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Overview 
Many river catchments face a range of 
hydrological problems that are often managed 
separately, with flood hazards and poor water 
quality being key issues. Both of these problems 
pose significant risks to the communities and the 
ecosystem services that are supplied by the 
catchment and both are being addressed through 
new approaches to working with natural 
processes by changing land management and 
engineering the catchment, Figure 1. However, 
these works are often undertaken by different 
agencies and groups. This disconnect between the 
management objectives within the connected 
catchment system can lead to over spend on 
mitigation measures, by not getting one measure 
to work for both problems, and the potential for 
one measure to help improve one problem 
making another worse. For example, a storage 
measure to create sedimentation to improve 
water quality may make increase flood hazards by 
altering the flood peak timing and increasing the 
flood peak downstream.  
 

  
Figure 1: Water quality and flood risk reduction measures 
in the landscape. How can these be used together for 
integrated catchment management?  
 
Therefore, the aim of this PhD project will be to 
quantify how effective landscape based 
management can be at co-delivering water quality 
improvements and flood risk reduction at minimal 
cost. This aim will be achieved with the following 
objectives: 
 

1. Identification of locations for the 
implementation of measures that can 
reduce flood hazards, sediment and 
phosphorus diffuse pollution.  

2. Field monitoring of features to determine 
their effectiveness.  

3. Upscaling to the landscape and 
visualisation of the proposed schemes.  

 

  

http://www.durham.ac.uk/sim.reaney/
http://www.ncl.ac.uk/gps/staff/profile/matthewperks.html
https://www.dur.ac.uk/geography/staff/geogstaffhidden/?id=788


Since these are problems that are being 
experienced in a range of counties, this project 
will work in two catchments, and with two 
communities, to test and cross-pollinate ideas 
between the study areas. The project will work in 
Cumbria, United Kingdom and in the Lake 
Rotorua catchment, New Zealand. 

 
Methodology 
The first stage of the research will focus on 
opportunity mapping for the two catchments to 
determine potential locations for mitigation 
measures. This work will use GIS analysis using a 
range of approaches including SCIMAP and 
hydrological terrain analysis. The project will use 
both SCIMAP-Fine Sediment and SCIMAP-Flood 
to identify parts of the landscape that are likely 
source areas for flood hazards and water quality 
issues. The project will also use terrain analysis to 
identify possible pond storage locations through 
hydrological analysis of the surfaces. The analysis 
will utilize nationally available datasets, such as 
the NextMap 5m DEM in the UK and 8m LINZ 
DEM in New Zealand. For the identified areas of 
interest, detailed topography data 
from LIDAR will be used to refine the mapping 
and identify which mitigation features are suitable 
in those locations. Where data is not available for 
the catchment, drone mapping coupled with 
Structure from Motion photogrammetric 
processing, will be used. 
 
The second part of the research project will 
focus on the performance of storage ponds and 
how the storage volume changes over time. 
There is a growing but limited evidence base as 
to the effectiveness of the storage ponds in the 
landscape at improving water quality by reducing 
sediment and phosphorus loads across a range of 
storm types and magnitudes.  The first step in this 
section of the research would be to use hydraulic 
model simulations to test a range of different 
pond configurations, such as the size, depth, 
width and form, to assess the optimal design for 
these features.  These results will then be tested 
with field monitoring of a set of ponds predicted 
to be effective by the modelling work. In and 
outflow monitoring for discharge, sediment and P 
will be used to determine the effectiveness of the 
features. This project will build and monitor a set 
of features in both Cumbria, UK, and in the Lake 
Rotorua catchment, New Zealand, over multiple 
winter seasons to assess their characteristics and 

performance. This work will monitor the 
performance of the features over storm events, 
with automatic water samplers, continuous water 
level recorders and turbidity probes.  This part of 
the project will assess how the storage features 
change over time due to the deposition of 
sediment in the ponds reducing the storage 
capacity using terrestrial laser scanning to give 
detailed models of the ponds and the 
sedimentation patterns.  
 

 

 
Figure 2: Calculated connectivity (upper image) and soil 
erosion potential (lower image) from a 40cm drone derived 
DEM. How can this detailed data be most efficiently used to 
inform management? 
 
The final part of the project will integrate the 
knowledge from the first two parts to address 
the question as to how many features are needed 
and where in the landscape to place them? The 
project will use a GIS based approach to route 
and accumulate the water quality and flood risk 
reduction performance of the features to show 
how different schemes integrate at the landscape 
scale. This work will provide a range of different 
mitigation schemes with predicted performance 
that can be discussed with stakeholders in each 
catchment. The project will make use of tradition 
cartographic mapping of the schemes and will also 
use landscape visualisation and virtual reality 
approach or hydrological simulation modelling 
tools. 
 
This project also includes collaborations with Dr 
Lucy Burkitt, and Dr Ranvir Singh, of the  
Institute of Agriculture and Environment, Massey 
University, New Zealand. 

  

https://www.massey.ac.nz/massey/learning/colleges/college-of-sciences/staff-list.cfm?stref=359112
https://www.massey.ac.nz/massey/learning/colleges/college-of-sciences/staff-list.cfm?stref=359112
https://www.massey.ac.nz/massey/initiatives/sustainability/people/ranvir-singh.cfm
https://www.massey.ac.nz/massey/initiatives/sustainability/people/ranvir-singh.cfm
https://www.massey.ac.nz/massey/initiatives/sustainability/people/ranvir-singh.cfm


 
Timeline 
 
Year One: Will focus on the development of the 
opportunity mapping and the first season of 
catchment monitoring in the UK and NZ. 
Year Two: Refinement of the opportunity 
mapping and two further seasons of monitoring 
of the mitigation features. Presentation at national 
conferences in the UK and NZ. 
Years Three – Four (six months only): Focus 
on the upscaling of the findings to the landscape 
scale. Visualisation and virtual reality work and 
discussion with stakeholders in both catchments 
as to the acceptability of the proposed schemes. 
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: 

• Hydrological process understanding for 
temperate catchments 

• Experience of UK and NZ agricultural and 
hydrological systems 

• Use of drones for geospatial data 
collection 

• Computer code development, for 
example in Python 

• Geographical Information Systems and 
geospatial analysis 

• Qualitative data collection through a 
variety of stakeholder engagement 
methodologies 

• Visualisation of geospatial data for 
effective community communication 
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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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