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Appendix 3.3: Models – Ecological Habitat 
 


Native Woodland Model 
 
Organisation: Macaulay Institute 
 
Date: Various stages of development from 1997 - 2004 
 
Objectives 


• To predict the potential occurrence and distribution of a range of native woodland 
communities.   


• To optimise the relationship between the growth requirements for native woodlands 
with existing biophysical conditions 


 
Methodology 
 
The methodology relies on the interpretation of integrated soils and land cover data in relation 
to the growth requirements of different woodland types. Combinations of these attributes are 
assessed and an optimal native woodland type is assigned to each combination. Examples 
are given in the table below. 
 


Geology and 
parent material  


Soils  Terrain  Existing 
Vegetation  


Predicted NVC 
Woodland type 


Colluvium 
derived from acid 
rocks 


Acid brown 
earths 


Steep 
rocky 
valley sides 


Acid grassland, 
bracken 


Upland oak-birch 
woodland  
(W11) 


Colluvium 
derived from acid 
rocks 


Humus-iron 
and peaty 
podzols 


Steep 
rocky 
slopes 


Heather moorland 
dominant, some 
acid grassland 


Upland acid birchwood 
(W17)/Scots Pine (W18) 
interchangeable category 


Moraines derived 
from acid rocks 


Peaty 
podzols 
and peat 


Moundy 
moraine 


Heather moorland 
and blanket bog 


Scots Pine (W18)+ 
scattered scrub/woodland 
on peat 
 


Drifts derived 
from acid rocks 


Subalpine 
podzols 


Upper hill 
slopes 


Calluna (stunted) Juniper scrub 
 


 
Table 3.3.1 : Examples of combinations of integrated soils and land cover data and predicted 
NVC Woodland type 
 
Input requirements 
 


• Major soil subgroup 
• Geology  
• Parent material 
• Topography 
• Land cover (current vegetation) 


 
Results 
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The model was implemented for Eden (Figure 3.3.1), Tern (Figure 3.3.2) and Lossie (Figure 
3.3.3) catchments. 
 
Literature references 
 
Towers, W., Hester, A.J., Malcolm, A., Stone, D. and Gray, H. 2002 The use of soils data in 


natural heritage planning and management. Soil Use and Management, 18, 26-33. 
 
Hester, A.J., Towers, W. and Malcolm, A. 2003 Modelling the potential distribution of 


woodland at the landscape scale. In: The restoration of wooded landscapes (Eds. J. 
Humphrey, A. Newton, J. Latham, H. Gray, K. Kirby. E. Poulson and C. Quine). Forestry 
Commission, Edinburgh. 


 
Towers, W., Hester, A.J., Malcolm, A., Hall, J. and Stone, D. 2004 The potential for native 


woodland in Scotland: the native woodland model. Scottish Natural Heritage, Battleby, 
Perth. Natural Heritage Management Series. 56p. Includes CD ROM. ISBN  1 85397 390 4 
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Figure 3.3.1 : Native Woodland Model for the Eden catchment 
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Figure 3.3.2 : Native Woodland Model for the Tern catchment 
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Figure 3.3.3 : Native Woodland Model for the Lossie catchment 
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Lowland Heath Regeneration 
 
Organisation: NSRI 
 
Date: 1999 
 
Objectives 
 
The lowland heath model was set up for use by Planners in Cheshire and was designed to fit 
the lowland heath soils of that county (Newport, Crannymoor and similar acid sandy soils).  
There has been a marked reduction in the extent of lowland heath in Cheshire over recent 
years as more and more has been ploughed for agriculture.  The Planners would now like to 
restore land to heath and required guidance on the areas with the greatest chances of 
success.  These sandy acid soils (on Permo-Triassic sandstones) also occur in the Tern (very 
close to Cheshire) and in the Eden catchment and the model should be transferable to these 
areas.  However, in its present form it is not relevant to the Lossie catchment. 
 
Methodology 
 
The classification is applied to the lead soil series of the soil associations.  It is driven by 
properties used to define soil series; topsoil texture, topsoil pH, topsoil OC, and Wetness 
Class.  In this way soil series are directly allocated to the classes (see legend table). 
 


Class Potential Potential heath types 
H1 High Dry lowland heath 
H2 High Wet lowland heath 
H3 High Moor 
H4 High Lowland bogs 
H5 High Blanket peat 
M Moderate Dry heath 
L Low Dry heath 
N None Dry lowland heath 


 
Table 3.3.2 : Suitability classification for Lowland Heath 
 
Input requirements 
 


• NATMAP Map unit – from which the lead series is identified 
 
Results 
The model was implemented for the Eden (Figure 3.3.4) and Tern (Figure 3.3.5) catchments.  
As the model relies entirely on NATMAP units, it was implemented for the Lossie catchment. 
 
 
Literature references 
 
Palmer, R.C. and Bradley, R.I. (1999).  Supply of soil, natural grassland type and heathland 


regeneration potential maps.  Unpublished report, Data to Cheshire County Council. JF 
7001V. 
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Figure 3.3.4 : Suitability for Lowland Heath for the Eden catchment 
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Figure 3.3.5 : Suitability for Lowland Heath for the Tern catchment 
 








Appendix 3.5: Models – Raw Materials 


Appendix 3.5: Models – Raw Materials 
 


Horticultural peat 
 
Organisation: NSRI 
 
Date: 2005 
 
Objectives 
This functional model identifies the capacity of the soil to act as a source of one particular raw 
material, horticultural peat.  
 
Methodology and input requirements 
Raised moss peats with high sphagnum moss content and low levels of humification form the 
best peat-based horticultural growing medium. Peats with a lower moss content and/or higher 
degree of humification are less suitable.  
 
The soil associations of the National Soil Map provide an indication of the location of peat 
deposits and are grouped into three functional capacity classes. 
 
Capacity class National Soil Map soil 


associations 
Description 


1 1021, 1011a >2 m depth of moss peat 
2 Other peat soil-dominated 


soil associations (coded 
10***) 


Other peat soil-dominated 
areas 


3 All other soil associations Other mineral soils with or 
without a shallow peaty 
surface layer 


 
Table 3.5.1: Methodology for identifying capacity classes for Peat 
 
Results 
The model was implemented for both the Eden (Figure 3.5.1) and Tern (Figure 3.5.2) 
catchments.  As the model relies entirely on NATMAP, it could not be implemented for the 
Lossie catchment. 
 
 
Literature references 
 
Thompson T.R.E. and Truckell I. (2005)  Protecting Hampshire’s Soils: Development of a soil 


function-based methodology.  A Report to Hampshire County Council and the Department 
for Environment, Food and Rural Affairs. 
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Figure 3.5.1: Raw material (Peat) for the Eden catchment 
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Figure 3.5.2: Raw material (Peat) for the Tern catchment 
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Appendix 3.4: Models – Providing a Platform 
 


Shallow foundations/Natural Shrinkage 
 
Organisation: NSRI 
 
Date: 1979  
 
Objectives 
 


• To assess the suitability/limitations of soils for shallow (or ‘low’) building foundations 
 
Methodology 
 
Factors to consider include: 


• Potential shrink-swell (this is a commercial product developed by NSRI) 
• Bearing capacity 
• Amount of settlement 
• Soil wetness and permeability 
• Susceptibility to flooding 
• Frost (although less important) 
• Slope stability 
• Type and width of foundations 


 
Soils classified into 3 types of limitations: slight, moderate and severe. 
 
Input requirements 
 


• Series 
 
Results 
The model was applied to both the Eden (Figure 3.4.1) and Tern (Figure 3.4.2) catchments.  
As Macaulay has a more sophisticated model (see below) the model was not implemented for 
the Lossie catchment. 
 
 
Literature references 
 
Jarvis, M. G., Hazelden, J. & Mackney, D. (1979), Soils of Berkshire, Soil Survey of England 


and Wales, Harpenden 
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Figure 3.4.1: Natural Shrinkage for the Eden catchment 
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Figure 3.4.2: Natural Shrinkage for the Tern catchment 
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Land Suitability for Housing 
 
Organisation: Macaulay Institute 
 
Date: 2002 
 
Objectives 
 
The assessment considers the biophysical limitations to the development of land for housing 
in rural areas. Three classes of land are identified: 
 
HD Class 1. Land where biophysical limitations are not limiting. 
 
HD Class 2. Land where biophysical limitations are limiting. 
 
HD Class 3 Represents areas of land with an intimate mixture of HD Classes 1 and 2; It 
does not represent land which is intermediate in quality between HD classes 1 and 2 
 
Methodology 
 
See figure 3.4.3 
 
Input requirements 
 


• Rock outcropping 
• Uncolsolidated sands 
• Texture 
• Frost heave 
• Affected by permanent groundwater 
• Flood risk 
• Soil variability 
• Slope 
• Shrink-swell 


 
Datasets required are Soils, HOST and DEM. A number of the rules rely on the interpretation 
of soil maps, and are not related to specific individual attributes. 
 
Results 
The model was implemented for the Eden (Figure 3.4.4), Tern (Figure 3.4.5) and Lossie 
(Figure 3.4.6) catchments. 
 
Literature references 
 
Towers, W., Lilly, A., McKeen, M. and Malcolm, A. 2002 Mapping potential land supply for 


housing in Scotland. A report for Communities Scotland, Macaulay Research Consultancy 
Services, November 2002. 
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 Is rock outcropping and < 35 m apart? ⎯⎯ YES ⎯⎯→ HD CLASS 2 


⏐     
NO     
↓     


Have the soils developed in organic drift? ⎯⎯ YES ⎯⎯→ HD CLASS 2 
⏐     


NO     
↓     


Have the soils developed in unconsolidated 
sands? 


⎯⎯ YES ⎯⎯→ HD CLASS 2 


⏐     
NO     
↓     


Does the soil have a clay texture and 
shrink/swell potential? 


⎯⎯ YES ⎯⎯→ HD CLASS 2 


⏐     
NO     
↓     


Is the soil subject to frost heave? ⎯⎯ YES ⎯⎯→ HD CLASS 2 
⏐     


NO     
↓     


Are the soils affected by a permanent 
groundwater table? 


⎯⎯ YES ⎯⎯→ HD CLASS 2 


⏐     
NO     
↓     


Is the soil subject to flooding or inundation? ⎯⎯ YES ⎯⎯→ HD CLASS 2 
⏐     


NO     
↓     


Is there considerable short range variability in 
soil types? 


⎯⎯ YES ⎯⎯→ HD CLASS 2 


⏐     
NO     
↓     


 Is there short range variation in the slope 
pattern? 


⎯⎯ YES ⎯⎯→ HD CLASS 2 


⏐     
NO     
↓     


 
 Is the slope greater than 11 degrees? 


 
⎯⎯


 
YES 


 
⎯⎯→ 


 
HD CLASS 2 


⏐     
NO     
↓     


HD CLASS 1     
 
Figure 3.4.3: Flow chart showing the implementation of the decision rules  
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Figure 3.4.4: Housing Suitability for the Eden catchment 
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Figure 3.4.5: Housing Suitability for the Tern catchment 
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Figure3.4.5: Housing Suitability for the Lossie catchment 
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Appendix 3.6: Models - Cultural Heritage 
 


Morgan-Morgan-Finney (MMF) Model 
 
Organisation: NSRI 
 
Date: 2001 (revised), 1984 (original) 
 
Objectives 
 


• To predict annual soil loss by water 
• To provide a stronger physical base than Universal Soil Loss Equation whilst retaining 


its simplicity 
• To encompass recent advances in the understanding of erosion processes 
• To bring together the results of research by geomorphologists and agricultural 


engineers 
• To incorporate the effects of soil conservation practices 


 
Methodology 
 


 


 
 
Figure 3.6.1: Flow diagram for the Morgan-Morgan-Finney Method (Source: Morgan, 1986) 
 
The MMF model separates the process of soil erosion into 2 phases: the water phase and the 
sediment phase. The water phase uses soil mass and volume of runoff to predict the 
detachment of soil particles by rainsplash and the sediment phase determines the transport 
capacity of runoff (Figure 3.6.1). The model then assigns the lower of the 2 values as the 
annual rate of soil loss, therefore identifying whether detachment or transport is the limiting 
factor. The model cannot be used for predicting sediment yield from drainage basins or soil 
loss from individual storms. Good information on rainfall and soils is required for successful 
prediction. 
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Input requirements 
• landuse 
• rain days 
• bulk density of the top soil layer 
• soil detachability index 
• actual/ potential evaporation 
• average annual rainfall 
• soil moisture content 
• depth to slowly impermeable layer 
• minimum soil depth 
• series 
• slope 
• texture 


 
Results 
The model was implemented for both the Eden (Figure 3.6.2) and the Tern (Figure 3.6.3) 
catchments.  As the Macaulay Institute had it own erosion model (see next section), the 
Morgan-Morgan-Finney model was not implemented for the Lossie catchment. 
 
Literature references 
 
Besler, H. (1987) Slope properties, slope processes and soil erosion risk in the tropical rain 


forest of Kalimantan Timur (Indonesian Borneo). Earth Surface Processes and Landforms, 
12, 195-204. 


 
Coppin, N.J. & Richards, I.G.  (1990)  Use of Vegetation in Civil Engineering.  London: 


CIRIA/Butterworths. 
 
De Jong, S.M., Paracchini, M.L., Bertolo, F., Folving, S., Megier, J. & De Roo, A.P.J. (1999) 


Regional assessment of soil erosion using the distributed model SEMMED and remotely 
sensed data. Catena, 37, 291-308. 


 
De Jong, S.M. & Riezebos, H.T. (1992) Assessment of erosion risk using multitemporal 


remote sensing data and an empirical erosion model. Department of Physical Geography, 
University of Utrecht. 


 
Morgan, R.P.C. (1985) The impact of recreation on mountain soils: towards a predictive 


model for soil erosion. In: Bayfield, N.G. & Barrow, G.D., (Eds.) The Ecological Impacts of 
Outdoor Recreation on Mountain Areas in Europe and North America.  Rural Ecology 
Research Group Report, 9, 112-121. 


 
Morgan, R.P.C. (2001) A simple approach to soil loss prediction: a revised Morgan-Morgan-


Finney model, Catena, 305-322. 
 
Shrestha, D.P. (1997) Assessment of soil erosion in the Nepalese Himalaya: a case study in 


Likhu Khola Valley, Middle Mountain Region. Land Husbandry, 2 (1), 59-80. 
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Figure 3.6.2: Morgan-Morgan Finney erosion model for the Eden catchment 
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Figure3.6.3: Morgan-Morgan Finney erosion model for the Tern catchment 
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Inherent Geomorphological Risk of Soil Erosion by Overland Flow 
in Scotland 
 
Organisation: Macaulay Institute 
 
Date: 2002 
 
Objectives 
 


• To determine the inherent geomorphological stability of the Scottish soil resource using 
the following assumptions: 


 
1. all soils are assessed on the basis that they are free of vegetation; 
2. only erosion related to surface runoff or overland flow is considered (i.e.  wind 


erosion or other forms of mass movement are excluded); 
3. no consideration is made of the dynamic factors affecting erosion (i.e. 


management practices or occurrence of triggering events like rainfall). 
 
Methodology 
 
The classification is based on a set of decision rules that define the erosion risk categories. 
The rules operate via a two-step procedure. The first step defines the erosive power of the 
overland flow, based upon a calculation of slope angle from a 50m resolution digital elevation 
model, and an estimate of standard percentage runoff derived from the Hydrology of Soil 
Types classification (Boorman et al., 1995) (Table 3.6.1). The six classes of erosive power 
are then passed forward to the second step where they ere combined with soil surface texture 
to define the erodibility classes. Table 2 shows the classification for mineral soils. Due to the 
distinctive nature of organic soils, these were classified separately (Table 3.6.1). 


 
 
Table 3.6.1: Classification for mineral soils 
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Input requirements 
 


• Standard percentage runoff (derived from HOST classification) 
• Slope 
• Presence/absence of organic horizon 
• Soil surface texture (for mineral horizons) 


 
Results 
The model was implemented for the Eden (Figure 3.6.4), Tern (Figure 3.6.5) and Lossie 
(Figure 3.6.6) catchments. 
 
Literature references 
 
Lilly, A., Birnie, R.V., Hudson, G. and Horne, P.L. (2002) The inherent geomorphological risk 


of soil erosion by overland flow in Scotland. Scottish Natural Heritage, Survey and 
Monitoring Report No183. 
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Figure3.6.4: Soil Erosion model for the Eden catchment 
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Figure3.6.5: Soil Erosion model for the Tern catchment 
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Figure3.6.6: Soil Erosion model for the Lossie catchment 
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Appendix 3.1: Models - Biomass Production 
 


Agricultural Land Classification (ALC) 
 
Organisation: NSRI 
 
Date: 1988 
 
Objectives 
 


• To provide a framework for classifying land according to the extent to which its physical 
or chemical characteristics impose long-term limitation on agricultural use 


• To enable informed choices to be made about the future use of farmland within the 
planning system 


• To help underpin the principles of sustainable development 
 
Methodology 
 
The ALC methodology is based on long term physical limitations of land for agricultural use, 
primarily climate, site and soil and the interactions between them. Land is classified into five 
grades (Table 3.1.1) with Grades 1 to 3a forming the ‘best and most versatile land’ and is graded 
and mapped without regard to present field boundaries, except where they coincide with 
permanent physical features. 
 
Grade Classification Description of Land 


1 Excellent No minor limitations to agricultural use 
2 Very good Minor limitations which affect crop yield, cultivations or 


harvesting 
3a Good Capable of consistently producing moderate to high yields of a 


narrow range of arable crops, or moderate yields of a wide range 
of crops 


3b Moderate Capable of producing moderate yields of a narrow range of 
arable crops, or lower yields of a wider range of crops, or high 
yields of grass 


4 Poor Severe limitations which significantly restrict the range of crops 
and/or level of yields 


5 Very poor Land with very severe limitations which restrict use to permanent 
pasture or rough grazing 


 
Table 3.1.1: Grades of Agricultural Land Classification 
 
Input requirements 
 


• landuse 
• minimum soil depth 
• series 
• floodrisk 
• texture 
• wetness class 
• field capacity days 
• slope 
• altitude 
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• average annual rainfall 
• climate code 


 
Results 
The model was implanted for the Eden (Figure 3.1.1) and Tern (Figure 3.1.2) catchments.  The 
Macaulay Institute has a separate model which was implemented for the Lossie catchment (see 
below). 
 
Literature references 
 
MAFF (1988), Agricultural Land Classification of England and Wales: Revised guidelines and 


criteria for grading the quality of agricultural land 
 
Defra (2003), Agricultural Land Classification: Protecting ‘the best and most versatile agricultural 


land’, http://www.defra.gov.uk/environ/landuse/alcleaflet.pdf 
 
 



http://www.defra.gov.uk/environ/landuse/alcleaflet.pdf





Appendix 3.1: Models - Biomass Production 


 
 
Figure 3.1.1: Agricultural Land Classification for the Eden catchment 


3 







4 


Appendix 3.1: Models - Biomass Production 


 
 
Figure 3.1.2: Agricultural Land Classification for the Tern catchment 
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Land Capability for Agriculture 
 
Organisation: Macaulay Institute/NSRI 
 
Date: 1982 
 
Objectives 


• to assess the potential of land for agricultural use determined by the extent to which its 
physical characteristics impose long term restrictions on its agricultural use 


 
Methodology 
 
The methodology comprises a series of published guidelines (Bibby et al 1991) that allows land to 
be classified into seven classes based on the limitations imposed by soil, climate, topography and 
interactions between them. It is similar in approach to the LCf classification and there are a 
number of assumptions that underpin the classification that must be borne in mind. The final 
classification depends on the most limiting factor rather than on an average of all the factors. 
 
Class Classification Degree of limitation 
1 Land capable of producing a very 


wide range of crops 
No or very minor limitations to agricultural 
use 


2 Land capable of producing a wide 
range of crops 


Minor limitations  
 


3 Land capable of producing a 
moderate range of crops 


Moderate limitations 


4 Land capable of producing a narrow 
range of crops 


Moderately severe limitations  


5 Land capable of use as improved 
grassland 


Severe limitations 


6 Land capable only of use as rough 
grazing 


Very severe limitations 


7 Land of very limited agricultural value Extremely severe limitations 
 
Table 3.1.2: LCA classes 
 
In addition, Classes 3 and 4 are subdivided into two divisions, Classes 5 and 6 into three 
divisions. 
 
Input requirements 
 
A range of soil, climatic and topographic data and assessments are required including: 
 


• Accumulated temperature above 0 degrees C (January to June) 
• Maximum potential soil moisture deficit (mm) 
• Wind speed 
• Soil structure 
• Soil rooting depth 
• Soil stoniness 
• Soil droughtiness – interaction between soil and climate parameters 
• Wetness - interaction between soil and climate parameters 
• Flood risk 
• Erosion risk 
• Assessment of pattern (variability of conditions) 
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• Vegetation (Class 6 only) 
 
Results 
The model was implanted for the Lossie (Figure 3.1.3) catchment.  NSRI has a separate model 
which was implemented for the Eden and Tern catchment (see above). 
 
Literature references 
 
Bibby J S, Douglas H A, Thomasson A J and Robertson J S (1991). Land Capability 


Classification for Agriculture. Macaulay Land Use Research Institute, Aberdeen. 
 
 







Appendix 3.1: Models - Biomass Production 


 
 
Figure 3.1.3: Agricultural Land Capability Classification for the Lossie catchment 
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Arable Crops Suitability Model 
 
Organisation: NSRI 
 
Date: 1986 
 
Objectives 
 


• To assess suitability of land for common agricultural crops 
o Sugar beet 
o Winter cereal 
o Forage maize 
o Maincrop potatoes 
o Oilseed rape 
o Barley 


• To make general predictions of productivity 
 
Methodology 
 
This methodology is based on whole farm crop data and some data from experimental plots and 
is applied to soil map units at scales of 1:25,000 to 1:250,000. It is designed to use available soil 
and climatic information as statistical averages and generalised crop phenology (Figure 3.1.4). 


 
Figure 3.1.4: Databases needed for crop suitability assessment (taken from Jones and 
Thomasson, 1986) 
 
The degree of suitability is based on: 
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1. workability – the opportunity to establish and harvest the crop defined as number of 
potential machinery work days (MWD) for field operation in the relevant period of 
autumn or spring 


2. crop water supply – balance between atmospheric demands on the crop, incident 
rainfall and soil water reserves accessible by the crop 


 
Input requirements 
 


• droughtiness 
• machinery workdays - spring 
• series 
• Accumulated temperature above 0 degrees 


 
Results 
The model was implanted for the Eden, Tern and Lossie catchments.  Figures 3.1.5 to 3.1.19 
illustrate the results for sugar beet, cereals, maize, potatoes and barley respectively.  Missing 
crops indicate that they are not appropriate for a particular catchment. 
 
Literature references 
 
Beard, G.R. (1987), Suitability of Land for Selected Vegetable Crops, SSLRC report 
 
Jones, R.J.A. and Thomasson, A.J. (1986), Land suitability classification for temperate arable 


crops, in Beek, K.J., Burrought, P.A. and McCormack, D.E. (eds), Proceedings of the 
International Workshop on Quantified Land Evaluation Procedures, Washington DC, 27 April – 
2 May 1986, ITC Publication No. 6 


 
Thomasson, A.J. and Jones, R.J.A. (1991), An empirical approach to crop modelling and the 


assessment of land productivity, Agricultural Systems, 37, pp.351-367 
 
Thomasson, A.J. (1995), Assessment of soil water reserves available for plants (SWAP): a 


review. In: European land information systems for agro-environmental monitoring. King, D., 
Jones, R.J.A. and Thomasson, A.J. (Eds). Institute for Remote Sensing Applications. Joint 
Research Centre. Office for Official Publications of the European Community. Luxembourg. 


 
Wright, P.S. (1986), Alternative Crops: Their soil and climatic requirements, SSLRC report 
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Figure 3.1.5: Agricultural Suitability (Sugar Beet) model for the Eden catchment 
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Figure 3.1.6: Agricultural Suitability (Sugar Beet) model for the Tern catchment 
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Figure 3.1.7: Agricultural Suitability (Sugar Beet) model for the Lossie catchment 
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Figure 3.1.8: Agricultural Suitability (Cereals) model for the Eden catchment 
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Figure 3.1.9: Agricultural Suitability (Cereals) model for the Tern catchment 
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Figure 3.1.10: Agricultural Suitability (Cereals) model for the Lossie catchment 
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Figure 3.1.11: Agricultural Suitability (Maize) model for the Eden catchment 
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Figure 3.1.12: Agricultural Suitability (Maize) model for the Tern catchment 
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Figure 3.1.13: Agricultural Suitability (Maize) model for the Lossie catchment 
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Figure 3.1.14: Agricultural Suitability (Potatoes) model for the Eden catchment 
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Figure 3.1.15: Agricultural Suitability (Potatoes) model for the Tern catchment 
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Figure 3.1.16: Agricultural Suitability (Potatoes) model for the Lossie catchment 
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Figure 3.1.17: Agricultural Suitability (Barley) model for the Eden catchment 
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Figure 3.1.18: Agricultural Suitability (Barley) model for the Tern catchment 
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Figure 3.1.19: Agricultural Suitability (Barley) model for the Lossie catchment 
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Grassland Suitability Model 
 
Organisation: NSRI 
 
Date: 1979 
 
Objectives 
 


• To provide guidelines for assessing soil suitability for grass crops in England and Wales 
• To assess the balance between potential production and utilization and husbandry of 


future growth of grass crops 
• To use information obtained by normal soil survey, supplemented with climatic data 


where necessary 
• To consider needs of the plant and restraints on farmer’s use and management of crop 


 
Methodology 
 
Grassland suitability categories are derived from two subclasses: yield and trafficability. The 
yield categories intended to indicate relative suitability for grass production and are based on 
dryness subclasses identified by Hodgson (1976) which take into account balance between total 
soil available water and average maximum potential cumulative soil water deficit. For example dry 
lowland grass yield categories correspond with soil dryness subclasses. The trafficability 
categories indicate the ease with which grass can be used or managed without physical damage 
to the soil or the sward, by either animal hooves or vehicle wheels. This also depends on the 
effects of climate, slope and the surface bearing strength of the soil, which is dependent on 
density and water content. As with the yield categories, the soils are subdivided by climate into 
dry and moist environments. 
 
By combining the yield and trafficability classes outlined above, the final grassland suitability 
classes fall into the following four categories: 
 


A. Soils well suited to pasture 
B. Soils suited to pasture, with only minor limitations 
C. Soils suited to seasonal pasture 
D. Soils ill-suited to pasture 


 
Input requirements 
 


• droughtiness 
• moisture deficit 
• length of growing season 
• field capacity days 
• moisture zone 
• field capacity zone 
• grass trafficability 
• grass yield 
• series 
• depth to slowly permeable layer 
• wetness class 
• retained water (grass) 


 
Results 
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The model was implanted for the Eden (Figure 3.1.20), Tern (Figure 3.1.21) and Lossie (Figure 
3.1.22) catchments. 
 
Literature references 
 
Harrod, T.R. (1979). Soil suitability for grassland. p. 51-70. In M.G. Jarvis and D. Mackney (ed.). 


Soil Survey Applications. Technical Monograph No.13, Harpenden, UK 
 
Hodgson, J.M. (1976). Soil Survey Field Handbook. Soil Survey Technical Monograph. No.5, 


pp99. Harpenden, UK 
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Figure 3.1.20: Grass Suitability for the Eden catchment 
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Figure 3.1.21: Grass Suitability for the Tern catchment 
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Figure 3.1.22: Grass Suitability for the Lossie catchment 
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Energy Crops Suitability Models 
 
Organisation: NSRI  
 
Date: unknown 
 
Objectives 
 


• To assess suitability of land for energy crops 
o Sunflowers 
o Lupins 
o Willow 


 
Methodology 
 
The suitability of land for growing energy crops such as lupins and sunflowers is described in 
Siddons et al (1993). Thresholds are defined for unsuited, marginally suited, moderately suited 
and well suited land, based on a number of parameters. For example, to assess the suitability of 
land for lupins across England and Wales, the dominant soil series for each 5km x 5km grid 
square was used to classify the pH range and the model is based on the interaction of crop 
climate requirements with land qualities such as droughtiness, ease of workability at optimum 
sowing time and soil reaction or fertility. The potential yield for willow is calculated using potential 
soil moisture deficit and available water to 1 metre for a specified soil series. This data is 
extracted from relevant LandIS databases. 
 
Input requirements 
 


• Map unit 
• Sunflowers 


o Accumulated temperature 
o Spring machinery work days 
o Crop specific droughtiness 


• Lupins 
o Accumulated temperature 
o Soil pH range 
o Autumn machinery work days 


• Willow 
o Droughtiness 


 
Results 
Two energy crops were implemented for this project, namely willow and sunflower.  The willow 
model was implemented for the Eden (Figure 3.1.23) and Tern (Figure 3.1.24) catchments, 
whereas the sunflower model was implemented for all three catchments (Figures 3.1.25 to 
3.1.27).  The willow model was implemented for the Lossie catchments as the Macaulay Institute 
has a separate model (see below). 
 
Literature references 
 
Wright, P.S. (1986), Alternative Crops: Their soil and climatic requirements, SSLRC report 
 
Siddons, P.A., Jones, R.J.A., Hollis, J.M. and Hallett, S.H. (1993), Land Suitability for Lupins and 


Sunflowers, SSLRC report 
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Figure 3.1.23: Energy crop suitability (Willow) for the Eden catchment 
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Figure 3.1.24: Energy crop suitability (Willow) for the Tern catchment 


32 







Appendix 3.1: Models - Biomass Production 


 
 
Figure 3.1.25: Energy crops (Sunflower) for the Eden catchment 
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Figure 3.1.26: Energy crops (Sunflower) for the Tern catchment 
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Figure 3.1.27: Energy crops (Sunflower) for the Lossie catchment 
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Title: Potential for Short Rotation Coppice 
 
Organisation: Macaulay Institute 
 
Date: 1997 
 
Objectives 


• to assess the potential for short rotation willow 
 
Methodology 
 
The methodology relies on a series of decision rules that initially differentiates between suitable 
and unsuitable land (Table 3.1.3) and subsequently classifies the suitable land into three classes 
(Table 3.1.4). 
 
Table 3.1.3: Criteria used to determine land suitable for short rotation coppice 
 


 Willow Poplar 


Soils 
 


Brown earths, brown calcareous  
or podzolic soils, humus-iron, 


humus or iron podzols, mineral 
gleys, mineral alluvial soils1    


As for willow 


Slope <= 12 degrees As for willow 


Topography non or slightly rocky As for willow 


 
Land cover 


arable and improved pasture, 
rough grasslands  


arable and improved 
pasture 


Accumulated temperature 
(day degrees above 5.6°C) 


> 875  >1100 


 
Table 3.1.4: Criteria and thresholds for site assessment for short rotation willow production. 
 


 Slope 
(degree) 


Exposure2


 
Droughtiness


3 


 


Land cover 
 


Accumulated 
temperature3 


Predicted 
Yield 


(oven-dry 
tonnes/ha) 


Marginally 
suited 


9-12 Exposed <= 0mm scrub or 
maritime 
pasture 


876-1100 day-
degrees above 


5.6°C 


1-7 


Suited 6-8 exposed or 
moderately 


exposed 


1-49 mm mainly rough 
grass 


1101-1375 
day degrees 
above 5.6°C 


5-11 


Highly 
suited 


<=5 moderately 
exposed or 
sheltered 


>= 50 mm arable or 
improved 
pasture 


1375 day 
degrees above 


5.6°C 


9-15 


 


1 based on Scottish soil classification (MISR 1984) 
2 based on Birse and Robertson (1970) 
3 based on MacDonald et al (1994) 
 
Input requirements 
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• Major soil subgroup 
• Gradient 
• Rockiness 
• Land cover (current vegetation) 
• Exposure 
• Droughtiness 


 
Results 
The model was implemented for a previous project and was not reproduced for this project.  The 
model was not implemented for the Eden and Tern catchments as NSRI has a separate model 
(see above). 
 
Literature references 
 
Birse, E. L. and Robertson, L. (1970) Assessment of Climatic Conditions in Scotland. 2. Based on 


exposure and accumulated frost. The Macaulay Institute for Soil Research, Craigiebuckler, 
Aberdeen. 


Macaulay Institute for Soil Research (1984) Soil and Land Capability for Agriculture 1: 250 000 
Survey. Organization and Methods. The Macaulay Land Use Research Institute, Aberdeen. 


MacDonald, A.M., Matthews, K.B., Paterson, E. and Aspinall, R.J. (1994) The impact of climate 
change on the soil/moisture regime of Scottish mineral soils. Environmental Pollution, 83, 
245-50. 


Towers, W., Morrice, J., Birnie, R.V., Dagnall, S. and Aspinall, R.J. (1997) Assessing the potential 
for short rotation coppice in Scotland. Report to SOAEFD. 


Andersen, R. S., Towers, W. and Smith, P. (2005) Assessing the potential for biomass energy to 
contribute to Scotland's renewable energy needs. Biomass and Bioenergy, 29, 73-82. 
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Woodland Suitability Model (Treefit) 
 
Organisation: NSRI 
 
Date: 1992 
 
Objectives 
 


• To aid the selection of tree species for a site for various purposes 
 
Methodology 
 
‘Treefit’ is a database of information around 60 tree species which was developed to find the 
suitability of particular tree species to particular sites. This database was used to develop an 
empirical model, using data on tree growth from Forestry Commission experimental sites and 
general yield class plotted against a number of parameters. The Treefit database interacts with 
LandIS to produce suitability maps of each tree species according to the input requirements 
specified below. A two-class system of ‘suited’ and ‘unsuited’ is mapped using GIS (Table 3.1.5), 
and data is then interpolated between the 5km x 5km NSI points. 
 
 pH Soil 


Depth 
(cm) 


Altitude 
(m) 


AT>5.6o�C 
(days) 


Droughtines
s (mm) 


Field 
Capacity 
Days 


Suited 2.5–6.5 >40 >550 >500 <50 >100 
Unsuited <2.5  


>6.5 
<40 <550 <500 >50 <100 


 
Table 3.1.5: Model Criteria (taken from Christie, 1992) 
 
An example of the use of Treefit for predicting the spatial variation in Sitka Spruce suitability can 
be found in Christie (2002). Each parameter was mapped separately, the maps overlaid and a 
modelling equation applied to produce a single map of ‘suitability for Sitka Spruce’. Field capacity 
days and droughtiness data are manipulated to show the potential change in spatial distribution of 
‘suitable’ sites with changing rainfall and evapotranspiration. This study helped to illustrate the 
climatic sensitivity of Sitka Spruce suitability and therefore demonstrate the potential impact of 
climate change. 
 
Input requirements 
 


• series 
• wetness class 
• ph 
• accumulated temperature above 6 degrees 
• minimum soil depth  
• droughtiness 
• landuse 


 
Results 
The model was implanted for the Eden and Tern catchments.  Results for Norway Spruce and 
Noble Fir are illustrated in Figures 3.1.28 to 3.1.31 respectively.  As there is a separate model 
developed by the Macaulay Institute, the model was not applied to the Lossie catchment. 
 
Literature references 
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Christie, S. (1992), “Climatic sensitivity of land suitability for Sitka spruce in England and Wales”, 
MSc thesis, Silsoe College 


 
Hartnup, R. (1991) ‘Treefit’ – an Aid to Forestry and Silviculture, Agricultural Engineer, Autumn 


1991, 88-91 
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Figure 3.1.28: Forestry Suitability (Norway Spruce) for the Eden catchment 
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Figure 3.1.29: Forestry Suitability (Norway Spruce) for the Tern catchment 
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Figure 3.1.30: Forestry Suitability (Noble Fir) for the Eden catchment 
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Figure 3.1.31: Forestry Suitability (Noble Fir) for the Tern catchment 
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Land Capability for Forestry 
 
Organisation: Macaulay Institute/NSRI/Forestry Commission 
 
Date: 1988 
 
Objectives 


• to assess the potential of land for forestry based on an assessment of the increasing degree 
of limitation imposed by the physical factors of soil, topography and climate on the growth of 
trees and on silvicultural practices. 


 
Methodology 
 
The methodology comprises a series of published guidelines (Bibby et al 1988) that allows land to 
be classified into seven classes based on the limitations imposed by soil, climate, topography and 
interactions between them. It is similar in approach to the LCA classification and there are a 
number of assumptions that underpin the classification that must be borne in mind. The final 
classification depends on the most limiting factor rather than on an average of all the factors. 
 
Class Classification 
F1 Land with excellent flexibility for the growth and management of tree crops 
F2 Land with very good flexibility for the growth and management of tree crops 
F3 Land with good flexibility for the growth and management of tree crops 
F4 Land with moderate flexibility for the growth and management of tree crops 
F5 Land with limited flexibility for the growth and management of tree crops 
F6 Land with very limited flexibility for the growth and management of tree crops 
F7 Land unsuitable for producing tree crops 
 
Table 3.1.6: LCF classes 
 
Input requirements 
 
A range of soil, climatic and topographic data and assessments are required including: 
 


• Annual accumulated temperature above 5.6 degrees C  
• Exposure  
• Windthrow hazard 
• Soil nutrient status 
• Topography 
• Soil droughtiness – interaction between soil and climate parameters 
• Soil Wetness - interaction between soil and climate parameters 
• Soil depth 


 
Results 
The model was implanted for the Eden (Figure 3.1.32), Tern (Figure 3.1.33) and Lossie (Figure 
3.1.34) catchments. 
 
Literature references 
 
Bibby J S, Heslop R E F and Hartnup R (1988). Land Capability Classification for Forestry in 


Britain. Macaulay Land Use Research Institute, Aberdeen. 
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Figure 3.1.32: Land Capability for Forestry for the Eden catchment 
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Figure 3.1.33: Land Capability for Forestry for the Tern catchment 
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Figure 3.1.34: Land Capability for Forestry for the Lossie catchment 
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Appendix 1: Data 


Appendix 1: Data 
 
Appendix 1 contains the origins and descriptions for the data layers collated for this project 
summarised in Table 1.  In addition, the Appendix illustrates the requirement for a wide range of 
environmental data required in such a project and acknowledges the contributions of the 
organisation how provided them. 
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Table 1: Data collated for this project 
 
General Organisation/Source 
5km Landis climatic datasets  NSRI 
50m resolution Digital Terrain Model  CEH 
1:50,000 river network coverage  CEH 
Soil map for Moorhouse  CEH 
Soil map of the Eden at 250m resolution  NSRI 
Soil map of the Eden at 50m resolution  NSRI 
Soil map of the Lossie at 250m resolution  Macaulay 
Soil map of the Tern at 250m resolution  NSRI 
Soil map of the Tern at 50m resolution  NSRI 
Land Cover Map 2000  CEH 
Landscape Character Assessment Staffs County Council 
Landscape Character Assessment Shrops County Council 
Biomass production  
Agricultural Land Classification  Defra 
Flood Risk  Environment Agency/ CEH 
Land Capability for Agriculture  Macaulay 
Land capability for Forestry  Macaulay 
Environmental interaction  
Flood plain position  Environment Agency/CEH 
Metals in soil  NSRI 
Soil contamination  Macaulay 
Soil water quality  NRFA/CEH 
Gauging stations  NRFA/CEH 
Biological habitat and gene reserve  
Countryside 2000 data CEH 
Landscape value and character areas  County Councils 
BAP species records  Biological Records Centre/CEH 
Areas of Outstanding Natural Beauty MAGIC 
Common Land MAGIC 
Countryside Agency Regions MAGIC 
Countryside Character Areas MAGIC 
Environmentally Sensitive Areas MAGIC 
Forestry Commission Conservancy Boundaries Forestry Commission 
National Parks MAGIC 
Nitrate Vulnerable Zones DEFRA 
Nitrate Sensitive Areas MAGIC 
Ancient Woodlands English Nature 
Sites of Special Scientific Interest English Nature 
Physical medium  
Infrastructure and urban areas  Bartholomew 
Potential Land for Housing in Scotland  Macaulay 
Urban Settlements ODPM 
Geology (various) BGS 
Cultural heritage  
250 grid indicating known archaeological sites  English Heritage & OS Mastermap 
 
No National Parks in Tern catchment and no Nitrate Sensitive Areas in the Eden catchment 
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MAGIC 
 


Agricultural Land Classification - Provisional (England) 
Name Agricultural Land Classification - Provisional (England) 
Map Topic(s) Land Classifications


 


Abbrev Name ALC  
Theme Agricultural land classified into five grades. Grade one is best quality 


and grade five is poorest quality. A number of consistent criteria used for 
assessment which include climate (temperature, rainfall, aspect, 
exposure, frost risk), site (gradient, micro-relief, flood risk) and soil 
(depth, structure, texture, chemicals, stoniness).  


Labelling 
Convention 


One number code uniquely identifying ALC Grade  


Definition One number code uniquely identifying ALC Grade  
Domain of Use England  
Owner DEFRA  
Version 1.0  
Version Date 10/01/2002  
Parent Not Applicable  
Child Not Applicable  
Responsible 
Authority 


DEFRA  


Frequency of 
Supply 


Never  


Source Raster Digital mapping  
Scale 1:250,000  
Data Capture 
Process 


Head down digitising  


Quality Digitised from the published 1:250,000 maps which was in turn compiled 
from the published 1 inch to 1 mile maps. Digitised without reference to 
underlying O.S.  


Positional Accuracy Estimated as +/- 0.1mm from source document; based on visual 
comparison with published maps which are only accurate to nearest 
80ha.  


Precision Data captured with co-ordinate precision of 1 metre  
Measurement Spatial (from extent of feature)  
Unit of Measure Hectares  
Dimension Area  
Other Information   
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2001 Urban Settlements (England) 
Name 2001 Urban Settlements (England) 
Map Topic(s) Land Classifications


 


Abbrev Name   
Theme ODPM's 2001 Urban Settlement data cover England and Wales 


corresponding to the 2001 Census data. Urban settlements were 
defined as areas of built up land with an associated popualtion of 1,000 
and a minimum area of 20 hectares. Settlements separated by less than 
200metres were linked. The settlements were extracted from the 
Ordnance Survey 1: 10,000 scale maps, as at 1st April 2001  


Labelling 
Convention 


Unique code of single letter and five digits for each urban area  


Definition Unique code of single letter and five digits for each urban area  
Domain of Use England  
Owner The Office of the Deputy Prime Minister (ODPM) for Urban Areas, Office 


for National Statistics (ONS) for population data  
Version   
Version Date 01/04/2001  
Parent Not Applicable  
Child Not Applicable  
Responsible 
Authority 


The Office of the Deputy Prime Minister (ODPM)  


Frequency of 
Supply 


Decennially  


Source   
Scale 1:10,000  
Data Capture 
Process 


Heads down digitising  


Quality Checked against OS 1:10,000 scale mapping   
Positional Accuracy Positional accuracy estimated as +/- 0.1mm from source document; 


based on visual comparison with plots   
Precision Data captured with co-ordinate precision of 1 metre  
Measurement Spatial (from extent of feature)  
Unit of Measure Hectares  
Dimension Area  
Other Information   
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Areas of Outstanding Natural Beauty (England) 
Name Areas of Outstanding Natural Beauty (England) 
Map Topic(s) Rural Designations - Statutory


 


Abbrev Name AONB  
Theme AONBs are designated areas where protection is afforded to protect and 


manage the areas for visitors and local residents  
Labelling 
Convention 


Numerical code identifying each individual AONB  


Definition Numerical code identifying each individual AONB  
Domain of Use England  
Owner Countryside Agency   
Version   
Version Date 05/05/2005  
Parent Not Applicable  
Child Not Applicable  
Responsible 
Authority 


Countryside Agency   


Frequency of 
Supply 


Unknown  


Source Mixed scale pape  
Scale Mixed small, medium and/or large scales   
Data Capture 
Process 


Heads-up digitising  


Quality This dataset is   
Positional Accuracy Estimated as +/-  
Precision Data captured with co-ordinate precision of 1 metre  
Measurement Statutory  
Unit of Measure Square kilometres  
Dimension Area  
Other Information   
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Common Land (England) 
Name Common Land (England) 
Map Topic(s) Rural Designations - Statutory


 


Abbrev Name   
Theme Common Land is land over which individuals other than the owners 


have 'rights of common'. The 'rights of common' entitle persons 
possessing such rights to use a range of products and characteristics of 
the land. The rights may include grazing of stock, collecting of timber or 
taking of fish. These rights have been handed down through nine or 
more centuries. This data has been provided with the agreement of the 
Department for Environment, Food and Rural Affairs (DEFRA). You will 
be aware that the dataset is intended to be indicative and not definitive 
and that available records held in local authority Registers have been 
digitised at a resolution of 1:50 000 and are dated c.1993. Every effort 
was made to ensure the Common Land and Village Green boundary 
digital dataset was accurate. Due to limited resources it is impractical to 
investigate and correct errors in the dataset. DEFRA cannot accept any 
responsibility for the accuracy of the data or any liability resulting from 
their use. Common land boundaries will be updated through the project 
to produce maps of Open Countryside.   


Labelling 
Convention 


Up to 6 figure unique reference code  


Definition Up to 6 figure unique reference code  
Domain of Use England  
Owner DEFRA  
Version   
Version Date 01/10/1993  
Parent Not Applicable  
Child Not Applicable  
Responsible 
Authority 


DEFRA  


Frequency of 
Supply 


To be confirmed  


Source Large scale digitising  
Scale 1 : 50 000  
Data Capture 
Process 


Digitising by county creating polygons for common land   


Quality An algorithm was written to assist in data checking. The program 
compares the listing of digitised commons against the listing of 
commons from the superfile database  


Positional Accuracy + / - 1mm from source maps  
Precision 50 m on the ground  
Measurement Registered area of common. Minimum mapping unit often greater than 4 


hectares  
Unit of Measure Hectares  
Dimension Area  
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Other Information http://www.countryside.gov.uk/access/mapping  
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Countryside Agency Regions (England) 
Name Countryside Agency Regions (England) 
Map Topic(s) Administrative Areas


 


 


Abbrev Name   
Theme Countryside Agency Administrative Regions  
Labelling 
Convention 


Two letter code uniquely identifying each administrative region  


Definition Two letter code uniquely identifying each administrative region  
Domain of Use England  
Owner Countryside Agency   
Version 1.0  
Version Date 12/03/2002  
Parent OS Boundary-Line  
Child N/A  
Responsible 
Authority 


Countryside Agency   


Frequency of 
Supply 


Annually  


Source OS Boundary-Line  
Scale 1:10,000 generalised to 50 metres  
Data Capture 
Process 


Dissolving of county / unitary components  


Quality OS Boundary-Line  
Positional Accuracy Unknown  
Precision Unknown  
Measurement Spatial (from extent of feature)   
Unit of Measure Square kilometres  
Dimension Area  
Other Information   
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Countryside Character Areas (England) 
Name Countryside Character Areas (England) 
Map Topic(s) Joint Character Areas


 


Abbrev Name   
Theme Countryside Character Areas provide a context to local planning, action 


and development. There are 159 areas that are unique in terms of a 
combination of physiographic, land use, historical and cultural attributes 


Labelling 
Convention 


Numerical code uniquely identifying each Countryside Character Area  


Definition Numerical code uniquely identifying each Countryside Character Area  
Domain of Use England  
Owner Countryside Agency   
Version 1.0  
Version Date 05/05/2005  
Parent Natural Areas  
Child Not Applicable  
Responsible 
Authority 


Countryside Agency (digital copy from FRCA)  


Frequency of 
Supply 


Unknown  


Source Joint character   
Scale 1:200,000  
Data Capture 
Process 


Digitising polygons from Joint Character Map, using existing polygon 
data from Natural Areas dat  


Quality Quality checked   
Positional Accuracy Boundaries repre  
Precision not relevant  
Measurement Spatial (from extent of feature)   
Unit of Measure Square kilometres  
Dimension Area  
Other Information   
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Environmentally Sensitive Areas (England) 
Name Environmentally Sensitive Areas (England) 
Map Topic(s) Rural Designations - Statutory


 


Abbrev Name ESA  
Theme Environmentally Sensitive Areas are one of a range of agri-environment 


schemes operating under the England Rural Development Programme. 
Incentives are offered to farmers to adopt agricultural practices which 
will safeguard and enhance parts of the country of particularly high 
landscape, wildlife or historic value.  


Labelling 
Convention 


Two letter code uniquely identifying the ESA  


Definition Two letter code uniquely identifying the ESA  
Domain of Use England  
Owner DEFRA  
Version 1.0  
Version Date 20/12/2001  
Parent Not Applicable  
Child ESA Agreements ESA Tiers  
Responsible 
Authority 


DEFRA  


Frequency of 
Supply 


Not known  


Source Large scale raster digital mapping  
Scale 1:10,000  
Data Capture 
Process 


Head up digitising  


Quality Boundaries of features traced from 1:10,000 scale Ordnance Survey 
raster mapping; quality control against published paper mapping  


Positional Accuracy Positional accuracy estimated as +/- 0.1mm from source document; 
based on visual comparison with plots   


Precision Data captured with co-ordinate precision of 1 metre  
Measurement Spatial (from extent of feature)  
Unit of Measure Hectares  
Dimension Area  
Other Information   
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Forestry Commission Conservancy Boundaries (England) 
Name Forestry Commission Conservancy Boundaries (England) 
Map Topic(s) Administrative Areas


 


Abbrev Name   
Theme Forestry Commission Administrative Regions  
Labelling 
Convention 


Two letter code uniquely identifying each Forestry Commission 
conservancy  


Definition Two letter code uniquely identifying each Forestry Commission 
conservancy  


Domain of Use England  
Owner Forestry Commission   
Version 1.0  
Version Date 22/05/2002  
Parent OS Boundary-Line  
Child N/A  
Responsible 
Authority 


Forestry Commission  


Frequency of 
Supply 


As required  


Source OS Boundary-Line  
Scale 1:10,000 generalised to 50 metres  
Data Capture 
Process 


Dissolving of county / unitary components  


Quality OS Boundary-Line  
Positional Accuracy Unknown  
Precision Unknown  
Measurement Spatial (from extent of feature)   
Unit of Measure Square kilometres  
Dimension Area  
Other Information   
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National Parks (England) 
Name National Parks (England) 
Map Topic(s) Rural Designations - Statutory


 


Abbrev Name   
Theme National Parks are run by National Park Authorities for the purpose of 


conserving and enhancing the natural beauty, wildlife and cultural 
heritage and to provide opportunities for the understanding and 
enjoyment of the Park by the public.  


Labelling 
Convention 


One number code uniquely identenifying each National Park  


Definition One number code uniquely identenifying each National Park  
Domain of Use England  
Owner Countryside Agency   
Version   
Version Date 01/03/2005  
Parent Not Applicable  
Child Not Applicable  
Responsible 
Authority 


Countryside Agency (DEFRA digitization)  


Frequency of 
Supply 


Unknown  


Source Mixed scale paper mapping  
Scale Mixed small, medium and/or large scales   
Data Capture 
Process 


Heads-up digitising  


Quality The New Forest National Park has been verified against the Designated 
Boundary. All other National Parks in this data set are improved 
interpretations of the Designated Boundaries, completed using 
Ordnance Surver Land-Line 2001 as base mapping. These boundaries 
will be the subject of further refinement over the course of the next 6 to 
12 months.  


Positional Accuracy Estimated as +/- 0.5mm from source document  
Precision Data captured with co-ordinate precision of 1 metre  
Measurement Statutory  
Unit of Measure Square kilometres  
Dimension Area  
Other Information   
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Nitrate Sensitive Areas (England) 
Name Nitrate Sensitive Areas (England) 
Map Topic(s) Rural Designations - Statutory


 


Abbrev Name NSA  
Theme NSAs are carefully selected areas covering groundwater sources used 


to supply drinking water. In these areas incentives were offered to 
farmers to undertake significant changes in agricultural practices to 
reduce nitrate leaching, thereby helping stabalise or reduce nitrate 
levels. There are 32 NSAs in England. Note this scheme is now closed 
to new applicants.  


Labelling 
Convention 


Two letter code uniquely identifying the NSA  


Definition Two letter code uniquely identifying the NSA  
Domain of Use England  
Owner DEFRA  
Version 1.0  
Version Date 10/01/2002  
Parent Not Applicable  
Child Not Applicable  
Responsible 
Authority 


DEFRA  


Frequency of 
Supply 


Never  


Source Raster Digital mapping  
Scale 1:10,000  
Data Capture 
Process 


Head up digitising  


Quality Boundaries of features traced from 1:10,000 scale Ordnance Survey 
raster mapping; quality control against published paper mapping.  


Positional Accuracy Estimated as +/- 0.1mm from source document; based on visual 
comparison with published maps  


Precision Data captured with co-ordinate precision of 1 metre  
Measurement Spatial (from extent of feature)  
Unit of Measure Hectares  
Dimension Area  
Other Information   
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Nitrate Vulnerable Zones (England) 
Name Nitrate Vulnerable Zones (England) 
Map Topic(s) Rural Designations - Statutory


 


Abbrev Name NVZ  
Theme NVZs were set up under Council Directive 91/676/EEC and have been 


established in areas where nitrate from agricultural land is causing 
pollution of the water environment. In these zones Action Programmes 
of compulsory measures apply. These measures include a requirement 
for farmers to limit their applications of livestock manures and, in some 
circumstances, to observe closed periods for the application of organic 
manure to agricultural land. Action Programme measures apply to all 
land within designated NVZs from 19th December 2002. Around 55% of 
England is now included within a Nitrate Vulnerable Zone.  


Labelling 
Convention 


One figure reference code identifying Nitrate Vulnerable Zone  


Definition One figure reference code identifying Nitrate Vulnerable Zone  
Domain of Use England  
Owner DEFRA  
Version   
Version Date 09/01/2003  
Parent Not applicable  
Child Not applicable  
Responsible 
Authority 


DEFRA  


Frequency of 
Supply 


Irregular - in line with requirements to meet EC legislation  


Source NVZ Methodology Report (DEFRA)  
Scale 1:2500  
Data Capture 
Process 


Cloning of OS landline data, heads up digitising  


Quality OS 1:2500 landline features cloned following rules in Methodology 
Report, 25% check on total length of line.  


Positional Accuracy Accuracy is that of OS landline where boundary has been cloned 
i.e.relative accuracy is +-1.2m at 1:2500 scale over a length of 200m  


Precision Data captured with co-ordinate precision of sub 1 metre  
Measurement Not applicable  
Unit of Measure Not applicable  
Dimension Not applicable  
Other Information   
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Urban Settlements (ODPM) 
ODPM's 2001 Urban Settlement data cover England and Wales corresponding to the 2001 
Census data. Urban settlements were defined as areas of built up land with an associated 
population of 1,000 and a minimum area of 20 hectares. Settlements separated by less than 
200metres were linked. The settlements were extracted from the Ordnance Survey 1: 10,000 
scale maps, as at 1st April 2001.  
Source: www.magic.gov.uk/datadoc/metadata.asp?dataset=1&x=5&y=7 
 


Agricultural Land Classification (DEFRA) 
Agricultural land classified into five grades. Grade one is best quality and grade five is poorest 
quality. A number of consistent criteria used for assessment which include climate (temperature, 
rainfall, aspect, exposure, frost risk), site (gradient, micro-relief, flood risk) and soil (depth, 
structure, texture, chemicals, stoniness).  
Source: www.magic.gov.uk/datadoc/metadata.asp?dataset=2&x=6&y=5 
 


Areas of Outstanding Natural Beauty (DEFRA) 
AONBs are designated areas where protection is afforded to protect and manage the areas for 
visitors and local residents.  
Source: www.magic.gov.uk/datadoc/metadata.asp?dataset=4&x=11&y=7 
 


Common Land (DEFRA) 
This dataset contains parcels of land designated as Registered Common Land under the 
Countryside and Rights of Way Act 2000. It was created under the Countryside Rights Of Way 
Act (2000) and the Registered Common Land (RCL) data was digitised from DNF Landline by the 
contractors Geodata on behalf of The Countryside Agency. 
Source: www.magic.gov.uk/datadoc/metadata.asp?dataset=205 
 


Countryside Agency Regions (DEFRA) 
This dataset contains the administrative regions of the Countryside Agency.   
Source: www.magic.gov.uk/datadoc/metadata.asp?dataset=9&x=15&y=5. 
 


Countryside Character Areas (DEFRA) 
Countryside Character Areas provide a context to local planning, action and development. There 
are 159 areas that are unique in terms of a combination of physiographic, land use, historical and 
cultural attributes.  
Source: www.magic.gov.uk/datadoc/metadata.asp?dataset=10&x=3&y=8 
 


Environmentally Sensitive Areas (DEFRA) 
Environmentally Sensitive Areas are one of a range of agri-environment schemes operating 
under the England Rural Development Programme. Incentives are offered to farmers to adopt 
agricultural practices which will safeguard and enhance parts of the country of particularly high 
landscape, wildlife or historic value. The boundaries of features were traced from 1:10,000 scale 
Ordnance Survey raster mapping and quality controlled against published paper mapping.  
Source: www.magic.gov.uk/datadoc/metadata.asp?dataset=23&x=13&y=13 
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Forestry Commission Conservancy Boundaries (Forestry 
Commission) 
Forestry Commission Administrative Regions.  
Source: www.magic.gov.uk/datadoc/metadata.asp?dataset=24&x=16&y=2 
 


National Parks (DEFRA) 
National Parks are run by National Park Authorities for the purpose of conserving and enhancing 
the natural beauty, wildlife and cultural heritage and to provide opportunities for the 
understanding and enjoyment of the Park by the public.  
Source: www.magic.gov.uk/datadoc/metadata.asp?dataset=41&x=8&y=8 
 


Nitrate Sensitive Areas (DEFRA) 
NSAs are carefully selected areas covering groundwater sources used to supply drinking water. 
In these areas incentives were offered to farmers to undertake significant changes in agricultural 
practices to reduce nitrate leaching, thereby helping stabalise or reduce nitrate levels. There are 
32 NSAs in England. Note this scheme is now closed to new applicants.  
Source: www.magic.gov.uk/datadoc/metadata.asp?dataset=45&x=6&y=3 
 


Nitrate Vulnerable Zones (DEFRA) 
NVZs were set up under Council Directive 91/676/EEC and have been established in areas 
where nitrate from agricultural land is causing pollution of the water environment. In these zones 
Action Programmes of compulsory measures apply. These measures include a requirement for 
farmers to limit their applications of livestock manures and, in some circumstances, to observe 
closed periods for the application of organic manure to agricultural land. Action Programme 
measures apply to all land within designated NVZs from 19th December 2002. Around 55% of 
England is now included within a Nitrate Vulnerable Zone.  
Source: www.magic.gov.uk/datadoc/metadata.asp?dataset=46&x=20&y=7 
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English Nature 
 


Ancient Woodlands (English Nature) 
This inventory identifies over 22,000 ancient woodland sites in England, including ancient 
woodland, ancient semi-natural woodland and ancient replanted woodland. Ancient woodland is 
identified using presence or absence of woods from old maps, information about the wood's 
name, shape, internal boundaries, location relative to other features, ground survey, and aerial 
photography. The information recorded about each wood and stored on the Inventory Database 
includes its grid reference, its area in hectares, how much is semi-natural or replanted, whether 
any of the wood has been cleared (since 1920 approx), public ownership details where known, 
and any conservation status. Prior to the digitisation of the boundaries, only paper maps depicting 
each ancient wood at the 1:50,000 scale were available.  
Source: www.english-nature.org.uk/pubs/gis/gis_register.asp 
(or viewed online via www.magic.gov.uk/datadoc/metadata.asp?dataset=3&x=4&y=7) 
 
A variety of publications regarding ancient woodlands are available from English Nature's 
Enquiries Service or  
www.english-nature.org.uk/pubs/publication/pub_search.asp: 


• Reid CM (1997) Guidelines for Identifying ancient woodland. English Nature booklet 
• Reid CM (1997) Local Authorities and the protection and management of ancient 


woodland. English Nature Research Report No.250.  
• Reid CM (1999) Help notes for Planning consultation on ancient woodland. English 


Nature booklet 
• Reid CM, Iles VH & Isaacs J (March 1999) The ancient woodland inventory database and 


digital boundary project, An update of recent developments. English Nature Research 
Report No.313.  


• Spencer, J W & Kirby, K J  (1992)  An inventory of ancient woodland for England and 
Wales.  Biological Conservation, 62, 77-93. (Background to how the data were collected) 


 


Sites of Special Scientific Interest (English Nature) 
A Site of Special Scientific Interest (SSSI) is the land notified as an SSSI under the Wildlife and 
Countryside Act (1981), as amended. SSSIs notified under the 1949 Act only are not included in 
the Data set.  
Source: www.english-nature.org.uk/pubs/gis/gis_register.asp 
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Environment Agency 
 


Flood Risk (Environment Agency) 
The data supplied comes from a ground breaking project called Risk Assessment for 
Strategic Planners (RASP). This is an R&D project and the version 5 output provides an 
assessment of likelihood of flooding taking into account the location, type and condition of flood 
defences. A number of products are used in the derivation of the flood probabilities provided. 
They include an assessment of flows and the extent to which water will reach from flood 
modelling of rivers and the sea. Ground levels used come from the newly available Digital Terrain 
Model produced by Intermap. All of the products used are the best available for use for national 
modelling as confirmed by industry experts. However, they all have inherent limitations with 
respect to accuracy of outputs, particularly at a local level. 
 
HR Wallingford/University of Bristol (2004), Risk Assessment for Flood and Coastal Defence for 
Strategic Planning (RASP), Environment Agency R&D Technical Report W5B-030/TR 
Available online: http://publications.environment-
agency.gov.uk/epages/eapublications.storefront/43e77d8800caa856273fc0a8029606de/Product/
View/SCHO0305BIQM&2DE&2DE). 
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County Councils 
 


Landscape Character Assessment 
LCA involves the map based identification of the elements which contribute to the intrinsic 
character of a landscape and then collecting information on their condition and distribution by 
means of a field-based survey. This process divides an area into a number of units called 
Landscape Description Units (LDU’s) within which the landscape will display a broadly similar 
character.   
Source: Shropshire County Council & Staffordshire County Council 
www.countryside.gov.uk/LAR/Landscape/CC/index.asp 
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British Geological Survey (BGS) 
 


DIGMAP 
DiGMAPGB-50 product providing 1:50 000 scale geological map data. The data is separated into 
four themes: Solid (bedrock) geology, Drift (superficial or Quaternary) deposits, Artificial ground, 
and Mass Movement deposits. Each polygon is labelled with a geological attribute indicating the 
geological unit (lithostratigraphy) and its composition (lithology). The data is available under 
licence to external users but more information can be found at 
www.bgs.ac.uk/products/digitalmaps/digmapgb.html. 
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Centre for Ecology and Hydrology (CEH) 
 


Land Cover (250m degraded) 
LCM2000 is a vector database, for use within a GIS system. It is registered to the British National 
Grid (also known as Ordnance Survey grid references). It shows areas of land as 'parcels' or 
polygons. Each parcel has attached to it a list of values or attributes, covering such topics as land 
cover class, parcel area, length of boundary, processing history, knowledge-based correction and 
identification of the original satellite scene. Data is available under licence but further information 
is available at www.ceh.ac.uk/sections/seo/lcm2000_home.html. 
 
Robinson, P., Fisher, P., & Smith, G. (2005) Evaluating object-based data quality attributes in the 
Land Cover Map 2000 of the United Kingdom. Photogrammetric Engineering and Remote 
Sensing, 71, 269-276. 
 


Heritage 
 
Identifying archaeological features 


In order to identify the presence of archaeological features within the three study catchments data 
sets from statutory agencies – English Heritage for the Upper Eden and Tern and Historic 
Scotland for the Lossie - and the Ordnance Survey have been used. 
 
Ancient monuments data for the Lossie catchment were obtained from Historic Scotland as 
spatial data files in which monuments are recorded as polygon features.  These were imported 
directly into the GIS.  Associated attribute data includes reference id, region and district codes, 
category type, grid reference, display parameters and a name (e.g. “Elgin Castle”, “Quarrywood, 
henge 260m N of Oakwood Motel”, “Elgin Cathedral”). 
 
Scheduled monuments data for the Upper Eden and Tern catchments were obtained from 
English Heritage as spreadsheet files in which monuments are located using grid references.  
Whilst the majority of monuments are located with a single grid reference and were loaded into 
the GIS as point features, some monuments have multiple locations and were loaded into the GIS 
as line features.  Other attributes supplied with the scheduled monuments data include a unique 
monument id, county, district and parish and a brief description (e.g. “Prehistoric hut circle 
settlement, associated field system and a medieval shieling”, “Romano-British farmstead and a 
length of Roman Road”, “Pendragon Castle”) which could be used to broadly date the monument.  
Table 1 summarises the number of scheduled and ancient monuments within the study 
catchments. 
 
Table 1:  Summary of scheduled and ancient monuments within the Lossie, Upper Eden and 
Tern catchments. 
Catchment Point features Line features Polygon features Source 


Lossie - - 18 Historic Scotland 


Upper Eden 172 12 - English Heritage 


Tern 52 1 - English Heritage 


 


Additionally, heritage and antiquity features within the catchments have been identified using 
spatial data available from the Ordnance Survey (OS).  These MasterMap data are designed for 
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general purpose mapping with the data captured from a variety of sources and scales.  Area, 
annotation (map text), boundary, point, map symbol and line features are available and each 
feature has a range of attributes which allow the MasterMap data to be mapped in a variety of 
different ways.  The Theme attribute contains information on the nature or usage of features 
including whether the feature is a site or construction of historic interest and has been used to 
identify the distribution of heritage and antiquity features within the catchments (Table 2).  
Annotation features have an attribute which specifies the font to be used to display the map text.  
As with paper OS maps, different fonts are used to identify whether the heritage and antiquity 
feature is Roman or non-Roman.  Similarly, the date of battle sites is also given.  This information 
could be used to give an approximate age to some of the heritage and antiquity features.  It 
should be noted that in the version of the MasterMap data obtained for use with this project the 
Heritage and Antiquity theme is not complete, so some heritage and antiquity features within the 
study catchments may not be identified.  This should be rectified in later versions of the 
MasterMap data. 
 
Table 2:  Summary of heritage and antiquity features within the Lossie, Upper Eden and Tern 
catchments identified using OS MasterMap data. 


Catchment Feature type 


Area Annotation Boundary Point Symbol Line


Lossie 6 53 - 9 1 12 


Upper Eden 0 299 0 39 9 7 


Tern 23 191 0 11 4 46 


 
To identify the distribution of archaeological features within each of the study catchments the 
scheduled and ancient monuments and heritage and antiquity features were overlain with the 
base 250 × 250 m resolution grid for each catchment (see Figures 1a-1c).  Results of this 
analysis are presented in Table 3 and show surprisingly little overlap between the available data 
sets.  Therefore, to ensure that as many archaeological features as possible are identified within 
the study catchments information on scheduled and ancient monuments and heritage and 
antiquity features should be combined. 
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Figure 1a:  Distribution of ancient monuments in the Lossie catchment where yellow indicates the 
presence of a ancient monument within a 250 × 250 m pixel, orange a heritage and antiquity 
feature and red both. 
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Figure 1b:  Distribution of scheduled monuments in the Upper Eden catchment where yellow 
indicates the presence of a scheduled monument within a 250 × 250 m pixel, orange a heritage 
and antiquity feature and red both. 


 
Figure 1c:  Distribution of heritage features in the Tern catchment where yellow indicates the 
presence of a scheduled monument within a 250 × 250 m pixel, orange a heritage and antiquity 
feature and red both. 


 


Table 3:  Summary of distribution of scheduled and ancient monuments and heritage and 
antiquity features within the three study catchments. 


Catchment Total number 
of 250 × 250 m 


pixels 


Number of 250 × 250 m pixels 


Scheduled and 
ancient monuments 


Heritage and 
antiquity features 


Both 


Lossie 4567 21 37 13 


Upper 
Eden 


11110 202 234 85 


Tern 9707 53 155 33 
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Appendix 2: Literature review – soil functions 
 


Biomass production 
 
Definition 
 
As a result of the increase in world population, there is mounting pressure on the amount of world 
biomass production that is required to meet this need.  This includes not only food production, but 
also that of fibre and timber.  However, it is vital that such an increase in productivity is managed 
carefully to ensure that the resource itself, along with the wider environment, is sustained to 
continue meeting the requirements of an increasing population. 
 
The products of food, agriculture and forestry industries are therefore essential for human survival 
and are totally dependent on soil (Tzilivakis et al., 2005; Doran., 2002).  The functionality of soil 
as a medium for biomass production provides the following functions: 
 


1. To supply water and nutrients to vegetation 
2. To provide stability of roots 
3. To provide the basis for livestock production 
4. To interact with the climate and determine the type of crops cultivated 


 
To ensure the longevity of biomass production, care needs to be taken to protect the soil as any 
degradation of the soil will reduce its overall potential to perform the functions listed above.  
Pressures on the soil to carry out these functions come from a variety of sources.  For example, 
the intensification and mechanisation of farming in general can lead to the compaction and 
ultimately the erosion of the soil, as well as reducing biodiversity and reducing the amount of 
organic matter within the soil.  Other threats to the soil structure come as a result of poor timing of 
cultivation, overworking of soils or overstocking (Environment Agency, 2004).  The effects of 
climate change on biomass production are also beginning to be taken into consideration, for 
example, Bradley et al. (2005) suggest that in general, the integrated impact of climate change is 
expected to increase crop yields in the UK, as a result of increased temperature and CO2 
concentrations which inevitably lead to greater inputs of carbon to the soil.  
 
Drivers/properties 
 


• Base status 
• C/N ratio 
• Chemistry (N, P, K and trace elements) 
• Depth to impermeable horizon 
• Drainage status (wetness class) 
• Organic content 
• P status (extractable) 
• pH 
• Soil biodiversity 
• Soil depth 
• Texture 


 
Examples 
 
Food production (agriculture) 
Due to slow formation and regeneration processes, the amount of soil available for food 
production per person worldwide is limited (CEC, 2002).  Soil is therefore one of the most 
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important natural resources in global food production.  However, the sustainability of this resource 
is at risk from soil erosion in, which is widely considered to pose a significant threat to the world’s 
food production capacity and global food security (den Biggelaar et al., 2003). 
 
Many studies have been carried out using GIS and empirical models to assess the interaction 
between soil and its function as a basis for food production, including den Biggelaar (2003), Feoli 
et al. (2002), Badini et al. (1997) and Bachelet et al. (1995).  Haileslassie (2005) used GIS to 
process and analyse spatially referenced information such as soil properties, precipitation and 
land use types to assess soil nutrient depletion and its spatial variability on smallholders’ mixed 
farming systems in Ethiopia.  On a global scale, Blum and Eswaran (2004) mapped the global 
distribution of nine “land quality” classes, which define the suitability of soils for production.  The 
most productive class comprises those areas with ideal soils occurring in ideal climates for crop 
production, for example with optimum soil temperature and moisture conditions.  In comparison, 
the lowest class of land quality consists of soils belonging either to fragile ecosystems or are 
uneconomical to use for grain crop production and should be retained in their natural state. 
 
Timber production 
Globally, the demand for forest products is increasing despite the loss or degradation of forest 
land.  Therefore there is a need to concentrate timber production on the most suitable sites for 
maintaining soil productivity to ensure the sustainability of these products.  The Soil Action Plan 
(Defra, 2004) suggests that if good practice is adhered to, forestry can have both beneficial and 
protective effects on soil however, during cultivation and timber harvesting, the soil can be at risk 
from issues such as soil compaction and increased erosion risk.  Research has also shown that 
the impact of forestry on soil productivity is variable and suggests that this impact may be 
positive, neutral or negative, depending upon the physical, chemical and biological properties of 
the soil (Fox, 2000).  Alegre and Cassel (1996) demonstrate the effect of slash-and-burn 
practices and some alternative systems on the dynamics of soil physical properties at 
Yurimaguas, Peru.  These properties included bulk density, soil water characteristics, infiltration 
rate, aggregate stability and penetrometer cone resistance and the results of the study showed 
that alley-cropping system significantly reduced soil erosion on sloping soils whereas the slash-
and-burn method produced the least soil disturbance and structural degradation. 
 
The use of spatial techniques to analyse the effects of soil properties on timber production has 
increased over recent years.  For example, Guo et al. (2001) used a combination of GIS and 
simulation models to investigate the effect of ecological factors (including soil) on forest 
ecosystem function in Hubei Province of China.  Similarly, Bateman and Lovett (2000) 
demonstrate the use of GIS to apply carbon sequestration models to data on tree growth and soil 
type distribution. 
 
Fibre production 
Fibre products include fibrous wood and non-wood raw material for primary industries producing 
sawn timber, wood-based panels, and pulp and paper products (FAO, 1997).  Fibre is not only 
used in the textiles industry but as a renewable resource in the manufacture of plastics, 
replacements for fibreglass and insulating materials.  Some plant fibres have also been shown to 
selectively absorb oil from water or remove heavy metal ions from industrial effluent and are 
therefore being developed for the treatment of pollution (Anon, 1999; Angelova et al., 2004; 
Linger et al., 2002).  Some research even suggests that fibre crops, such as hemp and flax, may 
be used as an alternative land use for radioactively contaminated arable land (Vandenhove and 
Hess, 2005) and stabilising slopes against soil erosion using coir (Lekha, 2004). 
 
Studies looking at the spatial distribution of fibre production include Cieszewski et al (2004) who 
used GIS, Landsat imagery and inventory information to assess the sustainability of long-term 
fibre supply in Georgia, USA; and Boll et al (2005) who demonstrated that soil moisture, along 
with site, slope inclination and topographic position, influenced the spatial distribution of palm 
along the Pastaza and Urituyacu rivers in Peru. 
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Environmental interaction 
 
Definition 
 
Soil, water and air interact chemically, physically and biologically, therefore it is essential that they 
are considered as one ecosystem (Environment Agency, 2004).  The role that soil plays in 
performing functions related to the interaction of the environment can be split into four sub-
functions – storage, buffering, filtering and transforming.  The roles that soil plays within these 
subfunctions include: 
 


1. To link the atmosphere, geology water resources and land use 
2. To filter substances from water – natural filter for groundwater/drinking water 
3. To receive and transform particles (eg. pollutants) deposited from the atmosphere 
4. To emit and absorb atmospheric gases – releases CO2, methane and other gases in 


atmosphere 
5. To act as a reservoir for carbon (greenhouse gases) 
6. To regulate the flow of water in the water cycle 
7. To store and degrade organic matter 
8. To breakdown toxic compounds present in the soil 


 
The importance of these functions has been highlighted by international organisations who warn 
that the loss of these functions can have detrimental effects.  For example the Commission of the 
European Communities suggest that the ability of certain contaminants to exceed irreversibility 
thresholds for storage and buffering capacity unnoticed requires monitoring and early warning 
systems to prevent environmental damage and risks to public health (CEC, 2002). 
 
Drivers/properties 
 


• base saturation 
• bulk density 
• C/N 
• CEC 
• clay mineralogy 
• depth to rock 
• DOC 
• metals 
• microbial biomass 
• OC 
• pathogens 
• permeability (including depth to impermeable horizon) 
• pH 
• sesquioxides 
• slope 
• soil depth 
• susceptibility to by-pass flow (combination of structure, packing density and drainable 


porosity 
• texture 


 
Examples 
 
Buffering 
The importance of the buffering function of soils is related to its use as an indicator of soil health.  
This is due to the fact that it prevents large fluctuations in soil pH and therefore affects the 
stability of the soil, influencing the amount of chemicals (such as lime or sulphur) needed to 
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change the soil pH (Krull et al., 2004).  Soil buffering can therefore be defined as the resistance of 
soils to changes in the pH of the soil solution and can be explained in terms of the equilibrium that 
exists among the active, salt-replaceable, and residual activities (Brady and Weil, 1996).  This 
means that soils with a higher cation exchange capacity have a greater buffer capacity and a 
more stable soil pH, therefore preventing the soil exceeding its critical load.  Research has also 
been carried out into the effect of applying alkali to acidic soils and the effect this has on the pH 
buffering capacity of the soil (Conyers et al., 2000).  The consequences of a reduced buffer 
capacity include a reduction in the biological activity of soil microorganisms, the leaching out of 
some nutrients, damage to higher plants and decreased quality of drinking water (Brady and Weil, 
1996; CEC 2002).  However, it has been suggested that the buffering capacity of soil can be 
applied to any soil property, not just soil acidity (Howard et al., 1989).  For example, Loveland and 
Thompson (2001) suggest that the ability of a soil to adsorb additions of agro-chemicals or 
substances deriving from water or atmospheric deposition could also be referred to using the 
term ‘buffering’. 
 
Research has shown that the buffering capacity of soil is also closely related to organic matter 
content.  For example, Krull et al. (2004) demonstrate that there is a close relationship between 
soil cation exchange capacity (CEC), pH and buffering capacity and that the availability of 
different functional groups (eg. carboxylic, phenolic and others) allows soil organic matter to act 
as a buffer over a wide range of soil pH values.  Burauel & Bassmann (2005) assess the role of 
the plough layer as a filter and buffer for pesticide molecules and suggest that understanding the 
fate of natural organic matter in the soil as a result of the addition of pesticides is essential to 
implementing better management of the filter and buffering function of soils. 
 
Although there are few examples of the quantitative assessment of buffering capacity (Howard et. 
al., 1989), research is beginning to emerge looking at the spatial distribution of soil buffering 
capacity.  For example, Weaver et al. (2004) used GIS to combine remotely sensed organic 
content and clay datasets to assess the feasibility of predicting soil pH buffering capacity in 
Georgia, USA.  This research suggests that rates of change in pH, with known inputs of nitrogen 
fertilizer and nitrogen mineralized from soil organic matter for example, can be investigated using 
maps of soil pH buffering capacity.  Ahern et al. (1994) also used GIS to produce a pH map of 
surface soils in Queensland to investigate the extent, severity and distribution of acidic soils.  In 
this case, the authors suggest that the identification of the soil type, in combination with climate 
data, can assist with predicting pH as the organic, coarse and medium textured soils are more 
likely to be acidic and therefore have a low buffering capacity. 
 
Filtering 
The role of soil as an environmental filter includes both soil-water and soil-atmosphere 
interactions.  The process of filtration mechanically filters solid substances out of the percolating 
water, and binds dissolved substances, mainly by the binding powers of humus and clay (UEIS, 
2002).  For example, soil performs as a natural filter for groundwater and therefore ultimately of 
drinking water.  There have been a number of studies using soils data to map the vulnerability of 
groundwater to contamination, including Meinardi et al. (1995), Alemaw et al. (2004), Lake et al. 
(2003) and Thapinta & Hudak (2003).  Most recently, Dixon (2005) used an integration of GIS and 
neuro-fuzzy techniques to predict groundwater vulnerability in a spatial context using soil 
hydrological groups to describe the soil profile’s ability to transmit water. 
 
In terms of soil-atmosphere interactions, soil serves as a facilitator for the exchange of gases 
between the atmosphere and the ground.  For example, Skiba & Smith (2000) identify the key 
drivers of nitrous oxide emissions from the soil as not only substrate supply, but also soil water 
content and soil temperature.  Bowden et al. (1998) also highlight the effect of soil temperature 
and soil moisture on the exchange rate of CO2 and methane within forest soils.  These results 
showed that CO2 emissions increased exponentially with increasing temperature in forest floor 
material, with emissions reduced at the lowest and highest soil moisture contents.  Other results 
from the study suggest that methane uptake is very strongly correlated with moisture content in 
mineral soils and that there is a strong relationship between temperature and CO2 flux rates in 
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temperate soils.  Little research exists on the spatial extent of soil-atmosphere interactions; 
however Bilaletdin et al. (2001) used a GIS-based model to predict relative regional changes in 
soil and soil water chemistry for given atmospheric deposition and nutrient uptake scenarios in 
eastern Finland.  This research suggests that despite limitation in spatial information and model 
structure, in general terms, the model was able to produce reasonable spatial results for these 
parameters. 
 
Storing and Transforming 
Soil acts as a store of minerals, organic matter, water and energy and diverse chemical 
compounds. For example, soil also has a high capacity for storing persistent organic pollutants 
(POPs).  Dalla Valle et al., (2005) suggest that soils have a large capacity for POPs and as a 
result, not only store such pollutants but can be a source of POPs to the atmosphere, or a sink or 
atmospherically derived POPs.  However these functions are dependent upon factors such as the 
compound itself, soil properties, environmental conditions and time, among others. 
 
The role of soil as a store of carbon is well-known and consists of two components: soil organic 
carbon (SOC) and soil inorganic carbon (SIC). In terms of the impact that soil carbon 
sequestration has on the wider environment, Lal (2004) describes this as a “truly win-win 
strategy” as it restores degraded soils, increases biomass production, purifies surface and ground 
waters and reduces the rate of enrichment of atmospheric CO2 by offsetting emissions due to 
fossil fuel.  As a result, Bradley et al (2005) suggest that reduced soil carbon could lead to poorer 
soil structure, stability, topsoil water holding capacity, nutrient availability and erosion.  A number 
of studies have suggested the use of spatial tools to model soil carbon using a combination of 
GIS, remote sensing and modelling (Lal, 2002; Paustian et al., 1997; Ardö and Olsson, 2003).  
For example, Wang et al. (2002) used GIS to extrapolate site-specific estimates of vegetation and 
soil organic carbon to the entire area of northeast China and suggest that it is important to take 
into account spatial heterogeneity in vegetation carbon and soil organic carbon when estimating 
regional carbon budget estimates. 
 
Soil can also function as a transformer of substances and this can be demonstrated by the 
transformation of heavy metals within the soil.  The effect of heavy metals on soil chemical and 
biological properties has been discussed in some detail, however there are few studies which 
investigate the effect that these properties have on the degradation of heavy metals over time 
(Ma and Uren, 1998; Bataillard et al., 2003).  However, Lu et al (2005) demonstrate the important 
role that soil pH and organic matter have over time on the fractionation of heavy metals in three 
Chinese soil types and the effect this has on metal mobility and bioavailability. 
 
A number of studies have been carried out into the spatial distribution of heavy metals within soils 
in general (Li et al., 2004; Li et al., 2004; McGrath et al., 2004; Korre et al., 2002), Fachineilli et 
al., 2001) and over time (Pichtel et al., 1997), however there appears to be very little research 
into the effect of specific individual soil properties on this distribution. 
 


Biological habitat and gene reserve 
 
Definition 
 
Soil provides an important habitat for organisms, spending whole or part life cycles in the soil. For 
example, the CEC (2002) estimate that in a pasture, for each 1 to 1.5 tons of biomass living on 
the soil (from grass to livestock), approximately 25 tons of biomass (such as bacteria, 
earthworms, etc) are present in first 30cm of soil.  These organisms are vital for maintaining soil 
functions. 
 
Biological activity within the soil includes the following functions: 
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1. To ensure the maintenance and functioning of specific ecosystems or habitats 
2. To drive processes such as soil formation, nutrient cycling and nitrogen fixation,  
3. To provide a source of symbiotic soil fungi on which many plants depend 
4. To generate, stabilise and maintain soil structure  
5. To contribute to the structure and fertility of soils 
6. To strengthen erosion resistance 
7. To provide resilience to and counteract the effects of environmental stresses through 


the breakdown of chemical contaminants and pathogens 
 
These functions provided by the presence of biological organisms in turn enable the soil in 
general to maintain valued semi-natural habitats and to define landscape character.  This also 
assists the soil in regulating habitat quality, such as those suffering or at risk from changes in land 
use, agricultural nutrient runoff or soil erosion (Environment Agency, 2004).  Römbke et al. (2005) 
highlight the importance of protecting the biodiversity of soil at a National and International level, 
as well as addressing the legal issues surrounding the protection of soil as a biological function. 
 
Drivers/properties 


 
• Aeration/eH 
• Average annual soil moisture deficit 
• Base status 
• C/N ratio 
• Chemistry 
• Organic carbon content 
• P status (extractable) 
• Particle size distribution 
• pH 
• Presence and persistence of toxic residues 
• Soil biodiversity (biological and microbiological) 
• Soil depth 
• Soil texture 
• Structural development 
• Vegetation/land use 
• Wetness class 


 
Examples 
 
Soil structure is inherently affected by the presence of soil organisms, through their influence on 
rooting, aeration and drainage of the soil.  This includes small organisms, such as bacteria and 
fungi, through to larger organisms, such as earthworms and arthropods.  For example, Blanchart 
et al. (2004) show that earthworms, through their burrowing and feeding activities, can influence 
particle size distribution, organic matter content, organic matter location, soil aggregation, 
aggregate stability and tensile strength, soil roughness, and water infiltration.  As a result they 
can provide spaces for macro-invertebrates to colonise, modify organic matter dynamics and 
nutrient availability and facilitate the transport of some organisms (Decaëns, 1999; Jiménez et al, 
2004).  However, the presence of earthworms can also have a negative effect by increasing the 
susceptibility of soil to erodibility and erosion, however, this is dependent upon a number of 
factors, including the soil type, the organic matter content in the soil and ultimately, the species of 
earthworm present within the soil (Blanchart et al, 2004). 
 
The presence of organisms within the soil not only affects the structure of the soil but is also 
important for maintaining the biological functioning of the soil through their effects on soil 
chemistry, including nitrogen, carbon, phosphorus and potassium, amongst others.  For example, 
Jiménez et al. (2004) showed that the casts of a particular species of earthworm in Columbia 
acted as “microsites” of short-term mineral nitrogen production and medium-term soil organic 
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matter accumulation.  Similarly, the research showed that a build-up of carbon occurs gradually 
during cast ageing, possibly due to the influence of other organisms such as autotrophic 
microorganisms, small invertebrates and plant roots.  In general, the amount of carbon present 
within the soil is a result of the level of sequestration or release in soils which in turn is affected by 
the balance between inputs of plant litter to the soil and the breakdown of litter by soil biota 
(Vetter et al, 2004; Blanco-Canqui and Lanl, 2004).  Other studies have shown that a high soil 
content of phosphorus and potassium is positive for the basic long-term fertility of the soil 
(Mattsson et al, 2000).  In addition, the presence of heavy metals within the soil has an effect on 
the functioning of microorganisms.  For example, Giller et al. (1999) attempt to explain how 
microorganisms may become affected by gradually increasing soil metal concentrations in 
relation to defining "safe" or "critical" soil metal loadings for soil protection.  Methods have been 
introduced to use soil organisms as biological indices to assess soil quality and its impact on soil 
functions.  More information regarding these methods can be found in Knoepp et al. (2000), 
Griffiths et al. (2001), Lobry de Bruyn (1999) and Parisi et al. (2005). 
 
Various studies have attempted to map the spatial extent and scale of soil biodiversity, and the 
effect that such organisms have on soil functions (Ettema and Yeates, 2003; Ekschmitt, 2003; 
Caruso et al., 2005).  For example, Ettema and Wardle (2002) suggest that soil organism 
distributions often have a predictable spatial structure which can influence the maintenance of soil 
biodiversity and soil-plant community feedbacks.  This therefore has a knock-on effect on the 
degree of plant growth and community structure. More recently, Bastardie et al. (2005) have used 
powerful image processing to accurately map the spatial burrowing pattern of earthworms to link 
this distribution with the spatial variability of soil functions under natural conditions. 
 
Above ground, the Berlin Digital Environmental Atlas (UEIS, 2002) shows the influence of soil 
condition on the habitat for natural vegetation.  For example, soils characterised by high 
groundwater levels, such as bog and gley associations in glacial-stream channels, river plains 
and valley-sand areas have a high importance as habitats for natural vegetation but are limited to 
a few small sections and are restricted to near-natural soils in the outlying areas of Berlin.  Other 
studies suggest that studying geographic patterns may lead to an improved understanding of the 
variability in plant genetic structure and the conservation and use of plant genetic resources 
(Jarvis et al., 2005; Guarino et al., 2002; Hijmans et al., 2001; Jones, 2002). 
 
Despite this body of research, Nannipieri et al. (2003) suggest that the links between biodiversity 
and soil functioning are still poorly understood and that understanding the relations between 
genetic diversity and community structure and between community structure and function are the 
most critical problem posed by the link between microbial diversity and soil function. 
 
It is not yet possible to derive soil habitat and soil biodiversity characteristics by physiographic 
mapping – although predictive vegetation mapping is possible at this stage.  There is evidence for 
linkages between vegetation type and soil microbial community characteristics, and the 
importance of the soil biological community in determining plant community diversity and 
dynamics, this work is at an early stage.  What is required is an extensive and sustained 
investigation into the effect of soil, vegetation and biophysical combinations on the genotypic, 
phenotypic and functional configurations of the soil biological community before a “soil biological 
function” could be derived by mapping. 
 


Physical medium 
 
Definition 
 
Pressure on the natural environment from human activity such as building houses and transport 
links inevitably puts a significant amount of pressure on the ability of soil to: 
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1. To form the foundation for the built environment 
2. To influence land use and shape the landscape 
3. To act as an essential component in many waste treatment systems for built land-uses 
4. To ensure performance and safety of all domestic and commercial electricity systems 


through soil conductivity potential for earthing 
5. To act as an aquifer recharge 
6. To control flash runoff from built areas and hard surfaces 
7. To provide recreational space in urban and urban-fringes (e.g. gardens, parks, public 


open space, allotments etc) 
8. To provide a means of transport for sediment and nutrients 


 
These functions are profoundly affected by the physical and chemical properties of the upper 
layers of the soil.  Wood et al. (2005) identify that natural variations in soil texture and chemical 
properties have a significant effect on the functionality of soil in the built environment.  For 
example, any change in the pore volume and distribution in the soil profile (e.g. as a result of 
compaction) determines the rate of water transfer to groundwater as well as the movement of air 
to and from the soil surface. 
 
Loveland and Thompson (2001) highlight the fact that any damage to the soil surface, or risk of 
damage to soils in a vulnerable state, will reduce the ability of the soil to perform the functions 
listed above.  An additional risk to the ability of soils to provide a solid foundation for the built 
environment comes from the threat of climate change.  For example, Bradley et al. (2005) 
suggest that increased droughts will enhance the risk of shrink-swell in clay soils.  This has the 
potential to increase disturbance to building foundations and may therefore result in the need for 
underpinning or repair.  Other effects of climate change include potentially increased chemical 
attacks on foundations as a result of increased soil temperature. 
 
Drivers/properties 
 


• % volumetric shrinkage between -5 and -1500 kPa 
• Bulk density 
• Clay content 
• Clay mineralogy 
• Load bearing capacity 
• Soil moisture content 
• Tension 
 


Examples 
 
Webb (1994) examines the use of soil itself as a building material and suggests that although soil 
in its natural form has lacked the strength and durability against the elements through its 
traditional use as a building material, the correct use of low energy mechanical input and solar 
heat can produce good quality stabilised soil building blocks which compete favourably with 
conventional fired clay bricks and concrete blocks. 
 


Source of raw materials 
 
Definition 
 
Historically, and up to the present day, soil has been seen as a storage and source of raw 
materials to support human activity.  These functions of soil and the effects of such activities on 
the physical and chemical properties of the soil are often overlooked but are important aspects of 
planning and restoration projects.  Such functions include: 


1. To provides raw materials such as clay, sands, minerals, peat, topsoil 
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2. To act as a storage-site for raw materials 
3. To act as a natural reservoir for water 


 
Drivers/properties 
 


• Consistency 
• Depth to rock 
• Horizon depths 
• Parent material 
• Peat deposits 
• pH 
• Structure 
• Texture 
• Wetness class 
 


In considering soil functionality in terms of providing raw materials, there are two issues to take 
into account (King, 2005).  Firstly, there are the requirements of a site to actually provide the raw 
materials from the upper layers of the soil, such as topsoil, peat and Brick Earth clays).  For 
example, Van Seters and Price (2001) show that the extraction of peat has a long-term effect on 
the hydrological function of the Cacouna peatland in Quebec.  Secondly, the requirements of a 
site where minerals have been extracted from below the solum itself (e.g. coal, sands and 
gravels) need to be taken into consideration, particularly in reference to the restoration of the site 
to its original land use.  Both of these situations ultimately lead to considerable soil disturbance, 
through the removal of soil to allow extraction, the storage of removed soil on top of another at an 
alternative site, and the disposal of material generated during extraction onto soil at another site 
(Loveland and Thompson, 2001). 
 


Cultural heritage 
 
Definition 
 
Despite early research into the importance of using soil survey information for recording and 
mapping archaeological finds (Dekker, 1973), the interaction between soil and archaeological 
remains has received little attention, despite it’s overwhelming importance for understanding past 
uses of the landscape and providing an insight into historical cultural activities.  The Defra Soil 
Action Plan (2004) highlights this fact by stating that there is currently a “poor awareness of the 
importance of soils and their heterogeneity in heritage and landscape, partly because of the 
concealed nature of the archaeological resource and partly because of a lack of relevant soil 
quality indicators”.  
 
The main functions that soil provides in terms of cultural heritage can be summarised as follows: 
 


1. To conceal and protect archaeological remains 
2. To provide an historical record of land use and settlement patterns 
3. To inform current knowledge and investigation of archaeological sites 
4. To influence the deterioration of archaeological remains (through contamination and 


modern day agricultural practices) 
5. To provide an historical record of climate change 


 
Drivers/properties 
 
The main drivers of the cultural heritage function of soil are: 
 


• Aeration/eH 
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• Amino acids 
• Carbon 
• Corrosivity 
• Electrical resistivity  
• Heavy metals 
• Iron deposits 
• Minerals 
• pH 
• Susceptibility to disturbance 
• Wetness class 


 
Examples 
 
The physical and chemical properties of soil can assist in preserving irreplaceable archaeological 
remains and therefore can be essential to our understanding of past cultures and landscapes.  
However, the extent of preservation or degradation is dependent upon the interaction between 
the material of the artefact themselves and the properties of the soil.  For example, Rettalack 
(1984) suggests that each kind of fossil can be considered chemically stable under certain 
general conditions of pH and Eh.  In other words, potential fossils will tend to decay or dissolve 
under conditions outside those in which they are normally preserved. 
 
Additional research has also shown that soil pH in particular can significantly affect the 
preservation or deterioration of archaeological artefacts, particularly in terms of the corrosion of 
metallic items (Favre-Quattropani et al, 2000; Abraham et al, 2001).  Through the study of iron 
objects from five important archaeological sites in Germany, Gerwin and Baumhauer (2000) also 
show that artefacts experiencing the most severe effects of corrosion came from sandy and acidic 
soils, as well as from urban soils.  In addition, Koon et al (2003) have investigated the effect of 
soil pH on distinguishing heated from unheated bone within archaeological sites.  This showed 
that bone that had been buried within a neutral pH soil did not alter the fibrils of the bone as had 
been the case with samples from acidic soil.  Haslam (2004) analysed the effect of soil properties 
on starch grains recovered from archaeological contexts, which have an important role in 
archaeological analyses.  He suggests that variations in soil pH, along with soil temperature and 
moisture affect the level of starch degradation, as well as the interaction of these properties with 
soil organic matter and microorganisms. 
 
The effect of waterlogging and microbial activity has also been shown to both preserve and 
degrade archaeological samples depending upon the condition and biological nature of the 
artefact.  For example, using sections of archaeological wood samples from Sweden, Bjordal et al 
(1999) found that waterlogged wood suffers from microbial degradation, with the extent of the 
decay being dependent upon sample age, wood species and differing oxygen levels.  However, 
English Heritage (2002) suggest that plant macrofossils can be preserved by anoxic conditions 
resulting from waterlogging in places where the water-table has remained high enough to inhibit 
destruction by decay-causing organisms, particularly in Britain and the rest of North West Europe. 
 
There is little research regarding the use of archaeological evidence to explain the spatial 
distribution of present-day soils.  However, Kristiansen (2001) used an intact Bronze and Iron Age 
site in Denmark (Alstrup Krat) to demonstrate the interaction between present-day soil distribution 
and the former land-use of the site.  The results of this research suggest that Iron Age agriculture 
is believed to have physically rejuvenated the soil in certain areas, causing podzolisation and 
therefore influencing the present day soil distribution.  The authors suggest that archaeological 
information can provide a powerful tool for explaining soil spatial distribution in addition to more 
traditional soil survey methods and chemical analyses.  In comparison, Fry et al (2004) used 
geographic information systems (GIS) for the analysis and mapping of landscape characteristics, 
producing an indication of zones with a high probability of possessing cultural heritage interest. 
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However, research has also shown that valuable archaeological remains have been damaged as 
a result of modern land use practices (Loveland and Thompson, 2001; Environment Agency, 
2004; Cluett et al, 2005), contamination (Gerwin and Baumhauer, 2000) and climate change 
(Bradley et al, 2005).  Use of this knowledge should enable suitable procedures to be put in place 
to reduce future damage to archaeological sites.  
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Appendix 3.2: Models – Environmental Interactions 
 


Critical loads for Acidity Buffering 
 
Organisation: NSRI 
 
Date: 1991 
 
Objectives 
 


• To produce a map of England and Wales at 1km resolution for deriving critical loading 
total deposited sulphur and nitrogen 


• To be based on the dominant soil type and it’s classification according to a modified 
Skokloster scheme 


 
Methodology 
 
The Skokloster Classification was applied to each of the National Soil Map soil associations for 
England and Wales in turn, with modifications to the original classification to allow for organic 
soils (peats) and mineral soils. This methodology also takes into account land use, texture class 
and geology. ‘Soil’ was considered to be the upper 50cm of the surface material which is most 
likely to bear the brunt of acid inputs. 
 
Map 
Unit 


Soil 
Association 


Geology  Mineraolgy  Initial 
Skokloster 
Class 


Texture 
Class 


Comment  Land 
Use 


Final 
Skokloster 
Class 


Extent 
km2 / 
% 


311a Revidge Pal grt & 
sst 


Mic/Q 5 S Shallow/ 
v. acid 


MRG 5 103 / 
0.06 


582a Batcombe Plateau 
drift/CwF 


MS/Mic 4 FZ/C Slow 
drainage 


A/ST/W 3 1164 / 
0.76 


 
Table 3.2.1 : Examples of Soil Associations of England and Wales and their Classification 
according to a modified Skokloster Scheme (taken from Loveland, 1991) 
 
Input requirements 
 


• Map unit 
 
Results 
The model was implemented for the Eden (Figure 3.2.1) and Tern (Figure 3.2.2) catchments.  As 
the model relies entirely on map units, the model could not be implemented for the Lossie 
catchment. 
 
Literature references 
 
Loveland, P.J. (1991), The Classification of the Soils of England and Wales on the Basis on 


Mineralogy and Weathering – the Skokloster Approach, A Report to the Department of the 
Environment, Research Contract Reference PECD 7/12/44 


 
Howard, J.A., Thompson, T.R.E., Hornung, M. and Beard, G.R. (Eds) (1989), An Assessment of 


the Principles of Soil Protection in the UK, Natural Environmental Research Council, Institute 
of Terrestrial Ecology/Soil Survey and Land Research Centre 
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Hornung, M. and Skeffington, R.A. (1993) Critical Loads: concept and applications. Natural 


Environment Research Council, Institute for Terrestrial Ecology. ITE Symposium No. 28, 12-
14 February 1992, Grange-over-Sands. 
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Figure 3.2.1 : Acid Buffering Capacity for the Eden catchment 







Appendix 3.2: Models – Environmental Interactions 


4 


 
 
Figure 3.2.2 : Acid Buffering Capacity for the Tern catchment 
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Critical loads of acidity 
 
Organisation: Developed collaboratively by CEH, NSRI, Macaulay Institute, Aberdeen University 
 
Date: Last revised 2003, original 1995. 
 
Definition: A critical load is a quantitative estimate of exposure to one or more pollutants below 
which significant harmful effects on specified sensitive elements of the environment do not occur 
according to present knowledge (Nilsson and Grennfelt 1988). 
 
Objectives: 
 


• To predict the critical load for sulphur and acidity for soils based on the long term 
capacity of soils to buffer atmospheric inputs 


• To provide a simple, empirical methodology to allow GB soils to be assigned to critical 
load classes as defined by Sverdrup and Warfvinge (1995) and the UNECE mapping 
programme 


• To empirically assign critical loads to mapping units on GB soil maps, series or 
association level, using available national databases on soil morphology, mineralogy and 
chemistry. 


 
Methodology: 
 
In the UK, critical loads of acidity have been assigned to soils based primarily upon their 
mineralogy and chemistry (Hornung et al 1995). Five critical load classes were used. Soils were 
first assigned to a soil material class, on the basis of their mineralogy and in particular the 
dominant weatherable minerals, using a modified version of a system developed by Sverdrup and 
Warfvinge (1988). These soil material classes were used to assign the soils to an initial critical 
load class. This initial critical load class could then be modified using pH, particle size class, slope 
or drainage class to derive the final, mapped critical load (Hornung et al 1995). The critical load of 
soils which were likely to have been limed at intervals, to maintain arable or intensive grass 
production, were increased by one soil critical load material class. Each critical load class covers 
a range. A single critical load was not assigned to soils in the UK mapping programme as it was 
felt that the range of values within a class indicated the uncertainty within the assignments and 
variation within a mapping unit. However, if a single critical load value is required for a given soil, 
the mid point value of the relevant critical load class should be used.     
 
Critical loads for peats were determined using a methodology developed by Smith et al (1993). 
The method set the critical load for ombrogenous peats as the input of hydrogen ions that not 
result in a change of the peat pH of more than 0.2 pH units. The method used a series of 
regressions, developed from experimental work, which related peat pH to calcium concentration 
for each of a series of rainfall pHs. The regressions were used to calculate a pristine pH and then 
the rainfall pH which would produce a 0.2 reduction in the peat pH. The rainfall was multiplied by 
runoff to calculate the acid flux, the critical load. Critical load values for mineralotrophic/eutrophic 
peats were assigned and modifiers used in a similar way as those for mineral soils.  
 
Input requirements  
 
Mineral soils: 


• Base saturation 
• pH 
• Texture 
• Dominant mineralogy 
• Soil material – geological origin              
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Peat soils: 


• Precipitation amount 
• Run off amount 
• Rainfall chemistry 
• Current peat pH  


 
Results 
The model was implemented for the Eden (Figure 2.2.3), Tern (Figure 3.2.4) and Lossie (Figure 
3.2.5) catchments. 
 
Literature References 
 
Federal Environment Agency. 1996. UNECE Manual on methodologies and criteria for mapping 


critical levels/loads and geographical areas where they are exceeded. Federal Environment 
Agency (Umweltbundesamt) Berlin. 


 
Nilsson, J & Grennfelt, P.(ed). 1988. Critical loads for sulphur and nitrogen. (Report 1988:15). 


Nordic Council of Ministers, Copenhagen, Denmark.  
 
Hornung, M, Bull, K.R., Cresser, M., Hall, J., Langan, S.J., Loveland, P, and Smith,C. 1995. An 


empirical load map of critical loads of acidity for soils in Great Britain. Environmental Pollution, 
90,301-310. 


 
Smith, C.M.S., Cresser,M.S. and Mitchell, R.D.J. 1993. Sensitivity to acid deposition of dystrophic 


peat in Great Britain. Ambio, 22, 22-26. 
 
Sverdrup, H. & Warfvinge, P. 1988. Weathering of primary minerals in the natural soil 


environment in relation to a chemical weathering model.Water, Air and Soil Pollution, 38, 387-
408. 
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Figure 3.2.3 : Critical Loads (Acid) for the Eden catchment 
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Figure3.2.4 : Critical Loads (Acid) for the Tern catchment 
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Figure 3.2.5 : Critical Loads (Acid) for the Lossie catchment 
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Critical Loads of Nitrogen 
 
Organisation: CEH - developed under the auspices of the UNECE (based on approaches 
 initially developed at the University of Utrecht) 
 
Date: 1996 
 
Definition: A critical load is a quantitative estimate of exposure to one or more pollutants below 
which significant harmful effects on specified sensitive elements of the environment do not occur 
according to present knowledge (Nilsson and Grennfelt 1988). 
 
Objectives: 
 


• To provide a simple method of assigning a critical load for nutrient nitrogen to widely 
occurring habitats or ecosystems 


• To derive critical loads of nutrient nitrogen based on published material on vegetation 
responses to N inputs/additions and expert judgement  


 
Methodology: 
 
Empirical critical loads have been set for a number of grassland, heathland, wetland and forest 
ecosystems based on experimental results, field observations or ‘expert judgement’ (Bobbink et 
al 1996). Ranges of critical loads are given for each ecosystem or habitat to take account of 
uncertainties and a single value is recommended for use where required or appropriate. The 
current recommended values used in the UK are given in Hall et al 2005. 
 
Input requirements: 
 


• Vegetation or habitat type 
 
Results 
The model was implemented for the Eden (Figure 3.2.6), Tern (Figure 3.2.7) and Lossie (Figure 
3.2.8) catchments. 
 
References: 
 
Bobbink, R., Hornung, M. & Roelofs, J G M. 1996. Empirical critical loads for natural and semi-


natural ecosystems. In: UNECE Manual on methodologies and criteria for mapping critical 
levels/loads and geographical areas where they are exceeded. Federal Environment Agency 
(Umweltbundesamt) Berlin. 


 
Nilsson, J & Grennfelt, P.(ed). 1988. Critical loads for sulphur and nitrogen. (Report 1988:15). 


Nordic Council of Ministers, Copenhagen, Denmark. 
 
 







Appendix 3.2: Models – Environmental Interactions 


11 


 
 
Figure 3.2.6 : Critical Loads (Nitrogen) for the Eden catchment 
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Figure 3.2.7 : Critical Loads (Nitrogen) for the Tern catchment 
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Figure 3.2.8 : Critical Loads (Nitrogen) for the Lossie catchment 
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Soil Leaching - Nitrate 
 
Organisation: NSRI 
 
Date: 1989 
 
Objectives 
 


• To estimate potential nitrate losses from agricultural land 
 
Methodology 
 
The assessment of soil leaching potential is based upon the dominant soil type within each 5km x 
5km National Grid square in SE UK (obtained from National Soil Map database). A number of 
environmental factors are required for predicting nitrate leaching loss – soil, agroclimatic (excess 
winter rainfall) and land use. Cells are then allocated into one of 4 nitrate leaching risk classes: 
from extreme to low (Table 3.2.2) based on permeability and parent material. 
 
Class  Rating  Description  


1 Extreme Deep permeable sands; shallow soils over porous or well fissured 
rock; 1.0-2.5% org. C (typical organic carbon content under arable 
cropping) 


2 High Deep permeable light loams; 1.5-2.5% org. C 
3 Moderate Deep permeable medium loams; 2.0-4.0 % org. C 
4 Low Slowly permeable loams and clays 


 
Table 3.2.2 : Soil characteristics for assessing leaching risk (modified from Jones et al, 1989) 
 
This methodology can be used to estimate potential nitrate losses to groundwater for land under 
different crops. 
 
Input requirements 
 


• series 
• leaching class 


 
Results 
The model was implemented for the Eden (Figure 3.2.9), Tern (Figure 3.2.10) and Lossie (Figure 
3.2.11) catchments. 
 
Literature references 
 
Jones, R.J.A., Thomasson, A.J., Robson, J.D. and Carter, A.D.. (1989). The distribution of 


potential nitrate leaching losses from agricultural land in the UK based on computerized soil 
and climatic data. In: Agriculture: Computerization of land use data. R.J.A. Jones and B.Biagi 
(eds), 85-95; EUR 11151 EN: Luxembourg 
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Figure 3.2.9 : Soil Leaching Potential for the Eden catchment 
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Figure 3.2.10 : Soil Leaching Potential for the Tern catchment 
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Figure 3.2.11 : Soil Leaching Potential for the Lossie catchment 
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Sludge Disposal  
 
Organisation: NSRI 
 
Date: unknown 
 
Objectives  
This functional model is an example of the contaminant buffering capacity function of soil. The 
'capacity' is represented by concentration limits for heavy metals in soil following the application 
of sewage sludge that are identified in a Government code of practice (Department of 
Environment, 1993). 
 
Methodology and input requirements 
At the heart of the Code of Practice is a set of maximum permissible concentrations for potentially 
toxic elements in soil after the application of sewage sludge. These should be measured from 
aggregate samples taken from the soil at 0 - 15 cm or 0 - 25 cm depth. For grassland, sampling is 
to 7.5 cm and a different set of limits is applied. 
 
For this exercise, total metal and pH data from the National Soil Inventory (5 grid of sample 
points, 0 - 15 cm aggregate samples) were used in conjunction with the limit values relating to 
arable soils only. 
 
PTE Maximum permissible concentration (mg/kg dry solids) 


pH 5.0<5.5 pH 5.5<6.0 pH 6.0<7.0 pH >7.0 
Zinc 200 250 300 450 
Lead 300 
Copper 80 100 135 200 
Nickel 50 60 75 110 
 
Table 3.2.3 : Limits for heavy metals as a function of PH 
 
Sludge should not be spread if the pH is below 5.0 or if one or more of the identified metals 
exceeds the permitted maximum concentrations for the stated pH ranges in Table 3.2.3. 
 
Input requirements 
 


• ph 
• copper 
• nickel 
• zinc 
• lead 


 
Results 
The model was implemented for the Eden (Figure 3.2.12) and Tern (Figure 3.2.13) catchments.  
The model was not implemented for the Lossie catchment as there is a more sophisticated model 
available from the Macaulay Institute. 
 
Literature references 
 
Department of the Environment (1993) Code of Practice for Agricultural Use of Sewage Sludge. 


HMSO, London. 
 
 







Appendix 3.2: Models – Environmental Interactions 


19 


 
 
Figure 3.2.12 : Sludge Disposal Acceptance model for the Eden catchment 
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Figure 3.2.13 : Sludge Disposal Acceptance model for the Tern catchment 
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Land suitability for sewage sludge application 
 
Organisation: Macaulay Institute 
 
Date: 1994  
 
Objectives 
 


• To provide an objective basis for the identification of land for sewage sludge application 
 
Methodology 
 
The model is a binary rule-based model in which the rules are applied in a step-wise manner. The 
categories identified are suitable and unsuitable. 
 
Does soil have an organic or humose surface 
horizon 


(derive from HOST class)? 


 YES → Unsuitable 


     
NO     
↓     


Is the soil a groundwater gley? 
 


 YES → Unsuitable 


     
NO     
↓     


Is the slope >=15 degrees?  YES → Unsuitable 
     


NO     
↓     


Are the rock outcrops < 35 metres apart?  YES → Unsuitable 
     


NO     
↓     


Is the land cover/use arable crops or improved 
pasture? 


 NO → Unsuitable 


     
YES     


↓     
SUITABLE FOR SLUDGE RECYCLING     


 
Figure 3.2.14 : Methodology for identifying land for sewage sludge application 
 
Input requirements 
 


• Major soil subgroup (differentiated on HOST type) 
� Presence of an organic surface horizon 
� Presence of a groundwater table 


• Slope 
• Rockiness 
• Land use 


 
Results 
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The model was implemented for the Lossie (Figure 3.2.15) catchment.  It was not implemented 
for the Eden and Tern catchments as there is a separate model by NSRI (see below). 
 
Literature references 
 
Towers, W. 1994 Towards a strategic approach to sewage sludge utilization on agricultural land 


in Scotland. Journal of Environmental Planning and Management, 37, 447-460. 
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Figure 3.2.15 : Sludge Application Suitability for the Lossie catchment 
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Slurry Acceptance Suitability Model 
 
Organisation: NSRI 
 
Date: 1979 (Lea), 1992 (Clarke et al) 
 
Objectives 
 


• To assess the relative suitability of soils for slurry acceptance 
• To identify soils most capable of accepting slurry without causing pollution or later 


management difficulties  
 
Methodology 
 
The Sludge Acceptance Suitability Model uses the following seven components to establish a 
three category system in which the overall suitability rating of soils for slurry acceptance is 
determined by the component in the category of greatest risk.  
 


• Rockiness (very large surface stones or bedrock outcrops) 
• Stoniness of profile 
• Flood hazard 
• Moisture deficit 
• Winter rain acceptance potential (WRAP) 
• Porosity class of upper 10cm 
• Poaching risk class (trafficability) 


 
The resulting classes of slurry acceptance are defined as: I – Slight, II – Moderate, III – Severe 
(Table 3.2.4). Note that Lea (1979) states that frozen ground or fields with porous fill over drains 
should be avoided.  
 
Class of slurry 
acceptance 


I II III 


Degree of risk  Slight  Moderate  Severe  
Rockiness (% surface 
area) 


Slightly rocky (<2) Rocky (2-10) Very or extremely 
rocky (>10) 


Stoniness (% vol.) Slightly stony or less 
(0-15) 


Moderately stony 
(16-35) 


Very or extremely 
stony (>35) 


Flood hazard No flooding 1 in 5 years > 1 in 5 years 
Moisture deficit (mm) >100 100-15 <15 
WRAP 1 Very high and high Moderate Low and very low 
Porosity class 2 VP and EP MP and SP VSP 
Poaching risk class 3 Very low and low Moderate High and very high 
1 Farquharson et al. (1978) 
2 Hodgson (1976) 
3 Harrod (1979) 
 
Table 3.2.4 : Slurry acceptance (taken from Lea, 1979) 
 
Clarke et al (1992) developed the model further by incorporating it into GIS (using SPANS 
software) to produce a map of slurry acceptance potential (SAP) for the South-West UK (Figure 
3.2.16). 
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Figure 3.2.16 :  Model for mapping slurry acceptance potential (taken from Clarke, 1992) 
 
Input requirements 
 


• HOST 
• Series 
• Field capacity days 
• Gradient 


 
Results 
The model was implemented for the Eden (Figure 3.2.17) and Tern (Figure 3.2.18) catchments.  
The model was not implemented for the Lossie as there is a separate model available from the 
Macaulay Institute (see above). 
 
Literature references 
 
Clarke, S.R., Jones, R.J.A., Thompson, T.R.E. and Palmer, R.C. (1992), The use of a raster-


based geographic information system for modelling environmental data as an aid to land 
management, Geologisches Jahrbuch. A122, 443-456 


 
Farquharson, F.A.K., Mackney, D., Newson, M.D. and Thomasson, A.J. (1978). Estimation of 


run-off potential of river catchments from soil surveys. Soil Survey Special Survey, No.11 
 
Lea, J.W. (1979). Slurry Acceptance. p. 83-99. In M.G. Jarvis and D. Mackney (ed.). Soil Survey 


Applications. Technical Monograph No.13, Harpenden, UK 
 
Harrod, T.R. (1979). Soil suitability for grassland. p. 51-70. In M.G. Jarvis and D. Mackney (ed.). 


Soil Survey Applications. Technical Monograph No.13, Harpenden, UK 
 
Hodgson, J.M. (1976). Soil Survey Field Handbook. Soil Survey Technical Monograph. No.5, 


pp99. Harpenden, UK 
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Figure 3.2.17 : Sludge Acceptance Potential for the Eden catchment 
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Figure 3.2.18 : Sludge Acceptance Potential for the Tern catchment 
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Groundwater Vulnerability Mapping 
 
Organisation: NSRI 
 
Date: 1995 
 
Objectives 
 


• To identify the vulnerability of groundwater to contamination 
• To allow planners, developers and regulatory bodies to make informed judgments on 


the location of new developments 
• To prevent potentially polluting activities being proposed in highly vulnerable areas 
• To allow owners of multiple sites to prioritise their investigative and subsequent 


remedial actions where historical practice may have given rise to land and 
groundwater contamination 


• To increase general public awareness of the location of the groundwater resources at 
risk 


 
Methodology 
 
The method for mapping the groundwater vulnerability incorporates a soil classification which 
is based upon the physical and chemical properties of undisturbed soil to assess the 
likelihood of pollutants moving down through the soil column. Three datasets are required 
(Figure 3.2.19) and these combine to produce 27 different vulnerability combinations. 
 


 
 
Figure 3.2.19 : Datasets required for Groundwater Vulnerability Mapping (modified from 
Palmer et al, 1995) 
 
Input requirements 
 


• series 
• pesticide leaching class 


 
Results 
The model was implemented for the Eden (Figure 3.2.20), Tern (Figure 3.2.21) and Lossie 
(Figure 3.2.22) catchments. 
 
Literature references 
 
Palmer, R.C., Holman, I.P., Robins, N.S. and Lewis, M.A. (1995), Guide to Groundwater 


Vulnerability Mapping in England and Wales, NRA R&D Note 578/1/ST 
 







Appendix 3.2: Models – Environmental Interactions 


29 


NRA (1992), Policy and Practice for the Protection of Groundwater, National Rivers Authority, 
Bristol 
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Figure 3.2.20 : Groundwater vulnerability for the Eden catchment 
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Figure 3.2.21 : Groundwater vulnerability for the Eden catchment 
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Figure 3.2.22 : Groundwater vulnerability for the Eden catchment 
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SWATNAT Model 
 
Organisation: NSRI 
 
Date: 1996 
 
Objectives 
 


• To predict, for a nationally representative set of soil types, the average pesticide 
concentration entering streams in the peak drainage from fields following the first 
rainfall event to initiate drainage after pesticide application 


• Based on an adaptation of the SWAT model (Brown & Hollis, 1996) 
 
Methodology 
 
The SWAT model is based upon an empirically derived hydrological link between soil type 
stream response to rainfall established during development of the Hydrology of Soil Types 
(HOST) system (Boorman et al, 1995). 
 
The model predicts the average pesticide concentration entering streams in the peak 
drainage from fields following the first rainfall event to initiate drainage after pesticide 
application. This concentration is calculated by assuming that, during the rainfall event, all 
rainwater interacts with the upper part of the topsoil by displacing and mixing with the mobile 
water fraction. It is this displaced and diluted soil water fraction that moves rapidly to streams, 
either via surface flow or through the soil fissure/macropore systems and field drains, if 
present. During this process, some additional attenuation of pesticide is likely to occur as a 
result of sorption onto soil aggregate surfaces. The predicted drain concentration is thus 
calculated from the predicted solute concentration within the upper l mm of soil at the time of 
the rainfall event adjusted using a dilution factor to account for displacement and mixing by 
rain and a partition factor to account for pesticide sorption during transport to drains. 
 
The model is run for each of a set of soil types representative of the range of different 
pesticide run-off potential in England & Wales. Soils with the highest runoff potential require 
only small volumes of rain to initiate run-off/drainage whereas those with the lowest runoff 
potential require large volumes of rain. Rainfall volumes required to initiate runoff/drainage 
from each soil type are termed minimum standard rainfall volumes and the average return 
periods for each of these rainfall volumes has been calculated within each of four climatic 
areas defined by the duration of their field capacity period.  These are used to define the 
period between pesticide application and rainfall causing runoff/drainage for each soil type / 
climate combination  
 
In order to take into account the uncertainty related to the pesticide-specific characteristics of 
soil sorption and degradation, the models are run for ‘worst case’ environmental conditions 
(those with the longest half-life and least sorption) and for ‘best case’ conditions (those with 
the shortest half-life and greatest sorption). These results are then compared to the 
appropriate Drinking Water Directive’s Maximum Acceptable Concentration (MAC) and a 
vulnerability assessment made (Table 3.2.5). 
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Vulnerability 
Assessment 


Descr iption  


Low  The pesticide is not likely to contaminate the water resource unless it is 
misapplied 


Low/Mod  Contamination of the water resource is unlikely but could occur under 
conditions where the pesticide is most mobile and persistent 


Moderate  Occasional contamination of the water resource is possible, particularly under 
conditions where the pesticide is more mobile and/or persistent 


Mod/High  Occasional contamination of the water resource is likely to occur except 
under conditions where the pesticide is least mobile and/or persistent 


High  Frequent contamination of the water resource is likely 
 
Table 3.2.5 : Vulnerability Assessment Classes used in SWATNAT 
 
Input requirements 
 


• landuse 
• series 
• pesticide run-off class 


 
Results 
The model was implemented for the Eden and Tern catchments. Figures 3.2.23 to 3.2.26 
show the predicted pesticide concentrations and vulnerability assessments for the Eden and 
Tern respectively.  Due to data incomparability, the model could not be implemented for the 
Lossie catchment. 
 
Literature references 
 
Brown, C.D. & Hollis, J.M. (1996). SWAT - A semi-empirical model to predict concentrations 


of pesticides entering surface waters from agricultural land.  Pesticide Science 47, 41-50. 
 
Boorman, D.B., Hollis, J.M. & Lilly, A. (1995). Hydrology of Soil Types: A hydrologically-based 


classification of the soils or the United Kingdom. Institute of Hydrology Report No. 126, 
Wallingford, UK. 137 pp. 
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Figure 3.2.23 : SWATNAT (Pesticide Concentration) for the Eden catchment 
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Figure 3.2.24 : SWATNAT (Pesticide Concentration) for the Tern catchment 
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Figure 3.2.25 : SWATNAT (Vulnerability Assessment) for the Eden catchment 
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Figure 3.2.26 : SWATNAT (Vulnerability Assessment) for the Tern catchment 
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Radiocaesium soil to plant transfer (Absalom) Model  
 
Organisation: CEH (implemented).  Developed by the University of Nottingham 
 
Date: 2001 (revised), 1999 (original) 
 
Objectives 
 


• To make dynamic predictions of the transfer of radiocaesium from soil to vegetation 
• To use readily available soil properties as model input parameters 


 
Methodology 
 


 
 
Figure 3.2.27 : Flow diagram for the radiocaesium soil to plant transfer model (Source: 
Absalom et al. 2001).  Input properties shown as shaded boxes. 
 
The Absalom model dynamically estimates the activity of radiocaesium (deposited following 
atmospheric nuclear weapons tests or routine or accidental releases from nuclear sites) in 
grass from readily available soil properties.  The model was initially developed for mineral 
soils (Absalom et al. 1999) using measurements of radiocaesium uptake for a pot experiment 
where ryegrass was grown on mineral soils from agricultural areas of Belgium.  Soil clay 
content and exchangeable potassium status are used to estimate three key properties 
influencing the bioavailability of radiocaesium in soils: (1) the labile radiocaesium coefficient; 
(2) the solution potassium concentration; and (3) the radiocaesium soil solution to plant 
concentration factor.  The effect of time upon the fixation of radiocaesium is modelled using 
two first-order decay equations.  Predictions of radiocaesium activity concentrations in other 
crops are made using ratios to radiocaesium activity concentrations in grass.  The model was 
successfully validated using a wide range of soil and crop combinations covering 
contamination time periods of 0.5-11 years collated from published and unpublished sources.  
A second pot experiment was used to quantify the uptake of radiocaesium to ryegrass grown 
on organic soils collected from northern England.  The Absalom model was modified 
(Absalom et al. 2001) so dynamic predictions of radiocaesium uptake to grass could be made 
for all soil types (mineral and organic) from soil clay content, exchangeable K status, pH, 
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ammonia concentration and organic matter content.  The modified model was successfully 
validated for a range of crops against published and unpublished data covering contamination 
time periods of 1-10 years. 
 
Input requirements 
 


• Radiocaesium deposition 
• Soil clay 
• Soil exchangeable potassium 
• Soil organic matter 
• Soil pH 
• Time after deposition (days) 


 
Results 
The model was implemented for the Eden, Tern and Lossie catchments.  Figures 3.2.28 to 
3.2.33 illustrate the radiocaesium concentration and critical load values for lamb 100 days 
after fallout. 
 
Literature references 
 
Absalom, J.P, Young, S.D., Crout, N.M.J., Nisbet, A.F., Woodman, R.F.M, Smolders, E. & 


Gillett, A.G. (1999) Predicting soil to plant transfer of radiocaesium using soil 
characteristics.  Environmental Science and Technology, 33, 1218-1223. 


 
Absalom, J.P., Young, S.D., Crout, N.M.J., Snchez, A., Wright, S.M., Smolders, E., Nisbet, 


A.F. & Gillett, A.G. (2001) Predicting the transfer of radiocaesium from organic soils to 
plants using soil characteristics.  Journal of Environmental Radioactivity, 52, 31-43. 
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Figure 3.2.28 : Predictive Radiocaesium concentration (Bq kg-1) in lamb 1000 days after fallout for the Eden catchment 
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Figure 3.2.29 : Critical Load (Bq m-2) of radiocaesium for lamb 1000 days after fallout for the Eden catchment 
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Figure 3.2.30 : Predictive Radiocaesium concentration (Bq kg-1) in lamb 1000 days after fallout for the Tern catchment 
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Figure 3.2.31 : Critical Load (Bq m-2) of radiocaesium for lamb 1000 days after fallout for the Tern catchment 
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Figure 3.2.32 : Radiocaesium concentration (Bq kg-1) in lamb 1000 days after fallout for the Lossie catchment 
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Figure 3.2.33 : Critical Load (Bq m-2) of radiocaesium for lamb 1000 days after fallout for the Lossie catchment 
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Metal binding capacity 
 
Organisation: Macaulay Institute (modified from Blume and Brummer 1991) 
 
Date: 1991 (original), 1997 (modification) 
 
Objectives 
 


• To assess the metal binding capacity of different soils for different metals  
 
Methodology 
 
The model is a weighted parametric classification and consists of a series of look-up tables 
that allows the user to ‘score’ a number of soil attributes and to ultimately arrive at a total 
score. This total score is then translated into a textual description of relative binding class; six 
classes have been identified ranging from very strong to no binding capacity.  The table below 
illustrates two worked examples. 
 


 Soil A Soil B 
pH (CaCl2) of topsoil 6.1 4.9 
Binding strength score 4.5 2.0 
Organic matter content (%) 9 6 
Binding strength score 0.5 0 
Topsoil texture Sandy clay 


loam 
Loamy sand 


Binding strength score 0.5 0 
Topsoil colour (surrogate for iron 
oxide conc) 


7.5YR3/3 10YR3/2 


Binding strength score 0.5 0 
Total score 6.0 2 


Binding strength Very strong Weak 


 
Table 3.2.6 : Assessment of zinc binding capacity for two contrasting soils 
 
Input requirements 
 


• Soil pH (in CaCl) 
• Soil organic matter content 
• Soil texture 
• Soil clay content 
• Soil colour 


 
Results 
The model was implemented for the Eden, Tern and Lossie catchments.  Figures 3.2.34 to 
3.2.45 illustrate the model results for Zinc, Copper, Nickel and Cadmium respectively. 
 
Literature references 
 
Blume, H.P. and Brümmer, G. (1991) Prediction of heavy metal behaviour in soil by means of 


simple field tests, Ecotoxicology and Environmental Safety, 22, pp. 164-174. 
 
Paterson, E, Towers, W, Lumsdon, DG and Meeussen, JC (1997) Responses of Scottish 


soils to heavy metal inputs. Scottish Natural Heritage Review No 61, SNH Edinburgh. 
 
Towers, W. and Paterson, E. (1997) Sewage sludge application to land - a preliminary 


assessment of the sensitivity of Scottish soils to heavy metal inputs. Soil Use and 
Management, 13(3), 149-155. 
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Figure 3.2.34 : Metal binding capacity (Zinc) for the Eden catchment 
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Figure 3.2.35 : Metal binding capacity (Copper) for the Eden catchment 
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Figure 3.2.36 : Metal binding capacity (Nickel) for the Eden catchment 
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Figure 3.2.37 : Metal binding capacity (Cadmium) for the Eden catchment 
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Figure 3.2.38 : Metal binding capacity (Zinc) for the Tern catchment 
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Figure 3.2.39 : Metal binding capacity (Copper) for the Tern catchment 
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Figure 3.2.40 : Metal binding capacity (Nickel) for the Tern catchment 
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Figure 3.2.41 : Metal binding capacity (Cadmium) for the Tern catchment 
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Figure 3.2.42 : Metal binding capacity (Zinc) for the Lossie catchment 
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Figure 3.2.43 : Metal binding capacity (Copper) for the Lossie catchment 
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Figure 3.2.44 : Metal binding capacity (Nickel) for the Eden catchment 
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Figure 3.2.45 : Metal binding capacity (Cadmium) for the Eden catchment 





