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Overview 
At least 6 million properties in the UK are at risk of 
flooding with the recent floods in December 2015 
affecting 16000 properties with insured losses across 
the UK totalling £1.3billion. The Pitt Review, 
commissioned after the 2007 UK floods presented a 
comprehensive analysis of the 2007 flooding and the 
lessons to be learnt in managing future flood risk. The 
key observation relevant to this PhD proposal is that 
river corridor management practices, such as dredging 
and vegetation clearance were no longer performed 
as frequently; with the management focus shifting to 
flood control as an integrated part of river restoration 
and ecological integrity. The presence of vegetation 
within rivers has thus increased. 
 
Vegetation within river channels, in riparian zones and 
on the floodplain has a majour influence on the 
functioning of the fluvial system. Submerged 
vegetation act as a porous, potentially moving, 
blockage which restricts flow and causes both 
momentum loss and flow routing. Blockages of this 
type create a very different flow regime, as; i) moving 
canopies can absorb up to 40% more momentum than 
rigid canopies; and ii) complex cyclical feedbacks exist 
between foliage and momentum absorbing area and 
thus drag. Therefore vegetation can significantly 
increase local and boundary flow resistance and thus 
strongly reduce conveyance. This causes a reduction 
in flow velocity, which in turn; i) produces higher 
water levels per unit discharge, thus increasing the 
risk of flooding; and ii) creates regions of reduced 
shear stress that affect sediment transport and the 
morphological development of the bed. Such factors 
thus have environmental, geomorphological and 
ecological implications, which create a number of 

issues and add uncertainty as to how best to manage 
the river corridor. 
 

 

 
 

 
Figure 1: The representation of vegetation in numerical 
models. i) The laser scanning and voxelisation of a plant to 
include in a numerical model; ii) the prediction of the 
vortex structures around a plant; iii) Predicting flow 
through a vegetated reach.   
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Recent work at both Durham University and the 
University of Glasgow has started to address the 
influence of vegetation of the fluvial environment, 
most notably the influence of vegetation on flow, 
through the development of new numerical model and 
novel flume experiments (Figure 1). However, we 
currently do not understand how the regions of 
reduced shear stress affect the morphodynamic 
evolution of the river bed. This proposal intends to 
address this by examining the influence of aquatic 
vegetation on sediment transport through a 
methodology which combines flume experiments, 
numerical modelling and field-based monitoring. 
 

 
Methodology 
 
This proposed project seeks to improve our 
understanding of vegetation in a fluvial environment. 
The project will consist of: 
 
1. A flume study to quantify the effect of vegetation 
on the morphological evolution of a river bed. This 
will be undertaken in the Water Engineering 
Laboratory, School of Engineering, University of 
Glasgow which has state-of-the-art facilities for the 
measurement of flow and sediment transport in 
laboratory experiments.  
 
2. Develop and apply an existing numerical model that 
has coupled a biomechanical model with a flow model. 
The model will be developed to consider sediment 
transport and how the vegetation modified flow 
affects sediment transport pathways. The model will 
be validated against the flume data.  
 
3. Validation of the numerical model against field data 
and consideration of river corridor management 
strategies for dealing with-in channel vegetation. 
 
It is intended that the results of the project will 
provide quantitative understanding of the effect of 
vegetation on the morphodynamic evolution of the 
river bed. This can be used to help predict future 
change in river dynamics and aid management 
decisions related to vegetation and river corridor 
management. 
 

 
Timeline 
 
Year 1 

1. Field survey and data collection to quantify the 
effect of vegetation on river morphodynamics. 
This will also include the collection of the 
necessary boundary conditions for a numerical 
model. 

2. Flume experiments to measure the 4 dimensional 
(3D in space and time) movement of submerged 
vegetation and the evolution of the river bed.  

Year 2 
1. Improvement of an existing moving boundary 

numerical model that represents vegetation 
dynamics. 

2.  Inclusion of a morph dynamic model to predict 
sediment transport and bedform development.  

Years 3 – 4 (6 months only) 
1. Validation of numerical model with experimental 

and field data 
2. Develop management strategies of river corridor 

management based on process understanding 
gained from novel numerical model.  

3. Model the proposed management strategies to 
assess their viability. 

 

 
Training & Skills 
 
Training is fundamental to the development of 
postgraduate research students and, together with the 
DTP, University and Department we provide a 
substantial training programme. Priorities for training 
are determined from the ‘Training Needs Analysis’ 
carried out in the initial supervisory meeting with the 
student.  
 
Departmental training in (a) research skills and 
techniques and (b) research environment are 
provided through four mechanisms: (i)a programme of 
taught modules; (ii) internal training ‘workshops’ that 
focus on key geographical research skills and 
techniques; (iii) input from supervisors; and (iv) 
departmental seminars by visiting and internal 
speakers and presentations by postgraduate students. 
Physical geography research postgraduates normally 
take the taught departmental module ‘Implementing 
Research Design’ during their first year. The aim of 
this module is to help students put University training 
in research design into practice specifically in relation 
to physical geography research both generally and 
with regard to the student’s own project work. 
Students receive instruction in data collection and the 
scientific method, contextualizing and problematizing 
research in physical geography, planning for field- and 
laboratory work, and team and group working in 
physical geography. Assessment of students in this 
module is formative. In addition to generic training 
offered by the University, the Department also 
provides training through a series of in-house 
‘workshops’. These workshops offer the opportunity 
to gain both experience and knowledge with a 
number of tools in a specifically geographical 
disciplinary context and to gain an understanding of 
some of the wider structures and practices which 
make up academic life. This programme has been 

  



developed in response to postgraduate requests and 
is open to ALL postgraduate students irrespective of 
degree or year of study. 
 
Research training continues through the second and 
third years, and is based around a number of themes: 
Recognition and validation of problems; 
Demonstration of the original, independent and 
critical thinking, and the ability to develop theoretical 
concepts; Knowledge of recent advances within 
research field and in related areas; Understanding 
relevant research methodologies and techniques and 
their appropriate application within research field; 
Ability to analyse and critically evaluate findings and 
those of others; and Summarising, documenting, 
reporting and reflecting on progress. 
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Further Information 
 
Further information can be obtained by contacting 
Rich Hardy (r.j.hardy@durham.ac.uk) 
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