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Introduction 
Soil loss by water is one of the main threats for the sustainability of soil and water resources and 

human land-use intensification increases this problem (Notebaert et al., 2011) 
 

Between 1990-2006, 275 ha/day of fertile soil have disappeared in the EU covered with 
impermeable materials. Water soil erosion affects 1.3·106 km2 in Europe (COM, 2012) 

 

Fertile soil loss by raindrop impact and runoff processes presents significant variations at temporal 
and spatial scales (López-Vicente et al., 2008) 

 

The combined use of advanced GIS techniques and detailed databases allow high resolution 
mapping of runoff and soil erosion processes (Meerkerk et al., 2009) 
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Objective 

In this study, the MONTHLY values of SOIL LOSS are calculated in a medium size FIELD 

OF RAIN-FED WINTER BARLEY and its drainage area located in the Central Spanish Pre-

Pyrenees 
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Soil erosion modelling 
Predicted rates were obtained with the RMMF model (Morgan, 2001) modified with the topographic 

factor of Morgan and Duzant (2008), and with the hydrologic module of López-Vicente and Navas (2010) 
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This model makes the 
most of GIS techniques 
(ArcMapTM 10.0) and 
computes all input and 
output maps at 1 x 1 m of 
cell size 



The study site 
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One rain-fed field of winter cereal (wheat and barley) and its 
drainage area (1.9 ha). This site is located in the External Ranges 
of the Spanish Pyrenees 

 

The field is surrounded by narrow strips of holm oaks and 
grass. The landscape is representative of the rain-fed 
Mediterranean agro-ecosystem (small patches of natural and 
anthropogenic areas are heterogeneously distributed) 

Man-made infrastructures (paved trails and drainage 
ditches) modify the overland flow pathways and thus the 
study site appears hydrologically closed in its northern and 
western boundaries 



The study site: Overland flow pathways 
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Two parts and five sub-catchments are distinguished as a consequence of topography and tillage 

Southern part 

•Runoff is restricted 

•Runoff goes to the S 

•Only one outlet 

•Presence of tillage erosion 

 

 

 
 

 

 

 

 

 

 

 

 

 

Northern part 

•Runoff is not restricted 

•Runoff goes to the SE 

•Many outlets 
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The study site: Climate 
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Continental Mediterranean climate with two humid periods, one in spring and a second in 
autumn, and a dry summer with rainfall events of high intensity in July, September and 
October 

 

Average R = 495 mm 
 

Average I30 ranges from 1.1 mm h–1 in January to 7.4 mm h–1 in July 



Measurement of the 23 input parameters 

SPLASH DETACHMENT 
• Soil erodibility: Soil texture 

• Rainfall intensity 

• Plant height 

• Canopy cover 

• Effective rainfall: Rainfall depth, Rainfall interception, Slope steepness 

 

Effective cumulative runoff (CQeff) 

• Rainfall depth 

• Number of erosive rainy days 

• Soil moisture content at field capacity 

• Bulk density 

• Effective volume of the soil 

• Effective hydrological depth 

• Potential and actual evapotranspiration 

• Multiple flow algorithm (GIS) 

• Saturated hydraulic conductivity 

• Max. water storage at soil surface: Slope steepness, soil roughness, furrow angle 

Heterogeneity of soil erosion in a rain-fed crop 

RUNOFF DETACHMENT 

•CQeff 

•Soil cohesion 

•Soil surface cover 
 

RUNOFF TRANSPORT CAPACITY 

•CQeff 

•C-RUSLE factor 

•P-RUSLE factor 

• 613 soil samples in a regular net of 5 x 5 m 
 

• From sampling point to sub-catchment area 
with Kriging interpolator (ordinary type with 
trend) 

 



A map of CQeff was calculated for each month with a weighted multiple flow algorithm and after 
considering the infiltration processes and the effect of the micro-topography 
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RESULTS: Effective cumulative runoff (CQeff) 

FIELD: 
- Concave 

topography 
- Tillage 

erosion 



The mean value of soil loss is lightly 
above the upper limit of tolerable soil 
erosion that is ca. 1.4 Mg ha−1 yr−1 for 
conditions prevalent in Europe 
(Verheijen et al., 2009) 

 
 
This value is lower than other rates of 

soil loss calculated in similar cultivated 
landscapes of the Spanish Pre-Pyrenees, 
where erosion rates average ca. 5 Mg 
ha−1 yr−1 (Gaspar et al., 2011; Navas et 
al., 2012) 
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RESULTS: Soil erosion 
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The highest values of soil erosion appear in concave areas (concentrated overland flow, CQeff) 
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RESULTS: Soil erosion - Spatial variations 

The UNPAVED TRAIL has the highest values of soil erosion: 71.4 Mg / ha yr on average 
 

The PAVED TRAIL has no erosion as soil surface is cover with impermeable materials (asphalt) 
 

The GRASS and FORESTED areas have annual rates < 0.01 Mg / ha yr on average 

Infiltration processes lead the values of soil loss in the RMMF model (18 < Kfs > 481 mm day–1) 

Soil water content at F.C., soil texture and rock 
fragments neither are significant 

The slope steepness (S) factor does not appear to 
be significant 

The average soil erosion in the CULTIVATED AREA is 1.4 Mg / ha yr and the corresponding 
map shows a high spatial variability (s.d. = 7.7 Mg / ha yr) 



The highest values of soil erosion appear in 
October 

The total amount of soil loss estimated in 
March, April, May, October and November 
add up to 78% of the total annual soil loss 
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RESULTS: Soil erosion - Temporal variations 

A very good correlation exists with the depth of monthly rainfall (Pearson’s r = 0.97) and a 
good correlation with the number of rainy days per month (Pearson’s r = 0.76) 

However, no correlation was obtained with the values of monthly rainfall intensity 



1. Runoff infiltration plays a mayor role in the processes of runoff generation instead of 
the role played by other soil and topographic parameters 
 

2. Concave areas and tillage erosion explain the highest values of soil loss within the field 
 

3. The unpaved trail and those areas where runoff is significantly concentrated have the 
highest risk of soil degradation whereas soil in the grassland and forest is well 
preserved 
 

4. The application of the modified RMMF model at high spatial and temporal resolution 
improves its predicting capability due to the complexity and large number of relevant 
interactions between the different sub-factors 
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CONCLUSIONS 
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