
 

  

 

 

 

Real-time prediction of the effect of submerged vegetation on 

river flow (Ref IAP2-18-126) 
 

Newcastle University, School of Engineering 

In partnership with Durham University, Department of 

Geography 
 

Supervisory Team  Prof. Peter Gosling, Newcastle University 

 Prof.  Richard Hardy, Durham University 

 Dr. Graham Morgan, Newcastle University 

 

Key Words Flood mitigation, in-channel vegetation, real-time flow 

simulation, riparian vegetation management. 

 
Overview 
A river flood is one of the most common forms of 

natural disaster. Each year, the number of deaths from 

flooding of rivers is more than any other natural 

disaster. They are a major hazard and present 

significant social and economic risks. This project seeks 

to understand how submersed vegetation affects flow, 

and how that submersed vegetation can be managed to 

provide an effective and predicable means of flood 

mitigation. 

 

 
 

Vegetation is abundant in lowland rivers. Whether 

located on the floodplain, along the banks, or in the 

channel, it has profound influences the functioning of 

the fluvial system, and has long been the focus of river 

management activities. Riparian vegetation can 

significantly increase local and boundary flow 

resistance, causing a reduction in flow velocity. This 

significantly reduces conveyance and leads to an 

increase in flow depth and consequential significant 

flood risk. Historically, the mechanical removal of 

vegetation has been used to reduce local flow 

attenuation and to accelerate the passage of flow, even 

though the reduced attenuation has the potential to 

increase flooding frequencies and extent downstream. 

 

However, more recently, in a reversing of this 

approach, and arguably in a counterintuitive and 

Machiavellian way, vegetation has begun to be used to 

actively manage flood risk. 

 

By allowing channels in areas where flooding is 

acceptable to return to their natural vegetated states, 

the potential for overbank flows, and therefore 

flooding, increases. This clearly has the effect of 

increasing the physical size of the river and its capacity.  

 

 
 

Significantly, the average rate of flow of the ‘enlarged’ 

river is slowed, contradicting the historic approach to 

river management. This has the effect of substantially 

reducing flood risk in urban areas downstream. The 

flooded areas are not temporary storage, but are 

extensions of the river, providing additional, and 

recharacterized flow capacity. It is hypothesised that 

https://www.ncl.ac.uk/engineering/staff/profile/petergosling.html#background
https://www.dur.ac.uk/geography/staff/geogstaffhidden/?id=792
https://www.ncl.ac.uk/computing/people/profile/grahammorgan.html#background


 

  

this ‘within-channel vegetation’ can be used as a 

catchment-scale flood management tool.  

 

The aim of this project is to simulate the behaviour of 

submersed vegetation and the effects on the 

submersing flow using new technology taken from the 

computer science Gaming industry which will allow, for 

the first time, real-time predictions. These simulations 

will be used to identify how the flow is modified by the 

submersed vegetation, and to explore how the features 

of the vegetation change the flow characteristics of the 

fluid in which it is submersed. Both outcomes are 

significant in understanding how best to manage within-

channel vegetation to achieve flows that mitigate 

flooding.  

 

 
 

The project is multi-disciplinary, requiring an 

appreciation of the physics and mechanics of plants, an 

understanding of fluid mechanics, and an interest in 

computing science. It will be supported by expertise in 

the modelling of flows around complex submerged 

geometries, non-linear solid mechanics, and real-time 

computing science. 

 

Project objectives 

O1: Develop and apply exiting real-time membrane 

fluid simulation models to predict plant flow 

interaction. 

O2: Apply new technologies to characterise plant 

biomechanical characteristics. 

O3: Develop a computational representation of a 

hierarchy of increasingly complex submersed example 

riparian plants. 

O4: Simulate behaviours of in-channel riparian plants. 

O5: Demonstrate the use of computer science Gaming 

technologies to provide 3D computations and 

visualisation of plant-flow interaction. 

 
Methodology 
 

Currently, many of the methods used to predict the 

effect of vegetation on river flow suffer from one or 

both of the following problems: (i) a strong dependence 

upon parameters that have a poor physical basis and 

which are only readily determined using empirical 

means and; (ii) a poor conceptual basis, in terms of the 

way they represent the effects vegetation have upon 

the flow, especially in higher dimensionality numerical 

models. Recent developments in high resolution 

numerical models (Fig 1) have allowed an improved 

understanding of flow-vegetation interaction. 

However, the plant bio-mechanical characteristics are 

still poorly represented, and the analyses are further 

hampered by high levels of computational cost (in the 

order of several days).  

 

 

 
Figure 1:  The incorporation of vegetation into a 

numerical model of flow. a). A TLS image of a plant 

capturing the 3D morphology of the plant; b) The 

predicted turbulent structures around an individual 

plant species. 

 

In contrast, computing science aims to maximise 

computational efficiency, particularly for computer 

games and films/animations, which need to be as close 

to real-time as possible. However, the physics engines 

tend to be rather poor, with the realistic real-time 

simulation of cloth (draping, folding, flapping) one of the 

most challenging.  

 

At Newcastle, we have combined computer science 

with computational mechanics to simulate the realistic 

real-time simulation of cloth immersed in fluids. In this 

project we will extend the functionality of this real-time 

virtual cloth (viz. leaf) to include torsion and bending 

(Barnes 2013) to enable the simulation of stems. 

Individual in-silico plants and leaves will be submersed 

in a virtual fluid flow, and the mechanics properties 

tuned to match physical experimental behaviour in a 

flume containing the equivalent in-vivo leaf/plant. This 

validated virtual riparian vegetation will form an in-

silico flood channel, where the effects of the features 

of the plants on the flow can be explored. 
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Timeline 
Year 1: collate a coherent, integrated review 

spanning flood mitigation techniques, CFD for flexible 

bodies (including vegetation), real-time simulation 

approaches, and inverse engineering (6 months). 

Review/familiarise existing fluid/cloth interaction code.  

Year 2: Implement a torsion/bending element into 

the existing fluid/cloth interaction code. Validate using 

isotropic, homogenous, flexible material (e.g. ETFE 

foil). (9 months). Undertake initial flume tests on 

selected riparian vegetation. 

Year 3: Calibrate in-silico plant mechanics properties 

using individual leaf/plant in-vivo flume outcomes (4 

months). Simulate parametric in-channel vegetation. 

Final 6 months: Thesis preparation 

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. 

 

Research training 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.  

 

Training specific to this project will include: 

1. Experimental design and implementation 

2. Computational mechanics 

3. GPU programming. 

 

The PGR student will be expected to present their 

work a National and International (e.g. AGU, EGU, 

Game Developers Conference) conferences 

throughout the project.  

 

Subject to confirmation, the student will spend time at 

NVIDIA (Gaming) and TENSYS, learning skills and the 

latest developments in programming, visualisation, and 

nonlinear computational mechanics. 
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