and for projecting climate change. However, 

such assessment is difficult, partially due to a poor 

Figure 1a (top) & 1b (bottom): Two sources of methane: a 

landfill sitea and a coal seamb. Subsurface flow may laterally 

transport dissolved methane which can be fluxed to the 

atmosphere when the water emerges at the surface. Isotope 

measurements can differentiate the source due to differences in 

methane formation pathways and the age of the methane e.g., 

thermogenic methane. 
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understanding of the mechanisms controlling CH4 

fluxes from these freshwater systems2.  

 

Furthermore, as the global ‘energy landscape’ changes, 

a significant unknown of considerable societal interest 

is whether fugitive methane emissions will be 

associated with unconventional hydrocarbon 

extraction. It will be impossible to assess this if 

knowledge of the range in concentration and source 

of ‘natural’ emissions is incomplete. 

 

Thus, a framework is needed that: 

i) establishes the magnitude and source of CH4 

concentration [CH4] and efflux from freshwaters 

ii) captures sufficiently spatial and temporal variability 

in [CH4] 

iii) identifies the landscape and biogeochemical 

controls on the efflux strengths 

iv) utilises, where appropriate, geochemical 

fingerprinting to identify the source of the CH4. 

 

Making a significant contribution to this framework is 

the over-arching objective of this Ph.D. but it will also 

work towards producing a process-based model that 

describes why there is methane in the water and the 

controls on the magnitude of efflux. The student will 

first focus on surface waters that represent different 

environments and potential pathways of methane 

productions e.g., peatland drainage systems (methane 

derived from the natural fermentation of organic 

matter); urban river systems (methane from landfill 

site leakage); drainage systems near abandoned coal 

mines (from where coal bed methane may diffuse). 

Pilot data collected by interns and masters students 

previously under the supervision of Waldron, 

confirms that river systems with urban catchments 

(Fig. 2) and those near abandoned coal mines can 

contain significant amounts of dissolved methane that 

can then degas to the atmosphere.  

 
Methodology 
 

To fulfil the overarching aims and research questions 

this project will use a combination of state of the art 

field sensors and laboratory-based analysis techniques. 

The student will be trained in the measurement of 

geochemical parameters that provide information on 

the aquatic carbon cycle (e.g., dissolved in/organic 

carbon concentrations, CO2 efflux, dissolved oxygen) 

as this will be a large partial control over [CH4]. The 

student will utilise state-of-the-art Cavity Ring-down 

Spectrometry instrumentation to conduct high 

resolution spatial CH4 surveys, including isotopic 

characterisation. From this field-surveying sites will be 

identified with sufficient [CH4] that mechanisms of 

transfer can be studied (e.g., ebullition, which is 

generally underestimated as difficult to measure; 

diffusive flux; plant-mediated transport)7,8. Stable and 

radiocarbon isotopes9 will be utilised in order to 

identify the sources and formation processes of 

aquatic methane flux and fugitive methane plumes10,11. 

Combined with GIS techniques the student will 

quantify the importance of methane sources in the 

study catchments (e.g., % of catchment peatland / 

landfill / coal measures; the hydrology of soil types) to 

provide a frame work for a process-based model.    

 
Timeline 
 

Year 1 – Training in appropriate field and laboratory 

techniques. Establish field site monitoring stations in 

selected catchments, begin sample collection and 

Figs. 2a (left) Mean (black) and max (red) CH4 concentrations in the surface water of the River Kelvin, RK, (sub-catchment of the 

Clyde River basin) from repeated spatial sampling in summer 2014 (Osterblad, MSc student, UoG, 2014). The size of the dot scales 

with concentration and the max. concentration is  ~ 1 μM/L CH4. It is clear there is significant spatial variation and there may be 

concentration ‘hotspots’ and thus, evasion.  

Fig. 2b (right) Change in CH4 concentrations (μM/L) with distance along a river in South Lanarkshire. The springs bring in CH4-rich 

water (hypothesised from nearby flooded coal mines), so increasing the concentration of CH4 downstream. The decreasing 

concentration with distance most likely reflects a degassing response, to be tested in this Ph.D. 



  

analysis. Use preliminary field campaigns to select 

suitable sites for detailed process study in year 2. 

 

Year 2 – Continued collection and analysis of samples. 

Having identified suitable sites, utilise a range of 

techniques including stable and radiocarbon 

measurements to characterise CH4 source of 

catchment fugitive emissions. Use this understanding 

to produce process-based model of catchment-scale 

CH4 dynamics. 

 

Year 3 – Refine and finalise process-based model. 

Synthesise findings and prepare draft publications. 

Present findings to IAPETUS and at an international 

conference.  

 

To end Year 3.5 – Submit thesis and finalise 

manuscripts for publication. 

 

 
Training & Skills 
 

Project Support: The facilities and instrumentation 

available within the supervisors and collaborative 

institutions will provide the student with all the 

necessary laboratory, field and analytical equipment to 

carry out this project, maximising the likelihood of a 

successful PhD completion.   

 

Scholar Support: The student will join the 

Fingerprinting the Carbon Cycle research cluster in 

the Department of Geographical & Earth Science 

(GES) at Glasgow University. GES has a large, active 

research community that will provide peer-support 

throughout the Ph.D. In Glasgow the student will be 

part of the Carbon Landscape Research Group 

(www.carbonlandscapes.org). The student will 

participate in post-graduate training courses and be 

involved in annual post-graduate research conferences 

to allow for networking and collaboration with 

colleagues. All project supervisors and collaborators 

are highly research active; the student will frequently 

interact with all members of the research group 

providing opportunities to learn about various 

techniques and research areas related to their core 

experience.  

 

Skills Developed: The student will receive training 

in world-class biogeochemical and hydrological 

techniques in GES and at the University of Stirling, 

including Cavity Ring-down Spectrometry, 

hydrological sensor technology, UV-Vis Spectrometry, 

infrared gas analysis, freshwater chemistry, stable 

isotope ratio mass spectrometry and radiocarbon 

analysis. The student will have be trained at the NERC 

Radiocarbon Facility and Scottish Universities 

Environmental Research Centre (SUERC) to gain field 

and laboratory analysis skills in isotope (14C, 13C & 2H) 

analysis. In addition the student will be trained in 

essential research skills including scientific method, 

experimental design, data collection, and statistical 

analysis. IAPETUS, Glasgow & the University of 

Stirling each offer transferable skills programmes 

adding to the employability of the student after 

completion. 
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