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Abstract: Catchment characterisation integrates an understanding of the physical characteristics, 
sources, pathways and pressures in a catchment, and provides a scientific basis for evaluation of 
mitigation measures required by the EU Water Framework Directive. In Ireland, the Catchment 
Characterisation Tool (CCT) has been developed to assess the potential risk posed by nitrate and 
phosphate from diffuse agricultural sources to surface and groundwater receptors, and to delineate 
critical source areas in Irish sub-catchments (typically from 10 – 200 km

2
 in size) as a means of 

facilitating the targeting of mitigation measures. The CCT for nitrate, which is presented in this paper, 
is a steady-state model based on annual average nitrate loadings transported from their land sources 
along near surface and subsurface pathways to each receptor. The GIS-based model links spatial 
datasets, such as land-use, soil and geological properties with transport and delivery factors derived 
from field and literature data. The model can distinguish between the contaminant loads transported 
through each of the major hydrological pathways. The CCT calculates the nitrate loading to surface 
waters following the source-pathway-receptor methodology, and results are displayed in pollution 
impact potential maps. A key issue with such export models is how they can be validated. This paper 
describes the validation methodology which compared a national dataset of measured nitrate 
concentrations in Irish water bodies with values predicted by the CCT.  More detailed comparisons 
with local test catchments that are more intensively monitored showed satisfactory correlation between 
the CCT predictions and measured concentrations. This paper thus shows both the potential of the 
CCT approach, the likely range of the uncertainty to be expected, and the issues that arise from its 
validation. 
 
Keywords: Water Framework Directive; catchment characterisation; model validation; mapping 
pollution risk 
 

1 INTRODUCTION 
 
The Catchment Characterisation Tool (CCT) is a risk assessment tool initially developed by the EPA 
Pathways Project (Archbold et al., 2016), and now used operationally in the Irish EPA. The main 
purpose of the tool is to help locate the Critical Source Areas (CSAs) of nutrients within catchments 
and thereby assist catchment managers. 
 
CSAs are those areas of the catchment that generate a disproportionally high amount of a specified 
pollutant relative to other areas (Figure 1). It has been shown that a high loss of nutrients can be 
generated from very small areas of a catchment (Pionke et al., 2000; Sharpley et al., 2011). Therefore 
directing catchment managers to the possible problem areas of nitrate and phosphorus, two of the 
main drivers of eutrophication in rivers, will enable those areas to be assessed and resources to be 
focussed in an efficient manner. The CSA maps produced support the decision making process, and 
are combined with additional scientific information, modelling and targeted field investigations to focus 
catchment management resources.  In addition, nutrient loads of diffuse pollution simulated by the 
CCT can be compared with estimates of loads from other sources such as waste water treatment 
plants, licenced facilities, and septic tank systems thus allowing load apportionment to be performed 
within a catchment.  
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Figure 1. Depiction of a Critical source Area (Daly, 2013). 
 
 
2 THE CATCHMENT CHARACTERISATION TOOL 
 
The CCT uses GIS layers and specific export coefficients to model diffuse sources of waterborne 
nutrients and their transport through pathways in Irish catchments and to ultimately delineate CSAs. 
Applied loadings are estimated from the maximum fertilisation rates recommended in the Good 
Agricultural Practice regulations (S.I. 31, 2014) combined with hectares of crop use and animal 
stocking rates from the national agricultural census statistics (CSO, 2011). Attenuation of nutrients is 
modelled by applying transport/attenuation and delivery factors through the pathways based on a 
combination of literature values, field data and modelling (Archbold et al., 2016). The primary data 
sources used in the CCT are listed in Table 1.  
 
The major known transport pathways for nitrate are modelled in the CCT. For instance, where sources 
of nitrate are present, sandy soils and thin, highly permeable subsoil allow a large proportion of nitrate 
to leach to groundwater. Nitrate can be delivered through the near surface pathway in sandy soils. For 
clay soils, nitrate leaching to groundwater is generally less prominent. However, where artificial land 
drains are present, significant proportions of nitrate may be transported to the surface water receptor. 
 
Susceptibility maps are generated for each pathway and these represent the likelihood of nutrient 
transfer due to soil and geological properties alone, these maps can be used for characterisation and 
to understand the pathways in the catchment. The pathways considered are the groundwater pathway 
and near surface pathways. The CCT then combines the applied loadings with the susceptibility maps 
to generate the Pollutant Impact Potential (PIP) maps that rank the contribution of pollutant from each 
area to a given receptor. Separate PIP maps for the groundwater and surface water receptor can be 
generated. While the groundwater pathway alone contributes to the groundwater receptor map, both 
the groundwater and near surface pathways contribute to the surface water receptor map. The ranked 
output can then be used to identify CSAs for the nutrient of concern, in this case nitrate. 
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Table 1. Primary Data Sources in the CCT. 
 

Parameter name Data Description Data Source 

River polygon River sub basin map EPA 

Land Use (code_12) Corine land use update 2012 EPA 

Applied N (Arable) 
Good Agricultural Practice 
Regulations 

S.I. No 31 (2014) 

Nitrogen Offtake 
Calculated from recommended 
yields 

EPA 

Atmospheric Deposition 
Maps from Groundwater Task 
Team (GTT) Tool  

Groundwater Task Team 
(2010) 

Stocking Rates 
Agricultural statistics broken 
down by electoral division 

Census of Agriculture 2010 
(CSO, 2010) 

Stocking Rate to Fertiliser 
Applied Nitrogen Factor 

From literature (see text) 
Coulter and Lalor (2008)  & 
(Lalor et al., 2010) 

Soil Drainage Natural soil drainage map  Teagasc/EPA 

Soil Field Capacity 
Top Soil Mean Capacities * 
1000 mm 

Anthony et al. (1996) 

Leaching Coefficient NIRAMS Dunn et al. (2004) 

NCycle IRL 
Tables in GTT Tool generated 
from the NCycle IRL function 
with various input parameters 

del Prado et al. (2006) 

Depth to Bedrock Depth to bedrock map 
Geological Survey of Ireland 
(GSI) 

Subsoil Permeability (K) Subsoil permeability (K) map GSI 

Recharge and Recharge Cap National recharge map Hunter Williams et al. (2013) 

Effective Rainfall National recharge map Hunter Williams et al. (2013) 

Denitrifying Bedrock Unit 
Potential bedrock denitrification 
map 

GSI 

Aquifer bedrock type Aquifer bedrock boundaries GSI  

Drains Present 
Land drains potential map 
developed Pathways project 
using various sources  

Pathways Final Report: 
Volume 4 (Mockler et al., 
2014) 

Soil Transport Factor 
Pathways Project using various 
sources 

Pathways Final Report: 
Volume 3 (Packham et al., 
2015) 

Subsoil Transport Factor 
Pathways Project using various 
sources 

Pathways Final Report: 
Volume 3 (2015) 

Bedrock Transport Factor 
Pathways Project using various 
sources 

Pathways Final Report: 
Volume 3 (2015) 

Near Surface Delivery Factors 
Pathways Project using various 
sources 

Pathways Final Report: 
Volume 3 (2015) 

Groundwater Discharge Factor Currently fixed at 1 
Pathways Final Report: 
Volume 3 (2015) 
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3 METHODS 

3.1 Validation for Nitrate in surface waters 
 
The overall aim of validating the output of the CCT is to determine if the CCT predicted values for a 
range of locations are broadly similar to the values measured at those locations. Of particular interest 
is whether the CCT can rank these locations correctly in relation to nitrogen export risk, i.e. produce 
the same ranking as determined from the measured data so the correct locations can be prioritised for 
measures. If the rankings are similar, the prioritisation of measures will be appropriate. The data used 
for validation are taken from the EPA national monitoring network, which is here called the National 
Test Catchment (NTC) dataset. Measured  concentrations of nitrate and phosphate are two of the 
primary parameters used to evaluate the physico-chemical elements status of water bodies (Bradley et 
al., 2015) and are considered among the principal nutrients affecting rivers. Here we compare the 
nitrate measured concentrations with the PIP map estimates.  
 

3.2 National Test Catchments (NTC) 
 
Headwater catchments that have good monitoring data and no inflowing streams were chosen to 
minimise the extent of non-agricultural or point pressures for comparison purposes (Figure 2). Such 
headwater catchments are important because they provide nutrients to the main river and have an 
impact on the water quality of larger water bodies. Those catchments with large point sources of 
nutrients, such as discharges from wastewater treatment plants, were removed from the dataset as 
they would complicate the interpretation of measurements. The only remaining non-diffuse pressures 
in these areas would therefore be from small point sources such as septic tank systems and 
farmyards.  
 
Due to the selection criteria, many of the catchments are in upland areas as most lowland catchments 
had additional, confounding, sources of nutrients and were not considered.  However, there is a good 
mix of well-drained vs. poorly drained catchments and areas of high groundwater vulnerability vs. 
areas of low to moderate groundwater vulnerability. 
 
The data series of total oxidised nitrogen (TON) used for status and trending of river water bodies 
were checked for missing values, and stations with at least three monitoring values per year were 
analysed. The annual means were calculated and compared with the values to check for outliers – in 
some cases a single very high or low value can return an unusual annual result. These individual 
outliers may be due to a specific, local, incident such as forestry activity which is not modelled in the 
national tool. In such cases, these catchments and stations were not included in the comparison 
study. These values were compared with the weighted average output for a catchment from the CCT.  
 

3.3 Local Test Catchment (LTC) Data 
 
The CCT output was also compared with measured data reported for some small, intensively 
monitored, catchments (e.g. Melland et al., 2012). The reported annual means over the available 
period (approx. 2010 to 2013) from the different data sources were collated for analysis. In addition, 
data from two of the Pathways Project catchments (LTC1 and LTC2) are included for reference as 
output from these catchments informed the original selection of parameters of the CCT (Archbold et 
al., 2016). The CCT output is the weighted average concentration from each polygon in the delineated 
catchment areas. 
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Figure 2: Location of EPA national test catchments (NTC), local (intensively monitored) test 

catchments (LTC) and groundwater zone contributions (GWZOC). Summary of soil and geological 

properties given for the 81 catchments. For Aquifer type Ll / Lm = Locally important, Pl / Pu = Poorly 

Productive, Rf = Regionally Important, Rkc / Rkd = Regionally Important / Karstified. For the land use 

category, if Arable percentage is greater than 20%, this is regarded as Arable dominated regardless of 

the actual dominant category.  

 
4. RESULTS 
 
Figure 3 shows the comparison between measured TON in rivers for the 81 catchments chosen and 
the CCT modelled NO3 as N values after some changes to parameters in the CCT model. The 
National Test Catchment (NTC) data are coloured to indicate the dominant soil drainage category for 
each catchment. The Good and Moderate categories are sub-categories of the well-drained 
EPA/Teagasc (Fealy and Green, 2009) classification. Statistically, the fit is reasonable (R

2
 = 0.69) and 

most of the predicted values are within 1.0 mg/l of the measured values, indicated by the dashed line 
in Figure 3. As the measured values rise, the number of over predictions by the CCT increases. The 
CCT parameters are designed to highlight areas where nutrient issues might occur, so over prediction 
in the more vulnerable catchments is preferable to under-prediction. Nevertheless, the transport factor 
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for the moderate subsoil permeability category was reduced (0.8 -> 0.55) to reflect the fact that 
distance to the nearest stream will generally be greater than 10m, with very slight improvement to the 
statistical parameters. The slight over predicting outlier in Figure 3 is NTC1 that is mostly a High 
Vulnerability catchment with over 20% Arable land use. The under predicting outlier is NTC2, is just 10 
km from NTC1. This catchment is underlain by granite bedrock that is another condition not explicitly 
treated in the CCT. 
 
The Irish Local Test Catchment comparisons are also shown in Figure 3. LTC 1 (poorly drained) and 
LTC 2 (well drained) are well modelled with the improved parameters. The other Grassland 
catchments (LTC 5 – 7) are also well modelled with the well-drained catchments (LTC 5 and 7) on 
opposite sides of the 1:1 line, and the poorly drained catchment is just outside the inner threshold 
(LTC 6). The Arable catchments are both under predicted by the CCT. LTC 3 (well drained) includes a 
small waste water treatment plant that was taken into account by adding a small relevant load (primary 
treatment assumed for a person equivalent of 75), this increased the CCT concentration by less than 
1%. In ranking terms LTC 3 is a one of the highest for both the CCT and measured values. A higher 
than expected value of nitrate is measured in LTC 4 (moderately drained) according to (Melland et al., 
2012) and this is indeed an extreme outlier in Figure 3.  
 
 

 
 

Figure 3. Comparison between measured TON and CCT calculated concentration for selected EPA 
National Test Catchment sites (coloured shapes), local test LTC catchments (black cross). Theoretical 
1:1 line shown (solid), legend shows number of NTC catchments within of +/- 1 mg/l (dashed line) and 

+/- 2 mg/l (dotted) of 1:1 line.  
 
 

The relative ranking of the measured and predicted amounts can be seen in Figure 3; the Spearman‟s 
rank correlation coefficient is 0.93. The high correlation coefficient indicates that even if the CCT does 
not predict the measured values exactly, it accurately predicts the relative ranking between 
catchments, which is the main objective of the model. 
 
These comparisons are set against a marked variation in the underlying EPA data. Annual averages 
for a given monitoring point will naturally vary and the variation increases as the measured value 
increases. Table 2 shows the average standard deviation and range of the 2010 to 2012 data used for 
these experiments and the comparison with the mean absolute error with the CCT values.  

SD = Soil Drainage 
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Table 2. Variation in measured data versus error in CCT. 

 

2010 – 2012 annual means 
Surface Water  

NO3 as N mg/l 

Surface Water  

NO3 as N > 1.6 mg/l 

N 81 18 

Overall mean of measured data 1.1 3.0 

Avg std dev of annual means 0.14 0.28 

Avg range of annual means 0.3 0.5 

Avg abs error between average 
measured and CCT 

0.4 0.9 

5 DISCUSSION 
 
The CCT surface water results generally show good correlation, particularly for the NTC data. Where 
higher nitrate is seen in the EPA monitoring data, particularly in the well-drained catchments (e.g. for 
the Moderate and Good drainage catchments), this is reflected in the CCT values. Conversely, low 
values of nitrate in poorly drained catchments are modelled with low values in the CCT. This indicates 
the nitrate PIP maps will give a good reflection of the CSAs in catchments. Results for the LTC data 
are more varied which may be due to higher resolution data that captures processes and detail that 
the CCT model cannot due to the relative spatial coarseness of its input data. For this smaller set 
(n=7, ρ=0.76, p<0.05) the correlation coefficient is lower, but still the comparative ranking is positive. 
The individual outlier LTC4 may have additional processes that cause higher than expected nitrate not 
modelled in the CCT (Melland et al., 2012). The CCT value for LTC3 is close to the higher limit for 
possible modelled values in the CCT, so in terms of ranking it is in the desired place.  
 
Averages of the monitoring data from 2007 to 2012 were compared with the CCT estimates. It could 
be argued that a longer term average would be more representative of the variation in conditions for a 
catchment. However, the variation in the data is large in some cases and this illustrates the difficulty of 
predicting an annual average for the CCT. Moreover, a long term decreasing trend for measured 
values is evident for most water bodies (Bradley et al., 2015), and the most recent data available is 
expected to be the most stable and more reflective of recent agricultural practice. Thus, the CCT 
estimates are generated from the 2010 agricultural census data and the most recent GAP regulations 
(S.I. 31, 2014). Therefore monitoring data from 2010 to 2012 were seen as the most representative of 
recent agricultural practice and so the most appropriate for comparison with the CCT estimates.  
 
 
6 CONCLUSIONS AND FURTHER WORK 
 
The CCT has been developed as a simple practical GIS tool to aid in catchment characterisation, 
particularly for Water Framework Directive mandated activity. Pollutant Impact Potential maps have 
been developed to help focus on the areas and sources that might be causing impacts and act as a 
first step in the characterisation process by targeting areas for further investigative assessment at a 
waterbody and subcatchment scale (Daly et al., 2016). The good agreement between annual mean 
measured values and CCT weighted average for nitrate suggests the tool can be effectively used for 
its intended purpose.  
 
The tool is currently being refined further with the addition of farm scale nutrient loadings provided by 
the Department of Agriculture, Food and Marine in the Republic of Ireland and this will help to more 
accurately define the critical source areas. The resulting PIP maps will be used act as a sign post to 
where there is a potential critical source area. Scientists will then „ground truth‟ the maps with farmers 
and agricultural advisors to further refine the locations of the diffuse sources using farm scale 
information such as nutrient management plans. The structure of the CCT ensures that it a flexible tool 
that can be continually improved as better data and scientific information becomes available. 
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