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Overview 
 

Tropical savannas cover approximately 20% of the 

Earth’s terrestrial surface area and account for 

roughly 30% of terrestrial primary productivity, 

equivalent to that of the tropical forests (Grace et al. 

2006). It is critically important that we understand 

how carbon (C) is stored and cycled in these 

environments, and one missing piece of this puzzle is 

pyrogenic C (PyC; charcoal, char, soot). This material 

forms an important global C pool, and is very 

resistant to breakdown in the environment. Although 

natural PyC production rates are low (ca. 0.27 Pg yr-1) 

versus terrestrial biomass production (ca. 60 Pg yr-1), 

its environmental persistence means it makes up a 

surprisingly high proportion of C (c. 30 %) in many 

soils, and it is proportionally higher in fire-prone 

savannas (Fig. 1). After deposition, PyC is thought to 

be moved from the short-term C cycle into the long-

term, stable geological C cycle. However, little is 

known about the long-term stability and movement of 

PyC after formation as the majority of studies to date 

are lab-based, not field-based (Bird et al. 2015). 

Limited field measurements suggest PyC is mobilised 

significantly faster than laboratory estimates, much of 

which is via fluvial transport. Understanding PyC 

sources, storage and fluxes is essential for 

understanding the overall biogeochemistry of savanna 

systems, of particular importance as these systems 

shows substantial complexity in ecohydrological 

regimes (Turnbull et al. 2012). This studentship will 

involve a combination of fieldwork in tropical 

Australia and the use of cutting edge techniques to 

fully understand these processes. 

 

Of particular significance in savannas today is the 

process of land-use change (LUC). Recent work has 

shown wetter conditions have increased tree cover in 

Figure 1: The PyC production process, a savanna 

wildfire. 
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African and South American savannas, increasing the 

carbon stock (ca. 8% per decade; Stevens et al. 2016). 

In northern Australia the vegetation balance between 

C3 (trees) and C4 (grasses) species is shifting, via 

invasion of non-native grasses (Fig. 2). The C4 African 

grass Andropogon gayanus (Gamba grass) fundamentally 

changes the savanna ecosystem via displacement of 

understorey and, trees via direct competition and fire-

derived mortality (Gamba fires are significantly more 

intense).   

 

During this PhD, the student will investigate the 

sources, fluxes and stocks of PyC in contrasting 

savanna catchments in tropical north Australia, 

including natural savanna, C3 dominated forestry and 

C4 dominated Gamba grass land. Using a combination 

of stable and radiometric isotope techniques (13C and 
14C) the student will determine the effects of LUC on 

PyC dynamics and fill a vital knowledge gap in our 

global carbon cycle understanding. 

 

The overarching aim of this project is to determine 

the effect LUC has on the structure and movement of 

PyC in savanna regions and assess how this 

component of the carbon cycle will be affected as 

savanna land use changes into the future. Research 

questions to be addressed are: 

1) What proportion of PyC is transported away 

from the site of origin via fluvial processes? 

2) Does PyC of C3- vs C4-origin undergo different 

fluvial transport and breakdown dynamics based 

on a variable resistance to breakdown and thus 

mobilisation? 

3) What is the size of the PyC pool in savannah 

ecosystems, including the soil and freshwater 

reservoirs? 

 Under LUC, does the source of dissolved carbon change? I.e. is an older / younger pool of carbon mobilised and what does this mean for sink vs. source dynamics? 

 
Methodology 
 

To fulfil the research aims and questions, the student 

will use a combination of field sampling and state of 

the art laboratory techniques, gaining extensive 

experience in soil and water sampling plus PyC 

extraction methods. This will include training in highly 

novel, specialised techniques such as Hydrogen 

Pyrolysis and stable isotope ratio mass spectrometry.

 
Timeline 
 

Year 1 – Training in field and laboratory techniques. 

Establish the field monitoring sites in northern 

Australia and collect the first seasons samples for 

processing and analysis.  

 

Year 2 – Collection of the second seasons samples 

and continued laboratory analysis. Training in 

statistical methods and modelling approaches.  

 

Year 3 – Finalise data collection and wrap up field 

sites, removing any instruments. Synthesise findings 

and prepare 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 collaborative institutions will 

provide the student with all the necessary laboratory, 

field and analytical equipment for 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 PhD. In Glasgow the student will be 

part of the Carbon Landscape Research Group 

(www.carbonlandscapes.org). The student will also 

join the Catchments and Rivers research cluster in the 

Department of Geography at Durham University. A 

key focus of this cluster is on monitoring the 

Figure 2: Natural (top) and Gamba grass invaded 

(bottom) savanna in the Australian Northern 

Territory. 



  

interactions and feedbacks between geomorphology, 

hydrology, vegetation, and water chemistry in hillslope 

and river systems, thus providing relevant expertise 

and a vibrant research environment. The student will 

participate in post-graduate training courses and be 

involved in annual post-graduate research conferences 

to allow for networking and collaboration. 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 analytical 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 Durham, field sensor 

technology, hydrogen pyrolysis, and Stable isotope 

ratio mass spectrometry. The student will have the 

opportunity to be trained at the NERC Radiocarbon 

Facility and Scottish Universities Environmental 

Research Centre (SUERC) to gain field and laboratory 

analysis skills in isotope (14C and 13C) analysis. In 

addition the student will be trained in essential 

research skills such as the scientific method, 

experimental design, data collection, and statistical 

analysis. IAPETUS, Glasgow & Durham each offer 

transferable skills programmes adding to the 

employability of the student after completion. 
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Further Information 
 

Please contact Dr Adrian Bass 

(adrian.bass@glasgow.ac.uk) for further details. 
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