
Seasonal variation and climate change impact in 
Rainfall Erosivity across Europe

Panos Panagos1, Pasqualle Borrelli1, Katrin 

Meusburger2, Christine Alewell2, Cristiano Ballabio1, 
1European Commision – Joint Research Centre

2University of Basel, Environmental Geosciences



• Rainfall erosivity and soil erosion modelling

• REDES: Rainfall Erosivity Database at European 
Scale

• Mapping Rainfall erosivity in Europe

• Seasonal and Monthly mapping of erosivity

• Climate change projections for Erosivity in 2050
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RUSLE2015: New soil erosion model



• Important factor for Soil erosion modelling: Rainfall erosivity (R-
factor) is one of the 5 factors for estimating soil erosion using (R)USLE 
model and is the only seasonally varying (besides crops, but crop are 
manmade…)

• Spatio-temporal resolution is critical for evaluating when and where 
potentially erosive rainfall events occur

• Temporal information is critical for many erosion prevention 
measures as well

• Monthly data allows to create new indicators for rainfall erosivity

• Other applications: 

• a) Landslide risk assessment;  

• b) flood risk forecasting;  

• c) Post-fire conservation measures; 

• d) agricultural management and design of crop rotation scenarios 

• e) Ecosystem services f) Trends and threats of climate change

Objective: Why a European Rainfall 
Erosivity dataset?



Data collection 2013-2015



REDES: Rainfall Erosivity 
Database at European Scale

• Rainfall erosivity measures rainfall 
kinetic energy & intensity (MJ mm ha-1 h-1

y-1)

• Combines the influence of rainfall 
frequency, duration, amount and
intensity
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• 1,541 Precipitation stations with 
detailed rainfall intensity; 1675 
Precipitation Stations in 2015 update 
(all countries)

• Temporal Resolution: 30-Minutes

• Time series: 7 – 56 Years (Mean: 

17.1yr; 75% of time series in 2000-2010) 

• Average density: 1 station per 50km x 
50km

• Stations distribution: 6.5% of the 
REDES stations in > 1,000m



Rainfall Erosivity (R-factor)

• Resolution: 500m 

• Spatial coverage: European Union 
(EU-28) plus Switzerland

• Robust Geo-statistical model

• Mean: 722 MJ mm ha-1 h-1 yr-1

• Highest R-factor in Mediterranean & 
Alpine regions and lowest in 
Scandinavia

• Highest R-factor levels are in line 
with the 3 major regions (van Delden, 
2001) with highest frequency of 
thunderstorms.

• Erosivity is not dependent only from 
precipitation

Panagos et al. 2015. Science of Total Environment



Uncertainty of the prediction model

• The model had a good prediction 
rate with low standard errors in the 
majority of the study area

• High variability of climatic and 
terrain conditions in an area of > 4.4 
Million km2 resulted in a broad 
spectrum of rainfall erosivity

• Scotland, north-western Sweden and 
northern Finland: Relatively small 
number of precipitation stations 

• Southern Alps and the Pyrenees: high 
diversity of environmental 
features



Prediction of Monthly erosivity with
Cubist regression

• Estimating the monthly R-factor 
for the different climatic conditions 
of Europe requires enough climate 
information 

 Average Monthly precipitation

 Average Maximum & Minimum precipitation & 
temperature

 Precipitation of wettest / driest month

 Variation of precipitation over seasons

 Bioclimatic data

• “Different” parts of the model fit 
properly on the range of climatic 
conditions all over Europe

• This calls for the use of models 
capable of modelling non-linear 
relations like Cubist

Model: 
 
  Rule 1: [674 cases, mean 50.385, range 1.51 to 448.36, est err 22.513] 
 
    if 
 prec11_500 <= 83 
 tmean9_500 <= 169 
    then 
 outcome = -130.209 + 1.58 tmin8_500 - 1.09 tmean10_500 + 0.99 tmin3_50
0 
           + 0.82 tmean11_500 - 0.84 tmax4_500 + 0.93 prec5_500 
           + 1.3 bio2_500 - 0.37 tmax10_500 + 0.44 tmean8_500 
           + 0.5 prec11_500 - 0.4 tmin7_500 + 0.009 bio4_500 
           - 0.25 tmax5_500 - 0.27 tmin6_500 - 0.17 tmin12_500 
           - 0.2 tmean9_500 + 0.19 tmin5_500 + 0.13 prec6_500 
 
  Rule 2: [52 cases, mean 73.662, range 1.42 to 451.36, est err 42.568] 
 
    if 
 bio2_500 > 103 
 prec11_500 > 83 
    then 
 outcome = -376.788 + 8.14 tmin8_500 - 4.18 tmin12_500 - 3.55 tmax5_500 
           + 2.73 tmean11_500 - 3.08 tmin7_500 + 1.49 prec11_500 
           - 0.85 tmax10_500 + 1.01 tmean8_500 + 1.47 prec5_500 
           - 0.024 bio4_500 + 0.8 tmin5_500 - 0.52 tmin3_500 
           + 0.32 tmean10_500 - 0.21 tmin6_500 + 0.17 prec6_500 
           + 0.4 bio2_500 
 
  Rule 3: [79 cases, mean 77.007, range 5.23 to 488.96, est err 50.586] 
 
    if 
 bio4_500 <= 5031 
 prec11_500 > 83 
    then 
 outcome = -137.316 + 5.48 tmean8_500 - 3.86 tmax10_500 - 0.111 bio4_50
0 
           - 2.38 tmin3_500 - 2.2 tmin12_500 + 1.75 tmean10_500 
           + 2 tmin5_500 + 0.92 prec6_500 + 0.66 tmin8_500 
           - 0.37 tmin6_500 - 0.14 tmax4_500 + 0.4 bio2_500 
           + 0.09 tmean11_500 + 0.12 prec11_500 
 
  Rule 4: [98 cases, mean 84.526, range 10.72 to 390.03, est err 41.544] 
 
    if 
 bio4_500 > 5031 
 prec11_500 > 83 
 prec11_500 <= 124 
 prec5_500 <= 121 
 tmean8_500 <= 170 
    then 
 outcome = -71.65 + 6.41 tmean8_500 - 3.14 tmin8_500 - 1.44 tmax10_500 
           - 1.56 tmean10_500 + 1.72 tmin5_500 - 1.77 tmin6_500 
           - 1.12 tmax5_500 + 0.96 tmin7_500 - 1.4 bio2_500 
           - 0.27 tmin12_500 + 0.19 prec6_500 
 
  Rule 5: [294 cases, mean 106.084, range 0 to 575.8, est err 60.320] 



Cubist regression: cross-validation
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Erosivity Seasonality Maps and 
Indicators

• Rainfall erosivity is mapped intra-
annually for the first time at 
European scale

• Dynamic Component in soil 
erosion model

• Seasonal patterns of erosivity are 
further analyzed using clustering 
techniques 

• Rainfall erosivity can be mapped 
continuously in time

• Further analysis: Koppen-Geigen
climate classification

• More indicators developed:

• Coefficient of Variation on Monthly 
Erosivity Density  

• Ratio on pixel basis of erosivity 
least/most erosive month 

• Weighted monthly Erosivity Density  and 
some others.

Ballabio et al. STOTEN (2017)



Erosivity Seasonality Maps

• Mapping the R-factor on a monthly 
basis allows to create maps 
evidencing the months with the 
lowest…

• …And highest values of R-factor



• Having R-factor estimates for 12 
months allows the development of 
more complex indicators

• Weighted monthly Erosivity 
Density is an example

• Given the average annual R (not the 
sum!)
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• And its standard deviation
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•
𝜎𝑀𝐸𝐷

𝜇𝑀𝐸𝐷
is maximized when monthly values 

of R-factor differ a lot, so multiplying it 
with the annual R-factor WED is defined 
as 
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WED identifies areas where most 
of the annual R-factor is given by 
few month’s contribution

Erosivity Seasonality Indicators



Model the future erosivity (2050)

• Rainfall erosivity is strongly 
correlated with precipitation 
dynamics (precipitation 
seasonality, monthly 
precipitation) and other 
bioclimatic variables

• Simulation Annealing optimizes 
the selection of the most 
appropriate covariates

• Use of future climatic data for 
the HadGEM2 scenario 4.5

• The regression model is fitted 
with covariates of projected 
future climatic data

• R-factor projections include the 
uncertainty of climatic models

Panagos et al.(2017). Journal of Hydrology



Climate change scenarios and 
Rainfall Erosivity  in 2050
• Climate change scenarios 

(2050): Taking into account IPCC 
HadGEM2 and REDES we predict 
18% increase of R-factor in 2050 

• Highest R-factor increase is 
projected in Northern & Central 
Europe 

• Rainfall erosivity will increase in 
81% of the study area and decrease 
in the rest 19%

• Comparison with 3 regional studies 
in Belgium, Germany and Czech 
Republic plus other studies which 
projected trends in erosivity (Italy, 
Spain, Ireland, Scandinavia)

Panagos et al.(2017). Journal of Hydrology



Information and data:

European Soil Data Centre:
http://esdac.jrc.ec.europa.eu/themes/rainfall-erosivity-europe

Panos.panagos@ec.europa.eu.eu
cristiano.ballabio@ec.europa.eu

http://esdac.jrc.ec.europa.eu/themes/rainfall-erosivity-europe

