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Abstract: - Soil erosion is a major global environmental problem. In south Portugal typical ecosystems locally 

named “montados” are subject to extensive dry periods followed by erosive rains on fragile soils subject to 

intensive soil management and improper practices, such as deforestation and agricultural intensification. To 

assess soil erosion in these areas are important to protect water resources and to prevent loss of sustainable crop 

production.  There has been important research in the last few years, about appropriate erosion models to predict 

the soil loss and sediment delivery. The Revised Universal Soil Loss Equation (RUSLE) model has been the 

most widely used for estimating annual soil loss from agricultural watersheds, because it is simple and easy to 

use. These models are becoming progressively more suitable in combination with geographic information 

systems (GIS) and geostatistical tools, as a solid base for decision making in soil conservation planning. The 

objectives of the study were to develop and validate a soil erosion-predicting model based on the revised RUSLE 

in a geographic information systems (GIS) environment. The maps resulting from the interpolation techniques 

were introduced in a GIS and their values reclassified. After that, spatial modeling was used do develop the final 

overlay map from all the information of the analyzed soil properties and RUSLE parameters simulating a 

“potential soil erosion map”. The study showed that the serious eroded area (when sediment is higher than 50 

t/ha) was 20%, but contributed for 60% sediments of the watershed. This system will be used to provide site 

specific land use and management methods that could decrease risk of erosion in the higher risk locations of the 

study watershed.  

 

Key-Words: - Desertification, RUSLE, Geostatistics, Vegetation management, Decision support system, Erosion 

risk Portugal. 

 

1   Introduction 
Soil erosion is a complex land degradation process, in 

many parts of the world, which leads to decline in 

soil quality and productivity, because resulting in a 

decrease in effective root depth, nutrient and water 

imbalance in the root zone, reduction in infiltration 

and increase in runoff [1, 2, 3]. This is a serious 

environmental and economic problem and it is 

sensitive mainly to land-use, through deforestation, 

agricultural intensification and improper practices, 

and due to climatic change [2, 4]. The Mediterranean 

regions are particularly exposed to erosion, because 

are subject to extensive dry periods followed by 

heavy erosive rains falling on steep slopes 

characterized by fragile soils [1, 5]. Soil erosion is a 

serious problem in Portugal, where about thirty 

percent of the area has high risk erosion [6]. 

 

The Iberian Peninsula montados (or Dehesa, in 

Spain) are 'man-made' ecosystems (Fig. 1), 

characterized by savannah-type low density 

woodlands dominated by Mediterranean evergreen 

oak species [7]. Those ecosystems are subjected to 

numerous attempts to reassess by linking them with 

livestock systems. Following intensive soil 

management techniques, soil is harrowed annually or 

before cork harvesting, in order to establish fodder 

species, increase aeration and destroy shrubs and 

other weeds, leaving bare soil exposed to erosion.  

 

 
Figure 1- Montado type landscape with low density 

forest of Quercus suber in Algarve, Portugal (Used by 

permission of Thomas Panagopoulos ©2007, all rights 

reserved). 
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Therefore, assessment and mapping of soil erosion in 

south Portugal are extremely important, for adopt 

measures to protecting water and soil resources 

(figure 2 and 3) and to prevent decrease of crop 

productivity in agriculture, to decide on to 

sustainability of the montados [8, 9]. Modeling can 

provide a quantitative and consistent approach to 

estimate soil erosion and sediment yield under a wide 

range of conditions [10]. 

 

 
Figure 2- Minimum soil mobilization to decrease 

risk of erosion. (Used by permission of Thomas 

Panagopoulos ©2008, all rights reserved). 

 

There has been important research and development, 

in the last few years, about appropriate erosion 

models to predict the soil loss and sediment delivery. 

Available models in the literature for sediment yield 

estimation can be grouped in three categories: 

physically-oriented models, empirical models [10, 11, 

12] and conceptual models [13, 14, 15, 16]. The 

difference between these models is based in terms of 

complexity, processes considered, and the data 

required. Nevertheless, in general, no model is 

considered the “best” for all applications, because 

depend on the intended use and the characteristics of 

the catchment considered [16].  

 

To describe the essential mechanisms controlling the 

erosion process, in a high level of detail, through the 

solution of the fundamentals physical equations, 

physically-based models are employed. Although 

these have several disadvantages, because they 

include large computational demands, almost always 

requires calibration against observed data of more 

parameters, this creates additionally uncertainty and 

lack of identifiably [11, 12]. Only considered by 

some authors, the conceptual models, pay some 

attention to the physics process and represent a 

catchment as a series of internal storages, including a 

general and aggregated description of catchment 

processes, though without including the specific 

details of process interactions [13].  Generally, the 

simplest of all three model types are empirical 

models because are based on analyses of observations 

data using stochastic techniques [13,16]. These 

models often employ unrealistic assumptions about 

the physics of the catchment system, ignoring the 

heterogeneity of catchment inputs and characteristics. 

However, are used instead of more complex models 

as they can be employed in situations with limited 

data and parameters inputs, and are particular useful 

as a first step in identifying sources of sediment 

generation, the erosion “hot spots” [13]. 

 

 
Figure 3- Severe erosion due to luck of soil cover 

after heavy rain in Serpa, Alentejo. (Used by 

permission of Thomas Panagopoulos ©2008, all rights 

reserved). 

 

The Revised Universal Soil Loss Equation (RUSLE), 

revised from the Universal Soil Loss Equation 

(USLE), is the most widely used empirical equation 

for estimating annual soil loss from agricultural 

watersheds [7, 17]. It is simple and easy to use, but it 

lacks insights on the soil erosion process and 

mechanism. 

 

RUSLE is defined as A=R K L S C P  (1) 

 

where A= potential erosion (computed annual 

average soil loss in t ha−1 year−1), R= rainfall and 

runoff factor, K= soil erodibility factor, LS= slope 

length and gradient factor, C= vegetation cover factor 

and P= vegetation control practice factor.  

 

Modelling soil erosion is very complicated because 

soil loss is spatially varied, due to the spatial 

variation in rainfall and field heterogeneity. 

Therefore, erosion models often deal with great 

amounts of spatial data like topography, soil and land 

use, which can be easily treat with Geographic 

Information System (GIS) instruments [11]. GIS  is 

an integrated suite of computer-based technology and 

methodology, is a powerful set of tools for collecting, 

storing, retrieving at will, transforming, analyzing 
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and presenting spatial data from the real world, [18, 

19] which has developed rapidly in recent years. The 

GIS can be used for the separation of the watershed 

into small grid cells, computation of such physical 

characteristics of these cells, as land-use and soil 

type, and to extract slope angles from Digital 

Elevation Models (DEM) [11, 20]. 

 

Regionalized variables are distributed in space and 

time, and are usually known only at number finite 

experimental points. Geostatistic is a tool that has 

been progressively more used, which can be used in 

combination with GIS, to generate a map of erosion 

risk, to account local uncertainly [21]. The methods 

of geostatistic use stochastical theory of spatial 

correlation both to predict values at unsampled 

locations, based on the sampled data, and to assess 

the uncertainty attached to these predictions [22, 23]. 

Geostatistics provide a set of statistical tools for 

incorporating the spatial coordinates of soil 

observations in data processing, allowing for 

description and modelling of spatial patterns, taking 

to account the spatial dependence between 

observations in the prediction of attribute values [24, 

25].  

 

The main tool in the geostatistic is the 

semivariogram, which express this dependence [26]. 

In general, kriging is one of the most widely used 

interpolation geostatistical methods that assumes that 

variables close in space tend to be more similar than 

those further away, minimizing the error variance 

with unbiased estimates [27]. Geostatistics, spatial 

modeling and geographic information systems (GIS) 

are tools that are becoming progressively more 

suitable in fields of research like forestry, agriculture, 

hydrogeology and soil science [28, 29, 30 and 31].  

 

Aside from geostatistical works, the conjugation of 

geostatistics and GIS has proved to be a solid base in 

development of precision agriculture which is based 

on the exact knowledge of soil’s actual conditions, 

yields and erosion risk, and this information is useful 

for decision-makers and planners to take appropriate 

land-management measures [32, 33, 34, 35, 36 and 

37]. Soil erosion assessment is a capital-intensive and 

time-consuming exercise. Until recently the 

variability present in agrosilvopastoral fields has not 

been taken into consideration. The lack of tools for 

spatial analysis has been one of the reasons for it.  

 

Objective of the present work was to use 

geostatistical techniques and GIS to identify the site 

specific risk of erosion on a watershed of south 

Portugal and help decision makers to take the 

appropriate management measures and land use 

planning. 

 

 

2 Materials and Methods 
The study area is located in South Portugal in a low 

altitude hilly formation between Alentejo and 

Algarve (Figure 4). The area has mostly poor soils 

with low agricultural potential and moderate slopes. 

Most of the soils are classified as bedrock or very 

thin soils derived from clay schist. Quercus suber L., 

Quercus ilex L., Cistus spp., Olea europaea L., 

cereals and fodder plants are the main vegetative 

species that can be found in the area.  

 

 
Fig. 4- Location of the study site 

 

Soil erosion and forest fires are the main 

environmental problems of the region. The climate of 

the area is continental Mediterranean with very hot 

and dry summers and mild winters. Average annual 

precipitation is between 300 and 800 mm.  

 

The revised universal soil loss equation (RUSLE) 

was used to estimate potential erosion [9].  

 

The rainfall-runoff erosivity factor (R) is generally 

known as one of the most important indicators of the 

erosive potential of raindrops impact [25]. This factor 

R is the sum of erosive storm values EI30 occurring 

during a mean year, which result for the product of 

total storm energy (E) times the maximum 30 minute 

intensity (I30), where E is in MJ/ha and I30 is in 

mm/h [9]. In this study, this  factor  was estimated 

from Modified Fournier Index to account the existing 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT Thomas Panagopoulos, Vera Ferreira

ISSN: 1790-5079 637 Issue 9, Volume 6, September 2010



combined effect of rainfall amount and within-year 

distribution. According to Silva [39] to determine the 

monthly and annual values of the rain erosivity:  

 

R=42.307*(M2/P)+69.763 (2) 

 

R factor (MJ mm ha
−1

 h
−1

 year
−1

) for month x, Mx is 

average monthly precipitation depth (mm), and P is 

average annual precipitation (mm).  

 

According to Goovarets [25], using the monthly 

erosive storm values EI30 which is calculated by the 

regression equation (3) where rain10 is monthly 

rainfall for days where precipitation exceeds 10 mm 

and days10 is the monthly number of days where 

precipitation exceeds 10mm. Annual rain erosivity 

was computed for these stations, as the sum of 

monthly erosivities.  It was used data from 32 

meteorological stations of South Portugal for 30 years 

of measurements and a prediction map was created 

by ordinary kriging.  

 

EI30month = 6.56rain10 – 75.09 days10  (3) 

 

Soil data, vegetation cover and type of management 

were collected from a small watershed of the “ribeira 

da Foupana” located close to the village Mestras, 

Portugal. A total of 81 soil samples were collected. 

Sampling points were localized on a georeferenciated 

aerial photograph of the area and in the field using a 

Global Positioning System (GPS).  

 

Soil erodibility factor (K) represent the soil-loss rate 

per erosion index unit for a specified soil as measured 

on a standard plot, which is defined as a 22.1m length 

of uniform 9% slope in continuous clean-tilled 

fallow. This factor is a quantitative value 

experimentally determined and was estimated using 

soil properties, such as soil texture, content of organic 

matter, soil structure and permeability [9]. This factor 

was estimated using the equation 4 [17]. 

 
K=[2.1×10

– 4
(12–OM)M

1.14
+3.25(s–2)+2.5(p–3)]/100  (4) 

 

where OM is organic matter, s is soil structure, and p 

is permeability class. M is the product of the primary 

particle size fractions (% Silt) × (%Silt + %Sand), 

where % Silt is percent modified silt (0.002-0.1 mm) 

and % Sand is percent modified sand (0.1-2 mm). 

Individual soil samples of about 1 kg were collected 

from each sampling position at a depth of 20cm and 

were analyzed for soil properties using standard 

procedure described by Carter [38]. Infiltration was 

measured in situ using the field-saturated hydraulic 

conductivity (Kfs) “Guelph permeameter” (fig. 5). 

 

 
Figure 5- Measuring field saturated hydraulic 

conductivity to predict soil erodibility K factor 

(Used by permission of Thomas Panagopoulos 

©2008, all rights reserved). 

 

Slope length is the horizontal distance from the origin 

of overland flow to the point where the slope gradient 

decreases enough that deposition begins or runoff 

becomes concentrated in a defined channel. The slope 

steepness shows the influence of slope gradient [9]. 

To calculate these values for each of these 81 

locations, was used a Digital Elevation Model (DEM) 

in GIS To create a DEM of the study area, contour 

segment map and spot-height point map were 

prepared by digitizing contour lines and spot-heights 

from the topographic map Nº 581 (1975, 1:25,000 

scale). . The slope length factor (L) was estimated 

according Wischeimer and Smith equation [17].  

 

L= (λ/22.13)
m
 (5) 

 

where λ is the field slope length in meters, 22.13 is 

the RUSLE unit plot length in meters and m is a 

designated slope-length exponent.  

 

The slope steepness factor (S) was calculated using 

the equation (6) proposed by Nearing [40], where θ is 

the slope angle in degrees: 

 

S = −1.5 +17 /[1+ exp(2.3− 6.1sinθ)]              (6) 

 

Multiplying the L and S values, a map of the LS 

factors is performed. 

 

The cover-management factor (C) reflects the effect 

of cropping and management practices on soil erosion 

rates [9].To estimate this  factor  was recorded the 

canopy cover, prior land-use, surface cover, surface 

roughness, soil moisture and vegetation management 

practices for each sampling point. Yaolin and Zhijun 

[41] established a relationship between soil-loss 
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ratios and canopy-cover and surface-cover subfactors. 

The cover and management factor (C) of the RUSLE 

expressed as a function of canopy/surface-cover (c) in 

% as follow: 

 

For 0 < c < 78.3%   C = 0.6508 − 0.3436lgc (7) 

 

The support practice factor (P) reflects the effect on 

rangeland erosion of mechanical practices, which 

affect surface cover, runoff amount, runoff rate, flow 

direction of runoff and hydraulic forces exerted by 

runoff on the soil. In the present study area, three 

types of vegetation management techniques were 

considered: a) undisturbed b) plough and seeded with 

cereals, c) use of rotary cutter mowers to clear 

vegetation cover at 10 cm height leaving the soil 

covered with leftovers.  

 

In order to understand the variation of the erodibility 

factors, graphical interpretation of these properties 

was performed using geostatistics. Those graphical 

interpretations were digital maps of the factors 

needed according to the RUSLE relationship to 

estimate susceptibility to soil erosion (figure 6).  

 

 
Figure 6- Digital maps of the factors needed according to 

the RUSLE relationship to estimate susceptibility to 

soil erosion.  

 

A dataset of soil properties and vegetation cover was 

created with their geo-referenced position in the field 

by using the Arcview 9.3 (ESRI). Before creating 

surface diagrams, the distribution of data was 

analysed to get a better understanding of trends, 

directional influences and obvious errors. 

Transformation and trend removal was performed 

when necessary. Ordinary kriging was used and semi-

variograms were produced for each soil factor. Cross 

validation was used to compare the prediction 

performances of the semi-variograms.  

 

 

3 Results  
Initially it was created the map of the rainfall 

erosivity of South Portugal. From the prediction map 

produced after ordinary kriging and trend removal, it 

was found that the rainfall and runoff factor R for the 

experimental area was estimated to be 2500MJ mm 

ha
-1

 h
-1

 yr
-1

 in more than 78% of the watershed, while 

for the rest 22% was about 2564MJ. According to 

Silva [39] the study area watershed was classified by 

medium annual rain erosivity values.  

 

Kriging after trend removal was carried out on the 

residual data of electric conductivity, texture (clay, 

modified silt, silt, sand), and organic matter. The 

prediction map of each factor was calculated and 

trend was added back to the output surface.  

 

All maps of soil properties were reclassified, 

weighted and overlaid in Arcview model builder. The 

soil erodibility map was created following the 

Wischmeier nomograph after arithmetic overlay. 

From the map derived it could be seen that the areas 

with heavy textured soil and low permeability had the 

highest values of soil erodibility.  

 

In figure 7 it can be seen the three-dimensional 

surface created as triangulated irregular network 

(TIN) in Arcview 9.3, which was the digital terrain 

model (DTM) for the area of interest. Darker zones 

indicate higher altitude.  

 

The DTM was used to calculate the inclination at the 

experimental area and to estimate the slope length for 

each of the 81 locations.  The basic idea consisted in 

dividing the entire watershed into a number of 

smaller sub-watersheds ending in each of the 81 

locations. Next, the boundaries of the sub-watersheds 

were detected by the computer program. The slope 

steepness and the top-end of that particular segment 

of the slope were measured. The slope length and 

gradient factor (LS) were then computed for each of 

the 81 sampling locations. The map derived from 

ordinary kriging was overlaid in ArcGIS for 

arithmetic overlay in model builder. 

 

The cover-management factor and the support 

practice factor for rangelands were computed for each 

of the 81 sampling locations at the moment of 

sampling and after consulting the shepherds using the 

area. For soil moisture and surface cover it was used 

the mean of summer and winder measurements. The 
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maps of C and P factors were also superimposed in 

model builder.  

 

Table 1 presents summarily the indicators which 

helped to choose the most appropriate model of 

semivariogram for the creation of the prediction map 

for electric conductivity. The closer to 0 was the 

mean cross-validation error (ME) and the closer to 1 

was the root-mean-square standardized error (RMSE) 

signified that the prediction values were closer to 

measured values. When models presented similar 

values for ME and RMSE it was taken in 

consideration the lowest values of RMSE and average 

standard error (ASE). Table 2 was repeated for every 

parameter studied following the rules mentioned 

above and it was selected a semivariogram model for 

each one, in order to have an indication on how the 

samples were related to each other. Table 2 presents 

the final semivariogram model chosen for the 

prediction map of each parameter analysed. 

 

 
Figure 7- Three-dimensional surface of the study 

watershed, created as triangulated irregular network 

(TIN) in Arcview 9.3.  

 

The final soil loss prediction map (figure 8) resulted 

according to the RUSLE relationship following map 

algebra in Arcview 9.3. In this final map one large 

areas of high soil erosion risk are identified in the 

northern part of the experimental area. At those 

locations the potential erosion was estimated between 

76 to 99tn/ha. The rest of the area has a low to 

moderate risk of erosion (14 to 60tn/ha). Calculating 

the total area with serious risk on erosion (when 

sediment is higher than 50 t/ha) it was found that 

even if it was only 20% contributed for 60% 

sediments of the watershed. 

 

 

4 Discussion  
According to Renard [9] RUSLE enables planners to 

predict average rate of soil erosion for each 

alternative cropping system, management technique 

and control practice on any particular site. This study 

showed that simple sampling and the calculation of 

an average, usually used as normal procedure for soil 

erosion, is not always the best technique for 

identifying soil erosion risk and analysing spatial 

problems [42].  

 

 
Figure 8- Risk for soil loss prediction map of the 

study area watershed according to RUSLE.  

 

The spatial variability of the erosion factors of the 

study area makes soil reclamation an ideal practice to 

apply site specific management. Geostatistical 

methods described the spatial variability of a site, 

showing the confidence levels for samples taken [43]. 
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Decision-makers need local and regional estimates of 

soil loss as well as their corresponding uncertainties. 

According to Wang et al. [44], neglecting the local 

and detailed information may lead to improper 

decision-making. 

 

 

 

Table 1 Model parameters used to find the best semivariogram to predict hydraulic conductivity (ds/m).  

Model Nugget Partial 

Sill 

Major 

Range 

Minor 

Range 

Direction ME RMSE ASE RMSSE 

Circular 9.42 5.71 1964.9 306.9 357 0.02 4.09 4.57 0.97 

Spherical 7.87 7.19 1975.1 306.5 355 0.01 3.65 3.12 0.98 

Tetraspherical 10.10 6.49 1966.6 306.5 358 0.02 4.69 4.08 0.98 

Pentaspherical 9.65 8.42 1991.1 302.3 354 0.02 4.71 4.09 0.78 

Exponential 10.43 6.24 1993.1 306.5 357 0.05 4.75 4.24 0.99 

Gaussian 10.51 3.51 1997.0 306.1 351 0.01 5.68 4.91 1.11 

Rational Quadr. 9.14 4.07 1996.1 306.5 356 0.06 4.83 4.69 1.01 

Hole effect 9.53 4.99 1454.5 1131.8 318 0.01 5.73 5.91 0.86 

K-Bessel 8.35 8.05 1991.7 306.5 355 0.01 5.74 5.04 0.87 

J-Bessel 8.71 6.21 1575.6 1238.2 8 0.04 5.72 5.84 0.95 

Stable 9.44 3.90 1910.8 306.5 359 0.04 5.75 5.25 1.06 
Using the cross-validation of the models the mean error (ME), root-mean-square error (RMSE), average standard 

error (ASE) and root-mean-square standardized error (RMSSE) were used. 

 

 

Table 2 Results of the semivariogram used to create the prediction maps of the soil erosion factors 

studied.  
Soil erosion factor Model Nugget Sill Range ME RMSE ASE RMSSE Nugget/

Sill 

Rain erosivity EI30 Exponential 4.6 14.6 1945.4 0.25 2.64 3.27 0.91 0.31 

Soil stucture Exponential 0.01 0.03 1994.5 0.01 0.79 0.14 1.00 0.33 

Organic matter (%) Exponential 0.45 1.49 1943.4 0.01 2.28 2.73 0.88 0.31 

Hydr.cond. (cm/h)
 

Spherical 7.87 14.99 1975.1 0.01 3.65 3.12 0.98 0.52 

Electr.cond. (dS/m)  Gaussian 0.49 2.11 1987.7 0.01 0.21 0.32 0.88 0.25 

Clay (%) Gaussian 4.87 10.9 1994.5 0.78 1.54 3.56 0.93 0.46 

Modified silt (%) Gaussian 6.38 14.9 1974.3 0.65 1.11 5.77 0.97 0.41 

K factor (t*ha/h*N) Exponential 0.01 0.02 1985.1 0.01 0.12 0.12 1.33 0.50 

Soil moisture Gaussian 0.27 0.49 1988.8 0.02 0.66 0.56 0.82 0.41 

Soil cover (%) Exponential 40 80 1932.7 0.74 4.62 4.33 0.91 0.40 

Support practice Exponential 1 3 1955.8 0.01 0.95 0.91 0.88 0.33 

Using the cross-validation of the models the mean error (ME), root-mean-square error (RMSE), average standard 

error (ASE) and root-mean-square standardized error (RMSSE) were used. 

 

 

The maps created demonstrate the existence of a 

heavy textured area in a large area of the site which 

could affect erosion and vegetation management 

techniques. Also it was located areas of low water 

infiltration and low organic matter content. Having 

located the areas of highest risk to erosion, this could 

be decreased by suggesting simple changes in the 

vegetation management, keeping tillage only in the 

lowest risk of erosion areas. The most adequate area 

for annual fodder cultivation was the Northwestern 

part of the experimental plot, because it had average 

permeability, high nutrient content and vegetation 

cover and low to moderate risk of erosion. The most 

degraded and less suitable area was the north-east 

part of the study watershed. Geostatistics and GIS can 

therefore be used to identify the risk of degradation as 

well as being used to help apply precision 

management in extensive agrosilvopastoral areas 

[45].  

 

 

5 Conclusions 
Capability to predict the pattern of erosion and to 

identify the location of high risk areas for various 

land use alternatives is critical for effective 

management. Spatial analysis can also provide 
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supporting information for allocation of resources to 

those areas and those types of practices which will 

provide the most effective protection. Geostatistics 

and GIS linked with simple erosion models provide 

tools for evaluation of vegetation management 

alternatives at both local and watershed levels and 

planning of prevention practices. The classification 

techniques used in the present work to estimate 

potential erosion determine which areas with high 

erosion risk should be reclaimed and conserved. 

Localized problems with impermeable soil could be 

solved with simple geographically restricted 

amendment treatments. Steep slopes should be 

revegetated and protected. This approach could help 

the regional authorities to spend less money in 

agroenvironmental subsidies and stop damaging the 

environment with unnecessary and expensive 

management practices that some times destroy local 

biodiversity. 
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