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a  b  s  t  r  a  c  t

Land  use  and  management  influence  the  magnitude  of  soil  loss.  Among  the  different  soil  erosion  risk
factors,  the  cover-management  factor  (C-factor)  is  the  one  that policy  makers  and  farmers  can  most
readily  influence  in  order  to help  reduce  soil  loss  rates.  The  present  study  proposes  a methodology  for
estimating  the  C-factor  in  the European  Union  (EU),  using  pan-European  datasets  (such  as CORINE  Land
Cover),  biophysical  attributes  derived  from  remote  sensing,  and  statistical  data  on agricultural  crops  and
practices.  In  arable  lands,  the  C-factor  was  estimated  using  crop  statistics  (%  of  land  per  crop)  and  data  on
management  practices  such  as  conservation  tillage,  plant  residues  and  winter  crop  cover.  The  C-factor  in
non-arable  lands  was  estimated  by weighting  the  range  of  literature  values  found  according  to  fractional
vegetation  cover,  which  was  estimated  based  on  the  remote  sensing  dataset  Fcover.  The  mean  C-factor  in
the  EU  is  estimated  to  be  0.1043,  with  an  extremely  high  variability;  forests  have  the lowest  mean  C-factor
(0.00116),  and  arable  lands  and  sparsely  vegetated  areas  the  highest  (0.233  and  0.2651,  respectively).
Conservation  management  practices  (reduced/no  tillage,  use  of  cover  crops  and  plant  residues)  reduce
the C-factor  by  on  average  19.1%  in  arable  lands.
The  methodology  is  designed  to be  a tool  for policy  makers  to assess  the  effect  of future  land  use and
crop  rotation  scenarios  on  soil  erosion  by water.  The  impact  of land  use  changes  (deforestation,  arable
land  expansion)  and  the  effect  of policies  (such  as the  Common  Agricultural  Policy  and  the push  to grow
more  renewable  energy  crops)  can  potentially  be quantified  with  the  proposed  model.  The  C-factor  data
and  the  statistical  input  data  used  are  available  from  the  European  Soil  Data  Centre.

©  2015  Z.  Published  by  Elsevier  Ltd.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
. Introduction

Agricultural and management practices play an important role
n controlling soil erosion. For instance, soil loss rates decrease
xponentially as vegetation cover increases (Gyssels et al., 2005).
esides vegetation cover, several other land use and management

actors affect soil loss, such as type of crop, tillage practice, etc.
he influence of land use and management is often parameterised

n the cover-management factor (C-factor). The C-factor is among
he five factors that are used to estimate the risk of soil erosion
ithin the Universal Soil Loss Equation (USLE) and its revised ver-
ion, the RUSLE. The C-factor is perhaps the most important factor
ith regard to policy and land use decisions, as it represents con-

itions that can be most easily managed to reduce erosion (Renard

∗ Corresponding author. Tel.: +39 332 785574; fax: +39 332 786394.
E-mail address: panos.panagos@jrc.ec.europa.eu (P. Panagos).

ttp://dx.doi.org/10.1016/j.landusepol.2015.05.021
264-8377/© 2015 Z. Published by Elsevier Ltd. This is an open access article under the C
creativecommons.org/licenses/by/4.0/).

et al., 1991). In RUSLE, the C-factor accounts for how land cover,
crops and crop management cause soil loss to vary from those losses
occurring in bare fallow areas (Kinnell, 2010). The bare plot (no
vegetation) with till up and down the slope is taken as a reference
condition, with a C-factor value of 1. The soil loss from different
land-cover types is compared to the loss from the reference plot
and the results are given as a ratio. The C-factor value for a par-
ticular land-cover type is the weighted average of those soil loss
ratios (SLRs), and ranges between 0 and 1. Following the RUSLE
handbook (Renard et al., 1997), SLRs are computed as a product of
five sub-factors: prior land use, canopy cover, surface cover, surface
roughness and soil moisture. These sub-factors include variables,
such as residue cover, canopy cover, canopy height, below-ground
biomass (root mass plus incorporated residue) and time. The SLR’s

are calculated for several time intervals during a year and multi-
plied by the corresponding percentage of annual rainfall erosivity
to estimate the C-factor. This approach is feasible on plot- to field
scales.
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Simplified approaches are adopted for larger spatial scales: (i)
ssigning uniform C-factor values found in the literature to a land-
over map  (de Vente et al., 2009; Borrelli et al., 2014), and (ii)
apping vegetation parameters using techniques such as image

lassification (Karydas et al., 2008) and normalized difference veg-
tation index (NDVI) (Alexandridis et al., in press). NDVI was not
onsidered in the present study as this is proved to correlate poorly
ith vegetation attributes due to the effect of soil reflectance and

itality of vegetation (Vrieling, 2006; de Asis and Omasa, 2007). A
ybrid C-factor land use and management (LANDUM) model has
een developed for this European-scale study, which covers an
rea of 4,381,376 km2 of the 28 Member States of the European
nion (EU-28). The LANDUM model is based on a literature review,

emote sensing data at high spatial resolution, and statistical data
n agricultural and management practices.

The main objective of this study is to estimate the cover-
anagement factor (C-factor) based on the best available data, in

ombination with a literature review at European scale (EU-28).
he proposed C-factor incorporates management practices such
s reduced or no tillage, cover crops and plant residues (Reeves,
994; Wall et al., 2002). Other management-related practices such
s contour farming, terracing, strip cropping and hedge rows are,
y definition, considered in the support practice factor (P-factor).
he P-factor includes the control practices that reduce the erosion
otential of runoff by their influence on drainage patterns, runoff
oncentration, runoff velocity and hydraulic forces (Renard et al.,
997). More specifically, this study aims to:

a) propose weighted average C-factor values for arable lands based
on the crop composition of an area;

) calibrate the C-factors found in the literature for non-arable
lands based on biophysical attributes derived from remote sens-
ing data;

c) estimate the effect of management practices such as reduced
tillage, cover crops and plant residues to reduce soil loss rates;

) quantify the impact of land use and conservation management
scenarios.

. Data

.1. CORINE Land Cover

The CORINE Land Cover map  was developed by image analysis
nd land use/cover digitalisation of Landsat photos in a GIS envi-
onment. CORINE Land Cover datasets are available for 1990, 2000,
nd 2006, and have been used to calculate the C-factor at the Euro-
ean level (Bosco and de Rigo, 2013; Panagos et al., 2014a). The
atasets contain homogeneous data on land-cover areas, which
re provided in vector format (as polygons). All CORINE Land Cover
atasets (CLC, 2014) were established following harmonised proce-
ures based on a common classification system, and can therefore
e easily compared. Data are classified into 44 land-cover classes,
hich are grouped under three hierarchical levels. Their nominal

cale is 1:100,000 with a minimum mapping unit (MMU) of 25 ha
nd a change detection threshold of 5 ha. The data are also available
n a raster format at a pixel resolution of 100 m,  and refer to the year
006. European validation studies such as the LUCAS survey have
hown that the accuracy achieved is above the minimum specified
y CLC (85%) (Buttner, 2014).

.2. Biophysical attributes derived from remote sensing data
Under the Copernicus programme (Copernicus, 2012), the
ERIS (MEdium Resolution Imaging Spectrometer) Environmental

atellite sensor produced regular standardised biophysical param-
olicy 48 (2015) 38–50 39

eter layers over Europe at 300-m resolution covering the period
2011–2012, and at 1-km resolution for about 10 continuous years
(2002–2012). The biophysical attributes named ‘BioPar’ are derived
from MERIS using the ‘SAIL/PROSPECT’ baseline vegetation model
(Verhoef, 1985). Among the nine biophysical parameters available
in the Geoland2 portal, the current C-factor development considers
that Fcover is the most appropriate layer as it represents the percent-
age(fraction) of the surface covered by any kind of vegetation. The
Fcover dataset is used to weight C-factors of a specific land-use type,
depending on the fractional vegetation cover.

2.3. Agricultural statistical data from Eurostat

NUTS (Nomenclature of Territorial Units for Statistics) is a sys-
tem used by the administrative authorities and Member States of
the European Union (EU) for classifying the European territory into
hierarchical levels according to population size. The NUTS2 level
represents regions of 0.8–3 million people for which regional poli-
cies are implemented and agricultural data are available. Among
the statistics that the European Commission’s statistical service
(Eurostat) provides to the public, three datasets were used in this
study at the NUTS2 level: (a) regional agricultural statistics and land
use (named agr r landuse), (b) tillage methods (named ef pmtilaa),
and (c) soil conservation (named ef pmsoilaa). The first dataset
includes annual crop statistics on the area (hectares) of a given
crop during the crop year at regional (NUTS2) level. The mean val-
ues for each crop category for the period 2008–2012 have been
taken in order to incorporate the crop variation (rotation) during
this period.

The dataset of tillage methods includes statistics on tillage
practices, and the soil conservation dataset provides statistics on
cover crops and plant residues; both are results of the Farm Struc-
ture Survey (FSS). Eurostat collected data from the Farm Structure
Survey on Agricultural Production Methods (SAPM, 2010), a once-
off survey carried out in 2010 to collect data at farm level on
agro-environmental measures. The EU Member States collected
information from individual agricultural holdings and, following
rules of confidentiality, these data were transmitted to Eurostat
and aggregated at the NUTS2 regional level.

In this study, the statistical data of tillage practices, cover crops
and plant residues are used as input for estimating the C-factor.
Data on tillage practices are defined as the share (%) of arable areas
under conventional, conservation and zero tillage at the NUTS2
level.

3. Methods

The LANDUM model for C-factor estimation is differentiated
between (a) arable lands and (b) all other land uses (non-arable).
Artificial areas, wetlands, water bodies, bare rocks, beaches and
glaciers are not considered in the C-factor evaluation. Finally, a
mosaic layer of the C-factor for arable lands and C-factor for non-
arable lands is proposed as the annual C-factor in Europe.

3.1. C-factor estimation for arable lands

Arable lands (CORINE Land Cover classes 21x) cover around
25.2% of the total European land area. Arable lands are strongly
affected by policy decisions (e.g. the Common Agricultural Pol-
icy). In the past, published studies (de Vente et al., 2009; Borrelli

et al., 2014) assigned constant C-factor values to all agricultural
lands without considering the type of crop and management. The
C-factor values for croplands are assigned based on field experi-
ments which are very time consuming and expensive, and therefore
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Table 1
Area covered by different crop types, and C-factor (Ccropn) per crop type based on
the literature review.

n Crop type Share (%) of the
total arable land
(EU-28)

C-factor

1 Common wheat
and spelt

28.5 0.20

2  Durum wheat 3.2 0.20
3  Rye 3.0 0.20
4  Barley 14.8 0.21
5 Grain maize – corn 12.9 0.38
6  Rice 0.6 0.15
7  Dried pulses

(legumes) and
protein crop

1.9 0.32

8  Potatoes 2.4 0.34
9 Sugar beet 3.1 0.34

10  Oilseeds 5.8 0.28
11  Rape and turnip

rape
8.1 0.30

12  Sunflower seed 4.8 0.32
13  Linseed 0.1 0.25
14  Soya 0.5 0.28
15  Cotton seed 0.4 0.50
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16  Tobacco 0.1 0.49
17 Fallow land 9.8 0.50

are (Gabriels et al., 2003). In the present study, a C-factor has been
alculated for the arable lands of each NUTS2 region as follows:

arable = Ccrop × Cmanagement (1)

here Ccrop is the C-factor based on the crop composition of an
gricultural area, and Cmanagement quantifies the influence of man-
gement practices (reduced tillage, cover crop and crop residues)
n soil erosion reduction.

.1.1. Crop factor
The annual soil loss from agricultural lands depends on the crop

ype. At NUTS2 level, statistical data are available for 16 different
rops plus fallow land. A literature review was performed to iden-
ify the Ccrop factor for each of the 16 crops. C-factor values per crop
ype (Table 1) are based on experimental data from previous stud-
es (Bollinne, 1985; Onchev et al., 1988; NS, 2001; Rousseva, 2004;
iesemans et al., 2000; Wischmeier and Smith, 1978; David, 1988;
ai, 1998; Palmquist and Danielson, 1989; Roose, 1977; Nyakatawa
t al., 2001; Gabriels et al., 2003; Boellstorff and Benito, 2005;
ntronico et al., 2005; Vezina et al., 2006; Bazzoffi, 2007; Junakova
nd Balintova, 2012) and applications of the proposed C-factor val-
es (Van Rompaey and Govers, 2002; Wall et al., 2002; Shi et al.,
004; Basic et al., 2004; Morgan, 2005; Bakker et al., 2008; Marker
t al., 2008; Terranova et al., 2009; de Vente et al., 2009; Diodato
t al., 2011; Borrelli et al., 2014). The criterion for the selection of
-factor values per crop (Table 1) was the most dominant value of
he above-mentioned studies.

Eurostat statistics consider three types of land use as fallow
and: (a) bare land bearing no crops, (b) land with spontaneous nat-
ral growth which may  be used as animal feed, and (c) land sown
xclusively for the production of green manure. Based on this defi-
ition and the C-factor values for fallow land in the literature which

s used in crop rotation systems (Nyakatawa et al., 2007; Shi et al.,
004), a C-factor of 0.5 (dimensionless) has been assigned for this

and use.
The Ccrop factor represents the weighted C-factor average of 17

ifferent crops presented in each NUTS2 region.
crop =
17∑

n=1

Ccropn × %NUTS2cropn (2)
olicy 48 (2015) 38–50

where Ccrop is the C-factor of the n-crop (Table 1) and %NUTS2crop

is the share of this crop in the agricultural land area of a region at
NUTS2 level. According to Eq. (2), each NUTS2 region has a differ-
ent Ccrop according to its crop composition, and regions with crops
susceptible to erosion will have higher Ccrop factors.

Bakker et al. (2008) adopted a similar approach whereby they
introduced an average C-factor value based on the most dominant
arable crops grown in four catchment areas.

The Fcover is not taken into account in the C-factor estimation of
arable lands, as the vegetative growth is volatile during the year.
The C-factor per crop (Table 1) is applied to the whole study area.
The crop rotation in each agricultural field is an important issue,
but the overall share of crops at such a large scale (NUTS2 region) is
generally stable in the short term. Crop composition was  assessed
over a five-year period (2008–2012). The present methodology also
allows the Ccrop factor to be estimated based on past arable statis-
tics. It should also be noted that the C-factor estimation is limited
due to a lack of geo-referenced data on crop composition and rota-
tion at the European scale.

3.1.2. Management factor
The management factor (Cmanagement) quantifies the effect

of management practices (tillage practices, cover crops, plant
residues) on reducing soil loss from agricultural lands. Support
practices such as contour farming, terracing and strip cropping are
considered in the support practice factor (P-factor) (Panagos et al.,
2015). The combined effect of tillage practice (Ctillage) and plant
residues (Cresidues) or cover crops (Ccover) is also taken into account
for the estimation of management factor:

Cmanagement = Ctillage × Cresidues × Ccover (3)

Reeves (1994) combined the three practices in various areas of
the U.S.A with different crops (cotton, corn, wheat, rye), and esti-
mated that they can reduce soil erosion by 85%.

3.1.2.1. Reduced and no-till practices. The soil erosion by water is
affected by tillage, depending on the depth, direction and timing
of plowing, the type of tillage equipment used, and the number of
passages made. Generally, the less the disturbance of vegetation
or residue cover at or near the surface, the more effective is the
tillage practice in reducing soil erosion by water. Minimum tillage
or no-till practices are effective in reducing soil erosion by water.
Reduced tillage systems and cover cropping can reduce soil erosion
and the leaching of nutrients into ground water (Nyakatawa et al.,
2001).

Tillage practices refer to the tillage operations carried out
between the harvesting and the sowing of crops. Conventional
tillage is the most wide-spread tillage practice, and is applied in
74.4% of the arable sites in the study area. Conservational tillage is
a practice or system of practices applied to arable lands, whereby
at least 30% of plant residues are left on the soil surface for erosion
control and moisture conservation, normally by not inverting the
soil (Eurostat, 2013). Conservation tillage includes the following
practices: (a) ridge tillage, (b) tined tillage or vertical tillage, and
(c) strip tillage or zonal tillage. Conservation tillage is practiced on
around 21.6% of the arable land in the EU-28.

Zero tillage refers to arable land on which no tillage is applied
between the harvesting and the sowing of crops. Zero tillage is a
minimum tillage practice in which the crop is sown directly in
soil that has not been tilled since the harvesting of the last crop
(Eurostat, 2013). Zero tillage is applied to only 4% of the arable land

in the EU-28.

In order to predict the long-term average soil loss from agri-
culture, Siegerist and Pfister (2013) proposed a C-factor which
incorporates a tillage sub-factor. Faist Emmenegger et al. (2009)
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nd the USLE factsheet (Stone and Hilborn, 2011) propose different
alues of this Ctillage factor, depending on the tillage practice used:

 Ctillage = 1 for conventional tillage;
 Ctillage = 0.35 for conservation/ridge tillage;

 Ctillage = 0.25 for no till practices.

Nyakatawa et al. (2001) also estimated that the no-till practice
educes soil erosion by water by 75% compared to conventional
illage.

The Ctillage factor depends on the intensity to which a particu-
ar region follows conservation and no-till practices. Where only
onventional tillage is applied, Ctillage equals 1.

tillage = FConventional × 1 + FConservation × 0.35 + FNotill × 0.25 (4a)

here:FConventional is the fraction of arable land with conventional
illage [0.  . .1];FConservation is the fraction of arable land treated with
onservation tillage [0.  . .1];FNoTill is the fraction of arable land
here no till practices are applied [0.  . .1];

Conventional + FConservation + FNoTill = 1 (4b)

.1.2.2. Crop residues practices. In cropland, sheet and rill erosion
re reduced by leaving adequate residue on the ground after the
arvest (Santhi et al., 2006). However, farmers often plow the land
fter the harvest, which leads to erosion. Maintaining crop residues
n soil surfaces not only protects the soils from splash erosion, but
lso increases infiltration rates (Unger and Vigil, 1998) and reduces
urface runoff (Greenland, 1975), resulting in less soil loss. In their
xperimental field, Campbell et al. (1979) found that crop residues
ecrease soil loss by around 12%.

A combined crop management scenario which incorporates
over crops (in order to protect bare soil in winter and spring
gainst storms) and leaving the crop residues on the field resulted
n a 35% reduction in soil loss in the Belgian loess belt (Verstraeten
t al., 2002). The former contributed to this reduction by 22%
reducing the C-factor from 0.36 to 0.28) while the latter con-
ributed to 13% of the reduction. Another study (Andrews, 2006)
ound that residue crop cover of around 10-30% may result in reduc-
ng soil loss by around 12%. Taking into account the aforementioned
iterature findings, the proposed Cresidues value for this study is set
t 0.88.

residues = (0.88 × Fresidues) + (1 − Fresidues) (5)

here:Fresidues is the fraction of arable land treated with plant
esidues [0.  . .1].

.1.2.3. Cover crop practices. Cover crops reduce soil loss by
mproving soil structure and increasing infiltration, protecting the
oil surface, scattering raindrop energy and reducing the velocity
f the movement of water over the soil surface (Smith et al., 1987).

 management practice that is efficient in reducing soil and nutri-
nt loss is to keep the land covered with crops during the whole
ear. These crops are not normal winter crops or grassland, but are
own specifically to protect bare soil in winter (and early spring)
fter the harvesting of summer crops. The economic interest of the
over crops is low – its main goal is to protect soil and nutrients.

Nyakatawa et al. (2001) found that cover crops (e.g. rye) signifi-
antly reduce soil erosion by 15% in cotton fields. Verstraeten et al.
2002) estimated the reduction of soil loss due to cover crops to be
round 23%. Wall et al. (2002) and Bazzoffi (2007) have estimated

he C-factor reduction due to the application of cover crops to be
round 20%.

cover = (0.80 × Fcrop-cover) + (1 − Fcrop-cover) (6)
olicy 48 (2015) 38–50 41

where:Fcrop-cover is the fraction of arable land to which cover crops
are applied during winter or spring [0.  . .1].

3.2. C-factor estimation for non-arable lands

It is practically and economically feasible to estimate soil ero-
sion at large scales using the latest developments in remote sensing
and geographical information system (GIS) techniques (Wang et al.,
2003). Landsat images were used to derive C-factor values in the
1990s (De Jong, 1994; Folly et al., 1996). In the early 2000s, remote-
sensing data were used to develop the USLE cover-management
factor through land-cover classifications (Reusing et al., 2000; Ma
et al., 2003). Such approaches assume that the same land-cover
types have the same C-factor values throughout the study area.
The result greatly depends on the spatial resolution of land-cover
maps and their classification accuracy, and the determination of a
suitable C-factor value for each land-cover class.

However, the same land-cover class may have different C-
factors due to variations in vegetation density (Lu et al., 2004), and
different land uses with the same vegetation coverage also result
in different C-factors (Panagos et al., 2014b). C-factor estimation
should take into account the combined effects of the above- and
below-ground biomass, and the different environmental conditions
(Smets et al., 2008).

The C-factor was defined for each CORINE Land Cover class
according to literature values (Table 2). However, the variety of
values found in the literature led to the assignment of a range of
values (Clanduse) to each class. The range of values (Table 2) has
been developed based on the most cited studies covering differ-
ent countries, including Italy, Belgium, Slovakia, Greece, Bulgaria,
France, Switzerland, Portugal and Spain (USDA, 1977; Van Rompaey
and Govers, 2002; Wall et al., 2002; Arhonditsis et al., 2002; Yang
et al., 2003; Angeli, 2004; Santhi et al., 2006; Capolongo et al., 2008;
Terranova et al., 2009; de Vente et al., 2009; Pelecani et al., 2008;
Bakker et al., 2008; Antronico et al., 2005; Borselli et al., 2008; Konz
et al., 2009; Rulli et al., 2013). The range of values for grasslands
and pastures have been estimated based on exponential equations
(Elwell, 1978). The range of values for Heterogeneous agricultural
areas (Codes: 24x) was  calculated using values from arable lands,
permanent crops, pastures, grasslands and woodlands, and apply-
ing the shares (%) of those categories to calculate the worst- and
best-case scenarios (higher and lower values, respectively).

The influence of vegetation density can be quantified by the
use of biophysical parameters derived from MERIS satellite images
(Panagos et al., 2014b). In a similar way, de Asis and Omasa (2007)
estimated the C-factor as a function of the fractional abundance
of bare soil and ground cover using Landsat imagery. The use of a
proxy vegetation layer allows for the quantification of the impact
of vegetation cover in the C-factor estimation. Fcover is a vegetation
layer available in the Copernicus programme and normalised in the
range [0–1], which describes the % of soil covered by any type of
vegetation.

CNonArable = Min(Clanduse) + Range(Clanduse) × (1 − Fcover) (7)

Based on this approach, the C-factor reaches its maximum value
when the Fcover is equal to 0 (no vegetation protection, and high risk
of erosion) and its minimum value when the Fcover is equal to 1 (soil
is fully covered by vegetation). In Eq. (7), the range for each type of
land use is the result of maximum–minimum values (Table 2).

4. Results and discussion
4.1. C-factor in arable lands

Given the land management practices of the EU-28, the mean
C-factor (Carable) value of arable lands is 0.233. If no conservation



42
 

P.
 Panagos

 et
 al.

 /
 Land

 U
se

 Policy
 48

 (2015)
 38–50

Table 2
C-factor per non-arable land-cover type.

Group CLC class Detailed class Description C-factor values (Clanduse)

Permanent crops 221 Vineyards Areas planted with vines 0.15–0.45
222  Fruit trees & berry plantations Parcels planted with fruit trees or shrubs: single/mixed

fruit species, fruit trees associated with permanently
grassed surfaces.

0.1–0.3

223  Olive groves Areas planted with olive trees 0.1–0.3
Pastures 231 Pastures Dense, predominantly graminoid grass cover, of floral

composition, not under a rotation system. Mainly used for
grazing.

0.05–0.15

Heterogeneous agricultural areas 241 Annual crops associated with permanent crops Non-permanent crops (arable land or pasture) associated
with  permanent crops on the same land parcel
(non-associated annual crops represent less than 25%)

0.07–0.35

242  Complex cultivation patterns Juxtaposition of small parcels of diverse annual crops,
pasture and/or permanent crops (arable land, pasture and
orchards each occupy less than 75% of the total surface
area of the land unit)

0.07–0.2

243  Land principally used for agriculture, with significant areas
of natural vegetation

Areas principally used for agriculture, interspersed with
significant natural areas (agricultural land occupies
between 25 and 75% of the total surface of the land unit)

0.05–0.2

244  Agro-forestry areas Annual crops or grazing land under the wooded cover of
forest species

0.03–0.13

Forests 311 Broad-leaved forest Vegetation formation composed principally of trees,
including shrub and bush understories, where broadleaved
species predominate.

0.0001–0.003

312  Coniferous forest Vegetation formation composed principally of trees,
including shrub and bush understories, where coniferous
species predominate

0.0001–0.003

313  Mixed forest Vegetation formation composed principally of trees,
including shrub and bush understories, where broadleaved
and  coniferous species co-dominate.

0.0001–0.003

Scrub and/or herbaceous vegetation associations 321 Natural grasslands Low productivity grassland. Often situated in areas of
rough and uneven ground

0.01–0.08

322 Moors and heathland Vegetation with low and closed cover, dominated by
bushes, shrubs and herbaceous plants (heath, briars,
broom, gorse, laburnum)

0.01–0.1

323 Sclerophyllous vegetation Bushy sclerophyllous vegetation. Includes maquis (dense
vegetation composed of numerous shrubs) and garrige
(oak, arbutus, lavender, thyme, cistus)

0.01–0.1

324  Transitional woodland-shrub Bushy or herbaceous vegetation with scattered trees. Can
represent either woodland degradation or forest
Regeneration/colonisation.

0.003–0.05

Open  spaces with little or no vegetation 331 Beaches, dunes, sands Beaches, dunes and expanses of sand or pebbles in coastal
or continental areas

0

332  Bare rocks Scree, cliffs, rocks and outcrops 0
333  Sparsely vegetated areas Includes steppes, tundra and badlands. Scattered

high-altitude vegetation
0.1–0.45

334  Burnt areas Areas affected by recent fires, still mainly black 0.1–0.55
335  Glaciers and perpetual snow Land covered by glaciers or permanent snowfields 0
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Fig. 1. Cover-management factor (C-fa

anagement practices are used, the mean Ccrop-factor increases to
.287. The mean Cmanagement factor is 0.809, which means that the
verage C-factor is reduced by 19.1% as a result of the combined
anagement techniques (reduced tillage, crop residues, cover

rop) practiced in the arable lands of the EU-28. The lowest C-factor
alues in croplands (<0.17) were identified in Germany (Thürin-
en, Sachsen-Anhalt and Sachsen), the United Kingdom (South East,
ast Midlands) and Bulgaria (Yugoiztochen, Severoiztochen), which
core high in conservation tillage practices. The highest C-factor
alues in croplands (>0.39) were found in Portugal (Algarve), Malta,
rance (Corse) and Spain (Región de Murcia, Comunidad Valen-
iana) (Fig. 1), due to a predominance of fallow land and lack of
onservation practices. Romania, Hungary, Malta, Greece and the
berian Peninsula (Spain, Portugal) have the highest mean values at
he national scale, at >0.27. The lowest mean values at the national
cale are found in the United Kingdom, Bulgaria, Cyprus, the Czech

epublic and Germany (<0.20).

The practice of conservation tillage reduces the C-factor by 17%
Ctillage = 0.83), mainly due to reduced tillage, as no-till practices are
arried out in a very small share (4%) of the EU-28 arable lands. Con-
in arable lands of the European Union.

servation tillage practices are found to be predominant in regions
with the lowest C-factor values (Fig. 2a).

The application of crop residues, which is applied in 10.6%
of the arable lands of the EU-28, reduced the C-factor by 1.2%
(Cresidues = 0.988). The greatest impact of plant residues (>6%) is
noticed in two regions of Ireland (Border, Midland and Western –
Southern and Eastern) and in two  regions of Finland (Etelä-Suomi,
Helsinki-Uusimaa), given the high share of arable lands dedicated
to this management practice in these regions (>53%) (Fig. 2b).

Cover crops reduced the EU-28C-factor by another 1.3%
(Ccover = 0.987), as 6.5% of the EU-28 arable lands are planted with
cover crops during winter and spring. The highest impact of cover
crops (>12.3% C-factor reduction) is found in three Austrian regions
(Vorarlberg, Salzburg and Tirol) due to their high share of cover
crops (>61.5%). The use of cover crops is also common practice in
the Netherlands and Belgium, while it is hardly applied at all in

Mediterranean regions (Fig. 2c).
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Fig. 2. C-factor reduction due to (a) tillage practices (upper frame), (b) plant residues (lower left), (c) cover crops (lower right).
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Table  3
Mean C-factor per land-cover type, using remotely-sensed data.

Group CLC class Description % of the area C-factor values

Permanent crops 221 Vineyards 1.3% 0.3527
222 Fruit trees & berry plantations 0.9% 0.2188
223 Olive groves 1.4% 0.2273

Pastures 231 Pastures 12.9% 0.0903
Heterogeneous agricultural areas 241 Annual crops associated with permanent crops 0.3% 0.2323

242 Complex cultivation patterns 8.2% 0.1384
243 Land principally used for agriculture, with

significant areas of natural vegetation
6.7% 0.1232

244 Agro-forestry areas 1.2% 0.0881
Forests 311 Broad-leaved forest 14.7% 0.0013

312 Coniferous forest 22.1% 0.0011
313 Mixed forest 10.3% 0.0011

Scrub and/or herbaceous vegetation associations 321 Natural grasslands 3.9% 0.0435
322 Moors and heathland 2.8% 0.0420
323 Sclerophyllous vegetation 3.2% 0.0623
324 Transitional woodland-shrub 8.7% 0.0219
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Open spaces with little or no vegetation 333 Sparse
334 Burnt

TOTAL (Non-arable) 

.2. C-factor in non-arable lands

The mean C-factor value in the non-arable lands of the EU-28
s 0.0539, with a high standard deviation of 0.073 due to the large
ange of assigned values in the different land-cover classes. The

ean C-factor values per land-cover type at the European scale
Table 3) were calculated by applying the Eq. (7) at pixel level
nd then aggregating by land cover. These mean C-factor values
emonstrate the influence of vegetation density on the C-factor
stimation.

However, the mean C-factor value per land-cover type can also
e estimated at national (Table 4) or even at NUTS2 levels, using

nformation on different management practices or the influence of
limate. For instance, vineyards (class 221) have the highest mean
-factor value in Spain (0.396), followed by Bulgaria (0.375) and
ungary (0.36). On the other hand, the lowest mean C-factor values
f vineyards are found in Luxembourg (0.29) followed by Slove-
ia (0.299) and Germany (0.311). The soil is bare in major parts of
ineyards in Spain, while there is herbaceous protective coverage
n Luxembourg and Slovenia.

The influence of climate can be observed in the fact that the
astures in Ireland are less susceptible to erosion (C-factor = 0.077)
han are those in Cyprus (C-factor = 0.125), as they have denser
egetation coverage. Similarly, the forests in Finland and Sweden
re twice as dense (C-factor = 0.0009) as those in Cyprus (C-
actor = 0.0018).

.3. C-factor map

The cover-management factor, known as C-factor in RUSLE, was
apped at 100-m resolution. The LANDUM model used data from

he CORINE Land Cover map  at 100-m resolution, the MERIS remote
ensing dataset Fcover at 300-m resolution, statistical data on crops
nd management practices, plus literature references to the C-
actor. Given the use of CORINE Land Cover as the main input and
he fact that vegetation density is a proxy dataset, the final C-factor

ap  has a fine resolution. The C-factor is estimated in agricultural
arable and permanent crops) land, grasslands, pastures, forests and
emi-natural areas (Fig. 3). This area, which is potentially erodible,
ccounts for 90.3% of the total EU-28 surface. The mean C-factor in
he EU-28 is 0.1043, with a standard deviation of 0.1046 and values

anging from 0.0001 to 0.526.

At country level, the highest mean C-factors (>0.15) are found in
ungary, Denmark, Malta and Romania (Table 5) for different rea-

ons. Denmark and Hungary have the highest shares (%) of arable
etated areas 1.3% 0.2652
0.04% 0.3427
100% 0.0539

lands, and Romania has the second highest Carable factor due to
its crop composition and minimum application of conservation
practices. In Malta, the Cnon-Arable is high due to a predominance
of land that is principally used for agriculture, with significant
areas of natural vegetation (class 243). The lowest C-factor values
(<0.075) were identified in Finland and Sweden, followed by Slove-
nia, Estonia, Latvia and Austria, where forest is the dominant land
use.

The LANDUM model uses the best available pan-European input
datasets (CORINE Land Cover, official agricultural statistical data
from Eurostat, MERIS Remote sensing) and the literature values
given to land uses and management practices.

4.4. Drivers and policies that influence the C-factor

The C-factor and its associated soil loss rates can potentially be
influenced by land-use changes, crop rotation and management
practices. Land-use change has the highest impact on the C-factor,
especially deforestation due to cropland expansion. In the past cen-
tury, demographic, cultural and political changes have had a strong
impact on deforestation, replacing forests with croplands, which
led to increased soil erosion (Begueria et al., 2006). This land use
change may  have resulted in a significant increase in the C-factor,
and consequently in an increase in soil loss. Other important drivers
that influence land-cover change are the expansion of agricultural
areas (for wheat production) to replace shrub land areas. The latter
is possible mainly due to technologically advanced irrigation sys-
tems and the technical developments (machinery) which facilitate
the cultivation of land in hilly areas.

In the early 1980s, the Common Agricultural Policy (CAP) sub-
sidised cereal and traditional permanent crops, which were then
extended at the expense of shrublands, leading ultimately to higher
soil erosion risk (Onate and Peco, 2005). The mean C-factor of cereal
crops is at least five times that of shrublands (Table 3). The financial
incentives of the CAP to farmers and market prices for commodi-
ties led to changes in land use and crop rotation. For example, in
Mediterranean countries, the CAP subsidies for olive and almond
trees led to the transformation of some semi-natural areas (mainly
on hilly slopes) to permanent crops (Garcia-Ruiz, 2010), increasing
soil erosion risk. Another example of the effect of CAP incentives
was the four-fold increase in cotton cultivation (which is highly

erosive) in Greece during the period 1980–1996 (Tzouvelekas et al.,
2001).

On the other hand, the CAP reform in the 2000s included some
agro-environmental measures, which had positive effects on runoff
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Table 4
C-factor per land-cover type and country.

Cover Type (class) Vineyards Olives Pastures Complex
cultivation

Agriculture &
natural areas

Forests Grasslands Transitional
woodland & Shrub

Sparse vegetation

Country  221 223 231 242 243 31X 321 324 333

AT 0.3403 0.0853 0.1300 0.1211 0.0012 0.0345 0.0215 0.2308
BE  0.0893 0.1286 0.1153 0.0011 0.0372 0.0216
BG  0.3750 0.1185 0.1517 0.1449 0.0016 0.0498 0.0302 0.2889
CY  0.2524 0.1256 0.1659 0.1595 0.0019 0.0639 0.0359 0.3780
CZ  0.3546 0.0927 0.1506 0.1253 0.0014 0.0391 0.0235 0.2865
DE  0.3111 0.0920 0.1282 0.1219 0.0012 0.0421 0.0235 0.2810
DK  0.0905 0.1250 0.1152 0.0012 0.0424 0.0216 0.2648
EE  0.0829 0.1171 0.0997 0.0009 0.0342 0.0171 0.2794
ES  0.3963 0.2413 0.0901 0.1585 0.1457 0.0015 0.0516 0.0296 0.3517
FI  0.0971 0.1102 0.0981 0.0009 0.0273 0.0161 0.2052
FR  0.3363 0.2145 0.0906 0.1302 0.1195 0.0012 0.0403 0.0229 0.2581
GR  0.3269 0.2094 0.1132 0.1476 0.1307 0.0014 0.0522 0.0260 0.3062
HR  0.3254 0.1981 0.0975 0.1461 0.1193 0.0011 0.0440 0.0228 0.2752
HU  0.3605 0.1167 0.1583 0.1491 0.0017 0.0564 0.0306 0.3564
IE  0.0770 0.1087 0.0902 0.0010 0.0294 0.0165 0.2171
IT  0.3454 0.2163 0.0988 0.1478 0.1245 0.0013 0.0416 0.0242 0.2509
LT  0.0873 0.1224 0.1021 0.0011 0.0389 0.0190 0.2822
LU  0.2905 0.0907 0.1254 0.1107 0.0011 0.0231
LV  0.0819 0.1169 0.0944 0.0010 0.0331 0.0171 0.2671
MT  0.1483
NL  0.0900 0.1317 0.1126 0.0013 0.0489 0.0251
PL  0.0933 0.1358 0.1214 0.0012 0.0432 0.0231 0.3115
PT  0.3313 0.2216 0.1030 0.1432 0.1342 0.0015 0.0491 0.0270 0.2858
RO  0.3460 0.1026 0.1398 0.1313 0.0013 0.0419 0.0242 0.2449
SE  0.0833 0.1082 0.0947 0.0009 0.0317 0.0162 0.2301
SI  0.2993 0.0965 0.1359 0.1185 0.0013 0.0447 0.0244 0.2864

.1212

.1068

.1232

a
t
t
g
P
a

T
C

SK  0.3433 0.0922 0.1465 0
UK  0.0867 0.1201 0
EU-28 0.3527 0.2273 0.0903 0.1384 0

nd soil erosion by water. For instance, the creation of buffer strips,
he maintenance of terraces, the promotion of hedge planting and

he measures to convert arable land into extensively managed
rassland are some of the agro-environmental measures of the CAP.
astures have a protective effect against erosion, as the C-factor is
round 2.5 times lower than that of arable lands. An additional

able 5
-factor per country.

Country C-factor Arable lands 

C-factor 

AT 0.071 0.218 

BE  0.121 0.245 

BG  0.105 0.188 

CY  0.129 0.193 

CZ  0.107 0.199 

DE  0.112 0.200 

DK  0.178 0.222 

EE  0.059 0.217 

ES  0.140 0.289 

FI  0.023 0.231 

FR  0.108 0.202 

GR  0.111 0.280 

HR  0.075 0.255 

HU  0.188 0.275 

IE  0.082 0.202 

IT  0.119 0.211 

LT  0.121 0.242 

LU  0.082 0.215 

LV  0.070 0.237 

MT  0.151 0.434 

NL  0.133 0.260 

PL  0.140 0.247 

PT  0.123 0.352 

RO  0.150 0.296 

SE  0.032 0.237 

SI  0.057 0.248 

SK  0.106 0.235 

UK  0.099 0.177 
 0.0013 0.0395 0.0228 0.2254
 0.0011 0.0319 0.0183 0.1825

 0.0012 0.0435 0.0219 0.2652

benefit of the conversion to grasslands or their preservation is
the resulting high soil organic carbon accumulation (Lugato et al.,

2014), which in turn promotes soil aggregation and prevents ero-
sion. Germany is an illustrative example of the effectiveness of
government subsidies for reduced tillage in areas at risk of soil ero-
sion (Lahmar, 2010). As a result of the subsidies, reduced tillage

Non arable lands

% Share C-factor % Share

15.3% 0.045 84.7%
27.9% 0.073 72.1%
37.5% 0.055 62.5%
30.8% 0.100 69.2%
41.1% 0.042 58.9%
42.1% 0.048 57.9%
72.4% 0.061 27.6%
16.7% 0.027 83.3%
24.9% 0.090 75.1%

6.2% 0.010 93.8%
30.3% 0.068 69.7%
17.5% 0.075 82.5%

7.5% 0.061 92.5%
58.3% 0.066 41.7%

9.6% 0.069 90.4%
30.4% 0.078 69.6%
36.5% 0.051 63.5%
13.4% 0.061 86.6%
16.4% 0.037 83.6%

1.7% 0.148 98.3%
26.4% 0.088 73.6%
47.3% 0.043 52.7%
14.8% 0.083 85.2%
38.5% 0.058 61.5%

8.1% 0.014 91.9%
5.8% 0.046 94.2%

36.5% 0.032 63.5%
32.2% 0.062 67.8%
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Fig. 3. C-factor ma

s now applied to almost 40% of arable lands in Germany. At the
U policy level, the Sustainable Agriculture and Soil Conservation
SoCo) project identified the importance of plant residues as a pro-
ective measure against soil erosion (Louwagie et al., 2010).

In the context of energy policy, the EU has set a target of obtain-
ng 10% of transport fuel from biofuels by 2020. This target will
ncrease the demand for energy crops such as sugar beets, sunflow-
rs, maize and oil seeds at the expense of wheat, which is a less
oil-erosive crop. Moreover, this will lead to a reduction in plant
esidue coverage, which will have an overall negative impact on
oil conservation, including the potential loss of soil organic car-
on (Lugato et al., 2014). In a scenario whereby 10% of arable land

s transformed from cereal to energy crop production, and plant
esidues are reduced to 5%, the mean C-factor in arable lands will
ncrease by 3.8% to 0.242, resulting in an overall increase in soil
rosion risk of 2.2%.

Scenarios of different crop rotation and management practices

an be applied using the proposed LANDUM model. For example,
f conservation tillage were applied to 50% (compared to the exist-
ng 25%) of European arable lands, and cover crops were increased
o 35% (compared to the current 10.6%) and crop residues to 25%
e European Union.

(compared to 6.5%), the C-factor of arable lands would decrease
by a remarkable 40%, to 0.172, due to conservation management
practices. This would result in a reduction of 16.5% in the overall C-
factor and, consequently, the soil erosion risk. In another scenario,
increasing pastures by 15% to replace arable lands would result in
a reduction in soil loss of 2%.

4.5. LANDUM evaluation and related uncertainties

The LANDUM model has introduced certain improvements over
previous European-scale C-factor studies (Bosco and de Rigo, 2013;
Panagos et al., 2014a). As vegetation coverage differs from country
to country, the incorporation of vegetation coverage density from
remotely sensed data (Fcover) in the C-factor estimation is a major
improvement compared to assigning constant values to 14 generic
CORINE classes. For example, the new C-factor map  (Fig. 3) reflects
the fact that pastures in Ireland have a much higher density and

protective function than those in Cyprus and Bulgaria. In a similar
way, the C-factor in vineyards incorporates the herbaceous pro-
tection applied in certain regions of northern countries compared
to the bare land in Spain. In conclusion, the LANDUM model pro-
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ig. 4. Comparison of LANDUM model C-factor values (mean values in blue dots; m
or  sparsely vegetated areas; HAA stands for heterogeneous (agricultural – natural 

oses aggregated C-factor values per land cover type and country
Table 4), which can also be estimated at regional levels.

The proposed C-factor values by LANDUM model fit well com-
ared to the literature findings (Fig. 4). The values of major
ategories (forests, pastures, grasslands, shrubs and croplands)
atch very well with the literature ones while the sparsely veg-

tation areas literature values are higher than the LANDUM ones.
Special focus was given to arable lands. LANDUM is the first

odel to incorporate crop composition and conservation man-
gement practices in C-factor estimation at the European scale.
ompared to assigning a single C-factor value (0.335 or 0.2) to
ll European arable lands, LANDUM focuses on the regional level
nd assigns C-factors based on the crop composition. The conserva-
ion management practices (reduced/zero tillage, cover crops and
lant residues) reduced the C-factor in arable lands by an aver-
ge of 19.1%. Conservation tillage has the greatest impact of all the
anagement practices reviewed.

LANDUM uses pan-European harmonised datasets (CORINE
and Cover, Copernicus Remote Sensing, Statistical data) and C-
actor values assigned in a large pool of acknowledged literature
tudies. CORINE data have also been validated with LUCAS earth
bservations. The coarser resolution (300 m)  of vegetation density
nd the lack of validation in Copernicus Fcover is a source of uncer-
ainty. LANDUM C-factor values have not yet been validated at the
lot or field scale, but the model assigned C-factor values to each
rop type based on the results of experiments that were mainly
arried out in European countries (indirect validation).

The accuracy of the model may  be further increased if statis-
ical data (on crop composition, tillage practices, cover crops and
lant residues) are available at finer (province or district) scales.
aking into account its uncertainties, the LANDUM model can be
sed by policy makers at the European level to run scenarios on
rop rotation, land use and conservation practices.

. Conclusions

The LANDUM model has been developed at the European scale
n order to estimate the C-factor for all land uses. The C-factor

ap  has improved the data quality in terms of resolution, data
nput, parameterisation and inclusion of management practices.
he transparency of the LANDUM model ensures comparability
ith other regional/national studies, replicability of the results

ith future CORINE Land Cover and vegetation density databases,

nd usability by policy makers and scientists.
The soil erosion risk factors such as rainfall erosivity, soil erodi-

ility, slope length and steepness (R, K, LS) depend mainly on nature
m and maximum values in red dots) with literature findings (box plots). SVA stands
tion) areas.

and cannot be easily altered. Support practices (P-factor) such as
contour farming and terracing can reduce soil erosion by water,
but they require considerable financial investment. Currently, the
only soil erosion risk factor that can be modified by policy makers
and farmers at reasonable costs is the cover and management fac-
tor (C-factor), which reduces soil erosion by water in arable lands,
hence preventing the loss of nutrients and preserving soil organic
carbon.

The C-factor dataset and its derived products provide the most
up-to-date general picture of land cover and management prac-
tices at the European Union scale today. It is not intended to be
a substitute for regional or local maps that are based on spatial
crop statistics or higher resolution remote sensing data. However,
the proposed C-factor dataset provides information to soil erosion
modellers where detailed C-factor datasets do not exist. The maps
and tools (tables of crop composition and management practices)
produced in this study are freely available for download from the
European Soil Data Centre (Panagos et al., 2012).

Conflict of interest

The authors confirm that there is no conflict of interest with the
networks, organisations, and data centres referred to in the paper.

Acknowledgments

The authors would like to thank Gráinne Mulhern for the revi-
sion of the article from a linguistic point of view.

References

Alexandridis, T., Sotiropoulou, A., Bilas, G., Karapetsas, N., Silleos, N., 2013. The
effects of seasonality in estimating the C-factor of soil erosion studies. J. Land
Degrad. Dev., http://dx.doi.org/10.1002/ldr.2223 (in press).

Andrews, S.S., 2006. Crop Residue Removal for Biomass Energy Production: Effects
on Soils and Recommendations. USDA. <http://www.nrcs.usda.gov/Internet/
FSE DOCUMENTS/16/nrcs143 019400.pdf/> (Accessed 10.14.).

Angeli, L., 2004. Valutazione del rischio erosione applicazioni del modello RUSLE.
Centro Ricerche Erosione Suolo, Report 2004, 21 pp.

Antronico, L., Coscarelli, R., Terranova, O., 2005. Surface erosion assessment in two
Calabrian basins (southern Italy). Geomorphological Processes and Human
Impacts in River Basins (Proceedings of the International Conference held at
Solsona, Catalonia, Spain, May 2004), vol. 299. IAHS Publ, pp. 16–22.

Arhonditsis, G., Giourga, C., Loumou, A., Koulouri, M.,  2002. Quantitative
assessment of agricultural runoff and soil erosion using mathematical
modeling: applications in the Mediterranean region. Environ. Manage. 30 (3),

434–453.

Bakker, M.M., Govers, G., Van Doorn, A., Quetier, F., Chouvardas, D., Rounsevell, M.,
2008. The response of soil erosion and sediment export to land-use change in
four areas of Europe: the importance of landscape pattern. Geomorphology 98,
213–226.

dx.doi.org/10.1002/ldr.2223
dx.doi.org/10.1002/ldr.2223
dx.doi.org/10.1002/ldr.2223
dx.doi.org/10.1002/ldr.2223
dx.doi.org/10.1002/ldr.2223
dx.doi.org/10.1002/ldr.2223
dx.doi.org/10.1002/ldr.2223
dx.doi.org/10.1002/ldr.2223
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_019400.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_019400.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_019400.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_019400.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_019400.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_019400.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_019400.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_019400.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_019400.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_019400.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_019400.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/16/nrcs143_019400.pdf
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0020
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0025
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0030


 Use P

B

B

B

B

B

B

B

B

B

B

C

C

C

C

C

D

d

D

d

D

E

E

F

F

G

G

G

G

J

K

K

P. Panagos et al. / Land

orselli, L., Cassi, P., Torri, D., 2008. Prolegomena to sediment and flow connectivity
in the landscape: a GIS and field numerical assessment. Catena 75 (3), 268–277.

asic, F., Kisic, I., Mesic, M.,  Nestroy, O., Butorac, A., 2004. Tillage and crop
management effects on soil erosion in central Croatia. Soil Tillage Res. 78 (2),
197–206.

azzoffi, P., 2007. Erosione del Suolo e Sviluppo Rurale: Fondamenti e manualistica
per la valutazione agro ambientale. Edagricole, Bologna.

egueria, S., Lopez-Moreno, J.I., Gomez-Villar, A., Rubio, V., Lana-Renault, N.,
Garcia-Ruiz, J.M., 2006. Fuvial adjustments to soil erosion and plant cover
changes in the Central Spanish Pyrenees Geografiska Annaler. Ser. A: Phys.
Geogr. 88 (3), 177–186.

oellstorff, D., Benito, G., 2005. Impacts of set-aside policy on the risk of soil
erosion in central Spain. Agric. Ecosyst. Environ. 107 (2–3), 231–243.

orrelli, P., Marker, M.,  Panagos, P., Schutt, B., 2014. Modeling soil erosion and river
sediment yield for an intermountain drainage basin of the Central Apennines,
Italy. Catena 114, 45–58.

iesemans, J., Van Meirvenne, M.,  Gabriels, D., 2000. Extending the RUSLE with the
Monte Carlo error propagation technique to predict long term average off-site
sediment accumulation. J. Soil Water Conserv. 55, 35–42.

ollinne, A., 1985. Adjusting the universal soil loss equation to use in Western
Europe. In: El-Swaify, S.A., Moldenhauer, W.C., Lo, A. (Eds.), Soil Erosion and
Conservation. Soil Conservation Society of America, Ankeny, pp. 206–213.

osco, C., de Rigo, D., 2013. Land Cover and Soil Erodibility within the e-RUSLE
Model, Sci. Top. Focus, MRI-11b13, Maieutike Research Initiative, 10.6084/m9.
figshare.856670

uttner, G., 2014. CORINE Land Cover and land cover change products. Remote
Sens. Digital Image Process. vol. 18, 55–74.

ai, C.F., 1998. Prediction of nutrients loss caused by soil erosion and assessment of
fertility with GIS at small watershed level. In: PhD Thesis. Huazhong
Agricultural University, China (in Chinese).

ampbell, R.B., Matheny, T.A., Hunt, P.G., Gupta, S.C., 1979. Crop residue
requirements for water erosion control in six southern states. J. Soil Water
Conserv. 34 (2), 83–85.

apolongo, D., Pennetta, L., Piccarreta, M.,  Fallacara, G., Boenzi, F., 2008. Spatial and
temporal variations in soil erosion and deposition due to land-levelling in a
semi-arid area of Basilicata (Southern Italy). Earth Surf. Processes Landforms
33  (3), 364–379.

LC, 2014. CORINE Land cover dataset for 1990–2000–2006. Available at: <http://
www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2/>
(accessed 02.10.14.).

opernicus, 2012. The Earth Observation Programme for Europe. Available at:
<http://www.copernicus.eu/> (accessed 25.10.14.).

avid, W.P., 1988. Soil and water conservation planning: policy issues and
recommendations. J. Philippine Dev. 15 (26), 47–84.

e Asis, A.M., Omasa, K., 2007. Estimation of vegetation parameter for modeling
soil erosion using linear spectral mixture analysis of Landsat ETM data. ISPRS J.
Photogramm. Remote Sens. 62 (4), 309–324.

e Jong, S.M., 1994. Derivation of vegetative variables from a Landsat TM image for
modelling soil erosion. Earth Surf. Processes Landforms 19, 165–178.

e Vente, J., Poesen, J., Govers, G., Boix-Fayos, C., 2009. The implications of data
selection for regional erosion and sediment yield modelling. Earth Surf.
Processes Landforms 34 (15), 1994–2007.

iodato, N., Fagnano, M.,  Alberico, I., 2011. Geospatial and visual modeling for
exploring sediment source areas across the Sele river landscape, Italy. Ital. J.
Agron. 6 (2), 85–92.

lwell, H.A., 1978. Modelling soil losses in Southern Africa. J. Agric. Eng. Res. 23,
117–127.

urostat, 2013. Agri-environmental indicator – tillage practices. Available at:
<http://epp.eurostat.ec.europa.eu/statistics explained/index.php/Agri-
environmental indicator - tillage practices/> (accessed 10.10.14.).

aist Emmenegger, M.,  Reinhard, J., Zah R. Sustainability Quick Check for Biofuels –
intermediate background report. With contributions from T. Ziep, R.,
Weichbrodt, Prof. Dr. V. Wohlgemuth, FHTW Berlin and A. Roches, R.
Freiermuth Knuchel, Dr. G. Gaillard, Agroscope Reckenholz-Tänikon,
Dübendorf, 2009.

olly, A., Bronsveld, M.C., Clavaux, M.,  1996. A knowledge-based approach for
C-factor mapping in Spain using Landsat TM and GIS. Int. J. Remote Sens. 17
(12), 2401–2415.

abriels, D., Ghekiere, G., Schiettecatte, W.,  Rottiers, I., 2003. Assessment of USLE
cover-management C-factors for 40 crop rotation systems on arable farms in
the Kemmelbeek watershed, Belgium. Soil Tillage Res. 74, 47–53.

arcia-Ruiz, J.M., 2010. The effects of land uses on soil erosion in Spain: a review.
Catena 81 (1), 1–11.

reenland, D.J., 1975. Bringing the green revolution to the shifting cultivator.
Science 190, 841–844.

yssels, G., Poesen, J., Bochet, E., Li, Y., 2005. Impact of plant roots on the resistance
of  soils to erosion by water: a review. Prog. Phys. Geogr. 29 (2), 189–217.

unakova, N., Balintova, M.,  2012. Predicting of soil loss in the Tisovec catchment,
Slovakia. Chem. Eng. Trans. 28, 265–270.

arydas, C.G., Sekuloska, T., Silleos, G.N., 2008. Quantification and site-specification
of the support practice factor when mapping soil erosion risk associated with

olive plantations in the Mediterranean island of Crete. Environ. Monit. Assess.
149 (1–4), 19–28.

innell, P.I.A., 2010. Event soil loss, runoff and the Universal Soil Loss Equation
family of models: a review. J. Hydrol. 385 (1–4), 384–397.
olicy 48 (2015) 38–50 49

Konz, N., Schaub, M.,  Prasuhn, V., Baenninger, D., Alewell, C., 2009.
Cesium-137-based erosion-rate determination of a steep mountainous region.
J.  Plant Nutr. Soil Sci. 172 (5), 615–622.

Lahmar, R., 2010. Adoption of conservation agriculture in Europe. Lessons of the
KASSA project. Land Use Policy 27 (1), 4–10.

Louwagie, G., Gay, S.H., Sammeth, F., Ratinger, T., 2010. The potential of European
Union policies to address soil degradation in agriculture. Land Degrad. Dev. 22
(1), 5–17.

Lu, D., Li, G., Valladares, G.S., Batistella, M.,  2004. Mapping soil erosion risk in
Rondônia, Brazilian Amazonia: using RUSLE, remote sensing and GIS. Land
Degrad. Dev. 15 (5), 499–512.

Lugato, E., Panagos, P., Bampa, F., Jones, A., Montanarella, L., 2014. A new baseline
of  organic carbon stock in European agricultural soils using a modelling
approach. Global Change Biol. 20 (1), 313–326.

Ma,  J.W., Xue, Y., Ma,  C.F., Wang, Z.G., 2003. A data fusion approach for soil erosion
monitoring in the Upper Yangtze River Basin of China based on Universal Soil
Loss Equation (USLE) model. Int. J. Remote Sens. 24, 4777–4789.

Marker, M., Angeli, L., Bottai, L., Costantini, R., Ferrari, R., Innocenti, L., Siciliano, G.,
2008. Assessment of land degradation susceptibility by scenario analysis: a
case  study in Southern Tuscany, Italy. Geomorphology 93 (1–2), 120–129.

Morgan, R.P.C., 2005. Soil Erosion and Conservation, third ed. Blackwell Science
Ltd, ISBN 1-4051-1781-8, pp. 304.

NS, 2001. Department of Agriculture and Fisheries. Green Plan – Soil and Water
Conservation: Combining the USLE and a GIS for Planning Crop Rotations.

Nyakatawa, E.Z., Reddy, K.C., Lemunyon, J.L., 2001. Predicting soil erosion in
conservation tillage cotton production systems using the revised universal soil
loss equation (RUSLE). Soil Tillage Res. 57 (4), 213–224.

Nyakatawa, E.Z., Jakkula, V., Reddy, K.C., Lemunyon, J.L., Norris Jr., B.E., 2007. Soil
erosion estimation in conservation tillage systems with poultry litter
application using RUSLE 2.0 model. Soil Tillage Res. 94 (2), 410–419.

Onchev, N., Rousseva, S., Petrov, P., Van Sahn, Z., 1988. Indirect methods for
estimating K-and C-values in the universal soil loss equation. In: Proceedings
of  the International symposium on Water Erosion, Varna, pp. 101–107.

Onate, J.J., Peco, B., 2005. Policy impact on desertification: stakeholders’
perceptions in southeast Spain. Land Use Policy 22 (2), 103–114.

Palmquist, R.B., Danielson, L.E., 1989. Hedonic study of the effects of erosion
control and drainage on farmland values. Am. J. Agric. Econ. 71 (1), 55–62.

Panagos, P., Van Liedekerke, M.,  Jones, A., Montanarella, L., 2012. European soil
data centre: response to European policy support and public data
requirements. Land Use Policy 29 (2), 329–338.

Panagos, P., Karydas, C., Ballabio, C., Borrelli, P., Meusburger, K., 2014a. Advances in
soil  erosion modelling through remote sensing data availability at European
scale. Proceedings of SPIE 9229, Second International Conference on Remote
Sensing and Geoinformation of the Environment V27B, 92290I.

Panagos, P., Karydas, C.G., Ballabio, C., Gitas, I.Z., 2014b. Seasonal monitoring of soil
erosion at regional scale: an application of the G2 model in Crete focusing on
agricultural land uses. Int. J. Appl. Earth Obs. Geoinf. 27B, 147–155.

Panagos, P., Borrelli, P., Meusburger, K., van der Zanden, E.H., Poesen, J., Alewell, C.,
2015. Modelling the effect of support practices (P-factor) on the reduction of
soil  erosion by water at European Scale. Environ. Sci. Policy 51, 23–34.

Pelecani, S., Marker, M.,  Rodolfi, G., 2008. Simulation of soil erosion and deposition
in a changing land use: a modelling approach to implement the support
practice factor. Geomorphology 99 (1–4), 329–340.

Renard, K.G., Foster, G.R., Weesies, G.A., Porter, J.P., 1991. RUSLE: revised universal
soil loss equation. J. Soil Water Conserv. 46 (1), 30–33.

Renard, K.G., et al., 1997. Predicting Soil Erosion by Water: A Guide to Conservation
Planning with the Revised Universal Soil Loss Equation (RUSLE) (Agricultural
Handbook 703). US Department of Agriculture, Washington, DC, pp. 404.

Reusing, M.,  Schneider, T., Ammer, U., 2000. Modeling soil erosion rates in the
Ethiopian Highlands by integration of high resolution
MOMS-02/D2-stereo-data in a GIS. Int. J. Remote Sens. 21, 1885–1896.

Reeves, D.W., 1994. Cover crops and rotations. In: Advances in Soil Science.
Springer-Verlag, New York, NY, pp. 125–172.

Roose, E., 1977. Erosion and Runoff in West Africa from 20 Years of Records for
Small Experimental Plots. Works and Documents of OSTROM No. 78, Paris.

Rousseva, S., 2004. Rainfall impacting energy on soil with vegetation cover. In:
Bieganowski, A., Jozefaciuk, G., Walszak, R.T. (Eds.), Modern Physical and
Physicochemical Methods and their Applications in Agroecological Research.
Nikola Poushkarov Institute of Soil Science, Lublin-Sofia, pp. 142–154.

Rulli, M.C., Offeddu, L., Santini, M.,  2013. Modeling post-fire water erosion
mitigation strategies. Hydrol. Earth Syst. Sci. 17 (6), 2323–2337.

SAPM, 2010. Survey on Agricultural Production Methods. Available at: <http://epp.
eurostat.ec.europa.eu/statistics explained/index.php/Glossary:Survey on
agricultural production methods SAPM/> (accessed 10.10.14.).

Santhi, C., Srinivasan, R., Arnold, J.G., Williams, J.R., 2006. A modeling approach to
evaluate the impacts of water quality management plans implemented in a
watershed in Texas. Environ. Modell. Softw. 21 (8), 1141–1157.

Shi, Z.H., Cai, C.F., Ding, S.W., Wang, T.W., Chow, T.L., 2004. Soil conservation
planning at the small watershed level using RUSLE with GIS: a case study in
the Three Gorge area of China. Catena 55 (1), 33–48.

Siegerist, S., Pfister, S., 2013. Calculating crop-dependent spatially differentiated

phosphorus emissions from agriculture. In: Proceedings from the LCA XIII
International Conference, October 1–3, 2013, Orlando, FL, United States, ISBN:
978-0-9882145-2-1.

http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0035
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0040
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0045
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0050
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0055
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0060
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0065
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0070
http://10.6084/m9.figshare.856670
http://10.6084/m9.figshare.856670
http://10.6084/m9.figshare.856670
http://10.6084/m9.figshare.856670
http://10.6084/m9.figshare.856670
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0080
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0085
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0090
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0095
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2
http://www.copernicus.eu
http://www.copernicus.eu
http://www.copernicus.eu
http://www.copernicus.eu
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0110
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0115
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0120
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0125
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0130
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0135
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0135
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0135
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0135
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0135
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0135
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0135
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0135
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0135
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0135
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0135
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0135
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0135
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0135
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agri-environmental_indicator_-_tillage_practices
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0150
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0155
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0160
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0165
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0165
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0165
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0165
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0165
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0165
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0165
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0165
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0165
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0165
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0165
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0165
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0165
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0170
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0175
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0180
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0185
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0190
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0195
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0200
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0205
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0210
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0215
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0220
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0225
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0225
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0225
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0225
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0225
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0225
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0225
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0225
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0225
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0225
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0225
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0225
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0225
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0235
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0240
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0245
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0250
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0255
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0260
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0265
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0270
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0275
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0280
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0285
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0290
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0295
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0300
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0305
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0310
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0315
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Survey_on_agricultural_production_methods_SAPM
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0325
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0330
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0335


5  Use P

S

S

S

T

T

U

U

V

0 P. Panagos et al. / Land

mets, T., Poesen, J., Bochet, E., 2008. Impact of plot length on the effectiveness of
different soil-surface covers in reducing runoff and soil loss by water. Prog.
Phys. Geogr. 32 (6), 654–677.

mith, M.S., Frye, W.W.,  Varco, J.J., 1987. Legume winter cover crops. In: Stewart,
B.A. (Ed.), Advances in Soil Science, vol. 7. Springer-Verlag, New York, NY, pp.
95–139.

tone, R.P., Hilborn, D., 2011. Universal Soil Loss Equation (USLE) Factsheet Order
No. 12-051. Ministry of Agriculture, Food and Rural Affairs, Ontario, Canada,
ISSN 1198-712.

erranova, O., Antronico, L., Coscarelli, R., Iaquinta, P., 2009. Soil erosion risk
scenarios in the Mediterranean environment using RUSLE and GIS: an
application model for Calabria (southern Italy). Geomorphology 112,
228–245.

zouvelekas, V., Pantzios, C.J., Fotopoulos, C., 2001. Economic efficiency in organic
farming: evidence from cotton farms in Viotia, Greece. J. Agric. Appl. Econ. 33
(1),  35–48.

nger, P.W., Vigil, M.F., 1998. Cover crop effects on soil water relationships. J. Soil
Water Conserv. 53 (3), 200–207.
SDA, 1977. U.S. Department of Agriculture. Soil Conservation Service. Procedure
for computing sheet and rill erosion in project areas. Technical Release No. 51
Geology. September 1977.

an Rompaey, A., Govers, G., 2002. Data quality and model complexity for regional
scale soil erosion prediction. Int. J. Geogr. Inf. Sci. 16 (7), 663–680.
olicy 48 (2015) 38–50

Verhoef, W.,  1985. Earth observation modeling based on layer scattering matrices.
Remote Sens. Environ. 17, 165–178.

Verstraeten, G., Van Oost, K., Van Rompaey, A., Poesen, J., Govers, G., 2002.
Evaluating an integrated approach to catchment management to reduce soil
loss and sediment pollution through modelling. Soil Use Manage. 18 (4),
386–394.

Vezina, K., Bonn, F., Van, C.P., 2006. Agricultural land-use patterns and soil erosion
vulnerability of watershed units in Vietnam’s northern highlands. Landsc. Ecol.
21  (8), 1311–1325.

Vrieling, A., 2006. Satellite remote sensing for water erosion assessment: a review.
Catena 65 (1), 2–18.

Wall, G.J., Coote, D.R., Pringle, E.A., Shelton, I.J. (Eds.), 2002. Research Branch
Agriculture and Agri-Food, Ottawa, Canada, p. 117, Contribution No.
AAFC/AAC2244E.

Wang, G., Gertner, G., Fang, S., Anderson, A.B., 2003. Mapping multiple variables for
predicting soil loss by geostatistical methods with TM images and a slope map.
Photogramm. Eng. Remote Sens. 69, 889–898.

Wischmeier, W.,  Smith, D., 1978. Predicting rainfall erosion losses: a guide to

conservation planning. In: Agricultural Handbook No. 537. U.S. Department of
Agriculture, Washington DC, USA, 58 pp.

Yang, D., Kanae, S., Oki, T., Koike, T., Musiake, K., 2003. Global potential soil erosion
with reference to land use and climate changes. Hydrol. Processes 17 (14),
2913–2928.

http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0340
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0345
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0350
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0355
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0360
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0365
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0375
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0380
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0385
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0390
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0395
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0400
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0400
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0400
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0400
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0400
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0400
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0400
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0400
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0400
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0400
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0400
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0400
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0405
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0410
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415
http://refhub.elsevier.com/S0264-8377(15)00161-1/sbref0415

	Estimating the soil erosion cover-management factor at the European scale
	1 Introduction
	2 Data
	2.1 CORINE Land Cover
	2.2 Biophysical attributes derived from remote sensing data
	2.3 Agricultural statistical data from Eurostat

	3 Methods
	3.1 C-factor estimation for arable lands
	3.1.1 Crop factor
	3.1.2 Management factor
	3.1.2.1 Reduced and no-till practices
	3.1.2.2 Crop residues practices
	3.1.2.3 Cover crop practices


	3.2 C-factor estimation for non-arable lands

	4 Results and discussion
	4.1 C-factor in arable lands
	4.2 C-factor in non-arable lands
	4.3 C-factor map
	4.4 Drivers and policies that influence the C-factor
	4.5 LANDUM evaluation and related uncertainties

	5 Conclusions
	Conflict of interest
	Acknowledgments
	References


