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1 Introduction.  
The Source to Tap project is a cross border partnership comprising NI Water (NIW), Irish 
Water (IW), Agri-Food & Biosciences Institute (AFBI), Ulster University (UU), The Rivers 
Trust (TRT) and East Border Region Ltd. (EBR), to explore sustainable, cost effective 
measures to reduce pollution in drinking water catchments. The primary aim of the project 
is to deliver a Sustainable Catchment Area Plan (SCAMP) for the Erne and Derg cross 
border catchments in order to secure drinking water sources and improve water quality. 
Work undertaken in the project will support the Water Framework Directive’s (WFD) 
programme of measures to improve the quality of waterbodies and contribute to the 
Drinking Water Directive (DWD) objective of reducing risks and ensuring safe drinking 
water. 

Water quality in the Derg and Erne catchments is threatened by a wide variety of 
pressures and contaminants. The key regulatory issues for drinking water, however, relate 
to colour, turbidity, and the pesticide MCPA, and the project will focus on delivering 
sustainable solutions to these stressors over the course of the project.  

As part of the catchment characterisation component of the project a desk-based support 
based in GIS to identify high risk areas for colour, turbidity and MCPA has been developed. 
Colour and turbidity are primarily associated with areas of peat and forestry. Forest felling 
operations pose a particular risk of sediment loss to streams and rivers. The pesticide 
MCPA is a broadleaf herbicide used widely for the control of rushes in farmland and also 
for broadleaf weeds such as thistle and dock.  

1.1 Forestry impacts on water quality 
In catchments, forestry operations, including planting, thinning and felling, have the 
potential to impact water quality in catchments through release of sediment, bound 
nutrients in soil and dissolved organic carbon (DOC). These impacts are well-documented, 
acknowledged by forest management agencies and recommendations to minimise 
impacts are included in national operational guidelines  in the UK (Forestry Commission, 
2017) and Ireland (Forest Service, 2000).  

In Northern Ireland the impacts of fine sediment derived from forestry operations were 
highlighted in a study by Evans et al. (2006) on the Bush river. Where conifer plantations 
were cleared adjacent to a river bank, river sediments examined downstream of the sites 
had a higher humic content than prior observations. This increase in organic matter 
following felling was also noted in a study by Cummins and Farrell (2003) in blanket 
peatland streams in the west of Ireland. Evans et al. (2006) made recommendations for 
best management practices for forestry work in the Bush river that included (i) maintaining 
a distance from stream, (ii) minimising the use of temporary access roads and avoid using 
natural drainage channels and gullies (iii) minimising the size of loading areas (iv) 
optimising winch locations to spread out the dragging track in the downslope direction 
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and (v) in the post-operation phase to stabilise all roads and loading areas, remediate 
drainage and promote vegetation recover.  

A long-term study in central Sweden (Rosén et al., 1996) examined changes in 
hydrochemistry over a 12 year period (1977-89) in 3 forested catchments (1 control, 2 
implementation). Monitoring covered pre-felling (1977-79), felling (winter 1980-81), 
plantation preparation (1982) and post-operational phase (to 1989). Average runoff 
following clear felling operations increased by 85% and 110% in areas felled to 50% and 
95% respectively. Changes in chemistry included increased concentrations of K, NH4, 
NO3, organic N and total N. At the end of the monitoring period conditions had returned 
to pre-felling conditions. In a longer duration study (23 years; 3 pre-felling, 18 post-felling) 
in boreal forests (Ide et al., 2013) found similar increases in annual runoff but seasonal 
runoff changes which persisted for 18 years following felling.  

Levels of DOC in drinking water sources can significantly increase the cost of treatment 
through increasing coagulant DTMand, reducing disinfectant efficiency and providing a 
surface for microbial growth (Ritson et al., 2016).  The creation of disinfection-by-products 
(such as trihalomethanes) through reaction of disinfectants with organic matter during 
drinking water processing was first noted in the 1970s (Rook, 1974) and has been noted as 
a potential risk due to their mutagenic and carcinogenic potential in multiple studies since 
(Hrudey and Fawell, 2015, Richardson et al., 2007). Measures to reduce DOC from 
peatlands and forestry operations are therefore active components of land management 
in drinking water catchments (Ritson et al., 2016).   

1.2 MCPA Pesticide impact on water quality 
MCPA is the common name for 4-chloro-2-methylphenoxyacetic acid (World Health 
Organisation, 2003), a systemic hormone-type herbicide used in the control of annual and 
perennial weeds in crops and grasslands. In Ireland MCPA is primarily used for the control 
of the common rush (Juncus effusus) which is widespread on poorly drained soils with a 
low pH. The use of MCPA over other herbicides is preferred as it does not kill grass, while 
other herbicides such as glyphosate do.  

MCPA is an issue for surface water drinking supplies in Ireland. The drinking water limit for 
MCPA is 0.1 ug/L and frequent exceedances of this limit have been reported in the media 
in recent years (Connaught Telegraph, 2018, Irish Independent, 2018, Irish Water, 2018, 
BBC, 2018). Removal is expensive for water companies, requiring active carbon filters, 
which are not 100% effective.   

Although in widespread use for decades there have been limited studies on the 
environmental fate of MCPA or its impact on aquatic ecosystems. The degradation of the 
compound in the environment is influenced by exposure to light (photolysis), soil type and 
whether in aerobic/anaerobic conditions. MCPA is susceptible to leaching in most soils, 
with mobility increasing as organic matter content decreases (Socías-Viciana et al., 1999, 
Jacobsen et al., 2008) and sorption in soils strongly and negatively related to soil pH 
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(Paszko, 2011, Jacobsen et al., 2008). Pathways to receiving waters are via surface, soil and 
groundwater pathways (Figure 1). 

 

Figure 1: Pathways for pesticide MCPA applied to a crop (modified from Figure 1 in (Arias-Estévez et 
al., 2008) ) 

2 Risk mapping 

2.1 Erosion and Surface Transport of contaminants 
The susceptibility of a landscape to erosion by water is a function of its structure and 
topography, influenced by natural factors such as bedrock and soil type, slope, aspect 
and drainage network, and anthropogenic factors such as removal of vegetation, land 
preparation or earthworks and undercutting of slopes by drainage (Bloomberg et al., 2011).  
The material moved during the process of erosion depends on land use and may include 
soil sediments containing nutrients such as nitrogen (N), phosphorus (P) and carbon (C), 
minerals and applied substances such as chemical and organic fertilisers and pesticides. 
All have the potential to impact on the chemical and ecological status of water bodies 
dependent on the existence of a pathway for delivery to receiving waters.  

The source-mobilisation-delivery-impact continuum, originally proposed for P (Haygarth 
et al., 2005) but applicable to other contaminants, provides a clear conceptual model for 
understanding, identifying and mitigating mobile threats to water quality in catchments. 
Once the source and receiving waterbodies are known, the identification of pathways for 
delivery of contaminants to surface waters is key to assessing risk and has been 
approached in a variety of ways for surface delivery of contaminants.  

It is essential to note that in modelling overland flow pathways for water movement that 
potentially important groundwater pathways map also exist but are not considered here. 
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For sediment transfer which is mainly by surface pathways (Perks et al., 2015, Thompson 
et al., 2013) this is not an issue; however for chemical contaminants such as pesticides sub-
surface pathways are important, though poorly understood, and the subject of ongoing 
work in the Source to Tap project.  

Simple approaches to identifying high risk areas for overland flow have been based on 
the linear distance from source to receiving water (Agnew et al., 2006) assuming that the 
most proximal areas pose the greatest risk. This is most often applied in delineating a 
buffer or set back distance from a river bank and can be effective in some mitigation 
approaches, such as excluding livestock (Collins et al., 2007). However for diffuse 
contaminants, this has largely been supplanted by models of hydrological connectivity, 
recognising the importance of local small-scale topography in influencing the pathways 
for overland flow and the tendency of water to route across the landscape on its way to 
rivers and streams so that areas at a distance from the drainage network can, based on 
topography and propensity to saturation, be connected to water courses.  

The potential of the source-mobilisation-delivery-impact continuum approach to identify 
high risk areas for overland flow for various contaminants in the Source to Tap project is 
considerable. In a landscape where overland flow dominates as a mechanism for 
contaminant transport the use of a HSA approach for identifying pathways and high risk 
areas is justified. However the first stages in adopting the approach are to clearly define 
the objectives of the work, to develop a conceptual model for contaminant loss and to 
understand the limitations of the available data sets that can be used to develop the risk 
maps.  

The objectives of the risk mapping exercise undertaken in this study are twofold:  

• First, concerning forest felling operations, the objective is to develop a risk map to 

use in the desk-based identification of forest stands which pose the greatest risk 

of sediment (and therefore colour and turbidity) transfer to surface waters.  

• Secondly, relating to pesticides, the objective is to identify areas of farmland within 

catchments that are most at risk of MCPA pesticide loss to surface waters if 

spraying were to be undertaken.  

The following sections outline the development of the risk mapping method for both 
modelling objectives, the caveats of the approach and the results for both Derg and Erne 
catchments.  

3 Model Development  
Conceptual models for sediment delivery from areas of felled forestry and MCPA 
pesticide delivery from agricultural land are presented in Figure 2 and Figure 3, 
respectively.  
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Figure 2: Conceptual model for source-mobilisation-delivery-impact of sediment from forestry felling 
operations on water quality.  

 

Figure 3: Conceptual model for source-mobilisation-delivery-impact of MCPA herbicide application 
agricultural land.  

For sediment from felled forest stands the mobilisation and delivery pathways are well 
understood. Rainfall on exposed soil will, dependent on the energy of the water 
movement, mobilise both fine (<2mm) and course sediment and almost all sediment will 
be transported in overland flow. For MCPA herbicide however the model is more complex. 
MCPA is highly mobile in water and once in suspension can move through surface and 
groundwater flow paths. MCPA Is also unstable and over time will degrade into 
breakdown products at a rate determined by factors such as exposure to light, levels of 
oxygen, soil sorption and plant uptake (Figure 1). 

The conceptual models identify the first limitations of applying a model which is solely 
based on HSA risk mapping to the catchments.  The use of risk maps to identify areas at 
risk of MCPA loss applies solely to loss in overland flow and the uncertainty as to quantities 
moving via sub-surface pathways needs to be considered carefully. This is a major caveat 
which should be considered in all use and interpretation of risk maps for pesticide loss in 
this study. The Source to Tap project represents the first opportunity for the pathways and 
processes involved to be studied in detail.   
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3.1 Topographic modelling of overland flow and contaminant transport 

The propensity of an area to generate overland flow, either through the development of 
saturation excess or infiltration excess conditions (Agnew et al., 2006, Walter et al., 2000) 
depends on the slope, upslope contributing area and the physical properties of the 
ground. These Hydrologically Sensitive Areas (HSA) have been shown to be important in 
the identification of critical source areas (CSA) in catchment studies (Mellander et al., 2015, 
Buda et al., 2009, Agnew et al., 2006, Packham et al., 2013) and most recently in the work 
of Thomas et al. (2015), Thomas et al. (2016a), Thomas et al. (2017), and Thomas et al. 
(2016b) in the Agricultural Catchments Programme in the Republic of Ireland focussing on 
phosphorus loss from both surface applied fertilisers and legacy P stored in the soil.  

The origin of the HSA model is the semi-distributed modelling framework of Beven and 
Kirkby (1979), TOPMODEL, which was developed to model the role of topography in 

catchment hydrology. The basis of the model is the topographic wetness index,  ln # !
"#$%

$ , 

where α is the upslope contributing area for water to each point with the gradient of the 
surface given by tan(β) , which controls how quickly it drains away. The logarithm of the 
index relates to the assumption that the transmissivity of soil will decline exponentially 
with depth. High values of the topographic wetness index (TWI) indicate accumulation of 
flow at a grid cell due either to large upslope contributing areas flowing into that cell or a 
low gradient, which slows runoff.  

3.2 Digital Elevation Models and Calculation of TWI 

The core element of a risk model based on overland flow is the digital terrain model, which 
represents the topography of the catchment.  The stages in processing a DTM through to 
the topographic wetness index are shown in Figure 4. Of critical importance is the 
resolution of the DTM and the accuracy of the digitised drainage network.  

 

Digital Terrain Model • 1-2 m grid optimum for 
field-scale

Drainage Network • Must be accurate - redraw 
if necessary

Hydrological correction

• Remove 
Culverts/Bridges

• Deepen drainage 
channels

Upslope Contributing 
Areas (α) & Slope (β)

TWI= ln (α/Tanβ)

• Flow Direction
• Flow Accumulation
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Figure 4: Stages in processing to obtain a topographic wetness index for a DTM area. All processing is 
undertaken using GIS (both ArcHydro and SAGA GIS were used). 

 

Digital elevation models are a spatial representation of the Earth’s surface, held in a digital 
format suited to numerical processing and analysis. With advances in surveying 
techniques and computational capacity such models have become an integral 
component of planning and management activities across the physical and environmental 
sciences. The terminology used to categorise elevation models is not standardised but, in 
general, a Digital Terrain Model (DTM) represents the bare ground surface, with all trees 
and built objects removed (Li et al., 2005) (Figure 5). A Digital Surface Model (DSM), on the 
other hand, includes all land cover, such as trees, vegetation and the built environment 
with the elevation taken from the upper surface of the cover (Altmaier and Kany, 2002).  

 

Figure 5: A Digital terrain model (DTM) represents the ground surface (red line) while a digital surface 
model (DSM) includes vegetation and built cover (purple line). 

A DTM normally requires an additional stage of processing from a DSM and can be 
especially time consuming to process at high resolutions (<5 m cell size) in densely 
populated areas where built structures have to be identified and new ground levels 
imposed. The term Digital Elevation Model (DTM) is generic and used synonymously with 
both. That all DTMs are representations of reality, influenced by acquisition and 
processing methods and including systematic error and noise, should be kept in mind 
through all applications and interpretation.  

3.2.1 Acquisition and Storage Formats 
Raw elevation data are derived from a range of sources and acquisition methods; from 
airborne remote sensing such as LiDAR (Murphy et al., 2008), interferometric synthetic 
aperture radar (IFSAR) (Zebker and Goldstein, 1986) and satellite altimetry (Toutin and 
Gray, 2000, Murphy et al., 2008); to field survey using foot and vehicular differential GPS 
and LiDAR, and, in cases where other data sources are unavailable, as digitised points and 
contours from topographic maps. The accuracy of the source data determines the overall 
accuracy of the model and may be compromised in areas of rough and complex 
topography, such as gorges and ravines, where there are large spatial variations in 
elevation (Aguilar et al., 2005). In such areas airborne acquisition, flown horizontally, will 
sample fewer points per unit surface area compared to over a flat topography. For DTMs, 
areas of dense vegetation can also be problematic as ground signals may be difficult to 
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capture and filling the gaps with field surveying is problematic where access is limited and 
GPS-based acquisition is affected by poor satellite reception under canopies. In some 
instances the vertical accuracy reported by the data supplier refers to a topographically 
uniform area rather than an average of the entire data set so the specificities should be 
sought when purchasing data and considered during use of DTM data sets in 
heterogeneous landscapes.  

Commercially available elevation models tend to be in grid format, which is advantageous 
in terms of storage and computational processing efficiency but has a number of 
disadvantages (Moore et al., 1991), particularly in areas of variable topography. In grid 
format the resolution of the model is determined by the cell size; grid resolutions 
optimised for a rough, spatially heterogeneous topography in one area will oversample 
when applied to a flat area, while fine scale information will be lost where a larger cell size 
is used. In heterogeneous landscapes topography would potentially be better 
represented by an irregular triangular mesh which can be adapted to match the resolution 
requirements. The grid format also leads to issues in hydrologic analysis where upslope 
flow paths are limited to one of the 8 connected cells and often result in a zig-zag path 
(Moore et al., 1991) which is not representative of natural flow and is incapable of 
reproducing the meandering effect of natural streams. The choice of algorithm used for 
calculation of flow directions will have a strong bearing on the flow path geometries and 
is another important consideration. The definition of the catchment boundary can also vary 
significantly depending on the coarseness of the DTM grid (see Figure 6).  

3.2.2 DTMs for Derg and Erne 
Options for DTMs for the Derg and Erne catchments are limited by the scale of each 
catchment and the available budget. Originally, when planned work involved paired small 
sub-catchments <20 km2 in the Derg, LiDAR scans were proposed in order to obtain the 1-
2 m resolution necessary for accurate field-scale models of hydrological connectivity. 
However the final selected catchment area (384 km2) meant that 5m IFSAR NextMap DTM 
was the only affordable option. For the Erne catchment the scale (4,353 km2) precluded 
purchase of a DTM so existing elevation datasets for Northern Ireland and the Republic 
were used to generate cross border coverage at 20 m resolution. 

3.3 Impact of resolution and accuracy on hydrological variables 
The extent to which a DTM is able to replicate the true hydrological behaviour of surface 
water in a catchment is determined by the scale (spatial resolution) of the DTM, the vertical 
resolution and the variability of the topography (rate of change of the gradient) (Callow et 
al., 2007). Many studies have examined the effects of source data, interpolation and 
resolution on the output DTM and derivatives (e.g. Woodrow, 2014, Garbrecht and Martz, 
1997, Zhang and Montgomery, 1994, Lindsay and Creed, 2005, Aguilar et al., 2005, Vaze et 
al., 2010, Sørensen and Seibert, 2007, Thomas et al., 2017). Fryer et al. (1994) and Walker 
and Willgoose (1999) were among the first to raise the issue of DTMs being applied in 
modelling without reference to the uncertainties in the data set. The latter found inferred 
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catchment boundaries and stream networks for DTMs derived from photogrammetric and 
cartometric data across resolutions from 5 – 25 m to be significantly different from ground 
truthed elevations. Endreny et al. (2000) examined vertical error in a 10 m resolution SPOT-
derived DTM of a 532 km2 catchment in Oklahoma, US and its influence on hydro-
geomorphological analyses through comparison with field control points and USGS 
airborne DTMs. They found the SPOT DTM to be adequate for deriving estimates of 
catchment average hydromorphology but inadequate for smaller features (< 100 m) 
compared to higher resolution USGS DTM products. Although there have been significant 
developments in recent years with the quality and resolution of DTM datasets available 
(e.g. LiDAR) there remains the need to consider sources of error in both acquisition and 
processing. In supplied DTMs there are generally metadata available on the acquisition 
method and processing, any interpolation methods applied and the vertical resolutions of 
the data sets, which should be considered in further analysis.  

3.3.1 Slope 
The key topographic control on runoff is slope. All spatial surface water modelling 
approaches use this as a basis for the calculation of important topographic derivatives 
such as flow direction, flow accumulation and the topographic wetness index). The extent 
to which topographic indices can accurately model hydrology depends both on the 
degree to which topographic factors are important relative to non-topographic factors 
such as soil type and geology and whether the resolution of the DTM is accurate enough 
to resolve the features which are critical in controlling surface water flow (such as streams, 
field drains and ditches). A meandering river channel incised into soft sedimentary 
material, such as a gently sloping alluvial plain, is much more difficult to resolve than a 
river flowing over bedrock in the headwaters of a river, as the larger scale topography 
provides a good indication of where the channel is located even if the channel is narrower 
than the cell size at that scale. Failure to capture important breaks in slope, such as 
geological faults, drains, embankments and channel banks will obviously impact on the 
realism of models. Topographic flats, where the landscape gradient is low relative to 
errors in the elevation value, are challenging for hydrological modelling and have been 
the subject of a number of studies. Vaze et al. (2010) undertook an analysis of the impact 
of resolution on derived hydrological variables (1m LiDAR compared to 10 m and 25 m 
DTMs and an 11,000 point field survey) in the Koondrook-Perricoota floodplain in the 
Murray-Darling basin in Australia. In general their results showed that coarser resolution 
DTMs result in lower calculated slopes as sharp changes in topography are averaged out 
and in turn affect the calculation of slope-dependent variables such as the topographic 
wetness index and erodability (see also Zhang et al., 1999). In other studies, Thompson et 
al. (2001) and  Erskine et al. (2007) found that reducing the horizontal resolution resulted in 
lower slope gradients on steeper slopes, steeper slope gradients in flatter topographies 
and narrower ranges in the curvature (the second derivative of slope) of features. All 
impact on the extent to which a numerical model based on the DTM is able to reproduce 
the runoff patterns in the landscape.  
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3.3.2 Catchment Delineation 
In the delineation of stream networks and catchment boundaries, where a catchment 
divide can be determined by a small-scale feature or slight difference in elevation, the 
resolution of the DTM used and whether it accurately maps the topographic point at which 
water flows in one or other direction will affect the calculated upslope connected area 
flowing to the catchment outlet. Duke et al. (2006), in a study to delineate potential source 
areas of surface water pollution in the Oldman River catchment in Alberta, Canada, found 
that conventional 20 m resolution raster-based DTMs and flow-direction algorithms led to 
incorrect delineation of catchment boundaries, due to a failure to resolve important 
features such as roads, ditches and canals which control overland flow. Thompson et al. 
(2001) found that delineated catchments in upland areas tended to be larger, while in 
lowland areas they tended to be smaller and overall landscape features were less 
discernible as horizontal resolution decreased.  

For example, in the Derg catchment characterisation, the ArcHydro extension was used 
to delineate the boundaries of the catchment and thus the areas of farmland and forestry 
that will be included. Prior to purchasing a 5m NextMap DTM the catchment was 
delineated using a 10m DTM for Northern Ireland which was merged with a 30 m model 
for the Republic of Ireland (RoI) to get coverage of the catchment. The difference in 
delineated catchment areas is considerable (Figure 6), particularly in the lower catchment 
where issues with the Northern Ireland (NI) 10 m DTM quality affected results. When 
repeated with a higher resolution DTM the catchment area was larger, with more farmland 
included and increasing the farmers to be approached as part of the Land Incentive 
Scheme. In edge of catchment areas the decision as to whether a farm is included, or not, 
should be checked in the field as field drainage on farmland can route water contrary to 
the topography.  
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Figure 6: Difference in catchment delineations (using ArcHydro extension) between a 5m NextMap DTM 
(red) and a derived 10m-30m cross-border DTM (purple).  

3.3.3 Drainage network definition 
An accurate drainage network (river and stream lines, and occasionally drainage ditches) 
is essential to accurately map hydrological connectivity in a catchment. In some cases this 
can be derived from the DTM topography using routines in Arc Hydro (Arc GIS extension) 
or SAGA GIS. 

The resolution required to compute accurately the drainage network is of particular 
importance in smaller catchments where stream widths can be smaller than the DTM cell 
size. Gyasi-Agyei et al. (1995)  suggested that a stream network can be extracted from a 
DTM if the ratio of average pixel drop and the vertical resolution are >1,  

!&!
'∆#	

>1                                                                                             [1] 

where α is the local slope, Dx is the DTM resolution in metres and σΔz is the standard 
deviation of relative errors between grid points. This was rearranged (Gyasi-Agyei et al., 
1995) to identify the optimal horizontal resolution of a DTM as 𝐷) >

'∆#
!

 . If the horizontal 

resolution is higher (Dx smaller) then the drainage network cannot be resolved. A 
horizontal resolution equal to '∆#

!
  is the finest resolution DTM from which a drainage 

network can be extracted with confidence. If the vertical accuracy is the same throughout 
the DTM - for example a vertical accuracy of 1m listed for a commercially supplied DTM 
such as NextMap - then the extent to which a stream can be delineated will be determined 
by the horizontal resolution and the topography in the flattest regions of the catchment.  
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Where DTM resolution is not adequate to map the drainage network accurately the line 
work needs to be provided separately. For the Derg and Erne catchments the NextMap 
DTM at 5m point spacings can be used to define the main river channel in the east of the 
catchment, but is too coarse to map the stream network in headwaters. Instead existing 
line work from the environment agencies for NI and RoI was obtained and checked against 
the mapped drainage lines on Ordnance Survey (OS) maps and aerial imagery. In many 
cases the line work was found to be inaccurate (Figure 7) and as a result the entire 
drainage network had to be manually digitised from aerial imagery and the OS maps.  

 

Figure 7: Example of the difference in available line work (yellow) for the drainage network and the 
digitised drainage lines (red) prepared for analysis. 

3.3.4 Resolution impact on Hydrological Connectivity 
The impact of resolution on hydrological connectivity has been examined in a number of 
studies. Sørensen and Seibert (2007) coarsened a 5 m LiDAR DTM to 10, 25 and 50 m grid 
sizes to evaluate the impact of resolution on the information content of the calculated 
Topographic Wetness Index. They found the calculated upstream area for each cell 
decreased with higher resolution, that the computed slopes followed a narrower range 
and that significant differences existed between topographic indices computed for DTMs 
of different grid resolutions. They also investigated the effect of information content by 
inverse interpolation of the 10, 25 and 50 m resolution DTMs to a 5 m grid, so as to lose 
information but maintain grid cell size. Loss of information produced a clear decrease in 
correlation compared with the wetness index calculated for the original 5 m LiDAR DTM. 
Wise (2007) compared the performance of DTMs derived from digitising contours on 
British Ordnance Survey maps and applied 6 different interpolation methods to derive 10 
m elevation grids for input to TOPMODEL  (Beven and Kirkby, 1979) for an English 
catchment. Again, they found significant differences in the prediction of catchment area 
and the topographic wetness indices. Predictions of surface runoff between the DTMs 
differed by up to 200% and hourly flow values differed by 25%. Spatial patterns of runoff 
were affected by interpolation artefacts and were unrealistic in the worst cases.  
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The most relevant assessment of DTM resolution effects for an Irish context is the work of 
Thomas et al. (2017) who assessed the effects of point density and grid spacing on the 
modelled HSAs for small Irish catchments in the Agricultural Catchments Programme. 
They found a 1-2 m grid size optimal for capturing HSAs at field-scale by capturing 
important topographic features such as hedges and ditches. At 5m resolution detail was 
lost but the definition of HSAs was still comparable, providing some assurance that use of 
a 5m NextMap DTM in the Derg catchment is acceptable.  

3.4 Hydrological Correction of DTMs 

Where the modelled flow paths for a DTM fail to reproduce the observed drainage 
patterns in a catchment, whether due to lack or resolution or where human alteration of 
the landscape obscures the drainage channel, it is possible to edit the elevation values in 
selected locations to improve connectivity. The terms hydrological correction, hydrological 
enforcement and hydrological conditioning are used interchangeably to describe the 
modification of a digital elevation model to better represent natural drainage patterns. 
Different approaches have evolved for the conditioning and correction of DTMs for 
hydrological modelling but in most instances can be reduced to three procedures:  

(1) Removal of obstructions to flow  

(2) Stream enforcement 

(3) Filling of depressions and sinks 

The approach used depends on many factors such as the resolution of the elevation 
model, landscape complexity and level of human alteration, the intended application (e.g. 
soil erosion mapping, surface water modelling, land slide risk mapping) and resource 
constraints.  Once altered it is also important that the modified DTM is used only for 
specific hydrological calculations such as the Topographic Wetness Index, and not used 
for any other topographic analyses as it would produce erroneous results.   

3.5 Model output- TWI 
The final maps of TWI are produced using the hydrologically corrected DTM and based 
on calculation of flow direction and flow accumulation. The former is the steepest 
downslope direction from any cell, the direction in which water would flow, and the latter 
the number of cells flowing into a given cell. These grids form the basis of all 
representations of overland flow in surface water modelling, providing all the information 
necessary for calculation of the Topographic Wetness Index.  

Many approaches are used in the calculation of these properties and can be particular to 
specific fields of application (good summaries are provided in Gallant and Wilson (2000), 
Schäuble et al. (2008) and López-Vicente et al. (2014)). Calculations tend to apply either a 
one-directional algorithm in which all flow moves downslope into a single cell, or a multi-
directional approach in which flow can diverge and flow into more than one cell (Figure 
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8). The calculation of flow accumulation leads on from the generation of a flow direction 
grid and, depending on the algorithm used, can be output as a grid of (1) the upslope 
number of cells (2) catchment specific area (upslope contributing area per unit contour 
length (the cell size)) or (3) catchment area.  

Four of the most commonly used algorithms used in terrain analysis are Deterministic 8 
(D8), Rho8, FD8 and D infinity.  

 

Figure 8: One and multi-directional flow directions (modified from Schäuble et al. (2008)).  

The Deterministic 8 or D8 algorithm is a simple one-directional algorithm (O'Callaghan and 
Mark, 1984) where the direction of steepest descent determines which of the 8 connecting 
cells is the receptor, and its label (one of 8 values in the range 0 - 128) is then allocated to 
the cell. A variation on this is provided by the Rho 8 algorithm (Fairfield and Leymarie, 1991) 
which was developed to compensate for a directional bias in the D8 flow algorithm that 
produced unnatural parallel flow paths in some topographies. The random component of 
this algorithm, which counters this effect, produces slightly different flow direction grids 
for each run, which can be problematic in some applications (Lindsay, 2012) and is often 
avoided as a result (Tarboton, 1997). One-directional algorithms such as these have been 
the subject of criticism due to a lack of precision in the resolution of flow directions and 
biased caused by the grid orientation. The Deterministic infinity (Dinf) algorithm (Tarboton, 
1997) is one-directional but determines the flow direction as the steepest downward slope 
on 8 triangular facets centred on each grid point. This value in azimuth degrees (0 - 360) 
from north is stored and used in subsequent calculations of flow accumulation and 
upslope areas by apportioning flow between two downslope pixels according to how 
close this flow direction is to the direct angle to the downslope cells. Unconnected cells 
are allocated a -1 value. The Dinf algorithm was used in the calculation of TWI in this 
application (maps shown in Figure 14 and Figure 22).  

3.6 Model Output: Topographic Wetness Index and further considerations.  
The TWI maps are the final output of the modelling process depicted in Figure 4 and 
indicate those areas within each catchment at greatest risk of generating overland flow 
during rainfall. The presence of a contaminant source in areas of high TWI present a high 
risk of transfer and impact on water quality. 
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 Further additions and modifications to the models to accentuate risk based on the TWI 
depend on the application and the available data. Where the conceptual model is well-
developed and adequate data are available additional weightings can be applied to the 
risk model.  

For example, in modelling P loss from agricultural land Thomas et al. (2016b) applied 
additional weightings based on the hydrological properties of soils (Soil Topographic 
index) and water extractable P concentrations for fields.  

Additional information which could be added to the forestry risk maps includes the soil 
physical properties (saturated hydraulic conductivity and depth) and the variation in 
rainfall across the catchments. For MCPA risk the inclusion of soil physical properties could 
also be considered in addition to a weighting relating to the prevalence of rushy fields in 
the catchment. The conversion of a qualitative risk to a quantitative weighting is difficult, 
however, and unless supported by both the data resolution and a strong scientific 
rationale may produce a model with an unacceptable level of uncertainty.  

The value of such additions was considered during model development for both forestry 
and MCPA applications in this project but all were rejected. The rationale for these 
decisions is as follows:  

(1) Soil Physical Properties (Forestry and MCPA maps)  

• Soil maps for the catchments (Teagasc Soil Map and AFBI 1:250k Soil Map) are not 

accurate at field scale. Boundaries between soil series can differ considerably 

between those delineated on the map and the reality at field-scale, and in reality 

boundaries tend to be broad transitions in soil properties across an area rather than 

sharply defined contacts.  

• Soil hydraulic properties (ksat and depth) are not well-established for all soil series 

(limited field measurements of saturated hydraulic conductivity are available for NI 

soil series) and locally heterogeneous. 

• Most forestry is on upland peat but local validation is needed on depth of the peat 

horizons etc. This will vary considerably across an area of peatland, especially with 

undulating and heavily weathered granite/schist bedrock, and field testing is not 

feasible due to time and budget required.   

• For MCPA the sorption properties of soils in the catchments are not well-

understood. Further research is necessary to establish these relationships for 

different soil types.  

Conclusion – attempted weighting to a soil topographic index has potential to add error 
to the model due to uncertainties on soil properties and the resolution of the maps 
available. Given the scale of the catchments, and the early stage of characterisation, 
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considerable field study would be needed before this could be progressed with 
confidence. 

(2) Rainfall (Forestry and MCPA maps)  

• Annual rainfall grids have been proposed to weight the TWI model for each 
catchment; which generally would result in higher estimates in the upland areas of 
the catchments.  

• Annual average rainfalls however, take no account of rainfall intensity or duration 
and these are important factors in the risk of saturation excess or infiltration excess 
flow developing.  

• The kilometre grid cells for annual average rainfall change are coarse relative to 
the DTM resolution (5m). Values change abruptly at the edges of each km2 cell and 
will cause unnatural banding in the TWI maps along these interfaces.  

Conclusion – Rainfall data are too coarse both temporally and spatially to be used in 
model weighting.  

 (3) Land Use at Field Scale   

Forestry 

• Land use information required for forestry risk maps are the location of stands of 

conifer, deciduous or mixed woodland that could be felled in the near future. 

• Data availability includes Coillte and Forest Service NI GIS layers showing land use 

within managed areas (described in Section 5.1). From these maps areas of conifer, 

broadleaf and mixed high forest can be identified but the age of the stands and 

proximity to felling are not available. Until felled the stands pose little risk.   

Conclusion – It is not feasible to use the forestry maps to identify ongoing felling 
operations or to weight the TWI maps of risk. They can be used however to identify 
areas of mature forest and to constrain the risk map to those areas alone (see Figure 
15). Further work with each of the forestry companies will be needed to identify priority 
stands within these areas and then to field validate their selection.  

MCPA 

• In mapping areas of high risk for MCPA loss to surface waters the locations of fields 

likely to be sprayed with MCPA would be valuable. As MCPA is predominantly used 

in the treatment of rushes highlighting these fields would assist in identifying areas 

within the catchment where applications are most likely.  

• However, MCPA is also used for broadleaf weeds and a component of garden 

herbicides so all agricultural land and gardens are potential sources.  
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• Aerial imagery to identify rush cover and land management is not current. For 

Northern Ireland aerial imagery for 2015/16 is available and for RoI Google Earth is 

the only available source with imagery dating from 2003. The quality of imagery in 

Google Earth is also poor in the Derg catchment and identification of field cover is 

not possible in some areas. This poses a considerable limitation in identification of 

fields where rush treatment is likely to be undertaken. As changes (drainage, 

improvement/abandonment) in the interim will alter risk of pesticide application 

and loss, weighting the model by an extent of rush cover would not be an 

acceptable approach.  

Conclusion – Given the lack of current orthoimagery, multiple uses for MCPA herbicide 
and a lack of knowledge on the degradation of the product and sorption characteristics of 
different crop and soil types a weighting approach is not recommended.  

3.6.1 Final Recommendation 
In summary, no additional weightings were added to the TWI maps for the catchments 
because the basis for deriving a quantitative weight for components that are either poorly 
constrained or inadequately understood can lead to unacceptable error being 
incorporated. The recommendation is to use the purely topographically driven risk maps 
in conjunction with overlain land use, soil and other physical maps in GIS to provide a visual 
and qualitative assessment of risk. The ArcGIS Map Packages prepared for the project 
incorporate all relevant layers and assistance can be provided in their use.  

4 Overview of the catchments 
Catchments within the INTERREG VA Source to Tap project include the Derg and Erne 
(Figure 9). Both are cross-border catchments; the Derg river is a sub-catchment of the 
Foyle catchment draining into Lough Foyle in the North and the Erne catchment drains to 
Donegal Bay in the northwest.  

As part of the risk modelling component of the project risk maps are required to identify 
(i) high risk areas for sediment loss in overland flow during felling operations in forested 
areas and (ii) high risk areas for pesticide and sediment loss in overland flow from 
agricultural land. 
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Figure 9: Derg and Erne catchments with the Colebrooke sub-catchment.  

 

5 Data sets for cross-border catchments.  
Data used in the risk mapping process comprise Open Data, purchased data or datasets 
for which shared licencing arrangements among partners exist. The main sources are 
given in Table 1. 

Table 1: Summary of data sets used in the risk mapping for Derg and Erne catchments. 

 DERG (AREA = 384 KM2) ERNE (AREA = 4,353 KM2) 

TOPOGRAPHY 5m NextMap DTM 20m DTM  
(combination generated from 
available elevation data for NI 
and RoI)  
 
5m NextMap DTM for the 
Colebrooke sub-catchment 
 

DRAINAGE LINES Manually digitised  
(Publically available line work 
inaccurate). 

Irish EPA catchment drainage 
lines.   
(Some corrections needed but 
no redrawing of the network 
due to scale).  
 

AERIAL IMAGERY • Google Earth for RoI • Google Earth for RoI 
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• Land and Property Services 
(LPS) 2015/16 Orthoimagery 
for NI 

• Land and Property 
Services (LPS) 2015/16 
Orthoimagery for NI 

FORESTRY • Coillte forestry map for RoI 
• Forest Service map for NI 
 
• Merged into single 

conifer/broadleaf/mixed 
map 

Coillte forestry map for RoI 
Forest Service map for NI 
 
Merged into single 
conifer/broadleaf/mixed map 

LAND USE • Manual mapping of land use 
at field scale for agricultural 
fields (based on 2015/16 aerial 
imagery for NI and 2003 
Google Earth imagery for RoI) 

 
• CORINE 2012 
 

CORINE 2012 

PHYSICAL 
CHARACTERISTICS – 
SOIL/GEOLOGY  

• Teagasc Soil Map 

• NI Soil Series Map 

• Merged into single soil map 

• Teagasc Soil Map 

• NI Soil Series Map 

 
 

5.1 Forestry Data sets 
Forest and woodland mapping for NI and RoI were obtained from the Forest Service NI and Coillte. 
The Forest Service Northern Ireland is an executive agency of the Department of Agriculture, 
Environment and Rural Affairs (DAERA) and is responsible for the development of forestry and the 
management of forests in Northern Ireland. Coillte is a state owned commercial forestry business in 
the Republic of Ireland and manages land covering approximately 7% of the state. Each body provided 
GIS layers for their management areas, each coded according to land use (Coillte in Table 2; Forest 
Service NI in  

Table 3).  

Land use corresponding to high conifer, broadleaf and mixed forest which might be 
targeted for felling was extracted from each database (BHF; CHF; MHF in the Coillte 
database; Broadleaf; Conifer; Mixed in the Forest Service). Neither database provided 
information on the age of the stands which could have been used to further identify areas 
planned for felling. The coding for both extracted datasets was standardised and a 
merged cross-border layer prepared for the Derg and the Erne catchments.  

Table 2: Coillte forestry land cover codes for the Republic of Ireland.  

Coillte Forest Category  Classifications Code 

Broadleaf High Forest BHF 

Conifer High Forest CHF 

Mixed Conifer and Broadleaf High Forest MHF 
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Blown Conifer or Broadleaf BLOWN 

Broadleaf which cannot grow to high forest  SCRUB 

Conifer <YC of 4  UNDEV 

Bare Marginal BAREMG 

Bare Plantable – bare land which could grow a high forest BAREPL 

Bare Unplantable BAREUP 

Felled Conifer or Broadleaf FELLED 

Dead DEAD 

Undeveloped – an area where >80% of the conifer crop lacks potential to 
become high forest and is available for planting 

UNDEV 

Area where >80% has been burned and nor replanted BURNED 

Waterlogged for most of the year and unplantable SWAMP 

Water including lakes ponds reservoirs and rivers >20m width WATER 

Miscellaneous – archaeology, yards, car parks etc MISC 

 

Table 3: Forest Service forestry land cover codes for Northern Ireland. 

Wood Type Code 

Area awaiting replanting – natural broadleaf regeneration 
AWAIT REPLANT NAT REGEN 
BROAD* 

Area awaiting replanting – natural coniferous regeneration 
AWAIT REPLANT NAT REGEN 
CONIF* 

Area awaiting replanting – natural mixed woodland 
regeneration 

AWAIT REPLANT NAT REGEN 
MIXED 

Broadleaf woodland BROADLEAF 
Coniferous woodland CONIFER 
Mixed woodland MIXED 
Unknown NOT KNOWN 
Open ground OPEN GROUND 
Short rotation coppice SRC (SHORT ROTATION COPPICE) 
Track TRACK 

5.2 Agricultural Land Use Data Sets 
In addition to the CORINE data set which is available for both the Derg and Erne 
catchments, agricultural land use in the Derg catchment was manually defined at field 
scale using orthoimagery. The classes were defined as for the LPIS classification used by 
DAERA to determine farm eligibility for subsidy payments, focussing on land use 
categories that could be targeted for rush or broadleaf weed treatment (Table 4). Aerial 
imagery for Northern Ireland dated from 2015 and 2016 and was of sufficient resolution to 
identify the vegetation cover and presence/absence of rush. For the Republic of Ireland 
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however Google Earth was the only source available and the aerial imagery was both 
dated (2003) and of low resolution. As an indicator of field cover and prioritising areas most 
likely to be treated with MCPA for rush cover the mapping is valuable. However for 
individual fields groundtruthing will be necessary as rushes regrow, field drainage 
changes and crop type can alter.  

Table 4: LPIS categories used for categorisation of fields in the Derg catchment 

Land Category Code 
Grassland G 
Extensive grassland - Shrubs 0-5% GA 
Extensive grassland - Shrubs 6-20% GB 
Extensive grassland - Shrubs 21-50% GC 
Arable land A 
Rough grazing RG 
Rough grazing - Rush - 0-5% Ineligible RA 
Rough grazing - Rush - 6-20% Ineligible RB 
Rough grazing - Rush - 21-50% Ineligible RC 
Not in Agricultural Use N 
Scrub >50% S 
Bog/Reedbed/Ineligible Rush WV 

 

6 Risk Mapping for Derg Catchment 

 

L. Derg 

L. Mourne 

Mourne Beg River 

Derg River 

Castlederg 

NIW 
Abstraction 
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Figure 10: Hill shaded elevation map of the Derg catchment (384 km2) with the drainage network 
overlain. 

6.1 Catchment Summary 
The Derg catchment (Figure 10) is 384 km2 (to the NIW intake at Spamount, Castlederg) 
and located within counties Donegal and Tyrone, across a landscape ranging from 32 m – 
495 m in elevation. The headwaters are divided between the Mourne Beg river which rises 
in the Bluestack Mountains, upstream of Lough Mourne, and the Derg river which is 
sourced in the Pettigo Mountains at Lough Derg. Lough Mourne also drains to the Finn 
catchment in Donegal from the northeast of the lake which has an abstraction to supply 
Ballybofey and Stranorlar with drinking water.  

The CORINE 2012 land use map for the catchment (European Environment Agency, 2016) show the 
broad distribution of land classes from the headwaters to the outlet (Figure 11 and  

Table 5). The headwaters are mountainous, dominated by peat and with large swathes of 
coniferous plantation. Peat cutting for fuel is widespread in areas of commonage with 
turbary rights and particularly notable in the area around lough Mourne. Agriculture in the 
headwaters is extensive and mainly rough grazing. The area around and downstream of 
the confluence of the Mourne Beg and Derg rivers is more intensively farmed, with large 
beef and dairy operations. This largely reflects changes in soil types (Figure 12) and lower 
slopes and elevations from the headwaters to lower catchment.  

Forestry in the catchment comprises broadleaf, conifer and mixed stands (Figure 13 and 
Table 6) with various ancillary categories such as short rotation coppice and areas awaiting 
replanting (see Section 5.1). Conifer, broadleaf and mixed woodland areas in NI and RoI 
were extracted from the Coillte and Forest Service databases and merged. Of a total of 
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89.4 km2 in these classes (23.3% of total catchment area) conifer forest accounts for 98% 
of the total area.  

 

Figure 11: CORINE land use classification within the Derg catchment. 

 

Table 5: CORINE land use within the Derg catchment. 

CORINE Land Use code_12 Area km2 

Discontinuous Urban Fabric 112 1.2 
Pastures 231 131.9 
Land Principally Occupied by 
Agriculture 243 3.9 
Coniferous Forest 312 67.6 
Natural Grassland 321 17.7 
Moors and Heaths 322 3.2 
Transitional Woodland Scrub 324 37.3 
Sparsely Vegetated Areas 3333 1.0 
Peat bogs 412 109.8 
Waterbodies 512 10.2 
   

Total Area  384.0 
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Figure 12: Soil series map for the Derg catchment. Base map is the 1:250k NI soils Map (© AFBI) with 
areas in the Republic of Ireland obtained from the Teagasc Soil Map and reclassified.  

 

Figure 13: Forested areas (classified as broadleaf, conifer and mixed) of the Derg catchment from 
Coillte (RoI) and the Forest Service (NI). 
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Table 6:  Areas of broadleaf, conifer and mixed high forest in the Derg catchment from Coillte and 
Forest Service data.  

Forest Type RoI Area (km2) NI Area (km2) Total  % 

CONIFER 50.6 36.9 87.5 97.9 

MIXED 0.3 0.1 0.5 0.6 

BROADLEA
F 0.8 0.6 1.4 

1.6 

6.2 Risk Maps for Forestry 
Maps of high TWI risk in the catchment and restricted to areas of broadleaf, conifer and 
mixed forest are shown in Figure 14and Figure 15, respectively. Detail is difficult to capture 
at this scale so it is recommended to explore the maps in detail within the respective map 
package in ArcGIS (see Section 9).  

 

Figure 14: Risk map for the Derg catchment restricted to the 10% area with the highest risk indices. 
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Figure 15: Risk map for the Derg catchment restricted to the 10% area with the highest risk indices within 
forested areas. These are priority areas for targeting sediment retention measures during felling. 

6.3 Risk Maps for Agricultural Fields 
Figure 16 shows manually mapped agricultural land use at field scale in the Derg 
catchment. Areas of rough grazing with rush present are of particular interest for 
application of MCPA herbicide. The map with the TWI risk map overlain at 10% and 25% 
highest risk is shown in Figure 17 and can be used as an aid in targeting farms for the Land 
Incentive Scheme and associated mitigation measures. An enlarged sub-area (Figure 18) 
captures the field level data and high risk areas for overland flow.  Detail is difficult to 
capture at this scale so it is recommended to explore the maps in detail within the 
respective map package in ArcGIS (see Section 9).  
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Figure 16: Agricultural land use map for the Derg catchment with fields classified according to intensity. 
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Figure 17: Agricultural land use at field scale with 10% and 25% highest TWI risk areas overlain. 
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Figure 18: Sub-area on the Mourne Beg sub-catchment showing field scale land use with 10% and 25% 
highest risk areas overlain. 

7 Risk Mapping for Erne 
The Erne catchment (Figure 19), delineated to Ballyshannon, Co Donegal, is 4,353 km2 
extending across counties Donegal, Leitrim, Tyrone, Fermanagh, Cavan, Monaghan and 
Longford. The Upper Erne catchment drains the complex, low lying drumlin landscape of 
south Ulster into Upper Lough Erne, with higher elevation sub-catchments draining the 
Cuilcagh mountains in the southwest, Pettigo mountains in the north and Slieve Beagh in 
the northeast.  Water levels in Upper and Lower Lough Erne are controlled at Portora in 
Enniskillen and by St Catherine’s Fall hydroelectric power station at Ballyshannon.  

The CORINE 2012 land use map for the catchment (European Environment Agency, 2016) 
shows the broad distribution of land classes across the catchment (Figure 20 and Table 
7). Overall 3231 km2 of the catchment is designated as in agricultural use (Table 7) with 
most of the catchment classed as pasture (2748.3 km2; 63.13%), which is mainly beef, sheep 
and dairy farming on the steep poorly drained soils of the drumlins. Areas of peat and 
forestry in upland areas (Cuilcagh Mountains, Slieve Beagh, Pettigo Mountains) comprise 
6.3% and 9.4% of the area, respectively. Of the Forest Service and Coillte controlled 
forestry in the catchment most can be categorised into broadleaf, conifer and mixed high 
forest stands (Table 8 and Figure 21), with various ancillary categories such as short 
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rotation coppice and areas awaiting replanting (see Section 5.1). Conifer, broadleaf and 
mixed woodland areas in NI and RoI were extracted from the Coillte and Forest Service 
databases and merged. Of a total of 328.4 km2 in these classes (23.3% of total catchment 
area) conifer forest accounts for 71% of the total, with broadleaf and mixed forest 
accounting for 6% and 23%, respectively. A complete coverage DTM is not available for 
the area. The cost of NextMap DTM for the entire area was prohibitive. From available data 
(50m DTM for Europe, 20 m DTM and 10 m NI DTM) a 20m DTM was constructed for the 
area. There are many issues associated with the use of such a coarse model but in the 
absence of alternatives it provides a start point for identification of high risk areas of 
overland flow. 

  

Figure 19: Hill shaded elevation map of the Erne catchment (4,353 km2) derived from a 20m resolution 
DTM and delineated upstream of Ballyshannon, Co. Donegal.  

 

Ballyshannon 

Lower Lough Erne 

Upper Lough Erne 

Macnean Lakes 
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Figure 20: CORINE land cover in the Erne Catchment.  

Table 7: CORINE land use coverage within the Erne catchment. 

CORINE Land Use code_12 Area km2 % Cover 
Continuous Urban Fabric 111 0.6 0.01 
Discontinuous Urban 
Fabric 112 36.4 0.84 
Industrial or Commercial 121 0.3 0.01 
Road and Rail Network 122 0.3 0.01 
Airports 124 0.7 0.02 
Mineral Extraction 131 5.4 0.12 
Dump 132 0.3 0.01 
Construction Sites 133 0.6 0.01 
Sport and Leisure 
Facilities 142 3.9 0.09 
Non-irrigated land 211 1.3 0.03 
Pastures 231 2748.3 63.13 
Complex Cultivation 242 0.7 0.02 
Land Principally 
Occupied by Agriculture 243 480.5 11.04 
Broad-leaved forest 311 20.1 0.46 



34 
 

Coniferous Forest 312 176.9 4.06 
Mixed Forest 313 32.9 0.76 
Natural Grassland 321 101.7 2.34 
Moors and Heaths 322 53.0 1.22 
Transitional Woodland 
Scrub 324 177.6 4.08 
Inland Marshes 411 8.2 0.19 
Peat bogs 412 274.6 6.31 
Stream courses 511 6.3 0.14 
Waterbodies 512 222.5 5.11 
    
TOTAL  4353.1 100% 
 

Figure 21:  Forestry cover (from Coillte (ROI) and Forest Service (NI) classified as broadleaf, conifer and 
mixed.  
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Table 8: Areas of coniferous, broadleaf and mixed forest in the Derg catchment.  

Forest Type NI Area (km2) 
RoI Area 

(km2) 
Total % 

Conifer Forest 141.6 90.8 232.4 70.8 

Broadleaf Forest 68.9 6.0 75.0 22.8 

Mixed Forest 14.4 6.6 21.0 6.4 

 

 

Figure 22: Risk map for the Erne catchment restricted to the 10% area with the highest risk indices. 

 



36 
 

8 Data and Model limitations (specific to this project)  

8.1 Assessment of NextMap DTM resolution in Forested areas 
The NextMap DTM is derived from interferometric synthetic aperture radar (IFSAR) which 
are satellite mounted and have the capability to penetrate cloud, smoke and haze to 
produce sharp imagery. The quoted specifications are a 5m point spacing and a vertical 
accuracy of 1m RMSE in unobstructed regions with slopes less than 10 degrees.  

Issues with resolution of topography in areas of dense vegetation are the same as for 
LiDAR in that heavily forested areas (particularly conifers) provide fewer potential ground 
returns and therefore the modelled surface in these areas is artificially smooth. In areas 
forested over the lifetime of the IFSAR data acquisition the absence of ground returns 
results in interpolation between only a few points in these areas and limits the accuracy 
of the topography (unnaturally smooth areas in Figure 23). The impact of this on the 
derivation of overland flow risk is apparent in the larger continuous areas of high risk, 
where micro-topography is unavailable to restrict flow, compared to the well-resolved 

topography (Figure 23) outside the forested areas.   

 

Well-resolved “rough” 
topography 

Poorly-resolved “smooth” 
topography 
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Figure 23: Topographic maps of the same upland area of the Derg catchment with river overlain (blue). 
Forestry land parcels are delineated in black. The 10% highest TWI risk areas (red) are overlain in the 
bottom figure.  

8.2 Assessment of DTM resolution effects - Colebrooke Sub-catchment 
The Colebrooke catchment within the Erne catchment (Figure 9) is 224km2 and has been 
part of the long-term water quality monitoring programme in AFBI from the 1990s. A 5m 
NextMap DTM used for modelling in the catchment has been used to assess the 
limitations of the coarser 20m derived DTM for hydrological modelling. The implications 
of using a 20 m grid size for modelling include poor representation of streams and river 
channels, underestimation of slope (See Section 3.3.1) and very little detail within individual 
fields. To provide some estimate of the effect on the risk map of using this coarser DTM in 
the Erne catchment the same risk mapping procedure was used on both DTMs for a sub-
area of the Colebrooke catchment. Comparable outputs are shown for the 20 m DTM in 
Figure 25 and for the 5m NextMap DTM in Figure 26. Forested areas are shaded in grey. 
Overall, the largest high risk features are preserved in the 20m resolution risk map to the 
extent that the locations can be identified albeit at a much coarsened state. Loss of a 
number of small high risk areas and pathways is of concern and this should be noted if 
considering using the maps to target specific mitigation measures in the catchment.  

 

Figure 24: Aerial imagery for sub-area of the Colebrooke catchment used for DTM resolution 
comparison. 
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Figure 25: Risk map for the sub-area (Figure 24) produced using 20 m DTM. Forested areas are shaded 
in grey.  

 

Figure 26: Risk map for the sub-area in Figure 24 produced using 5m NextMap DTM. Forested areas 
are shaded in grey. 
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8.3 Assessment of land cover resolution limitations for Erne 
Manual delineation of land use at field scale in the Erne catchment is not possible given 
the scale (4,353 km2) and the lack of data for the Republic of Ireland. The CORINE 2012 
land use classifications therefore are the only available option at present. Comparison of 
the CORINE against mapped land use was undertaken in the Mourne Beg sub-catchment 
of the Derg and in terms of identifying agricultural land use (CORINE classes: pasture and 
land principally occupied by agriculture) the correspondence is acceptable. However it 
does not discriminate between types of pasture (manually mapped categories of rough 
grazing, extensive grassland or grassland) which are useful in identifying which areas 
could be at greater risk of MCPA applications.  

 

 

Figure 27: Comparison of CORINE 2012 land classifications (top) with land use mapped manually for 
agricultural fields and Forestry (bottom) in the Derg catchment. 
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9 Summary 

9.1 Usage 
Map packages have been produced and uploaded to the Project SharePoint:  

1. Forestry Risk Map Package - Derg 

2. MCPA Pesticide Risk Map Package – Derg 

3. Forestry Risk Map Package - Erne 

4. MCPA Pesticide Risk Map Package – Erne 

9.1.1 Forestry 
The risk maps can be provided to forestry managers in Coillte and Forest Service NI and 
compared against the records held for each forested stand (assuming information on ages 
is available but not provided to the project). The desk-based prioritisation of forested 
stands will need to be followed up with on-site validation before measures for colour and 
turbidity are implemented.  

9.1.2 MCPA Herbicide 
Risk mapping in conjunction with agricultural land use provide a good starting point for 
identification of fields at greatest risk of MCPA transfer to surface waters in overland flow. 
These can be used as the basis for prioritising farms for the Land Incentive Scheme and 
as a guide to catchment officers during survey. On-site validation is essential however 
given the dated orthoimagery used for field classification.  

9.2 Model Caveats 
• The majority of field scale risk mapping studies use LiDAR DTM with 1-2 m 

resolution grids as standard. The limitations of the 5 m NextMap DTM in heavily 

forested areas (overly-smooth topography and no resolution of forest drains) and 

in delineating field drains on farmland has been discussed (Sections 3.3 and 8.1). 

• The model is suitable for site prioritisation for both forestry and MCPA pesticide in 

the Derg catchment but requires field validation for each site.   

• As the quality of the digital terrain model is the key factor in the accuracy of the 

risk mapping the limitations of a 20m DTM for Erne are considerable. Risk mapping 

undertaken using the 20m DTM in Erne should be used with caution at anything 

smaller than sub-catchment scales. Combined land use, risk and forest cover may 

be adequate to prioritise sub-catchments but additional work will be necessary to 

identify farms and fields within catchments.   
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• The use of HSA-based risk maps to identify areas at risk of MCPA loss applies solely 

to loss in overland flow and the uncertainty as to quantities moving via sub-surface 

pathways needs to be considered carefully. While on saturated ground the 

majority of MCPA may be expected to route across the surface, the degradation of 

the pesticide, the sorption properties of plants and soil and the proportion 

delivered via leaching to soil and groundwater (Figure 1) is unknown and ongoing 

research is focussed on elucidating this.  
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