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Overview 
 
Flood-risk management is a high priority within the 
hydrological sciences and UK government as a result 
of recent serious flood events. Natural flood risk 
management for reducing flood risk are a possible set 
of methods to increase the resilience of the landscape 
and population to these extreme events. Natural 
flood risk reduction techniques include managing fast 
surface water flow pathways and increasing the 
storage of water on the landscape and these schemes 
have been advocated in recent government reports. 
Current projections from UKCP09 indicate a 
significant change in seasonal rainfall patterns which 
may change flood generation conditions and sources 
of flood waters.  
 
The key to identifying the locations in the landscape is 
to understand the hydrological dynamics of the 
catchment, including the need to understand the 
pathways along which water is travelling during a 
storm event. 
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Models with the ability to provide this information by 
tracing water flow pathways in a catchment have been 
developed (e.g. Reaney, 2008; Sayama and McDonnell, 
2009), but they are yet to be used to target effective 
flood alleviation activities. By considering the origin of 
water at the time of the flood peak, it will be possible 
to determine its source, at the field scale, within the 
catchment. This project will therefore build on 
innovative simulation modelling approaches to identify 
locations where flood risk mitigation measures using 
natural flood management techniques will be effective 
and resilient to projected environmental change. 
 
Therefore, the aim of this PhD project will be: 
 
To identify the sources of water contributing 
to flood peaks to enable the development of 
natural flood risk reduction measures within 
catchments. 
 

 
Methodology 
 
The PhD project will use a simulation modelling and 
data analysis methods to investigate the aim. Physical 
methods will focus on data analysis of observed 
weather and river flow time series and simulation 
modelling. The catchment hydrological modelling will 
use the fully distributed CRUM3 model as a basis for 
the implantation of the T-SAS and hydroAgent 
approaches (see below). These models will be tested 
with the application of oxygen isotope records from 
the River Eden Demonstration Test Catchment 
project and other sites.  
 
Identification and selection of modelling 
frameworks and study site. The flow path tracing 
schemes and the hydrological simulation models to be 
used will be identified and evaluated. From an initial 
literature review, two flow tracer models have been 
identified: the hydroAgent approach of Reaney (2008) 
and the ‘Time and Space Accounting Scheme’ (T-SAS) 
of Sayama and McDonnell (2009). The hydroAgent 
approach uses techniques from agent based modelling 
to record the movements of water through the 
simulated hydrological landscape. Both tracer models 
are capable of predicting the water’s flow path 
through the landscape and river system, and can 
provide information on the travel time, origin and fate 
of rainfall within the environment but have different 
levels of detail and computational costs. 
 

 
Various Natural Flood Risk Reduction Measures – the 
question is where to place them in the landscape? 
 
Application and development of flow tracing 
models. The application of a hydrological model to 
the test catchments will involve assessing the model 
performance, the parameter sensitivity and the 
assessment of the model’s predictive uncertainty, to 
ensure that decisions are made that are consistent 
with the model’s predictive power. The model will 
then be used with the flow tracing schemes to 
generate predictions of the travel times and spatial 
sources of flood waters. Oxygen isotope analysis will 
be used to assess the performance of the travel time 
estimates calculated by the simulation model. The 
validated models will then be used to identify the 
locations within the physical landscape where the 
flood peak water originated. The sensitivity of these 
locations will be assessed in relation to the model 
parameterisation, the storm structure and the 
projections of environmental change from UKCP09. 
The value of the quantity and quality of information 
that can be gained from a complicated versus a 
relatively simple version of the flow tracing schemes 
will be assessed. 
 
Application of Models. The project will work with 
a flood action group of Catchment Based Approach 
(CaBA) to test the developed simulation models. The 
student will work with the stakeholders to develop a 
range of potential natural flood risk management 
schemes and then simulate their effectiveness at 
reducing flood peaks. The represented mitigation 
options will include soil structure improvements, off-
line detention storage (rural SuDS) and large woody 
debris dams within the channel. 
 
  

  



 
Timeline 
 
Year One: The study catchments will be selected 
and initial modelling will be under taken, including the 
use of both hydroAgents and T-SAS within the 
CRUM3 model. Lab work for the processing of the 
water oxygen isotope samples will be undertaken.  
Year Two: The second year will work on refining the 
modelling and understanding of the catchment. The 
focus will be on the testing of the model predictions 
with both flow and isotope datasets. The 
collaboration with the stakeholder group will be 
started. Presentation of the work at a national 
conference. 
Years Three – Four (six months only): This year 
will focus on the application of the models to the 
stakeholder’s catchment. The write up of the research 
thesis will be completed. Presentation of the work at 
an international conference.  
 
 

 
Training & Skills 
 
This PhD project will provide a wide range of training 
that covers the physical and social sciences. This 
training will include: 
 

• Catchment simulation modelling 
• Computer code development 
• High performance computing 
• Geographical Information Systems 
• Oxygen isotope analysis 
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Further Information 
 
For further information, please contact Dr. Sim 
Reaney (sim.reaney@dur.ac.uk). Further information 
on this research at www.dur.ac.uk/sim.reaney/  
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