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Overview 
 

Inland freshwater systems are sources to the 

atmosphere of greenhouse gases (GHGs) and as such, 

their importance in global GHG budgets is increasingly 

recognised. Outgassing of carbon dioxide (CO2), 

methane (CH4) and nitrous oxide (N2O) from these 

systems account for an estimated 3.9 Pg C yr-1 of the 

5.1 Pg C yr-1 exported globally from the terrestrial 

environment to freshwaters (Drake et al., 2018), 

although considerable uncertainty about the accuracy 

of these estimated fluxes remains.  

 

Human-impacted rivers have not yet received the same 

level of consideration as ‘pristine’ systems in aquatic 

GHG budgets, yet more people now live in urban areas 

than rural areas and 68% of the world population 

projected to live in urban areas by 2050 (UN, 2018). 

Human activity modifies the dynamics of CO2, CH4 and 

N2O in the aquatic environment. Inputs from 

agriculture, waste water treatment works and landfill, 

amongst other sources may amplify GHG emissions, 

however we still lack crucial ‘bottom up’ understanding 

developed from field measurements of the magnitude 

of these emissions, and how they compare on a 

catchment scale to emissions from non-anthropogenic 

GHG sources. 

 

In a preliminary study across five estuaries in Scotland 

and Wales, the Clyde river estuary had significantly 

higher dissolved concentrations of all three GHGs,  

 

particularly CH4 (Figure 1). This is believed to be due 

to inputs from anthropogenic sources, although further 

investigation is required to identify what controls such 

emissions ‘hotspots’ within the catchment, if there are 

non-anthropogenic ‘hotspots’, and their relative 

stability over time. 

 
Figure 1. Dissolved CH4 concentration data from five river 

estuaries. Each box represents six points, which were 

sampled during surveys across the salinity gradient (0 – 25 

ppt) of each estuary in July 2017. 

 

This PhD programme will quantify concentrations and 

fluxes of GHGs across human-impacted catchments 

from source-to-sea, starting with the River Clyde in 

Scotland (Photos 1&2). Controls on the GHG loading 

profile will be explored using GIS catchment land cover 
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analysis to develop a predictive model for catchment 

GHG emissions. 

 

There will be an opportunity to collect further source-

to-sea GHG data and to test the application of the 

modelled relationships derived from the Clyde dataset 

in human impacted catchments on a global scale, 

drawing upon the supervisory team’s network of 

existing collaborators across China, India and Malaysia.  

 

 
Photo 1. The River Clyde at Glasgow Green. 

 

 
Photo 2. The River Clyde estuary near Greenock. 

 
Methodology 
 

The project will combine direct measurements of 

dissolved greenhouse gases, carbon and nutrients, 

isotopes, and water physico-chemical parameters with 

GIS-based land cover analysis to further understanding 

of aquatic GHG emission hotspots on the catchment 

scale.  

 

Gas and water samples collected on a routine basis 

from a transect across the Clyde catchment will be 

analysed using a suite of laboratory instruments, 

including a gas chromatograph, TOC analyser, 

spectrophotometer and ion chromatograph. In-situ 

continuous data will also be generated from CO2 and 

CH4 sensors deployed at sites of specific interest within 

the catchment.  

 

GIS-based analysis will allow descriptors such as soil 

type, slope, land cover types and their associated areal 

percentages to be determined on catchment and sub 

catchment scales within the Clyde.  
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Training & Skills 
 

This collaboration brings together an existing set of 

laboratory facilities and field methodologies which will 

be used to quantify greenhouse gas emissions from 

inland waters. The expertise of the supervisors and the 

unique breadth of facilities on offer at the Centre for 

Ecology and Hydrology in Edinburgh and at the 

University of Glasgow represent a world class research 

environment for the student.  

 

A comprehensive training programme will be provided 

comprising specialist scientific training and generic 

transferable and professional skills. Specific training will 

be provided in field sampling in aquatic systems in the 

UK and overseas, deployment and maintenance of in-

situ sensors, and in laboratory analysis of gas and water 

samples, with a focus on gas chromatography, isotope 

geochemistry, and flow injection carbon and nutrient 

analyses. The student will also receive training on 

statistical analysis and GIS, gaining expertise in software 

packages including Arc GIS and R.  

The student will be given comprehensive training in 

health and safety in the field which will include first aid 

and an accredited power boat training course.  



 

  

 

Professional Transferable Skills: Development here will 

be supported through IAPETUS specific provision and 

the Uni. of Glasgow. Example courses include: Media 

Training; Insights to industry; Leadership skills; 

Conference skills (e.g., networking, poster and oral 

presentation skills); Grant writing; CV workshop.
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