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A B S T R A C T   

Increasingly, agricultural land managers are seeking new approaches for understanding the potential challenges 
posed by sediment connectivity across catchments from source to sink, and implications for delivery of ecosystem 
services determined by the condition of natural capital assets. Connectivity indices have been frequently applied 
in the calculation of risk in spatial and temporal assessment frameworks, and tools which facilitate rapid 
modelling and mapping of soil erosion risk using broad-scale environmental data are therefore of considerable 
interest. One such indicative tool is SCIMAP (Sensitive Catchment Integrated Mapping and Analysis Platform), 
which highlights where sediment runoff is likely to occur and be delivered to a watercourse by simulating the 
generation of saturation-excess overland flow. In this paper, we examine the utility of SCIMAP for exploring the 
changing nature of soil erosion risk as a function of land use change in the lower Rother catchment in West 
Sussex, southern England through the formulation of a suite of foresight scenarios informed by knowledge of 
historical land cover conditions and current management practice. The study area has previously been investi-
gated at the field scale in terms of locating and quantifying sources of erosion and areas where in-stream sedi-
mentation manifests. Output risk values from all simulations were quantified, mapped and compared to highlight 
areas of greatest/lowest risk. An area was identified immediately north of the main Rother channel that 
consistently exhibited greatest risk across each land cover scenario. We explore (i) the spatial and temporal 
variation in modelled risk and (ii) the utility value of SCIMAP for agricultural land-managers and policy-makers 
in generating robust risk estimates of soil erosion and in-stream sedimentation, and challenges with model 
verification in a foresight context.   

1. Introduction 

The risk factors and environmental impacts of agricultural soil 
erosion in the UK present significant challenges for the agriculture in-
dustry and environmental managers concerned with land degradation, 
river channel stability, biodiversity and water quality (e.g., Brazier, 
2004; Boardman, 2013a; Knox et al., 2015; Evans et al., 2017a). Over 
the past two decades, a growing body of research has focused on sedi-
ment connectivity and mapping of pathways from catchment source 
areas to sinks (e.g., Baartman et al., 2013; Bracken et al., 2015; 
Boardman et al., 2019; Wohl et al., 2019; Najafi et al., 2021). New 
modelling approaches and software development (e.g., Schmitt et al., 
2016; Coulthard and Van De Wiel, 2017; Baartman et al., 2020) com-
plement existing, well-established soil erosion models (e.g., Jetten et al., 
1999; Merritt et al., 2003; Batista et al., 2019; Borrelli et al., 2021) and 
direct measurement techniques at the field scale (e.g., Boardman and 

Evans, 2019). Of considerable interest is the strength of pathways con-
necting sediment sources to stream channels and their influence on the 
continuity of sediment transfer along the stream network (e.g., Fryirs 
et al., 2007; Fryirs, 2013), which is often explored through the appli-
cation of connectivity indices (e.g., Crema and Cavalli, 2018; Heckmann 
et al., 2018; Zingaro et al., 2019). 

Modelling and mapping soil erosion risk at broad scales is of most use 
if outputs can signpost priority areas where resources might best be 
targeted for informing catchment sensitive farming practices and 
implementing soil erosion mitigation measures (Natural England, 2015; 
Reaney et al., 2019). To facilitate this, increasingly soil erosion models 
are performed within a GIS framework, e.g. the Revised Universal Soil 
Loss Equation (RUSLE) (see Terranova et al., 2009), the Modified Uni-
versal Soil Loss Equation (MUSLE) (Zhang et al., 2009) the Unit Stream 
Power based Erosion/Deposition model (Leh et al., 2013) and others 
evaluated by Mitasova et al. (2013). One example of such an approach 
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that operates at the catchment scale but with limited input data re-
quirements is SCIMAP (Sensitive Catchment Integrated Mapping and 
Analysis Platform), a GIS tool originally developed for diffuse pollution 
analysis (Reaney et al., 2011). SCIMAP generates a risk-based map 
highlighting where sediment runoff is likely to occur and be delivered to 
a stream or lake by simulating the generation of saturation-excess 
overland flow (Lane et al., 2009). Fundamental to SCIMAP and other 
systems of risk-assessment (e.g., Defra, 2005, 2019) is the direct asso-
ciation between soil erodibility potential and land cover type. To-date, 
there has been limited work on using foresight model frameworks to 
construct plausible future scenarios, including land cover variation and 
climate change (e.g., Van Rompaey et al., 2002; Mullan, 2013; Hare-
geweyn et al., 2017). This is important in order to inform strategic 
management decisions within the timeframes of planning horizons. 
However, it is pertinent to highlight the challenges associated with 
calibration of the risk-based SCIMAP outputs due to limited availability 
of observation data (Reaney et al., 2011, 2019), and unfeasible verifi-
cation of land cover scenarios in a foresight setting. 

With farming practices in the UK sensitive to changing policy drivers 
at the international, national and local levels, adopting a foresight 
approach to soil erosion risk modelling is imperative in the post-Brexit 
era if the future of farming is to exist within a sustainable environ-
mental land management system. Much uncertainty remains as to how 
UK agriculture will operate, adapt and evolve outside of the EU’s 
Common Agricultural Policy (CAP). Much will rest on the successful 
implementation of the UK’s 25-year Environment Plan (HM Govern-
ment, 2018) which will encompass water quality objectives and envi-
ronmental targets, regionally assessed within River Basin Management 
Plans (RBMPs) (HM Government, 2019). The Environment Act 2021 is 
likely to be a key vehicle for achieving the ambitious objectives of the 
25-year Environment Plan, setting out a new domestic framework for 
environmental governance (HM Government, 2021). In parallel, intro-
duction of the new Agriculture Act 2020 will involve phasing out of the 
Basic Payment Scheme (BPS) administered through the CAP (Helm, 
2017; HM Government, 2020). The Act focuses on the adoption of a new 
Environmental Land Management scheme as the mechanism whereby 
farmers and land managers are paid public money to be custodians of the 
natural environment and manage their land to deliver a range of natural 
capital benefits including flood risk mitigation, nature conservation, 
restoring soils and cleaner water, while improving productivity and 
ensuring food security to safeguard against low standard imports (Rural 
Payments Agency, 2020, 2022; Defra, 2021). It is timely, therefore, to 
consider how best farms, as agri-environment systems and natural 
capital providers, should be managed, monitored and evaluated for 
delivering on these objectives. Drawing comparisons between potential 
farming futures (based on land cover scenarios) and their resultant soil 
erosion risk impact will provide valuable information to ascertain 
baseline capital conditions and inform strategic catchment planning in 
line with the Catchment Based Approach policy framework (Defra, 
2013; Collins et al., 2015). 

In this paper, we explore the changing nature of soil erosion risk as a 
function of land use change in the lower Rother catchment in West 
Sussex, southern England. Soil erosion associated with arable farming 
has been studied previously at numerous sites in the Rother catchment at 
the field scale causing muddy flooding and exacerbating sedimentation 
in the River Rother (Boardman, 1995; Evans et al., 2017b; Boardman 
et al., 2020). We aim to (i) develop a suite of foresight scenarios based on 
land cover variation, taking into account historical, current and plau-
sible futures; (ii) apply the SCIMAP tool to investigate current risk and 
the likely impact of each foresight scenario on the spatial distribution of 
soil erosion risk, and (iii) evaluate the application of SCIMAP in this 
context as a complementary approach for informing landscape 
managers. 

2. Study area 

The River Rother drains a catchment area of 274 km2 over a length of 
51.5 km within the South Downs National Park. Our study area com-
prises the lower catchment within West Sussex, bounded by the 
Hampshire border to the west and the confluence with the River Arun to 
the east (Fig. 1), totalling approximately 76% of the wider Rother 
catchment area. The catchment geology is dominated by Lower Green-
sand, with Wealden clay and sand underlying the upper Hammer and 
Lod catchments to the north, and a mix of mudstones, siltstones and 
sandstones of the Selborne group common in the south (British 
Geological Survey, 2016) (Fig. 1). The Rother catchment is bounded to 
the south by the chalk ridge of the South Downs. The lower Rother 
catchment elevation ranges from c. 280 m asl near Fernhurst to c. 2 m asl 
at the confluence with the River Arun (Fig. 1). 

The catchment is predominantly rural with arable, grassland and 
woodland making up 94.8% of the study area. The Lower Greensand 
geology of the lower valley slopes and floodplains creates workable, 
sandy soils conducive for arable cultivation (Boardman et al., 2009), 
with notable crops including winter cereals, salad vegetables, potatoes 
and oil seed rape (Boardman et al., 2020). Improved grassland for 
livestock grazing and woodland dominate the steeper slopes. 

Soil erosion from arable fields within the Rother catchment and 
wider South Downs region is well documented (Boardman, 2001, 2003, 
2013b, 2021; Boardman et al., 1990, 2009; Evans et al., 2017b). The 
coincidence of sustained autumn-winter rainfall with poor crop cover is 
a significant factor leading to the susceptibility of winter cereal fields to 
erosion (Boardman, 2003, 2013a; Boardman et al., 2009; Boardman and 
Vandaele, 2016). A history of arable intensification and consolidation of 
land ownership (Evans et al., 2017b; Pearson and Soar, 2018; Pearson 
et al., 2019) has resulted in a loss of field boundaries. This has enabled 
runoff over long distances and increased the vulnerability of large fields 
to rill and gully formation and off-farm impacts such as muddy flooding, 
with sunken lanes providing effective conduits connecting field to river 
(Boardman, 2013b; Boardman et al., 2019). 

Of growing concern has been fine sediment deposition in the Rother 
channel network, attributable in part to the observed soil erosion from 
arable fields (Boardman et al., 2009) but also extensive bank erosion 
(Cox, 2017) and a history of channel modification and loss of floodplain 
meadows strengthening connectivity of sediment from farmland to 
channel (Pearson and Soar, 2018). The influence of historical mill 
structures and canalisation during the late eighteenth century (Hadfield, 
1969; Armstrong, 1995) on sediment connectivity along the course of 
the lower Rother has been explored by Cox (2017), with transitioning of 
the channel bed from historically gravel-dominant to a now near ubiq-
uitous sandy bed noted by Sear (1996). The transfer of (often polluted) 
fine sediments to river channels is known to have deleterious impacts on 
instream and riparian ecology (Allan, 2004; Boardman and Evans, 2006; 
Evans, 2006; Hahn et al., 2014; Naura et al., 2016; Sear et al., 2016), 
with depletion of suitable fish spawning reaches in the Rother (Sear, 
1996; Boardman et al., 2009). Sedimentation within the main Rother 
channel is a significant contributing factor to the river’s failure to attain 
‘good’ ecological or chemical status under the EU’s Water Framework 
Directive (WFD) (HM Government, 2003; Evans et al., 2017b), scored as 
‘moderate’ and ‘fail’ respectively in the 2019 classification (Environ-
ment Agency, 2022). 

Significant change from grassland to arable cover since the 1950s has 
been cited as a key driver for contemporary soil erosion (Evans, 2010; 
Vanwalleghem et al., 2017), reflecting post-war efforts towards 
improving agricultural productivity and food security. However, land 
degradation and sedimentation in the Rother channel are not new 
concerns. A reduction of approximately a third of arable farmland since 
the 1840s (Pearson et al., 2019), which has largely been converted to 
pasture, hints at a historical landscape that is likely to have experienced 
soil erosion and sediment runoff problems. Documented historical 
dredging activities in the Rother channel provides supporting evidence 
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(Vine, 1995). 3. Methods 

3.1. SCIMAP 

SCIMAP’s ‘fine sediment’ module uses readily available datasets in 
line with a minimum information requirement approach (Reaney et al., 

Fig. 1. Lower Rother study area. (a) Location of the Lower Rother catchment within the UK. (b) Location of the catchment within the South Downs National Park. (c) 
Geology of the catchment. (d) Topography of the catchment. (Data sources: British Geological Survey, 2016; Environment Agency, 2020; Natural England, 2022; 
Ordnance Survey, 2022a,b). 
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2019) to map the spatial variability of soil erosion risk over a catchment 
by identifying ‘critical source areas’ where erosion is most likely to occur 
and evaluating the viability of sediment pathways linking the source 
areas to streams and lakes for sedimentation to manifest. The objective is 
to generate a risk map as a screening tool to enable managers to target 
efforts and resources at high-risk locations. SCIMAP has been applied 
previously in the UK with a focus on microbial pollution (Porter et al., 
2017), water quality (Reaney et al., 2011), diffuse pollution (Milledge 
et al., 2012), flooding (Reaney, 2022) and sediment risk mapping 
(Natural England, 2015; Perks et al., 2017). The scientific basis and 
technical detail of SCIMAP is provided by Reaney et al. (2011) and here 
we provide only a brief overview. 

Initially, each land cover type within the study area is assigned an 
erodibility risk weighting (or erodibility potential), which can be ach-
ieved by reference to a look-up table. The potential for transporting 
sediment is provided by a measure of stream power as a function of 
gradient and rainfall-weighted upslope contributing area per unit con-
tour length. The risk of generating erosion is thus the erodibility po-
tential combined with the transporting potential. Hydrological 
connectivity deals with the propensity for producing saturation excess 
overland flow and takes into consideration the topographic setting and 
the quality of the pathway in delivering water to the stream or lake. This 
is achieved by using the topographic wetness index (Beven and Kirkby, 
1979; Sørensen et al., 2006) as a proxy for soil moisture to reveal where 
along a pathway infiltration is most likely to occur and thus disconnect 
hydrologically the upstream source areas from the receiving waterbody. 
The lowest wetness index is thus a fulcrum point in the pathway and 
SCIMAP assigns this value as the network index to all upstream loca-
tions. The risk of generating erosion and risk of delivering that eroded 
material are combined and termed the ‘locational risk’, relative to the 
upslope contributing area. The locational risk is then aggregated along 
the hydrological pathways as the sum of all upstream locational risks 
(which monotonically increases along a hydrological pathway) and the 
aggregated values are then divided by the rainfall-weighted contributing 
area, thus diluting the risk. The final output is, therefore, analogous to a 
concentration value. In the farming context, mapping this concentration 
risk thus provides a vehicle to link soil erosion generation with the 
likelihood of delivering off-site impacts. 

The outputs are interpreted as ‘indicative’ risk and no attempt is 
made to quantify soil erosion loss. In addition, physical processes are 
replaced by hydrological rules and so the outputs are process-informed, 
rather than fully process-based. In its deliberately parsimonious gener-
ation of broad-scale risk, SCIMAP assumes land cover is the dominant 
influence on in-situ soil erodibility (soil or geological data are not in-
tegrated) (Reaney et al., 2011). While model verification through 
ground-truthing or other means (such as scrutiny of Google Earth im-
agery; Boardman, 2016) is encouraged, the broad-scale nature of the 
outputs inevitably makes calibration a challenging prospect for current 
conditions with soil erosion observations (where they exist) mapped on 
a much finer spatial scale, and simply impossible in a foresight setting 
where land cover and rainfall are, despite projections or speculations, 
unknown. 

Our approach to applying SCIMAP is novel in its derivation of hy-
pothetical soil erosion maps for future land cover scenarios that repre-
sent a suite of plausible farming futures within the lower Rother 
catchment. An important caveat of SCIMAP is that risk outputs are 
relative to the topographic setting of the catchment and this is implicit in 
the linear scaling that is performed in generating the point-scale, loca-
tion risk values (Reaney et al., 2011). Consequently, comparing SCIMAP 
outputs between two or more catchments is potentially problematic. 
However, land cover type only acts as a weighting coefficient and does 
not influence the scaling calculations, thus enabling comparisons to be 
made between land cover configurations, provided the same parent 
catchment area is used. This was achieved by initially defining five 
broad land cover categories suitable for input to SCIMAP from ten 
Centre for Ecology and Hydrology (CEH) Land Cover Map 2020 

(LCM2020) classes (Morton et al., 2021) relevant to the study catch-
ment, as a necessary pre-processing step to facilitate allocation of SCI-
MAP erosion risk weightings from the standard look-up table (Table 1). 
LCM2020 data were selected based on review of previous studies using 
SCIMAP which similarly utilised CEH LCM data as the most up to date 
and detailed depiction of land cover at landscape scale (Reaney et al., 
2011; Milledge et al., 2012; Perks et al., 2017; Porter et al., 2017; 
Reaney et al., 2019; Reaney, 2022), with a minimum mappable unit 
(MMU) of 0.5 ha (Morton et al., 2021), compared to 25 ha MMU for 
counterpart 2018 Corine land cover data (Cole et al., 2021) applied in 
other SCIMAP-based research (Horton et al., 2015; Neill et al., 2018). 
Based on the LCM2020-derived broad land cover classes, and following 
guidance by Perks et al. (2017) and Reaney et al. (2019), arable is 
modelled as the most likely cover to generate erosion and assumes that 
for periods of the year, fields will expose bare earth, with a risk potential 
of 1, and all other weightings are relative to this worst case. 

Light Detection and Ranging (LiDAR) data at 2 m resolution were 
acquired from the Environment Agency (2020) and used as the digital 
terrain model (DTM) for both current and future conditions. The design 
of future land cover distributions was guided by a set of rules related to 
topographic setting based on ground slope and proximity to a stream 
channel. We assigned all land with slopes above 15◦ (steep), irrespective 
of current land cover type, to be unsuitable for arable farming in the 
future. We acknowledge that this subjective value represents an upper 
bound that is higher than other values reported as reasonable topo-
graphic limits for arable cultivation (e.g., 11◦; Rejman and Rodzik, 
2006). In our study catchment, there was little difference in land area 
between slopes of 11◦ and 15◦. Slopes in the range 5–15◦ (moderate) 
were ascribed as suitable land for improving rough grassland and con-
version of improved grassland to arable farming. The lower bound of 5◦

corresponds to the mid-slope in the range 3–7◦ that has been suggested 
by Defra (2005, 2019) to incur a moderate risk of soil erosion; thus, we 
consider 5◦ is a reasonable threshold between low and moderate risk 
based on topography alone. Slope values below 5◦ (gentle) generally 
correspond to floodplain and low-lying areas, which are at present 
predominantly arable. Therefore, expanding arable farming, with a risk 
weighting of 1, on the moderate 5–15◦ slopes (by conversion from 
grazing) is likely to generate more high-risk areas in SCIMAP. 

Spatially distributed rainfall data are required and used to weight the 
upslope contributing drainage area per unit contour length, which feeds 
into the calculation of stream power, topographic wetness index and 
final concentration risk. For current conditions, average annual rainfall 
values for the period 1981 to 2000 were applied from the Met Office 
HadUK-Grid collection at 1 km resolution (Met Office et al., 2021), 
utilising the most recent data published at the time of modelling. 
Although rainfall intensity data offer useful insights into worst case 
erosion and diffuse pollution outcomes following storm events, annual 
average rainfall was selected for use following review of previous 

Table 1 
Reclassification of LCM2020 land cover types into four broad SCIMAP classes, 
with corresponding risk weightings. Note, a very small percentage of other land 
covers comprise urban, suburban and freshwater surfaces with an assigned 
SCIMAP risk weighting of 0.  

LCM2020 Class SCIMAP Broad Class SCIMAP Risk Weighting 

Arable and horticulture Arable 1 
Improved grassland Improved grassland 0.3  

Rough grassland 0.15 
Calcareous grassland  

Heather grassland 
Heather 
Broadleaved woodland 

Coniferous woodland 
Woodland 0.05 

Freshwater 
Suburban 
Urban 

Other 0  
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SCIMAP-based research (Reaney et al., 2011; Milledge et al., 2012; 
Natural England, 2015; Porter et al., 2017) and to enable comparison 
with future rainfall projections available as annual average values. 
Precipitation forecasts are available from the UKCP18 dataset at 2.2 km 
resolution (Met Office Hadley Centre, 2019), which employ the 
HadUK-Grid 1981–2000 data as a baseline and are used here to inform 
the farming futures with an indicative projection up to 2080. The local 
2.2 km projections are available only for the Representative Concen-
tration Pathway (RCP) 8.5, which represents a worst case for soil erosion 
assessment (for details see AIF1 scenario in IPCC (2007) and AIF1 and 
RCP 8.5 in IPCC (2014)). Furthermore, we have applied the 90th 
percentile model member response and we suggest this dataset repre-
sents a reasonable worst-case annual rainfall projection over this 
extended foresight period. However, as erosion risk variation depends 
on the spatial distribution of rainfall over a study area, accounting for 
climate change recognises that smaller catchments are unlikely to 
generate risk patterns conditioned significantly on rainfall. Land cover, 
DTM and rainfall data were resampled to 10 m resolution for consistency 
and computational efficiency, while also enabling risk to be investigated 
at a resolution commensurate with the broad-scale, indicative nature of 
SCIMAP outputs. 

3.2. Land cover scenarios 

In addition to assessing risk related to the current land cover distri-
bution, six future scenarios were considered and designed using 
LCM2020 data (Morton et al., 2021). The seven SCIMAP land cover 
configurations (including scenario 1; current conditions) are summar-
ised in Fig. 2. We acknowledge that the chosen scenarios represent one 
set from an infinite number of plausible (but unknown) futures, and we 
later reflect on the challenges associated with speculating land cover 
evolution. However, we have attempted to provide land cover distri-
butions, guided by reasonable slope thresholds, that capture the trend of 
land cover conversion under each scenario heading. Thus, we consider 
the following scenarios to represent a suitable suite to explore the 
changing nature of soil erosion risk associated with future land use 
changes and to examine the utility value of applying SCIMAP in a future 
setting context. 

3.2.1. Scenario 1: current conditions 
Applying LCM2020 in its raw form, the land cover configuration 

represents the present agricultural context of the catchment. Areal land 
cover is currently organised as 20.6% arable, 41.7% improved grass-
land, 1.9% rough grassland, 30.6% woodland and 5.2% other. The 
current precipitation pattern is assumed as the average annual rainfall 
for the period 1981 to 2000. 

3.2.2. Scenario 2: resisting change 
Here, the current land cover distribution is held constant into the 

future, whereby drivers for change are either resisted or minor adjust-
ments are largely accommodated without wholesale change. However, 
the distinction from Scenario 1 is the inclusion of climate change, with 
annual average rainfall projected to 2061–2080 under the UKCP18 RCP 
8.5 scenario. 

3.2.3. Scenario 3: hillslope farming extensification 
This scenario involves increasing arable area in response to potential 

market drivers and downgraded priority for environmental conserva-
tion. With limited opportunities on lower slopes that are already 
dominated by arable cover, expansion under this scenario involves more 
land on steeper slopes to be converted to arable, inevitably increasing 
soil erosion risk. The scenario achieves this by converting all improved 
grassland to arable on moderate slopes (5–15◦). The loss of improved 
grassland is marginally compensated by converting rough grassland to 
improved grassland on both moderate slopes and high slopes (>15◦). No 
change to land cover is made on the gentle slopes, which is currently 
predominantly arable. By extending farming onto the hillslopes under 
these rules, areal land cover would comprise 30.2% arable, 32.4% 
improved grassland, 1.6% rough grassland, 30.6% woodland and 5.2% 
other. Essentially, this scenario involves a net 9.3% adjustment from 
improved grassland to arable as farming extends onto higher slopes, 
assuming enabling technology. In addition, climate change is accounted 
for with annual average rainfall projected to 2061–2080 under the IPCC 
high emission scenario. 

3.2.4. Scenario 4: farming and food security 
As an extreme case, this scenario generates a farming landscape in 

response to concerted drives through national policies to maximise 
agricultural productivity, ensure the highest levels of food security and 
deliver a farming system largely unaffected by external markets. In such 
a hypothetical case, converting available improved grassland to arable 
alone would not achieve the expansion in arable area required. The 
contemporary landscape offers no obvious template to assist with 
designing such a land cover configuration, however in this respect we 
can gain some insights by envisaging the lower Rother valley of the early 
Victorian period as depicted in the historical map associated with the c. 
1840 tithe surveys of England and Wales (Pearson and Soar, 2018; 
Pearson et al., 2019). The surveys are unique in providing the most 
comprehensive characterisation of historical land cover of any period 
and thus are an invaluable evidence base for studies of land use change. 
Pearson et al. (2019) revealed a surprising predominance of arable 
farming in the 1840s Rother valley and, while farming technology was 
more rudimentary and fields comparatively smaller, the area occupied 
by arable farming was notably more extensive than at present and re-
flected considerable pressures on the land for food provision prior to a 
marked decline associated with late nineteenth century imports of cheap 
grain from North America (Rothstein, 1960). Conceivably, the tithe map 
serves as a historically valid blueprint for a future land use system 
developed to maximise food production with inattention to environ-
mental conservation and, therefore, represents an evidence-based 
scheme for deriving a plausible upper bound for arable area within 
the study catchment. Here, we achieve a wholesale expansion of arable 
farming by stamping the historical distribution of arable area on to the 
current land cover map, excluding current areas classed as urban, sub-
urban or surface water, to derive a configuration comprising 44.3% 

Fig. 2. Composition of each land cover scenario within the lower Rother 
catchment area. 
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arable, 21.1% improved grassland, 1.6% rough grassland, 27.8% 
woodland and 5.2% other. Essentially, this scenario involves a 23.7% 
increase in current arable area, offset by a 20.6% decrease in improved 
grassland and marginal 2.8% reduction in woodland. In addition, 
average annual rainfall is projected to 2061–2080 under the UKCP18 
RCP 8.5 scenario. 

3.2.5. Scenario 5: sustainable mixed farming 
The objective of this scenario is to sustain current levels of produc-

tivity whilst limiting land degradation and thus, in-stream sedimenta-
tion. The idea is to move arable activity from moderate slopes to gentle 
slopes, thus safeguarding against soil loss. This has been achieved by 
replacing arable land on >5◦ slopes with improved grassland and then 
compensating for this incrementally by instating arable land on <5◦

slopes, where currently improved grassland, within decreasing 0.25◦

slope intervals until the newly created arable area equals or marginally 
exceeds the arable land lost. Guided by Defra (2019), fields and other 
land parcels adjacent to waterbodies were excluded from the conversion 
of improved grassland to arable: to promote validity of the study, 
waterbodies were derived the OS MasterMap Water Network Layer 
(Ordnance Survey, 2022b), combined with surface water classified in 
the LCM2020 dataset. In the lower Rother catchment, full offsetting was 
accomplished within the 2.75–5◦ slope range to yield a new land cover 
configuration comprising 21.4% arable, 40.8% improved grassland, 
1.9% rough grassland, 30.6% woodland and 5.2% other. In addition, 
average annual rainfall is projected to 2061–2080 under the UKCP18 
RCP 8.5 scenario. 

Fig. 3. Land cover configuration for each scenario in the lower Rother catchment.  
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3.2.6. Scenario 6: environmental stewardship 
This scenario attempts to deliver a range of natural capital benefits 

within the farming system by reducing arable farming activity in areas 
more prone to soil loss and setting aside grassland for conservation 
schemes and restoration initiatives. The configuration represents a 
reduction in market pressures and/or domestic prioritisation of envi-
ronmental stewardship over agricultural productivity. This was con-
structed by replacing current arable land with improved grassland and 
reverting current improved grassland to rough grassland, both conver-
sions on >5◦ slopes only. The resultant land cover configuration com-
prises 16.7% arable, 35.5% improved grassland, 12% rough grassland, 
30.6% woodland and 5.2% other. In addition, average annual rainfall is 
projected to 2061–2080 under the UKCP18 RCP 8.5 scenario. 

3.2.7. Scenario 7: sustainable mixed farming with environmental 
stewardship 

Our final scenario combines Scenarios 5 and 6 to strike a balance 
between environmental conservation and sustainable arable farming, 
whereby losses from arable conversion to improved grassland on steeper 
slopes were offset onto gentler slopes. This produces a hypothetical 
farming future comprising 21.4% arable, 30.8% improved grassland, 
12% rough grassland, 30.6% woodland and 5.2% other. Thus, major 
benefits include expansion of rough grassland and repositioning arable 
land to gentler slopes, less conducive to soil erosion. Furthermore, 
average annual rainfall is projected to 2061–2080 under the UKCP18 
RCP 8.5 scenario. 

4. Results and discussion 

4.1. Land cover variability 

Comparing the distribution of land cover across the entire catchment 
area for each scenario reveals both subtle and marked variations (Fig. 3). 
The expansion in arable area depicted in both the hillslope exten-
sification and farming and food security scenarios is evident. While the 
former seeks opportunities for arable farming on accessible moderate 
slopes (5–15◦), resulting in minor but not insignificant growth in arable 
area, the latter reveals a picture of a historical landscape with near 50% 
arable coverage, reflecting a former period of labour-intensive farming 
activity and concerted pressure on the land for food production to the 
inadvertent disregard of environmental conservation. As a farming 
future, such arable expansion would inevitably be re-concentrated 
across the river floodplains and lower valley slopes, today largely 
occupied by improved grassland, but also a band of continuous arable 
farming would be re-established across the hillslopes of the southern 
boundary of the catchment underlain by chalk and Gault and Upper 
Greensand group geology. 

Scenarios designed to strike a balance between arable productivity 
and environmental conservation reveal a more fragmented arable 
landscape (scenario 5: Sustainable mixed farming; scenario 6: Environ-
mental stewardship; scenario 7: Sustainable mixed farming with envi-
ronmental stewardship) but with emerging pockets of rough grassland 
associated with environmental stewardship and habitat improvement 
schemes (scenario 6: Environmental stewardship; scenario 7: and Sus-
tainable mixed farming with environmental stewardship). Although 
remaining as disconnected patches, rough grassland provision increases 
from 1% to 10% of the catchment area with scenario 6: Environmental 
stewardship. In devising scenarios with environmental conservation and 
management in mind, we have resisted the temptation to consider a 
wholescale reversion of arable to rough grassland and woodland on the 
lower slopes in preference of more plausible futures. Such hypothetical 
land use configurations are considered potentially damaging to local 
economies, disruptive to rural communities and incommensurate with 
the rich tradition in arable farming along the Rother valley, despite the 
numerous benefits to the natural environment. As such, the environ-
mental stewardship scenario (scenario 6) represents only a moderate 

decrease in the study catchment area occupied by arable farming from 
20.6% to 16.7% of the catchment area (restricted to >5◦ slopes), 
although equivalent to a 21% overall decrease in arable cover from 
current conditions. 

4.2. SCIMAP risk maps 

4.2.1. Entire catchment 
We designate the SCIMAP concentration risk map as the distribution 

of relative soil erosion risk at an indicative level of accuracy, with a 
distribution of values specific to the study area’s topographic, hydro-
logical and land cover contexts. Each application, therefore, requires its 
own scale intervals best suited to the nature of the distribution and, 
critically, to enable spatial comparisons to be made, cognisant that the 
distribution is typically positively skewed with values between 0.5 and 
1.0 considered highly unlikely and also acknowledging that risk map-
ping is somewhat sensitive to the method of discretisation. Using current 
conditions (scenario 1) as the primary guide (maximum risk 0.54; me-
dian risk 0.08), screening revealed a suitable ordinal scheme comprising 
three risk classes: (i) low risk (<0.2); (ii) moderate risk (0.2–0.4), and 
(iii) high risk (>0.4). As a sensitivity test, converting the entire study 
catchment area to arable (with a risk weighting of 1.0) results in a 
maximum concentration risk value of 0.75; this exercise helped to justify 
a sensible high risk threshold of 0.4. In our assessment here, we are 
interested in identifying source areas of erosion and the propagation of 
risk along potential hydrological pathways to reveal locations (and 
strength) of connectivity between eroding fields and the Rother stream 
network; thus, we exclude existing stream channels from our analysis 
(based on the Ordnance Survey MasterMap Water Network (Ordnance 
Survey, 2022b)). 

Soil erosion risk mapped across the entire study catchment (Fig. 4; 
Supplementary Materials Figs. 1–6) immediately exposes three areas of 
significance. The greatest concentration of risk straddles the valley 
bottom of the Rother’s main channel with a notable band of moderate to 
high risk sited mostly downstream of Iping and predominantly lying on 
the left (northern) floodplain and hillslopes, where the greatest number 
of high risk hotspots are located. In addition, soil erosion risk is elevated 
in close proximity to the first and second order streams within a band 
near the southern boundary of the catchment. Finally, several isolated 
pockets of moderate to high risk are found across the catchment but 
without notable concentration. It is unsurprising that the broad distri-
bution of risk rather closely matches the distribution of arable cover 
(Fig. 3), as the SCIMAP risk weightings have a prominent influence on 
the model outputs. 

The apparent imperceptible influence of climate change (Supple-
mentary Materials Fig. 1) is unexpected. This is attributed first to the 
scaling of risk in SCIMAP between 0 and 1, thus relative to the upslope 
contributing area, which subsumes and extenuates rainfall magnitude 
into the risk calculation, and second to the negligible spatial variation in 
precipitation over the study area (at the 2.2 km resolution of the Met 
Office UKCP18 database). Unless climate change results in a marked 
modification to the general pattern of rainfall, its influence in SCIMAP 
will always be limited, with greatest potential influence in larger 
catchments (Reaney et al., 2011). 

4.2.2. Area of interest 
The concentration of moderate to high risk values immediately north 

of the main Rother channel demarcates an area of interest exhibiting 
greater overall risk that warrants closer inspection and where manage-
ment resources might best be targeted. Here, the swathe of arable land 
cover and hydrological connectivity determined by SCIMAP generates 
the greatest propensity for both soil erosion and the transfer of material 
to the Rother channel. 

As SCIMAP only presents a broad picture of erosion risk, due to the 
nature of its underlying datasets, verification of model outputs is not a 
straightforward task. Individual erosion features identified in the field 
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might relate to topographic features and barriers/buffers (such as field 
boundaries which are not represented in the DTM) to the overland 
transport of sediment that are not ‘visible’ to SCIMAP in generating its 
connectivity pathways. However, the SCIMAP outputs for current 

conditions across the area of interest are substantiated by observations 
reported previously (Boardman et al., 1990; Boardman, 1991, 2001, 
2016; Griffin, 2009; Boardman and Evans, 2019), blending field and 
aerial observations with insights from historical data sources (Fig. 5). 

Fig. 4. Soil erosion risk across the lower Rother catchment (corresponding to SCIMAP concentration risk in ‘potential’ channels) for current conditions (scenario 1), 
classified as: low risk (<0.2); moderate risk (0.2–0.4), and high risk (>0.4). Existing channels are highlighted in blue. Scenarios 2 to 7 are illustrated in Supple-
mentary Materials Figs. 1–6. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 5. Comparison of erosion feature locations in the area of interest (red rectangle on inset) mapped from field survey, historical sources and analysis of Google 
Earth imagery (Boardman, 2016) with erosion risk pathways identified by SCIMAP (concentration risk) for scenario 1: current conditions. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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While not a perfect match, the SCIMAP risk map illustrates soil erosion 
sources and transport pathways, particularly those classified as moder-
ate or high risk, in reasonable proximity to recorded erosion features. 
Within the area of interest, we computed the percentage of observed 
erosion points (identified by Boardman, 2016) in close proximity to 
SCIMAP risk points (Fig. 6), such that approximately 70% of observa-
tions lie within 200 m from any SCIMAP risk point. The disparity largely 
reflects recorded erosional features that are unrelated to or at least 
somewhat disconnected from the hydrological pathways, topographi-
cally demarcated by SCIMAP. SCIMAP, though, makes no attempt to 
predict accurately where erosion might manifest within individual 
fields, rather it attempts to direct management resources towards areas 
of the landscape exhibiting the greatest risk, relative to other areas, 
targeting where more detailed studies should be performed. SCIMAP 
risk points will always align with existing or potential flow pathways 
related to the underlying DTM, thus ‘risk’ is primarily topographically 
controlled but conditioned, secondarily, on the land cover distribution. 
Of note, though, we found that SCIMAP points align with the hydro-
logical pathways derived using the ArcGIS Hydrology toolset with 
greater than 99% accuracy, suggesting standard GIS algorithms are able 
to provide at least a very general guide to ‘potential’ flow, and therefore, 
sediment pathways, independent of specialist tools such as SCIMAP. We 
reflect further on issues related to SCIMAP output verification in Section 
4.3. 

In comparing current conditions with hypothetical farming futures 
(Figs. 7 and 8), the highest risk values reflect land covers affording 
conditions more conducive to soil erosion, steep slopes that engender 
high stream power and topographic conditions favourable for gener-
ating saturation excess overland flow. Poor aggregation of risk along a 
hydrological pathway reflects its (i) dilution through increasing upslope 
contributing area, (ii) diminishing slope and (iii) the presence of land 
cover types less contributory to soil erosion, as might result from a 
reduction of arable farming activity and/or its fragmentation. These 
factors limit the concentration of risk and thus weaken the critical 
connectivity of soil erosion source areas to stream channels. 

Currently, there are number of pathways of moderate risk connecting 
directly to either the main Rother channel or one of its tributaries. These 
are potential sediment inputs that might result in sedimentation, water 
quality and/or habitat degradation issues. A number also link to upslope 
high risk areas, reflecting arable land on steeper slopes but non-proximal 
to the stream network. The number of these direct hydrological con-
nections between source area and stream channel increases for hillslope 
farming extensification (scenario 3) and farming and food security 
(scenario 4); the latter also revealing several high risk pathways 

adjoining the stream network, suggestive of high concentrations of fine 
sediment ingress. The result is an increase in the number of moderate 
risk points within the area of interest (for the SCIMAP pathway network, 
excluding stream channels) from 16.5% (current conditions) to 25.5% 
and 35.4% for scenarios 3 and 4, respectively (Fig. 8b). Small, but not 
insignificant, rises are also evident for high risk points from 1.3% 
(current conditions) to 2.8% and 9.3% for scenarios 3 and 4, respec-
tively. However, not all moderate or high risk source zones connect to 
the stream network with moderate or high risk pathways, as illustrated 
north of Midhurst; such disconnected pockets of soil erosion are thus of 
less concern to river managers. The influence of climate change alone 
reveals no discernible variation (scenario 2), as considered above. 

The impact of sustainable mixed farming (scenario 5), environmental 
stewardship (scenario 6) and their combination (scenario 7) is to reduce 
areas classified as high risk. This is most pronounced for the environ-
mental stewardship future with reduced arable cover achieved by 
introducing grassland in its place on the moderate hillslopes (5–15◦); 
clearly this scenario reduces overall risk and moderates the number of 
pathways directly interfacing with the stream network. Comparing this 
scenario with current conditions within the area of interest (Fig. 8b), the 
impact is a decrease in the number of moderate and high risk points 
within the area of interest (for the SCIMAP pathway network, excluding 
stream channels) from 16.5% to 14.7% (moderate risk) and 1.3%–0.4% 
(high risk). Significantly, though, the sustainable mixed farming future 
(scenario 5), while reducing high risk source areas, would suggest an 
increase in the number of moderate risk pathways connecting to stream 
channels. This is attributed to safeguarding soil loss on steeper slopes as 
arable cover is removed but elevating risk on the lower slopes with 
compensatory increases in arable cover that are in closer proximity to 
the Rother channel network. Consequently, comparing this scenario 
with current conditions within the area of interest (Fig. 8b), the number 
of high risk points within the area of interest marginally increases for 
scenario 5 from 1.3% to 1.7%, but there is a significant increase in 
moderate risk points from 16.5% to 26.3%. This outcome would suggest 
that despite omission of land parcels adjacent to waterbodies and linear 
watercourses (as guided by Defra, 2019) on gentler slopes, the extent of 
arable land across the immediate floodplain is a more significant factor 
in elevating risk than the spatial arrangement of parcels on lower slopes 
within the SCIMAP framework. The output under sustainable mixed 
farming with environmental stewardship (scenario 7) is similarly 
influenced but such impacts are cognisant of this future’s purpose in 
providing soil protection and environmental benefits on steeper slopes 
but with no detriment to the areal coverage of arable farming. 

Fig. 6. Observed erosion features (after Boardman, 2016) in proximity to a SCIMAP risk point, for any risk level (high, moderate or low risk points) (solid line) and 
moderate or high risk points only (dashed line). 
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4.3. Reflection: utility value of SCIMAP in a foresight modelling context 

SCIMAP is a well-established model which is attracting growing in-
terest from researchers, river trusts and land managers in the UK and 
holds considerable promise as a risk-based tool with low input re-
quirements and a simple process-informed framework which offers easy 
to interpret outputs. Generated risk maps can assist with spatially tar-
geting conservation and restoration efforts through adoption of sus-
tainable land management practices. 

However, successful application and pertinent interpretation rests 
firmly on acknowledgement of the tool’s assumptions and, critically, its 
broad spatial scale of analysis. In particular, SCIMAP does not provide 

estimates of soil erosion rates or yields, source area identification is 
probabilistic only and the strength of sediment transport pathways 
connecting fields to stream channels must be treated at the indicative 
level at best. This should not necessarily be interpreted as a weakness, 
though, as SCIMAP has been developed specifically as a planning device 
with expediently-derived outputs highlighting broad areas of concern 
that may warrant further investigation in catchments with known 
erosion and sedimentation problems (Lane et al., 2009; Reaney et al., 
2011). More detailed modelling efforts can then be ascribed to specific 
locations to inform appropriate mitigation options. It is no surprise, 
then, that validation of SCIMAP outputs is problematic. The existence or 
non-existence of erosion features at ‘specific’ locations does not 

Fig. 7. Soil erosion risk (corresponding to SCIMAP concentration risk) for all scenarios across the area of interest immediately north of the main Rother channel, 
stretching from Rogate to Petworth (see zone outlined in red rectangle in Fig. 5). (For interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 
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necessarily verify or nullify the distribution of risk generated by SCI-
MAP. This is because SCIMAP generates risk at a broad spatial scale 
based on datasets that are unable to account for the myriad of controls 
operating at the finer field scale, such as the propensity of field 
boundaries to limit flow and sediment conveyance. However, despite 
these issues, in applying SCIMAP a qualitative alignment of ‘areas’ of 
observed erosional activity with higher SCIMAP risk should be expected. 

Applying SCIMAP for investigating soil erosion risk in a foresight 
context presents an additional set of challenges. With a reasonable de-
gree of certainty, the only variable we can expect to remain constant 
over planning timeframes is topography. In the future, the distribution 
of land cover and rainfall might be speculated or projected, to some 
degree, but are unknown and any designed farming future is only one of 
a spectrum of possibilities. In devising a simple rules-based system using 
slope thresholds to determine hypothetical land cover conversions, we 
have attempted to present a range of scenarios with different, but 
plausible, qualitative directions of future change. However, we 
acknowledge that such an exercise is inherently subjective and whilst it 
may offer valid predictions of the general trends, which can be partially 
informed by the historical landscape, current conditions and policy/ 
planning documentation, a quantitative discretisation of future land use 
set against uncertain environmental and market pressures is less easy to 
conceive. Not only, then, is the design of farming futures a challenge 
resting on subjectivity, validation of SCIMAP results based on hypo-
thetical land cover distributions and projected rainfall is not possible. 
However, this should not detract users from applying the tool in a 
foresight context as, with other foresight approaches, the broad com-
parison between futures provides qualitative insights to inform 

management priorities and target where resources might best be 
deployed. 

In the UK, portability of our approach is assured with options for 
using Open Government Licence datasets at national scale residing in the 
public domain, acknowledging that model outputs are relative to the 
area of application and not readily comparable with other areas. We 
consider the platform lends itself to repeated assessment by scenario 
modelling hypothetical, but plausible, variations in land cover futures, 
and recommend future studies of a similar nature, cognisant of the 
challenges associated with calibrating such a model (see section 4.3). 

4.4. Implications for catchment management 

Scenario modelling farming futures using SCIMAP has confirmed 
that the distribution of low, moderate and high risk erosion sources and 
pathways can be manipulated through the restructuring of land cover. 
However, the results also suggest that it is difficult to sever the impor-
tant connectivity between erosion source areas and stream channels, 
manifested through the accumulation of risk along hydrological path-
ways. The current concentration and prevalence of arable cover on 
lower slopes extending to the Rother floodplain and often in very close 
proximity to the river network, most evident through the area of inter-
est, generate a myriad of such connections that would likely continue to 
create sediment-related issues within the lower Rother (Cox, 2017) 
unless the accumulation of risk along potential pathways can be diluted 
effectively. This requires strategic management that focuses on sediment 
transfer in addition to erosion source areas. Achieving this from land 
cover redistribution alone might be judged as an undesirable future, as it 

Fig. 8. Distribution of soil erosion risk points (cor-
responding to SCIMAP concentration risk) for current 
(S1) and farming futures (S2-7) across (a) the lower 
Rother catchment area and (b) the area of interest. 
Note, channel network refers to output SCIMAP 
points along potential hydrological pathways at 10 m 
resolution, excluding existing watercourses 
(Ordnance Survey MasterMap Water Network). 
Future scenarios: (S2) Resisting change; (S3) Hillslope 
farming extensification; (S4) Farming and food secu-
rity; (S5) Sustainable mixed farming; (S6) Environ-
mental stewardship; (S7) Sustainable mixed farming 
with environmental stewardship.   
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would require the wholesale reversion of arable to rough grassland and 
woodland on the lower slopes of a scale severely damaging to the 
farming economy in the region, despite the promise of payments for 
creation and enhancement of environmental services. A valid solution 
might comprise a blend of highly targeted land cover redistribution to 
coincide with areas with the greatest concentration of moderate to high 
risk pathways connecting to the Rother channel, together with on-site 
soil erosion mitigation measures such as implementing vegetative field 
barriers (Fressard and Cossart, 2019; Favis-Mortlock et al., 2022) and 
raising greater awareness of crop selection and cultivation methods that 
provide acceptable soil protection (Boardman and Favis-Mortlock, 
2014; Seitz et al., 2019). 

A future that places greater demand on farms for food security would 
conceivably present a greater challenge as the necessary extension of 
arable cover would likely severely limit the ability to safeguard against 
soil erosion above current levels and to deliver environmental benefits. 
The farming and food security future (scenario 4) depicts a land cover 
configuration that would not be unrealistic to envisage under such an 
economic driver. Mapped land use from the 1840s (Pearson and Soar, 
2018; Pearson et al., 2019), a time of extensive arable farming along the 
Rother valley (and also driven by food security pressures), suggests 
arable cover as a percentage of the study catchment area could 
conceivably be some 24% greater than it is currently following efforts to 
maximise arable productivity in the face of market volatility and un-
certainty (Helm, 2017; Hubbard et al., 2018), largely replacing 
improved grassland. In seeking opportunities for landscape restoration, 
such historical evidence also warns against an ill-informed romanticised 
view of 19th century Victorian England as a landscape in harmony with 
the natural environment, largely unimpacted by extensive arable 
farming and without river sedimentation issues (Pearson and Soar, 
2018). 

Soil erosion at the farm scale thus effects environmental outcomes at 
a much broader scale, with implications for sustainable river manage-
ment and setting habitat conservation targets. Addressing sediment- 
related problems within the Rother channel itself by focusing on 
instream measures may offer some promise for locally improving 
geomorphological stability and enhancing fisheries habitats, such as 
riffle implementation (Cox, 2017). However, catchment-sensitive 
farming policies and practices, as promoted in the Catchment Based 
Approach policy framework (Defra, 2013), offer the potential for more 
impactful benefits for improving soil conservation and mitigating 
against wider environmental impacts, driven by knowledge of the 
numerous interrelations between natural capital assets in agricultural 
catchment settings. Compatibility between broad-scale, probabilistic 
modelling and natural capital accounting frameworks for spatially 
demonstrating the drivers and inhibitors of natural capital service flows 
is evident here. By manipulating the quantities and locations of land 
cover typologies as natural capital assets, we can potentially explore 
their role in promoting or limiting soil erosion and in-stream sedimen-
tation, and ultimately, delivering benefits to people. In striking a bal-
ance between traditional arable farming practice and efforts to enhance 
natural capital benefits, success will inevitably rely on spatially targeted 
approaches. Its low input data preparation requirements and rapid 
risk-based analysis framework (in comparison to other established 
models, e.g. RUSLE, MUSLE, the Unit Stream Power based Ero-
sion/Deposition model), promote use of SCIMAP for scenario-modelling 
soil erosion risk as one way to facilitate meeting such an objective (Lane 
et al., 2006; Reaney et al., 2011), complementary to field-based 
investigations. 

Following the withdrawal from the EU, the UK’s new 25-year Envi-
ronment Plan (HM Government, 2018), delivered under the Environ-
ment Act 2021 (HM Government, 2021) sets out its objectives to 
promote and deliver measures that safeguard against soil erosion, 
improve water quality and seek opportunities for environmental con-
servation and enhancement, while ensuring economic resilience of the 
farming industry across regions such as the South Downs National Park 

(HM HM Government, 2018). The concomitant Agriculture Act 2020 
will enact the phasing out of the existing Basic Payment Scheme for the 
farming sector, operating under the EU’s Common Agricultural Policy 
(Helm, 2017; HM HM Government, 2020), to be replaced by a new 
system which will pay landowners public money for public goods, with a 
creditable focus on environmental benefits (HM Government, 2018). 
This will be achieved through the Environmental Land Management 
scheme (National Audit Office, 2021), aimed at incentivising for sus-
tainable farming and promoting nature and landscape recovery, with a 
suite of agreements available for delivering land, water, air and habitat 
improvements (Rodgers, 2019). The emphasis on ecosystem service 
provision from natural capital services will in turn facilitate the suc-
cessful delivery of more local environmental management plans, such as 
the South Downs Local Plan (South Downs National Park Authority, 
2019). In the specific context of the South Downs, natural capital ap-
proaches may be further integrated with the growing body of research in 
this locality into on and off-farm costs of soil erosion (Boardman et al., 
2009; Boardman, 2021). Progressive development of such approaches 
underpinned by the use of broad-scale spatial data and GIS analysis (e.g. 
Sunderland et al., 2022) offers exciting prospects for integrating 
knowledge of changing erosion risk with principles of nature-based 
valuation to inform the design of plausible farm payment schemes. 

5. Conclusion 

We have investigated the changing nature of soil erosion associated 
with land cover change by simulating current and future risk using the 
indicative catchment-scale modelling platform, SCIMAP, applied to the 
lower Rother catchment, West Sussex, UK. In so doing, we have exam-
ined the utility value of applying SCIMAP in a foresight context by 
designing and comparing between a plausible set of future farming 
scenarios. We discuss the challenges associated with verifying SCIMAP 
outputs where other modelling studies and field observations of erosion 
features might be limited and with the inherent broad-scale nature of the 
generated distribution of risk – an issue not restricted to the Rother 
catchment. However, when applying SCIMAP as a precursor to more 
detailed studies and field-based investigations in subareas highlighted 
by SCIMAP as areas of potential concern, the tool has considerable po-
tential for strategically directing stakeholders to locations, that may be 
known or unknown, where further focus should be directed. 

Large-scale conversion of grassland to arable land in Britain since 
WWII has been linked to increased observations of erosion in many 
catchments. This phenomenon is particularly evident in the lower River 
Rother, where progressive erosion has led to wider sedimentation issues 
downstream. Interpretation of the SCIMAP model outputs offer two 
broad conclusions: first, the highest-risk erosion points across all sce-
narios were located in an area immediately north of the channel be-
tween Rogate and Petworth, consistent with observations reported in 
the literature. Second, effectiveness in reducing erosion risk depends on 
land cover configuration. Scenarios exhibiting lowest-risk erosion values 
were developed around the following land cover conversion principles: 
(i) offsetting arable land on steeper slopes onto gentler slopes not 
adjacent to waterbodies, (ii) downgrading land cover parcels to the next 
lowest risk and (iii) fragmenting homogenous arable expanses with 
rough grassland and woodland parcels to dilute risk. With the exception 
of environmental stewardship (scenario 6), all of our hypothetical land 
cover futures (scenarios 3, 4, 5 and 7) indicate increased risk of sediment 
transfer compared with current conditions, suggesting that offsetting 
arable land from hillsides areas to gentler slopes may not be sufficient 
for reducing sediment transfer from source to sink, even if efforts are 
made to avoid arable expansion across lower slopes adjacent to water-
bodies. Greatest risk reduction may be achieved simply by converting 
land parcels to the next lowest risk weighting on steeper slopes (e.g., 
arable to improved grassland). Conversely, land cover scenarios 
outputting the highest-risk values were designed to reflect (i) arable 
extensification on hillslopes, and (ii) catchment restoration to match the 
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historical arable extent. Arable extensification on hillslopes appears to 
be the most significant factor for strengthening connectivity of sediment 
pathways, with scenario 3 (hillslope farming extensification) effecting 
greatest increase in risk. Thus, environmental stewardship initiatives 
should look to prioritise set-aside schemes for species-rich grassland on 
hillslopes via incentivisation, whilst maintaining productivity through 
selective promotion of arable land on gentler slopes closer to the main 
Rother channel. Parameterisation of the land cover risk weights inevi-
tably impacts the final outputted risk from SCIMAP, but assuming we 
have sensibly captured the qualitative ranking of land cover risk, the 
findings derived through this exercise are conceived to comprise 
reasonable insights and recommendations made possible through 
applying SCIMAP in a foresight framework, with potential for informing 
land management planning at the strategic level. 

Authorities responsible for developing future governance relating to 
water quality monitoring, agri-environment stewardship schemes and 
planning policy should consider integration of the SCIMAP risk-based 
framework for identifying and monitoring critical source areas on a 
net gain basis. Based on the exercise conducted here and despite the 
challenges in designing futures and verifying outputs, we advocate 
adoption of a ‘foresight’ methodology as having potential to deliver 
useful insights to assist stakeholders with planning and managing 
catchments sustainably into the future (both environmentally and 
economically), ensure resources are allocated expediently and the ob-
jectives of the 25-year Environment Plan are met successfully. Aligning 
landscape management strategy with SCIMAP outputs, supported by 
field-based investigations, can potentially maximise natural capital 
benefits gained from UK agri-environment systems, without compro-
mising domestic food security in light of an uncertain political future. 
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