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Abstract 27 

Soil erosion on arable land in lowland Britain has been the subject of field-based surveys 28 

which assessed the volumes or masses of soil transported across the farmers’ field through 29 

channels. These surveys provide a unique database on the extent, frequency and rates of soil 30 

loss by water. This paper synthesizes the key learning from those surveys and underscores 31 

implications for soil erosion modelling. Rill erosion occurs in a small number of fields 32 

(consistently less than 10%), not everywhere. Over time steps of ~ 5 years, a considerable 33 

part of the farmed landscape will suffer soil erosion by rilling but mostly in fields that erode 34 

only once. Mean erosion rates for lowland arable landscapes are much less than mean erosion 35 

rates for individual eroded fields within that landscape. These observations pose important 36 

challenges for modelling. Rainfall and cropping vary from year to year so that risk of wash or 37 

rill erosion in the same field also varies. Due to the infrequent occurrence of rilling rates of 38 

eroding fields cannot be spatially extrapolated across the landscape, except in the case of 39 

wash. Wash erosion takes place a number of times in almost all fields every year. A 40 

consistent pattern of increasing wash, in terms of spatial extent, is emerging in lowland 41 

Britain. Such losses of fine silt and clay-sized particles are small in amount and possibly 42 

insignificant in terms of loss of soil as a resource but have significant implications for 43 

contaminant concentrations and pollution of water courses. 44 

Key words: Water erosion, extent, frequency, rates, field-based assessment, modelling   45 

Introduction 46 

Mitigating  runoff and  soil erosion is high on the government’s agenda presently (Evans, 47 

2010a). It is important to protect a precious resource, the soil - as exemplified by the proposal 48 

for a Thematic Strategy for Soil Protection (Council of European Communities, 2006), 49 

including a Soil Framework Directive, later withdrawn after lobbying but considered likely to 50 
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re-emerge in the near future.  Apart from inputs of organic matter to the mineral matrix soil 51 

can, with regard to its minerogenic constituents, best be considered over the short term as 52 

non-renewable. Reduction of excessive soil erosion is also especially important to protect 53 

water courses from agricultural diffuse pollution including sediment (Collins et al., 2009 & 54 

2011) in the context of the European Union Water Framework Directive (Council of 55 

European Communities, 2000) which seeks to deliver good ecological status in freshwaters. 56 

As well as impacting detrimentally on aquatic ecology (Kemp et al., 2011; Jones et al., 2012a 57 

& 2012b) diffuse pollution is a serious problem for the Water Industry. To assess how 58 

excessive runoff and soil erosion can be tackled on farm, and to test the efficiency of 59 

available mitigating options, a realistic baseline assessment of erosion is needed. The baseline 60 

assessment should not only describe typical rates of soil erosion in arable fields, but also the 61 

extent of land affected by water erosion within a locality (soil landscape) and the 62 

corresponding frequency of erosion; do fields erode frequently or rarely? On the basis of 63 

these principal requirements – rate, extent and frequency of erosion of arable fields within 64 

soil landscapes,  information  gathered in the field across lowland Britain on the extent, 65 

frequency and rate of soil erosion on arable land is synthesized to give an understanding of 66 

baseline soil  erosion across lowland arable Britain. Such a baseline can be used to validate 67 

models constructed to simulate erosion rates or risk and to assess the efficacy of mitigation 68 

options. The implications of the empirical data for soil loss by water on arable land are 69 

discussed.  70 

We do not include estimates of soil erosion based on the widespread use of fallout 71 

radionuclides (FRNs) in England and Wales, especially Cs-137. While a large literature 72 

suggests that available conversion models provide realistic estimates of erosion rates (see 73 

Zapata, 2002; IAEA, 2014 for reviews of methodology), there is a growing body of evidence 74 

to suggest the technique is flawed because it cannot be shown that some of the fundamental 75 
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underlying assumptions are met, for example that Cs-137 was evenly deposited across the 76 

catchment from the grass field on the watershed to the arable field on the lower slopes or that 77 

the models used to convert Cs-137 measurements to rates of erosion are adequate (e.g. 78 

Dalgleish & Foster, 1996; Parsons & Foster, 2011 & 2013). Models to predict erosion based 79 

on similar underlying assumptions to those used to convert Cs-137 measurements to rates of 80 

erosion do not reflect what is found in the field (Evans & Brazier, 2005). The limited number 81 

of comparisons between Cs-137 and field based estimates of erosion currently suggest that 82 

the use of FRNs over predicts erosion rates to a significant but inconsistent and unpredictable 83 

amount. This conclusion is drawn from a comparison of estimated amounts of soil eroded 84 

across soil landscapes (soil associations; SSEW, 1983) with maps of amounts of erosion 85 

estimated using Cs-137 (Exeter University, 2008; Walling & Zhang, 2010). Estimates of 86 

amounts of soil eroded within soil landscapes (available on request) are based on rates and 87 

extent of erosion within soil landscapes monitored for erosion in the SSEW project (Evans, 88 

1988, 1990, 1993 & 2005, and see below). In the monitoring scheme eroded fields were 89 

found in 62 of the 196 soil associations (31.6%) covering lowland England and Wales. 90 

Amounts eroded are estimated for soil landscapes based on their soils, land use and 91 

topography as described in the legend for the National Soil Map (SSEW, 1983), and Evans’ 92 

classification of erosion risk (Evans, 1990; Figure 1) assuming the midpoint in range of 93 

values of extent of erosion in each class and mean rate of erosion for fields with topsoil 94 

textures similar to those obtained in the monitoring scheme.  95 

Soil erosion assessed in farmers’ fields is generally in the form of channels – rills or larger 96 

features which cannot be erased by cultivation (gullies), although they can also be very small 97 

features referred to as traces, very short, shallow features often ending in a small sediment 98 

deposition fan (Colborne & Staines, 1986). Evidence of runoff can often be seen as flow-lines 99 

of deposited sediment particles, usually fine sand, coarse silt or organic particles or debris. 100 
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The mobilisation of soil particles separated out by rain splash and transported a short distance 101 

by low velocity runoff which does not attain sufficient force to incise into the soil is referred 102 

to here as wash (Evans, 2013). Much of the erosion described here is of the more visually 103 

obvious sort in the farmers’ field, rill or gully erosion (Evans, 2013), not traces or wash. 104 

Extent of soil erosion  105 

Between 1982 and 1986, 17 localities across England and Wales were monitored for rill and 106 

gully erosion (Evans, 2005), a project set up by the then Soil Survey of England and Wales to 107 

assess if soil erosion was a problem. The 17 localities are described in more detail elsewhere 108 

(Evans, 1988), as are the results of monitoring (e.g. Evans, 1993 & 1996).The localities were 109 

chosen because it was suspected they were vulnerable to soil erosion or may become more 110 

vulnerable to erosion if land use changed, for example, from grassland to arable (Devon, 111 

Cumbria). Aerial photographs were taken of the localities and these transects sometimes 112 

covered more than the soil landscape considered most at risk of soil erosion. Eroded fields 113 

were identified on the photographs and the interpretations checked in the field. To these were 114 

added fields eroded after the aerial photographs were taken or not identified initially. Just 115 

over 1700 eroded fields were located.   116 

The areas of eroded fields in the soil landscapes (SSEW, 1983) covered in the ‘core’ area 117 

photographed each year was estimated and expressed as a percentage of the total farmland on 118 

the transect (Figure 2a) or the soil landscapes (Figure 2b). The ‘core area’ is the area 119 

photographed every year, as the area covered by each transect varied somewhat from year to 120 

year as the flight line and height above ground of the aircraft were not always exactly the 121 

same.  122 

Overall, just over 4 % of farmland was eroded by rills and gullies and in no locality was 10 % 123 

eroded, although individual landscapes within localities could suffer more soil erosion. Those 124 
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localities or associations in which more than 4 % of the landscape eroded had soils with high 125 

sand or coarse silt contents, and a greater proportion of their landscape covered by arable land 126 

growing both autumn- and spring-sown crops. Less vulnerable landscapes had more 127 

grassland and often heavier textured soils. In individual years, soil erosion could be more 128 

extensive in more vulnerable landscapes (Figure 2c), when over 20 % of farmland could 129 

erode. Within field, the area covered by rills and sediment deposition, on average, was rarely 130 

more than 1 % (Kent, Isle of Wight), though as much as 18 % in individual fields (Isle of 131 

Wight). 132 

Boardman (1988 & 2003) monitored 36 km² of hilly chalk Downland with mostly shallow 133 

silty (Andover 1 Soil Association; SSEW, 1983) soils in West Sussex between 1982 and 134 

1991. A part of this area was also covered by a monitored aerial photograph transect (Figure 135 

2b; Suss W 2**). On average, 10.3 % of the farmland eroded each year, a higher value than 136 

that in the SSEW project for a similar Sussex landscape. Other localities have been monitored 137 

in years when it was considered that soil erosion was more widespread than usual (Table 1). 138 

Areas of farmland affected by erosion are greater than those recorded in the SSEW project 139 

but not greatly so. During the 5 years (1982-86) of the SSEW monitoring scheme no year was 140 

particularly outstanding for soil erosion, unlike, for example 1987, when rainfall in autumn 141 

on the South Downs was exceptional and gave rise to widespread and severe soil erosion 142 

(Boardman, 1988). 143 

On the Sussex Downs, over 6 years (1982-1987), eroded fields covered all together 27 % of 144 

the land (after Boardman, 1990) and the mean area of land affected by erosion each year over 145 

a 10 year period was 10.3 % (Boardman, 1990 & 2003). For the 17 SSEW landscapes 146 

monitored in the 1980s,  crude estimates can be made of the total (per cent) area affected by 147 

soil erosion, if it is assumed that over the 5 year monitoring period, 70 % of the fields eroded 148 

only once (see below). Thus, for a very high risk landscape (Evans, 1990) such as the 149 
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Nottinghamshire sand land, in total over the 5 years about 45 % of the farmed landscape was 150 

covered by eroded fields, for other farmed landscapes classified at high risk, between 14 and 151 

28 % of the farmed landscape probably eroded over the 5 years.  152 

Soil erosion has been monitored for a similar number of years (3-13) in other localities in 153 

Britain (Table 2). The areas monitored were surveyed in years when it was considered 154 

erosion was more widespread than usual. The areas affected by soil erosion are not dissimilar 155 

to those recorded by the SSEW project. The Sompting catchment in the Sussex South Downs 156 

has been monitored by the author for a much longer period, 26 years since 1989. The c.10 157 

km² catchment eroded severely in the late 1980s and early 1990s after the land use was 158 

changed from dominantly grass to dominantly arable land covering 65 % of its area and 159 

growing winter cereals, a crop vulnerable to soil erosion (Boardman, 2003; Evans & 160 

Boardman, 2003). Over that time, fields covering 62 % of the catchment suffered erosion, 48 161 

% in one year before set-aside was brought in (Evans & Boardman, 2003), and again, many 162 

fewer fields after the catchment went back to being predominantly under grass in 2005/6. The 163 

latter change came about because of a change in the European Union’s Common Agricultural 164 

Policy (CAP) and new ownership of the largest farm in the catchment. The average number 165 

of fields that suffered soil erosion declined from 12.4 per year to 2.7 (Evans, 2010b).  166 

Frequency of erosion 167 

There is little published information on the frequency of soil erosion by water in Britain. 168 

Most surveys of erosion indicate where eroded fields have been seen - for example, in 169 

England and Wales (Evans & Cook, 1986), Scotland (Speirs & Frost, 1985) and other sites in 170 

Britain (Boardman, 2002) - but do not indicate if the field has eroded in more than one year. 171 

Two areas on the South Downs, Sussex, where autumn-sown cereals were the dominant crop, 172 

have been monitored for a number of years (Tables 3 & 4), some fields eroded frequently. 173 
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The Sompting catchment (Table 4) is probably exceptional in that for many years there was 174 

little crop rotation and much of the arable land was sown to winter cereals and grass fields 175 

remained under grass. Hence the same fields were drilled every year to winter cereals and 176 

were at risk of erosion every year. In most other monitored landscapes (Figure 3), the length 177 

of time monitored (3-5 years) is similar to that of Boardman (1988, 1990 & 2003), and the 178 

findings are similar, including localities where winter cereals are dominant but also where 179 

soils are dominantly sandy and a much wider range of crops was grown. Fields eroded mostly  180 

only once in 5 years. 181 

Rates of soil erosion 182 

Mean rates of soil erosion in fields along a transect (Figure 4a) or within a soil association 183 

(Figure 4b) are dominantly less than 5m³/ha (= 6.5 t/ha if soil bulk density is assumed to be 184 

1.3 g/cm³), and the mean value per transect is related to that of the dominant soil association. 185 

Higher mean rates (>2m³/ha, = >2.6 t/ha) are associated with soils containing high 186 

proportions of sand or silt. Lowest rates were found in the Bedfordshire locality where soils 187 

are clayey and relief is low. Median values are much lower, mostly varying either side of 188 

1m³/ha (1.3 t/ha). Maximum rates of erosion are often (much) more than 10 times the mean 189 

value. As noted previously, soil erosion rates measured in different British field-based 190 

monitoring schemes are not dissimilar (Table 5). However, rates are lower in the SSLRC 191 

project because the monitoring period was shorter (less chance of erosive rainfalls occurring), 192 

higher risk soil landscapes were less sampled and wash as well as rill erosion was taken into 193 

account. Rates of soil erosion recorded for other reasons in other locations in Britain (Table 194 

6) often have much lower maximum rates than those recorded in the schemes specifically 195 

designed to monitor erosion (Table 5). Soil erosion magnitude and frequency curves derived 196 

from data from long running monitoring schemes are also similar (Figure 5; and Boardman, 197 

2003, pp. 180), as small events dominate the distribution and large events are rare. 198 



 

9 

 

Discussion 199 

Extent, frequency and rates of soil erosion estimated in various lowland locations across 200 

Britain, and at different times, are similar and give a baseline for those monitored locations to 201 

assess changes in occurrence and severity of soil erosion by water in arable fields in the 202 

future. An earlier classification of soil associations at risk of erosion (Evans, 1990; Figure 1) 203 

was confirmed by later fieldwork (Marks et al., 1997). Such targeted empirical work forms 204 

the base upon which to validate models that predict erosion (e.g. Collins et al., 2009) or risk 205 

of erosion and to assess the technically feasible impacts of options to mitigate runoff and soil 206 

erosion. After a number of years (~ 5) the total number of fields affected by erosion appears 207 

to change little but fields erode more frequently, in other words, in a locality where land use 208 

is unchanging there is a ‘core’ of fields that erodes, other fields do not suffer rilling, 209 

presumably because those fields have a permanent vegetation cover or slopes are flat, or 210 

nearly so with no breaks of slope.  211 

If climate changes in the future as predicted, with storms becoming more intense (Kovats & 212 

Valentini, 2014; pp. 10), it is likely that soil erosion by water will be more severe (McLeod et 213 

al., 2012) and probably more extensive (Evans, 1990; pp. 213; Evans, 1996; pp. 89), though 214 

severity and extent will depend on the timing of the storms relative to crop cover. Rains 215 

falling when the ground is dominantly covered in crop, or in summer when soils are dry, will 216 

have less impact; those falling in autumn or spring, when the ground is mostly bare of crop, 217 

will have a much greater impact and this can have serious consequences off-site including 218 

detrimental impacts on aquatic ecology (Collins et al., 2011; Kemp et al., 2011). However, it 219 

will likely be a change in land use that will determine if soil erosion becomes more extensive 220 

and possibly more severe (Table 7). A switch from autumn-sown to spring-sown cereals may 221 

have little impact, but a further extension of maize, as happened mostly after the SSEW 222 

monitoring project and was foreseen by the project, could have a serious impact on both soils 223 
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and water quality. To some degree, this expansion is already happening in conjunction with 224 

the use of maize as input to on-farm digestors for energy generation and for feed for the dairy 225 

industry. Similarly, if more vegetables or other root crops are grown, the consequences for 226 

soil loss are likely to be significant. All these crops have a high risk of erosion when 227 

compared to combinable crops. If, as seems sensible, grass leys are introduced into the crop 228 

rotation to curtail erosion precautions will need to be taken at time of drilling, for though ley 229 

grassland is at very low risk of erosion presently, when it does erode, erosion can be severe 230 

(Table 7). If structural degradation due to compaction by machinery or trampling by animals 231 

is remedied before drilling the ley, and it is not then intensively grazed, the ley will return 232 

more organic matter to the soil and leave a better structured soil after one to three consecutive 233 

years under grass, further curtailing runoff and wash erosion. Fields down to outdoor pigs, 234 

often after a cereal crop, which become bare of vegetation once the stubble has been trampled 235 

and soils have become heavily compacted, are probably at the highest risk of soil erosion 236 

(one field in three; Evans, 2006) but the corresponding rates of erosion are unknown, 237 

although it can be assumed that these will be high (e.g. Evans, 2013, pp. 109). If the 238 

replacement of grass by winter cereals continues in wetter areas of Britain, especially those 239 

with more than 750 mm rainfall a year (Watson & Evans, 2007), soil erosion will become 240 

more widespread. 241 

There are few strategic field-based assessments of water erosion to compare with those 242 

discussed here. Rates of erosion in Europe are similar to those described here (Evans, 2002). 243 

Prasuhn (2011 & 2012) monitored 5 localities comprising 203 fields covering 265 ha in 244 

lowland arable Switzerland. Soils are permeable cambisols and luvisols over ground moraine 245 

and mostly had a high sand content (sandy loams). The range of crops grown was similar to 246 

those in Britain (Table 8) but winter cereals and oilseed rape were less extensive than during 247 

the SSEW (1982-1986) monitoring scheme (Table 7) and ley grassland and maize more 248 
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widespread. Rates of erosion do not differ greatly in the two countries, and are of the same 249 

order of magnitude, although mean rates are below 3 t/ha in Switzerland but often higher than 250 

that in England and Wales. Indeed, rates in Switzerland were ≤ half those in the same crop in 251 

England and Wales. Hence, erosion in Switzerland was less severe, especially in ley 252 

grassland; possibly there was little erosion at the time of drilling. Perhaps less severe erosion 253 

in Switzerland is related to smaller field size in the monitored areas; average field size in 254 

Switzerland is 1.3 ha, compared with 7.5 ha in the monitored transects in England and Wales. 255 

Field size exerts control on runoff pathway length, water velocity and, hence, erosive power. 256 

Erosion was more extensive in Switzerland than in landscapes in England, both for the area 257 

monitored and within field and that may partly be explained by the extent of wash erosion 258 

(Table 8).  Wash erosion was not assessed in the SSEW project.  259 

A comparison of estimates of amounts of silt and clay transported out of rilled fields with 260 

suspended sediment loads transported in lowland rivers in England suggests that to explain 261 

the discrepancy in estimates wash from the land accounts for a further 0.1-0.3 t/ha/yr (Evans, 262 

2006) in addition to silt and clay from rills and gullies. Later work (Evans, 2012) suggests 263 

sources of fine sediment other than from the land may also be important, such as road and 264 

tracks and eroding channel banks; cleaned out water courses and ditches can be a source of 265 

both fine and coarse particles. Sand particles are not often transported out of fields, they are 266 

deposited within the field or trapped by the grassed field margin (Evans, 2012), although 267 

forecasted changes in rainfall patterns may have impacts on this particle size selectivity. 268 

Recent work in the Wissey catchment, central Norfolk, shows that surface runoff, mostly 269 

down tractor wheelings (cf. Collins et al., 2013), often carrying very small amounts of soil, 270 

can occur up to 10 times a year. Turbid wash has been observed at the end of an 11 mm rain 271 

storm falling on saturated topsoil flowing into a stream from a field allowed to ‘tumble 272 

down’, i.e. revert to a complete grass, weed and moss cover. Palmer and Smith (2013) show 273 
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that soil degradation (e.g. poaching and compaction) accompanied by surface wash is 274 

widespread in south western England. Compaction and structural degradation are widespread 275 

for many soils across lowland Britain (Evans, 2012; Palmer & Smith, 2013) and this provides 276 

opportunity for soil wash on most arable fields and during most years. Although the amounts 277 

of soil transported by wash are often (very) small, except where topsoils contain high 278 

amounts of silt, wash also carries other pollutants such as nutrients (nitrate and phosphate) 279 

and pesticides both attached to soil particles and in solution.  280 

If the principal aim of a policy instrument or management strategy is to curtail runoff and 281 

erosion, it will be best to concentrate on those soil landscapes known to be most at risk of soil 282 

erosion by water (Evans, 1990), especially in the context of the need for improved spatial 283 

targeting of on-farm mitigation measures to help deliver value for expenditure of tax payers 284 

money (e.g. through the Common Agricultural Policy levers). This drive towards improved 285 

spatial targeting is reflected in the revised delivery plans for CAP reform 2014-2020 and the 286 

introduction of the new Countryside Stewardship scheme in England which will get 287 

underway in January 2016. Estimates of amounts of soil eroded across soil landscapes have 288 

been made (see above - Introduction). Such estimates are the best currently available and are 289 

clearly realistic and of the right order of magnitude indicating that 50 % of the total volume 290 

of soil eroded in lowland England and Wales originates from just 14 of 196 soil associations 291 

(Table 9). 292 

Soils in these ‘at risk’ associations contain high contents of sand or silt. They are among the 293 

most easily worked in England and Wales and grow a wide range of crops many of which 294 

have inherent risk associated with the timings of bare tilled ground and subsequent harvesting 295 

and the type of crop grown (e.g. high risk maize, potatoes and salad crops). Thirty soil 296 

associations account for 79 % of the estimated total volume of soil eroded in lowland 297 

England and Wales. Some of these landscapes are dominantly down to grass and because of 298 
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that are classed as at low risk of erosion, however the associations cover such a large area that 299 

many fields, though small in number proportionately, are at risk of erosion, especially where 300 

grass has been converted to arable as in south west England (Marks et al., 1997).  301 

Conclusion 302 

Field-based assessments of water erosion in lowland Britain delivered by a number of 303 

strategic campaigns give a consistent picture of extent, frequency and rates of erosion. These 304 

empirical data provide a reliable basis for validating models constructed to predict erosion, or 305 

risk of erosion, and for estimating the potential efficiency of on-farm measures to mitigate 306 

soil erosion (Newell-Price et al., 2011). 307 

Nonetheless, the empirical evidence base on soil erosion by water on arable land in lowland 308 

Britain also provides some key challenges for the modelling community: 309 

 Severe arable soil erosion in Britain is rare. In any one year, rill erosion occurs in a 310 

small number of fields (consistently less than 10% and typically ~4%), and not 311 

everywhere across the agricultural landscape. This specific soil erosion process 312 

domain is therefore spatially constrained at the annual time step. Over time, say 5 313 

years, a considerable part of the landscape will suffer some soil erosion by rilling but 314 

mostly in fields that have only eroded once. This implies that soil erosion models 315 

need to simulate at least five years of time to capture all the factors that vary over 316 

time that control soil erosion at a landscape scale. Over longer periods, more fields 317 

will erode, and the same fields will erode more than once, but not frequently.  318 

 Mean erosion rates for lowland arable landscapes therefore are much less than mean 319 

erosion rates for individual eroded fields within that landscape (Evans, 2013). This 320 

poses a spatial extrapolation challenge for soil erosion modelling in that rates of 321 
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erosion on fields experiencing soil loss cannot be simply extrapolated to all fields 322 

across the landscape in any given year.  323 

 In contrast, wash erosion probably takes place a number of times in most fields every 324 

year. A consistent pattern of increasing wash is emerging in lowland Britain. 325 

Compaction and structural degradation are driving much of this wash.  Capturing this 326 

degradation and wash erosion is increasingly important and poses fewer challenges 327 

for modelling as extrapolation is simpler and this process domain occurs each year.  328 

 Techniques to mitigate soil erosion by water should be aimed at addressing soil loss 329 

during the more severe erosion event, and should be targeted at landscapes more at 330 

risk of erosion or at fields growing particular risky crops, for example, widely grown 331 

winter cereals and root crops, or less extensively grown but even more vulnerable 332 

crops such as maize, field vegetables and rearing outdoor pigs.  333 

 Spatial targeting is much more of a challenge in the case of soil erosion by wash given 334 

that this process is now occurring on almost all arable fields each year. Failure to 335 

introduce good soil management to help combat wash will hamper managers in 336 

delivering reductions in fine sediment, nutrients and pesticides reaching water 337 

courses. 338 

  Techniques to mitigate rill erosion will protect and conserve the soil, but, given the 339 

growing importance of surface wash, will not necessarily protect water courses from 340 

agricultural diffuse pollution. Indeed this may exacerbate the problem as selective 341 

transport will deliver only the finest sediment to streams and rivers where 342 

contaminant concentrations are frequently highest (i.e. in fine silts and clays). 343 

  The practicalities and economics of protecting water courses if present-day intensive 344 

land use continues are daunting. 345 

 346 
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Figures 508 

Figure 1. Map of water erosion risk of lowland soil landscapes, after Evans, 1990. Mod risk: 509 

Mean area/year covered by eroded fields - 1-5 % farmland. Generally lower rates of erosion 510 

(< 2 m³/ha; < 2.6 t/ha). High risk: Mean area/year covered year by eroded fields - 5-10 % 511 

farmland. Rates of erosion can be low or high.  Very high risk:  Mean area covered/year by 512 

eroded fields > 10 % farmland. Generally higher rates of erosion (> 2 m³/ha; > 2.6 t/ha).  513 

Figure 2a. Extent of eroded fields on transects monitored in the SSEW project 1982-86.  Key: 514 

Salop-Shropshire; Notts-Nottinghamshire; Norf E- Norfolk East; IoW-Isle of Wight; Suss 515 

W**-Sussex West; Staffs-Staffordshire; Norf W-Norfolk West; Somerset; Hants-Hampshire; 516 

Dorset; Gwent; Bedford-Bedfordshire; Kent; Hereford-Herefordshire; Suss E*-Sussex East; 517 

Cumbria*; Devon*-Devonshire. * Photographed 4 out of 5 years. ** Photographed 3 out of 5 518 

years. 519 

Figure 2b. Extent of eroded fields in soil landscapes within the monitored transects, SSEW 520 

monitoring project 1982-86. Key: Notts 2-Nottinghamshire, sandy textured soil associations; 521 

IoW 2-Isle of Wight, coarse loamy; Salop-Shropshire, sandy; Staffs 2-Staffordshire, sandy; 522 

Norf E-Norfolk East, sandy and coarse loamy; Suss W 2**-Sussex West, silty; Hants 2-523 

Hampshire, loamy; Norf W-Norfolk West, loamy; Somer 2-Somerset, silty; Notts 3-524 

Nottinghamshre, silty; Suss W3**-Sussex West, fine loamy; Dorset-Dorset, clayey; Gwent-525 

Gwent, loamy; IoW 3-Isle of Wight, loamy; Beds-Bedfordshire, clayey; Staffs 3-526 

Staffordshire, loamy; Kent-Kent, silty; Hereford-Herefordshire, silty; Notts 4-527 

Notttinghamshire, clayey; Suss E*-Sussex East, silty; Cumbria*; Hants 3-Hampshire, loamy; 528 

Devon*-Devonshire, loamy; Somer 3-Somerset, loamy. * Photographed 4 out of 5 years. **  529 

Photographed 3 out of 5 years. 530 
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Figure 2c. Maximum area of farmland (land not built on or wooded) in a soil association 531 

affected by erosion over the period 1982-1986. Key: Notts 2-Nottinghamshire, sandy textured 532 

soil associations; Hants 2-Hampshire, loamy; IoW 2-Isle of Wight, coarse loamy; Staffs 2-533 

Staffordshire, sandy; Salop-Shropshire, sandy; Norf E-Norfolk East, sandy and coarse loamy; 534 

Suss W 2**-Sussex West, silty; Somer 2-Somerset, silty; Norf W-Norfolk West, loamy; 535 

Notts 3-Nottinghamshre, silty; Suss W3**-Sussex West, fine loamy; Staffs 3-Staffordshire, 536 

loamy; Hereford-Herefordshire, silty; IoW 3-Isle of Wight, loamy; Dorset-Dorset, clayey; 537 

Beds-Bedfordshire, clayey; Notts 4-Notttinghamshire, clayey; Gwent-Gwent, loamy; Kent-538 

Kent, silty; Cumbria*-Cumbria, sandy and loamy; Hants 3-Hampshire, loamy; Suss E*-539 

Sussex East, silty; Devon*-Devonshire, loamy; Somer 3-Somerset, loamy. 540 

Figure 3. Frequency of soil erosion – SSEW monitoring scheme, 1982-1986. 541 

Figure 4a. Mean and median rates (m³/ha) of soil erosion per SSEW (1982-1986) monitored 542 

transect and all transects. Key: All-All transects; IoW-Isle of Wight; Somerset; Hants-543 

Hampshire; Kent; Salop-Shropshire; Staffs-Staffordshire; Notts-Nottinghamshire; Cumbria*; 544 

Devon*-Devonshire: Dorset; Hereford-Herefordshire; Gwent; Suss W**-Sussex West; Norf 545 

E- Norfolk East; Norf W-Norfolk West; Suss E*-Sussex East; Bedford-Bedfordshire.* 546 

Photographed 4 out of 5 years. ** Photographed 3 out of 5 years. 547 

Figure 4b. Mean and median rates (m³/ha) of soil erosion in soil associations with > 30 548 

eroded fields - SSEW monitoring project, 1982-1986. Key: IoW571g-Isle of Wight, coarse 549 

loamy and sandy soils; Som541m-Somerset, silty soils; Hants571i-Hampshire, loamy soils; 550 

Staffs551a-Staffordshire, sandy and coarse loamy soils; Som572i-Somerset, silty soils; 551 

Shr551d-Shropshire, sandy and coarse loamy soils; Staffs551g-Staffordshire, sandy soils; 552 

Shr551a-Shropshire, sandy and coarse loamy soils; Notts551b-Nottinghamshire, sandy and 553 

coarse loamy soils; Gw541a-Gwent, fine loamy soils; Here571b-Herefordshire, fine silty 554 
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soils; Dorset411b-Dorset, clayey soils; Gw571b-Gwent, fine silty; NorW343g-Norfolk West, 555 

coarse loamy and sandy soils; NorE541g-Norfolk East, coarse loamy soils; NorE541t-556 

Norfolk East, coarse loamy soils; SusW343h-Sussex West, silty soils; NorW581f-Norfolk 557 

West, coarse loamy and sandy soils; Beds411d-Bedfordshire, clayey soils.  558 

Figure 4c. Maximum rates (m³/ha) of soil erosion in each SSEW monitored transect, 1982-559 

1986. Key: IoW-Isle of Wight; Staffs-Staffordshire; Notts-Nottinghamshire; Somerset; 560 

Salop-Shropshire; Hants-Hampshire; Dorset; Gwent; Norf W-Norfolk West; Cumbria*; Kent; 561 

Hereford-Herefordshire; Devon*-Devonshire; Suss W**-Sussex West; Norf E- Norfolk; Suss 562 

E*-Sussex East; Bedford-Bedfordshire. * Photographed 4 out of 5 years. ** Photographed 3 563 

out of 5 years. 564 

Figure 5. Magnitude/frequency curves for the 17 SSEW monitored localities. Key: Beds-565 

Bedfordshire; Cumbria; Devon-Devonshire; Dorset; Gwent; Hants-Hampshire; Hereford-566 

Herefordshire; IoW-Isle of Wight; Kent; Norf E – Norfolk East; Norf W-Norfolk West; 567 

Notts-Nottinghamshire; Salop-Shropshire; Somerset; Staffs-Staffordshire; Suss E-Sussex 568 

East; Suss W-Sussex West.   569 

   570 

  571 
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 572 

Source     % land eroded  Description  573 

 574 

Boardman et al., 2009 36.5   Monitored c.558 ha, winter 2006/7,  575 

   Sussex greensand.   576 

Colborne & Staines, 1986 29.0   Monitored 200 fields, winter 1982/3, 577 

       Somerset, silty soils. 578 

Davidson & Harrison, 1995 27.0   Monitored 208 fields, 1993, Strathearn,579 

        Scotland. 580 

Kirkbride & Reeves, 1993   9.7*   Monitored 195 fields, 1992, Forfar, 581 

Scotland. 582 

*rilled fields, but 22 % showed signs of erosion. 583 

 584 

Table 1. Percentage area of farmland, or the number of fields affected in any one year, when 585 

erosion was considered more widespread and severe than normal. 586 

  587 
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Source     % land eroded  Description  588 

Chambers & Garwood, 2000 31-43    Monitored 1989-1994. 80 fields in 13589 

        localities, various soil types. 590 

Reed, 1979   32.3   Monitored 1967-1976. Shropshire, sandy591 

       soils. 592 

Boardman, 1990  27.0   Monitored 1982-1987. Sussex, South    593 

                 Downs, chalky and silty soils. 594 

Boardman, 2015  22.9   Monitored 1982-1991. Sussex, South,595 

      Downs, chalky and silty soils, 122 fields. 596 

Harrod, 1998   17.4   Monitored 1996-1998. 772 sites, many  597 

soil types. 598 

Watson & Evans, 2007 14.2   Monitored 13 years. 5244 fields, Eastern  599 

       Scotland. 600 

13.7 Monitored 8 years. 4393 fields, Eastern 601 

Scotland. 602 

    10.2   Monitored 6 years. 1375 fields, Eastern603 

        Scotland. 604 

Table 2. Percentage area of farmland, or number of fields/sites eroded, in Britain over a 605 

period of years. 606 

  607 
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 608 

   No. years    % total no. 609 

   field eroded    eroded fields 610 

       1982-1987 1982-1991 611 

   1    59.6  53.6 612 

   2    21.0  17.9 613 

   3    10.5  17.9 614 

   4      6.1  7.1 615 

   5      2.6  3.6 616 

        617 

Table 3. Number of years fields eroded on the South Downs, Sussex, 1982-1987 (after 618 

Boardman, 1990) and 1982-1991 (after Boardman, 2015). 619 

 620 

  621 
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No. years   % total no. 622 

    field eroded   eroded fields 623 

    1    16.1 624 

     2    16.1 625 

     3    16.1 626 

     4      3.2 627 

     5      3.2 628 

     6      6.5 629 

     7    ------ 630 

     8    ------ 631 

     9      3.2 632 

   10    ------ 633 

   11      3.2 634 

   12      6.5 635 

   13    12.9 636 

   14      6.5 637 

   15      3.2 638 

   16      3.2 639 

Table 4. Number of years fields eroded in the Sompting catchment, South Downs, Sussex, 640 

1991-2006 (after Evans, 2010b).  641 
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 642 

Monitoring scheme  Range values  Range mean  Range median 643 

(Reference)      m³/ha (t/ha*)  annual values  annual values  644 

       m³/ha (t/ha*)        m³/ha (t/ha*)      645 

SSEW 1982-1987  <0.01-173.1       0.5-5.2        0.2-1.7 646 

    (<0.01-225.0)  (0.6-6.8)   (0.3-2.2) 647 

ADAS 1990-1994  <0.01-143       0.8-11    <0.01-6.3 648 

    (<0.01-185.9)  (1.0-14.3)  (<0.01-8.2) 649 

(Chambers et al., 1992; Chambers & Garwood, 2000) 650 

SSLRC 1996-1998**  <0.01-16.6       0.1-1.5      0.01-0.6 651 

    (<0.01-21.6)  (0.1-1.9)    (0.01-0.8) 652 

(Harrod, 1998) 653 

South Downs 1982-1991  0.01-234      0.4-23.1      0.5-5.0 654 

    (0.01-304.2)  (0.5-30.0)  (0.6-6.5) 655 

(Boardman, 2003) 656 

(t /ha*) – assuming soil bulk density = 1.3 g/cm³ 657 

** ‘Unchanneled’ erosion included in this data  658 

Table 5. Comparison of rates (m³/ha; t/ha) of erosion for monitored landscapes/sites in 659 

Britain (after Evans, 2005 and Boardman, 2015).  660 
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Reference   Rate - m³/ha  Description 661 

    (t/ha*) 662 

Deasy et al., 2010  0.02-4.9   52 unbounded plots, various locations and 663 

    (0.02-6.5)  soil types, 2005-2008. 664 

Silgram et al., 2010  0.2+0.4 & 0.3+4.9 Maximum rates, 2 sites in West Midlands, 665 

    (0.3+0.5) (0.4+0.6) 2005-2007. 666 

Colborne & Staines, 1986  0.1-15.0   20 fields, silty and clay soils, Somerset and 667 

    (0.1-19.5)  Dorset, 1984-1985. 668 

Colborne & Staines, 1985  0.2-4.3   40 fields, silty soils, Somerset, 1982-1983. 669 

    (0.3-5.6) 670 

Wade & Kirkbride, 1998  0.6-9.8   Catchments in 3 fields, Fife, Scotland, 1993. 671 

    (0.8-12.5) 672 

Watson & Evans. 1991  1.3-187.2  11 fields, eastern Scotland, 1985-1986. 673 

    (1.7-243.4) 674 

Foster et al., 1997  38.2   One field, West midlands, 1996. 675 

    (49.7) 676 

*Assuming soil bulk density of 1.3 g/cm³ 677 

Table 6. Rates of erosion for locations that were not part of monitoring schemes in Britain. 678 

 679 

  680 
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 Occurrence erosion  Risk of occurrence erosion* Mean rate erosion 681 

  crop type  %   crop type risk                m³/ha t/ha** 682 

             Winter cereal  42.8  Hops  1 field in 6 3.92***  5.10*** 683 

              Sugar beet 18.4  Sugar beet 1 field in 7 3.04***  3.95*** 684 

 Spring cereal 11.5  Maize  1 field in 7 4.48***  5.82*** 685 

 Potatoes  10.6  Potatoes  1 field in 10 2.53***  3.29*** 686 

 Field veg.     6.3  Other  1 field in 11 2.83***  3.68*** 687 

 Other    3.0  Field veg. 1 field in 14 5.08***  6.60*** 688 

 Maize     1.6  Bare soil  1 field in 21 1.61  2.09 689 

 Bare soil    1.5  Kale  1 field n 24 2.10  2.73 690 

 Oilseed rape   1.5  Ley grasses 1 field in 32 4.09***  5.32*** 691 

 Peas    1.0  Spring cereal 1 field in 34 1.75  2.27 692 

 Kale     0.7  Peas  1 field in 38 1.21  1.57 693 

 Hops    0.5  Winter cereal 1 field in 42 1.85  2.40 694 

 Field beans 0.4  Field beans 1 field in 71 0.47  0.61 695 

 Ley grasses 0.2  Oilseed rape 1 field in 100 1.92  2.50 696 

 *After Evans, 2005  **Assuming soil bulk density=1.3 g/cm³ ***Higher rates erosion 697 

Table 7. Occurrence, risk of occurrence and rates of rill erosion in arable fields. (Data 698 

derived from SSEW monitored transects 1982-1986). 699 

  700 
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Cropping  % area      Erosion          % total  Mean rate  701 

      Selected crops  erosion    (t/ha/yr) 702 

Winter wheat  23       Winter wheat  33   1.05              703 

Ley     21    Potatoes   26           2.87 704 

 Maize   15        Fallow (after potatoes)  14           1.06 705 

Sugar beet   14        Maize              10           0.44 706 

Winter barley    9        Sugar beet                  5          0.27 707 

Potatoes     6        Winter barley                 4           0.34 708 

Rape         2        Ley              2           0.07 709 

Other     10    710 

Extent of erosion - mean area eroded per year – 32.2 % 711 

Area of field affected by erosion – 16 % (range 7 – 37 %) 712 

Mean rate of erosion whole area – 0.75/ha/yr (range 0.16-1.83 t/ha/yr) 713 

 Maximum rate – 58 t ha/yr 714 

Frequency of erosion: None – 12 %; x1 – 19 %; x2 – 15 %; x3 – 14 %; x4 – 13 %; 715 

   x5 – 9 %; x6 – 7 %; x7 – 5 %; x8 – 2 %; x9 – 3 %; x10 – 1 %    716 

   717 

Frequency distribution curve as other studies 718 

Channel erosion – 75 % Wash – 25 % 719 

Table 8. Erosion in the Swiss Midlands 1997/8-2006/7 (after Prasuhn, 2011 & 2012). 720 

  721 
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  Soil  association  Name   Dominant soil texture 722 

  Symbol         723 

   551d   Newport 1  Sandy and coarse loamy 724 

  551b   Cuckney 1  Sandy and coarse loamy 725 

            551a   Bridgnorth  Sandy and coarse loamy 726 

            541A   Bearsted 1  Coarse loamy and sandy 727 

            541b   Bromsgrove  Coarse loamy 728 

            541m   South Petherton  Silty 729 

            541s   Wick 2   Coarse loamy 730 

            551c   Cuckney 2  Sandy and fine loamy 731 

            551e   Newport 2  Sandy 732 

            554a   Frilford   Sandy and coarse loamy 733 

            571d   Fyfield 1  Coarse and fine loamy 734 

            571e   Fyfield 2  Coarse loamy and sandy 735 

            343h   Andover 1  Silty 736 

  571g   Fyfield 4  Coarse loamy and sandy 737 

Table 9. Soil associations in England and Wales most at risk of erosion (after Evans, 1990). 738 

  739 
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 740 

Figure 1. Map of water erosion risk of lowland soil landscapes, after Evans, 1990. Mod risk: Mean  741 

area/year covered by eroded fields - 1-5 % farmland. Generally lower rates of erosion (< 2 m³/ha; <  742 

2.6 t/ha)). High risk: Mean area/year covered year by eroded fields - 5-10 % farmland. Rates of  743 

erosion can be low or high.  Very high risk:  Mean area covered/year by eroded fields > 10 % 744 

farmland. Generally higher rates of erosion (> 2 m³/ha; > 2.6 t/ha).  745 

 746 

 747 

 748 
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 749 

Figure 2a. Extent of eroded fields on transects monitored in the SSEW project 1982-86.  Key: Salop- 750 

Shropshire; Notts-Nottinghamshire; Norf E- Norfolk East; IoW-Isle of Wight; Suss W**-Sussex West;  751 

Staffs-Staffordshire; Norf W-Norfolk West; Somerset; Hants-Hampshire; Dorset; Gwent; Bedford- 752 

Bedfordshire; Kent; Hereford-Herefordshire; Suss E*-Sussex East; Cumbria*; Devon*-Devonshire.  753 

* Photographed 4 out of 5 years. ** Photographed 3 out of 5 years. 754 
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 758 

Figure 2b. Extent of eroded fields in soil landscapes within the monitored transects, SSEW  759 

monitoring project 1982-86. Key: Notts 2-Nottinghamshire, sandy textured soil associations; IoW 2- 760 

Isle of Wight, coarse loamy; Salop-Shropshire, sandy; Staffs 2-Staffordshire, sandy; Norf E-Norfolk  761 

East, sandy and coarse loamy; Suss W 2**-Sussex West, silty; Hants 2-Hampshire, loamy; Norf W- 762 

Norfolk West, loamy; Somer 2-Somerset, silty; Notts 3-Nottinghamshre, silty; Suss W3**-Sussex  763 

West, fine loamy; Dorset-Dorset, clayey; Gwent-Gwent, loamy; IoW 3-Isle of Wight, loamy; Beds- 764 

Bedfordshire, clayey; Staffs 3-Staffordshire, loamy; Kent-Kent, silty; Hereford-Herefordshire, silty;  765 
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Notts 4-Notttinghamshire, clayey; Suss E*-Sussex East, silty; Cumbria*; Hants 3-Hampshire, loamy;  766 

Devon*-Devonshire, loamy; Somer 3-Somerset, loamy. * Photographed 4 out of 5 years. **  767 

Photographed 3 out of 5 years. 768 

 769 

 770 

 771 

 772 

 773 

 774 

 775 

 776 
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 777 

Figure 2c. Maximum area of farmland in a soil association affected by erosion over the period 1982- 778 

1986. Key: Notts 2-Nottinghamshire, sandy textured soil associations; Hants 2-Hampshire, loamy;  779 

IoW 2-Isle of Wight, coarse loamy; Staffs 2-Staffordshire, sandy; Salop-Shropshire, sandy; Norf E- 780 

Norfolk East, sandy and coarse loamy; Suss W 2**-Sussex West, silty; Somer 2-Somerset, silty; Norf  781 

W-Norfolk West, loamy; Notts 3-Nottinghamshre, silty; Suss W3**-Sussex West, fine loamy; Staffs 3- 782 

Staffordshire, loamy; Hereford-Herefordshire, silty; IoW 3-Isle of Wight, loamy; Dorset-Dorset,  783 
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clayey; Beds-Bedfordshire, clayey; Notts 4-Notttinghamshire, clayey; Gwent-Gwent, loamy; Kent- 784 

Kent, silty; Cumbria*-Cumbria, sandy and loamy; Hants 3-Hampshire, loamy; Suss E*-Sussex East,  785 

silty; Devon*-Devonshire, loamy; Somer 3-Somerset, loamy. 786 

 787 

 788 

 789 

 790 

 791 

 792 

 793 

 794 
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 796 

Figure 3. Frequency of soil erosion – SSEW monitoring scheme, 1982-1986. 797 
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 807 

 808 

 809 

 810 

 811 

Figure 4a. Mean and median rates (m³/ha) of soil erosion per SSEW (1982-1986) monitored transect  812 

and all transects. Key: All – All transects; IoW-Isle of Wight; Somerset; Hants-Hampshire; Kent; Salop- 813 

Shropshire; Staffs-Staffordshire; Notts-Nottinghamshire; Cumbria*; Devon*-Devonshire: Dorset;  814 

Hereford-Herefordshire; Gwent; ; Suss W**-Sussex West; Norf E- Norfolk East; Norf W-Norfolk West;  815 

Suss E*-Sussex East; Bedford-Bedfordshire. * Photographed 4 out of 5 years. ** Photographed 3 out  816 

of 5 years. 817 
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 818 

Figure 4b. Mean and median rates (m³/ha) of soil erosion in soil associations with > 30 eroded fields  819 

- SSEW monitoring project, 1982-1986. Key: IoW571g-Isle of Wight, coarse loamy and sandy soils;  820 

Som541m-Somerset, silty soils; Hants571i-Hampshire, loamy soils; Staffs551a-Staffordshire, sandy  821 

and coarse loamy soils; Som572i-Somerset, silty soils; Shr551d-Shropshire, sandy and coarse loamy  822 

soils; Staffs551g-Staffordshire, sandy soils; Shr551a-Shropshire, sandy and coarse loamy soils;  823 

Notts551b-Nottinghamshire, sandy and coarse loamy soils; Gw541a-Gwent, fine loamy soils;  824 

Here571b-Herefordshire, fine silty soils; Dorset411b-Dorset, clayey soils; Gw571b-Gwent, fine silty;  825 

NorW343g-Norfolk West, coarse loamy and sandy soils; NorE541g-Norfolk East, coarse loamy soils;  826 

NorE541t-Norfolk East, coarse loamy soils; SusW343h-Sussex West, silty soils; NorW581f-Norfolk  827 

West, coarse loamy and sandy soils; Beds411d-Bedfordshire, clayey soils.  828 
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 829 

Figure 4c. Maximum rates (m³/ha) of soil erosion in each SSEW monitored transect, 1982-1986.  830 

Localities (counties): IoW-Isle of Wight; Staffs-Staffordshire; Notts-Nottinghamshire; Somerset;  831 

Salop-Shropshire; Hants-Hampshire; Dorset; Gwent; Norf W-Norfolk West; Cumbria*; Kent;  832 

Hereford-Herefordshire; Devon*-Devonshire; Suss W**-Sussex West; Norf E- Norfolk; Suss E*-Sussex  833 

East; Bedford-Bedfordshire. * Photographed 4 out of 5 years. ** Photographed 3 out of 5 years. 834 
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 840 

Figure 5. Magnitude/frequency curves for the 17 SSEW monitored localities. Beds-Bedfordshire;  841 

Cumbria; Devon-Devonshire; Dorset; Gwent; Hants-Hampshire; Hereford-Herefordshire; IoW-Isle of  842 

Wight; Kent; Norf E – Norfolk East; Norf W-Norfolk West; Notts-Nottinghamshire; Salop-Shropshire;  843 

Somerset; Staffs-Staffordshire; Suss E-Sussex East; Suss W-Sussex West.   844 
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