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Abstract. Diffuse pollution from agriculture is often responsible for observed concentrations of 
agricultural compounds being in excess of the upper limits prescribed by the WFD in some river catchments, 
and reductions in these concentrations will require widespread changes in farm practice.  One of the aims of 
the Catchment hydrology, Resources, Economics and Management (ChREAM) study at the University of 
East Anglia in the UK is to assess likely impacts of WFD implementation on agricultural land use, and 
consequent implications for water quality and farm incomes.  An element of this has involved updating an 
existing diffuse pollution model to reflect present-day land use profiles and comparing outputs (in terms of 
nitrate concentrations) from current land use with those modelled from early 1990s land use.  Combining 
agricultural land use data with hydrological spatial units can involve a number of problems arising from the 
integration of a variety of data formats at a range of spatial and temporal resolutions, and the aggregation of 
source data over different spatial extents.  This work assesses uncertainty arising from areal interpolation of 
agricultural census data to hydrological units in the River Derwent catchment in north-east England.  The 
study sets out to identify the range of spatial resolutions at which robust estimations of agricultural land use 
can be made and examines the implications for diffuse pollution modelling. 
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1. Introduction 
Implementation of the EU Water Framework Directive (WFD) calls for a major restructuring of European 
water management, based on the natural geographic and hydrological unit of the river basin, with the aim of 
achieving “good ecological status” in all water bodies by 2015.  The Environment Agency for England and 
Wales has identified 11 River Basin Districts, comprising groups of catchments (rivers, streams, lakes and 
the land draining into them) along with associated groundwater bodies, estuaries, coastal waters and artificial 
waters such as canals (http://www.environment-agency.gov.uk).  Each River Basin District will be managed 
according to the types of water bodies present within them and to the catchment characteristics, which 
influence their response to pressures placed upon them.  Other characterisation criteria relate to factors such 
as ecologically sensitive areas, important fisheries, or sources of drinking water.  The Environment Agency 
has already completed the first part of the characterisation exercise and identified water bodies at risk of 
failing to meet WFD targets by 2015.  Diffuse pollution from agriculture is known to be a primary cause of 
excessive levels of compounds such as nitrates, phosphates, and pesticides in water bodies, indicating that 
substantial changes in land management practice will be required to reduce contributions from this source. 

One of the aims of the Catchment Hydrology, Resources, Economics and Management (ChREAM) study 
[1], at the University of East Anglia, is to assess likely impacts of WFD implementation on agricultural land 
use, and consequent implications for water quality and farm incomes.  An element of the study has involved 
analysis of a number of measures, proposed to the Department for Environment, Food and Rural Affairs 
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(Defra) [2] that could be used to tackle diffuse pollution from agriculture.  An example of one such measure 
is to convert areas of arable land to un-grazed (extensive) grassland. 

Analysis of the likely outcomes (in terms of water quality) of implementing land use change involves 
combining land use data with hydrological models to determine how agricultural inputs translate into 
concentrations of agrichemical compounds in water bodies.  Combining agricultural land use data with 
hydrological spatial units can involve a number of problems arising from the integration of a variety of data 
formats at a range of spatial and temporal resolutions, and the aggregation of source data over different 
spatial extents [3-8].  For instance, in order to preserve the anonymity of individual farms, agricultural 
census data for England and Wales are aggregated over the spatial extent of the Office of National Statistics 
(ONS) geographical unit known as the Super Output Area (SOA), corresponding to statistical ward 
boundaries.  These data have been disaggregated by EDINA at Edinburgh University Data Library, to 2 km 
and 5 km grid resolution ‘Agcensus’ datasets, based on a 1 km ‘Landuse Framework’ which defines the 
spatial extents of seven discrete land use categories (EDINA, http://edina.ac.uk/agcensus/description.shtml).  
In order to provide suitable land use profiles for input into a hydrological model, further manipulation is 
required to interpolate the Agcensus data to the spatial extent of arable land within each hydrological unit.  
Due to the way in which the raw agricultural census data were aggregated, there is no true land use 
information against which to assess the accuracy of this areal interpolation.  However, it is possible to 
evaluate the robustness of the method by testing the sensitivity of interpolation results across a range of 
spatial scales. 

This paper sets out to identify the range of spatial resolutions at which reliable estimations of agricultural 
land use can be made, and scrutinises the ability to confidently predict the possible outcomes of future, 
policy-driven, land use change. 

2. Background 
The location chosen for detailed analysis was the River Derwent catchment in North Yorkshire, a sub-
catchment of the Humber basin, the latter being the main focus of the ChREAM study.  The Yorkshire 
Derwent covers an area of 1600 km2, comprising 282 hydrological response units (HRUs) corresponding to 
areas of land over which surface water drains to discrete river stretches.  The catchment includes the rivers 
Derwent, Rye, Dove, Hertford and their tributaries, encompassing a wide range of topography and land use 
types, ranging from grazed uplands to lowland arable and small urban areas (Fig. 1) and, as urban land use 
occupies less than 8% of the catchment, most of the observed nitrate in rivers can be attributed to diffuse 
sources.   The catchment contains areas of special interest in the context of the Catchment Sensitive Farming 
(CSF) Programme [9], such as the Low Marishes area in the east, which was targeted for more focused 
analysis in this study.  CSF documentation highlights the Derwent at Low Marishes as being intensively 
arable with high nitrate and phosphate status. 

 

 
Fig. 1: The Yorkshire Derwent catchment. 
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The study assessed three different methods of interpolating Agcensus data to hydrological units and 
compared the results for each method, in terms of areas of agricultural land, at three different spatial scales 
ranging from a small hydrological unit to the entire Derwent catchment.  In this way, it was possible to 
appraise the suitability of the different methods and to examine whether any method showed particular 
sensitivity to catchment size.  Each of the interpolated land use datasets was then used as input to a diffuse 
pollution model and comparisons were made between the resulting model outputs in terms of nitrate losses to 
the river network.  

3. Method 

3.1. Updating and reclassifying the land use areas 
Firstly, it was necessary to update land use areas for use in an existing hydrological model used by the 
Centre for Ecology and Hydrology (CEH) [10, 11].  This model comprises two elements, CASCADE and 
QUESTOR, developed as part of the Land-Ocean Interaction Study (LOIS) [11, 12], to predict fluxes of 
water, sediment and selected nutrients and contaminants to the North Sea.  These models, which use 
observation data for calibration and adjustment of model parameters, have since been used and tested in 
numerous studies of surface water quality (e.g. [10, 13]).  This paper focuses on the first model element, 
CASCADE (CAtchment SCAle DElivery), a spatially distributed water quality model operating at daily 
time-step, which combines land use data with information on physical parameters such as soil type, geology 
and rainfall, and predicts the flow of water and pollutants from each HRU to determine the deposition of 
nutrients into waterways.  Sources of pollution considered include nitrogen fertilisers, organic wastes and 
atmospheric deposition.   

Land use was initially divided into six broad categories (Table 1) based on the (CEH) Land Cover Map 
2000 (LCM 2000) [14].  The high resolution (25 x 25 m grid square) of LCM 2000 data facilitates the 
designation of land use areas within the boundaries of the hydrological units used in the CASCADE model.  
LCM 2000 urban and suburban classes were combined with Ordnance Survey digital Meridian 2 Developed 
Land Use Area (DLUA) data (http://edina.ac.uk/digimap/description/products/meridian.shtml), to update the 
spatial extent of built-up areas.  The LCM 2000 grassland categories do not completely coincide with the 
grassland categories used in the CASCADE model, so the LCM categories had to be reclassified to match 
those used in CASCADE.   It was then necessary to distribute 2 km grid resolution Agcensus data within the 
areas defined as ‘arable’ and ‘setaside’ in LCM 2000, in order to calculate input values for the land use 
classes required for the CASCADE model (Table 1).  ‘Arable’ and ‘setaside’ are classified individually in 
LCM 2000, but these areas were combined for use within the CASCADE model. 

Table 1: Land use categories for use in the CASCADE model. 

LCM 2000 broad land use categories CASCADE classes & subdivisions 
Urban/Suburban Urban/Suburban 
All other land Other land 
Temporary/Permanent grassland Agricultural grassland (divided into permanent and temporary) 
Rough grazing Rough grazing 
Woodland Woods 
Arable/Setaside Setaside 
 Arable (subdivided into 13 crop types) 

3.2. Areal interpolation of agricultural census data to hydrological units 
The 2 km grid (i.e. 4 km2) resolution of the Agcensus data is coarse with respect to the HRU (on which 
CASCADE input is based) these units being, typically, 5-8 km2 in area.  Therefore, as an initial step towards 
improving the spatial fit of the Agcensus data to the HRUs, the latter were aggregated into 61 larger spatial 
units:  these aggregated HRUs are used in the QUESTOR model, which takes the outputs from CASCADE 
and calculates the effects of in-river processes on agricultural pollutants.  Three different methods were then 
used to interpolate the Agcensus data, and the resulting areal values were compared and appraised in order to 
assess what level of detail was required to give the most representative land use profiles for input to the 
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CASCADE model.  The three interpolation methods used were: 
• ‘Point in polygon’ method to match 2 km Agcensus grid squares to aggregated HRUs.  This method 

interpolates data from all 2 km grid centroids falling within respective aggregated HRU boundaries. 
• Division of 2 km Agcensus grid squares into four equal 1 km grid squares, followed by a ‘point in 

polygon’ match of the 1 km squares to aggregated HRUs.  This method includes data from all 
‘within-boundary’ 1 km grid centroids. 

• Areal interpolation of the 1 km squares to obtain a proportional land use profile for each aggregated 
HRU.  This method includes proportional data from all 1 km grid squares intersecting individual 
aggregated HRUs, regardless of whether the respective 1 km centroids fall within the hydrological 
boundaries. 

The three resulting land use datasets (representing absolute areal values for the various Agcensus crop 
and grassland categories) were evaluated against the available grassland, arable and setaside areas defined by 
LCM 2000, using the ‘scaling factors’ (each representing amounts by which the interpolated data had to be 
scaled to fit available LCM 2000 areas) as measures of ‘goodness-of-fit’.  The results were also compared 
across a range of spatial scales, defined by sub-catchment area (shown in Fig. 2) in an attempt to identify the 
range of spatial resolutions at which reliable estimations of agricultural land use could be made. 

 

 
Fig. 2: The River Derwent catchment, Yorkshire, UK, and three of its sub-catchments at different spatial scales. The 

dark outer boundary represents the entire Derwent catchment. 

The three datasets were then used as input to the CASCADE model (run over the 1998-2004 period) in 
order to calculate (i) mean nitrate-N values (i.e. NO3-N: nitrogen as nitrate), and (ii) the fraction of total time 
when nitrate-N concentrations would be above the drinking water limit (11.3 mg l-1 N), for each sub-
catchment.  The results represent nitrate-N concentrations at the outlet points of each sub-catchment, and 
consider contributions solely from diffuse inputs.  They do not include the effects of point sources or in-
stream processes.  Point sources represent less than 10% of the nitrate-N load in all the sub-catchments tested 
[15].  In-river processes serve to reduce the load by 15-40% [16].  Sensitivity of the magnitude of these 
sources/sinks to choice of land-use data preparation method would be negligible. 

4. Results 
The scaling factors used to evaluate ‘goodness-of-fit’ of interpolated grassland values for the River Derwent 
catchment and three of its sub-catchments, for each method, are given in Table 2(a), and those for arable land 
are given in Table 2(b). 

Output from the CASCADE model, in terms of mean nitrate-N concentration values and fraction of total 
time above the drinking water limit, for each sub-catchment, is presented in Table 3. 
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Table 2(a). Scaling factors representing amounts by which the interpolated grassland data had to be scaled to fit 
available LCM 2000 areas. 

Sub-catchment Sub-catchment 
area (ha) 

LCM 2000 area 
(ha) available for 
grassland 

Scaling factor required to fit Agcensus data to 
available LCM 2000 space 

   2 km grid 1 km grid proportional 

River Derwent 159480 35501 0.92 0.76 0.95 
Low Marishes 36233 6423 0.82 0.63 0.83 
River Hertford 8423 1132 0.52 0.51 0.54 
Brompton Beck 1584 198 0.57 0.38 0.44 
 

Table 2(b). Scaling factors representing amounts by which the interpolated arable data had to be scaled to fit available 
LCM 2000 areas. 

Sub-catchment Sub-catchment 
area (ha) 

LCM 2000 area 
(ha) available 
arable land 

Scaling factor required to fit Agcensus data to 
available LCM 2000 space 

   2 km grid 1 km grid proportional 

River Derwent 159480 65453 1.00 0.79 1.06 
Low Marishes 36233 21449 0.98 0.72 1.01 
River Hertford 8423 5444 1.00 0.95 1.08 
Brompton Beck 1584 1115 1.42 0.80 1.14 

 

Table 3. Nitrate-N results obtained for interpolated land use values, using three different interpolation methods at a 
range of spatial scales. 

Sub-catchment Sub-
catchment 
area (ha) 

Mean nitrate-N level (mg l-1) 
modelled from land use values 
derived from three different 
interpolation methods 

Fraction of total time that nitrate-N 
levels would be above drinking water 
limit (11.3 mg l-1) 

  2 km grid 1 km grid pro-
portional 

2 km grid 1 km grid pro-
portional 

River Derwent 159480 6.365 6.372 6.396 0.000 0.000 0.000 
Low Marishes 36233 9.897 10.010 9.943 0.119 0.155 0.127 
River Hertford 8423 10.477 10.642 10.498 0.327 0.363 0.334 
Brompton Beck 1584 10.990 11.482 11.135 0.405 0.649 0.497 

 
The most notable results from Tables 2(a) and 2(b) can be summarised as follows: 
• The scaling factors for the grassland data are all less than 1, indicating larger Agcensus grassland 

values than available LCM areas, whereas the opposite is true for the majority of arable values, 
whose scaling factors are close to, or greater than 1. 

• In the case of the grassland data, scaling factors for all three interpolation methods depart further 
from the value of 1 as the catchment size decreases.  However, the arable scaling factors show no 
such consistent behaviour. 

• In almost every case, the 2 km and proportional results are very similar, whereas the 1 km values give 
the poorest fit.  The exceptions to this are the River Hertford, which displays quite consistent results 
across all three methods, and Brompton Beck, where the 2 km method requires a very large scaling 
factor. 

In terms of modelling mean nitrate levels (Table 3), the different interpolation methods do not appear to 
produce marked differences in output within individual catchments, and the only exceedance of the drinking 
water nitrate-N limit (11.3 mg l-1) is seen at the smallest catchment scale, in Brompton Beck.  A better 
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indication of the variation in modelled nitrate outputs arising from the use of different interpolation methods 
might be conveyed by the fraction of total time that nitrate concentrations would exceed the drinking water 
limit.  As shown in Table 3, this particular parameter of nitrate level (in contrast to mean concentration) 
seems to be more sensitive to choice of method, at least in the higher nitrate sub-catchments (i.e. Low 
Marishes, River Hertford and Brompton Beck). 

5. Discussion 
The scaling factors (Tables 2(a) and 2(b)) indicate that there is, in general, a better fit obtained for arable 
land than for grassland values.  This could, in part, be due to the interpretation of temporary and permanent 
grassland classes in LCM 2000, in which problems exist in the distinction between some of the unmanaged 
(e.g. setaside), semi-natural and improved grasslands.  This is also reflected (as one would expect) by the 
poorer fit of grassland values with decreasing catchment size.  This scale/goodness-of-fit relationship is not, 
however, seen in the arable results, and may be influenced by another element of uncertainty, arising from 
the way in which agricultural census data are compiled, in that land registered to an ‘in-catchment’ farm may 
actually be located beyond the catchment boundary, a particular problem with large farm businesses.  
Additionally, LCM 2000 data were collected in the late 1990s, whereas the current study used Agcensus data 
from 2004:  therefore, land use changes that may have taken place in the intervening period could have led to 
misrepresentation of catchment profiles. 

Of particular interest in Tables 2(a) and 2(b) is the finding that, in almost every case, the 1 km grid 
interpolation method gives the poorest fit, for both grassland and arable areas, over the entire range of 
catchment scales.  This is thought to be an artefact of the way in which the Agcensus grid squares intersect 
the catchment boundaries.  For example, land use values pertaining to all 1 km grid square centroids falling 
inside a catchment boundary will be assigned to that catchment.  However, depending on the shape and 
location of the catchment with respect to the 2 km Agcensus grid squares (which contain the source data), a 
number of those 1 km centroids may contain values relating to 2 km centroids outside the catchment area.  If 
the land use values are very variable between these ‘out-of-catchment’ 2 km squares, inclusion of the 
respective ‘in-catchment’ 1 km squares will have a marked effect on the interpolated value.  The magnitude 
of the effect will be dependent on how many ‘out-of-catchment’ grid squares are involved and the variability 
between their respective land use values.  In this study, many of the 1 km scaling factors are consistently less 
than 1, suggesting that, in these cases, much of the land assigned to the 1 km centroids of squares 
intersecting catchment boundaries actually lies outside the respective catchments. 

This effect can be illustrated by comparing the scaling factors for grassland in the Brompton Beck and 
River Hertford catchments (Table 2(a)).  Scaling factor values for Brompton Beck show a lot of variation 
between the three methods; however, three 2 km centroids fall inside this catchment and their respective grid 
squares fill much of the available area, giving the best fit for the 2 km method (Fig. 3).  The 1 km method 
performs least well in this case because it includes non-proportional values from five 2 km grid squares that 
lie outside the catchment boundary.  The fit of the proportional method falls in between that of the other two 
methods, although it should, intuitively, be the best method.  However, this method does not perform as well 
as the 2 km method because of the large number of ‘out-of-catchment’ grid squares (relative to catchment 
size) from which it draws its land use values.  In contrast, a very similar fit is obtained across all methods for 
grassland in the Hertford catchment, where the 1 km data performs as well as the rest.  Once again, the 2 km 
grid squares ‘fill’ the catchment well, but in this case, because of the placement of 2 km centroids in relation 
to the catchment boundary, most of the 1 km centroids relate to ‘in-catchment’ 2 km squares, thereby 
producing very similar land use results for all three methods. 

The very high scaling factor for the 2 km method for arable land in Brompton Beck (Table 2(b)) could 
arise from the fact that only three 2 km centroids fall within this catchment.  Consequently, arable land 
recorded in grid squares intersecting the boundary, but with their centroids just outside the boundary, will not 
be included in the calculation, thereby leading to an underestimation of arable areas.  This is confirmed by 
the better fit achieved using the proportional method in this catchment. 

One way of improving the fit of the Agcensus data would be to interpolate the 2 km grids to the arable 
and grassland areas defined by LCM 2000 before performing the interpolation with the hydrological units.  
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Although Agcensus data have already been distributed according to the Landuse Framework used by EDINA, 
the resulting values are evenly distributed across the 2 km grid squares, so it is suggested that LCM 2000 
could be used to ‘force’ the arable and grassland areas into the appropriate places, thereby improving the fit 
within catchment boundaries.  As a reflection of this process, it is anticipated that scaling factors would be 
reduced, but the problem of potential land use change over time would still exist. 

 

 

Fig. 3: Placement of 2 km and 1 km grid square centroids in relation to the Brompton Beck and River Hertford 
catchment boundaries. 

The CASCADE model scales input land use values to the available land area within each catchment and 
models these values according to relative proportions of crop types.  Therefore, large variations between 
interpolated land use values derived from the three different methods are not reflected in the CASCADE 
output values (i.e. mean nitrate-N concentrations (Table 3)), except at the smallest catchment scale.  The 
small variations between CASCADE outputs relate to the number of, and variability (in terms of 
assemblages of crop and agricultural grassland types) between, ‘out-of-catchment’ Agcensus grid squares 
included in the land use calculation for each catchment, as described previously.  The mean nitrate 
concentrations shown in Table 3 appear to increase as catchment size decreases, but this is thought to be 
coincidental, and a reflection of between-catchment land use differences. 

6. Conclusions and recommendations 
This work highlights some of the problems associated with assigning agricultural land use data to 
hydrological units.  It is apparent that there is considerable variability between results derived for small 
catchments, relating both to the way in which source data are compiled and manipulated, and to differences 
in size, shape and location of the spatial units involved in the interpolation process.  The indication is that 
derived land use profiles are more reliable at the scale of a large river catchment such as the Derwent, but 
that uncertainty increases in smaller hydrological units, with catchments at the scale of Brompton Beck being 
most problematic.  The magnitude of land use scaling factors can provide a useful indicator of the reliability 
of a particular interpolation method at the scale of the spatial unit at which results are reported.  This has 
implications for diffuse pollution modelling results for small-scale catchments, and suggests that caution 
should be exercised in their use.  It is proposed that some improvement in the fit of agricultural land use 
profiles to hydrological units may be achieved by using LCM 2000 as an additional weighting parameter 
when interpolating the 2 km Agcensus data. 
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