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Abstract 
Erosion is the natural process which has the greatest environmental impact, 
and is the principal trigger for desertification around the globe. The main 
model used to estimate soil loss by erosion is the Universal Soil Loss Equation 
(USLE), which unites the major factors that influence erosion into one equa-
tion. The soil erodibility factor (K) is the component of this equation that 
represents soil physics, and is defined as the inherent capacity of the soil to 
withstand disintegration of its particles and their subsequent transport. The 
use of geostatistics is seen as an alternative in spatializing this variable from 
sampled to non-sampled points. The aim of this study therefore, was to de-
termine the soil erodibility factor for an experimental basin in the semi-arid 
region of Brazil, in addition to generating the soil erodibility map using geo-
statistics. Disturbed and undisturbed soil samples were collected from 35 
points, and laboratory samples were processed to determine the granulome-
try, permeability and organic matter of the soil, data which are used to deter-
mine the K-factor. Kriging was performed to spatialize the study variable, 
when spherical, exponential and Gaussian semivariograms were tested for 
generation of the soil erodibility map, these being evaluated by their respective 
deviations resulting from cross-validation. The mean value of K for the Haplic 
Luvisol was 0.0328 ton·ha·h/ha·MJ·mm; for the eutrophic Red-Yellow Argisol 
it was 0.0258 ton·ha·h/ha·MJ·mm; and for the Fluvic Neosol, it was 0.0424 
ton·ha·h/ha·MJ·mm. The experimental basin is classified as highly erodible. 
The semivariogram that presented the best fit for generating the soil erodibil-
ity map of the study area was Gaussian. 
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1. Introduction 

Erosion is the natural process of wear and entrainment of soil particles, and is 
occasioned by various factors, with water erosion being the principal cause [1]. 
Even when occurring naturally, erosion is caused by the anthropogenic actions 
of land use and occupation, this combination being the principal trigger for de-
sertification around the globe [2]. 

In arid and semi-arid regions of the world, desertification is the natural proc-
ess which has the greatest impact on increases in environmental degradation. 
According to [3], the process of desertification covers 25% of the Earth’s surface, 
affecting about 2 billion people. Uncontrolled erosion reduces the biodiversity of 
ecosystems, negatively affects the water balance, and eliminates the friable layer 
of soil, drastically reducing agricultural production, and increasing pressure on 
other areas for the production of food and raw materials [4]. 

The main centres of desertification in Brazil are concentrated in the semi-arid 
region, located in the Northeast of the country. This tendency in the region is 
aided by natural conditions, such as a predominance of young soils, precipita-
tion that is irregular and concentrated over both time and space, sparse vegeta-
tion, negative water balance, high temperatures, and intense rains [5]. 

In addition to natural conditions, anthropogenic activities such as the sup-
pression of native vegetation, burning, intensive agriculture, and lack of conser-
vation practices, favour the process of soil erosion and consequently desertifica-
tion of the region, where water scarcity causes intense environmental and social 
problems [6]. 

The main model used to estimate erosion is the USLE (Universal Soil Loss 
Equation) [7], which includes the principal factors that affect erosion in the form 
of an equation [8]. Among these factors, the soil erodibility factor (K) is con-
cerned with soil physics, and represents the inherent capacity of the soil to with-
stand the disintegration of its particles and their subsequent transport. In other 
words, this factor expresses the susceptibility of the soil to erosive processes [9]. 
According [10], the K factor is strongly correlated with soil loss and it is the key 
to predict the soil erosion. 

In the field, the K-Factor can be obtained directly from a standard plot, or in-
directly from empirical models. Due to the high costs involved in obtaining this 
factor directly, it is mainly determined through use of an empirical model, the 
Nomograph developed by [11], which associates soil organic matter, granu-
lometry and permeability to determine the K-Factor [12]. 

According to [13], Geographic Information Systems (GIS) techniques in con-
junction with models relating to soil loss, such as the USLE, have given excellent 
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results in the prediction of soil loss, as well as the possibility of simulating dif-
ferent scenarios. According [14], GIS tools used together with geostatistical 
models favour more realistic modelling, once the error related to the process has 
been attributed. 

According to [15], knowledge of the spatial distribution of soil erodibility is 
the principal mechanism for implementing practices aimed at controlling ero-
sion. In this way, geostatistics is emerging as an alternative for the prediction of 
spatial variability in different environments, with the correlation of soil erodibility. 

The aim of this study therefore, was to determine the soil erodibility factor for 
an experimental basin in the semi-arid region of Brazil, and to generate a soil 
erodibility map using geostatistics. 

2. Material and Methods 

The study area corresponds to the Curu Valley Experimental Basin (CVEB), in 
Pentecoste in the State of Ceará, Brazil. The site has a total area of 2.87 km2, lo-
cated between 3˚48'25" and 3˚47'27"S, and 39˚21'35" and 39˚20'20"W. Within the 
CVEB is the Curu Valley Experimental Watershed (CVEW), a smaller experi-
mental unit with 0.31 km2. The CEWB is a control basin where the hydrossedi-
mentologal processes are evaluate with many equipments support installed, such 
as pluviographs, parshall gutters, a linigraph, erosion plots and thin-wallets 
structures. The location of the study area can be seen in Figure 1. 

The climate of the region is type BSw’h, hot and dry, according to the Köppen 
classification. The climate group is semi-arid, hot and dry, with rainfall concen-
trated from January to April. The average temperature is greater than 26˚C, with  
 

 
Figure 1. Location of the Curu Valley Experimental Basin (CVEB), Curu Valley Experi-
mental Watershed (CVEW) and respective soil classes and soil collection points. 
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an average rainfall of 706.6 mm, a total Piche evaporation of 1536 mm, and in-
solation of 2840.9 hours [16] [17]. 

The study area has three classes of soil, represented by a eutrophic Red-Yellow 
Argisol, Haplic Luvisol and Fluvic Neosol, as seen in Figure 1 [18]. The soil 
classes have been updated to the most recent classification of the Brazilian Soil 
Classification System [19]. 

The soil collection points were previously spaced on an equidistant digital grid 
representing the study area; in the CVEB the points on the grid were 500 metres 
apart, while in the CVEW, nine points were spaced 250 metres apart. There was 
a total of 35 points, as shown in Figure 1. We collect soils samples between 
January and March 2016. 

Disturbed and undisturbed soil samples were taken from a depth of 0 - 20 cm. 
For the undisturbed samples, a Uhland auger was used. The collection cylinders 
were fashioned from DN80 PN100 PVC pipe, and have a volume of 232.3 cm3, 
with a diameter of 6.5 cm and a height of 7 cm. The undisturbed sample was 
used to determine soil permeability. 

The disturbed samples were collected with the aid of a hoe in the vicinity of 
the undisturbed samples, and packed in plastic bags. These samples were used to 
determine the granulometry and organic matter of the soils. 

Analysis of the soil samples was carried out at the Soil Mechanics and Pave-
ments Laboratory (LMSP) of the Department of Hydraulic and Environmental 
Engineering (DEHA), the Federal University of Ceará (UFC). The particle-size 
analysis was prepared following [20], using the combined method of sedimenta-
tion and sieving. Segregation of the particles was as follows: Gravel (GV) from 
4.8 to 76 mm, Course Sand (CS) from 2 to 4.8 mm, Medium Sand (MS) from 
0.42 to 2 mm, Fine Sand (FS) from 0.05 to 2 mm, Silt (S) from 0.005 to 0.05 mm, 
and Clay (C) with values less of than 0.005 mm [21]. The results for granulome-
try were interpreted according [22], as shown in Table 1. 

The values for soil organic matter were obtained from NBR 13600—Determining 
the organic matter content of the soil by burning at 440˚C [23]. The organic 
matter content is given by Equation (1). 

1 BOM 100%
A
−

= ×                        (1) 

where: OM is the organic matter, A is the weight of the sample (g) before burn-
ing, and B is the weight of the sample (g) after burning in a muffle furnace. 

Values related to soil permeability were obtained from the undisturbed soil 
samples as per [24]—Determination of the permeability coefficient of vari-
able-load clayey soils using a soil permeameter under varying conditions of hy-
draulic loading. The value obtained for permeability was classified according to 
Table 2. 

The K factor was calculated for each of the 35 points sampled as per Equation 
(2), proposed by Wishmeier, Johnson and Cross [11]. 
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Table 1. Structure class used in determination of the soil erodibility factor by Wishmeier, 
Johnson and Cross equation. 

S Granulometry* Description 

1 FS1 + S2 > 50% Very fine granular 

2 C3 + S + FS > 50% Fine granular 

3 C + S + FS + MS4 + CS5 > 50% Coarse granular 

4 GV6 > 50% Compact 

*FS = Fine sand; S = Silt; C = Clay; MS = Medium sand; CS = Coarse sand; GV = Gravel; Adapted from 
[22]. 

 
Table 2. Soil permeability class in relation to hydraulic conductivity. 

P Permeability (mm·h−1) Texture 

1 >60 Sand 

2 20 - 60 Loamy sandy, sandy loam 

3 5 - 20 Loam, silt loam 

4 2 - 5 Sandy clay loam, clay loam 

5 1 - 2 Silty clay loam, sandy clay 

6 <1 Silty clay, clay 

Source: Adapted from [22]. 

 

( )( ) ( ) ( )1,14 40.1318*2.1M 10 12 MO 3.25 S 2 2.5 P 3
K

100

− − + − + −
=       (2) 

where: M is the parameter related to the primary soil particles, and obtained by: 
M = (FS + S)(100-C); where FS is fine sand, S is silt, and C is clay, in percentage. 
OM is the Organic Matter; S is the parameter related to soil structure; P is the 
parameter related to soil permeability. 

The values for erodibility were classified according to [25], who classified val-
ues lower than 0.0152 ton·ha·h/ha·MJ·mm as of low erodibility, values between 
0.0152 and 0.0305 ton·ha·h/ha·MJ·mm as of moderate erodibility, and values 
greater than 0.0305 ton·ha·h/ha·MJ·mm as of high erodibility. 

Descriptive statistics of the data were carried out, evaluating such variables as 
Minimum Value, Maximum Value, Mean and Coefficient of Variation (CV). 
The coefficient of variation was evaluated as per the [26] classification, where a 
of CV < 12% classifies the coefficient of variation as low, 12% < CV < 60% clas-
sifies it as moderate, and CV > 60% classifies it as high. 

The geostatistical kriging model was applied in order to observe the spatial 
dependence of the variable under study. The variables analysed for the 
semivariograms were Range (a), Nugget Effect (C0) and Sill (C1). The models 
tested were spherical, exponential and Gaussian. 
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Spatial dependence was verified from the stationarity assumption of the in-
trinsic hypothesis for the adjusted semivariograms. According to [27] the 
semivariograms being tested, the Spherical, the Exponential and the Gaussian, 
are the main semivariograms used in kriging. Equations (3), (4) and (5) express 
the algorithms for these variograms. 

a. Spherical: g(h) = C0 + C1[1.5(h/a) − 0.5(h/a)3], 
para 0 < h < a; g(h) = C0 + C1, if h > a            (3) 

b. Exponential: g(h) = C0 + C1[−exp(−3h/a)], for 0 < h < a;           (4) 

c. Gaussian: g(h) = C0 + C1[1 − exp(−3h2/a2)], 0 < h < a              (5) 

where: C0 is the nugget effect; C1 is the contribution, or sill; a is the range; and h 
is the distance between observations. 

The Degree of Spatial Dependence (DSD) was calculated according to Equa-
tion (6), proposed by [28]. 

C0DSD 100
C0 C1

= ×
+

                         (6) 

where: C0 is the nugget effect; and C1 is the sill (or contribution). 
The DSD was classified according to [28]: DSD < 25%, the semivariogram has 

strong spatial dependence; 25% ≤ DSD ≤ 75%, the semivariogram has moderate 
spatial dependence; and a DSD > 75% indicated weak spatial dependence. 

The semivariogram was chosen as per [29], who proposed that when evaluat-
ing the cross-validation data of the models, the mean error of the semivariogram 
should be close to zero (0), the root mean square error, should be close to one 
(1), and the standard error of the mean and root mean square error should have 
similar values that are as small as possible. 

3. Results and Discussion 

The results of the variables used to obtain the K factor for the Haplic Luvisol, the 
eutrophic Red-Yellow Argisol and the Fluvic Neosol at the deep 0.20 m can be 
seen in Table 3. 

From the results of Table 3 about Haplic Luvisol, it can be seen that the pri-
mary soil particles (clay, silt and fine sand) account for on average 56.2% of the 
total soil granulometry, while the heavier material (gravel, and coarse and me-
dium sand), which has a consequently greater capacity to withstand the erosive 
processes, makes up 43.8%. These values demonstrate the predominance of fine 
material in the soil in relation to coarser material, leaving a greater percentage of 
erodible material available for erosion. 

The average percentage of clay in the composition of the primary soil particles 
is about 22% of the total (Table 3). For this class of soil, the clay is concentrated 
in the subsurface, in the Bt horizon, which reduces the permeability of water in 
the soil, and influences both saturation of the overlying horizons and surface 
flow [30]. 

Aggregation in this surface layer has its structure improved by soil organic  
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Table 3. Descriptive statistics (D), Organic matter content (OM), granulometric fractions, structure class (S) and permeability 
class (P) for the Haplic Luvisol, eutrophic Red-Yellow Argisol and Fluvic Neosol. 

D1 
HAPLIC LUVISOL EUTROPHIC RED-YELLOW ARGISOL FLUVIC NEOSOL 

Min Max Mean CV Min Max Mean CV Min Max Mean CV 

%GV2 0.04 74.47 21.73 122.4 0.8 52.08 23.63 94.7 0.07 27.31 12.67 115.2 

%CS3 1.13 21.61 6.1 92.9 1.98 10.27 6.72 44.2 1.45 6.5 3.74 58.9 

%MS4 3.23 32.01 15.97 45.7 8.53 32.63 20.3 37.3 13.38 33.42 20.85 44.2 

%FS5 5.77 60.51 34.37 55.2 16.86 47.6 26.79 36 21.51 58.35 42.71 42.9 

%S6 1.06 20.25 9.59 56.2 3.91 18.57 11.15 46.7 5.38 15.7 11 43.9 

%C7 3.88 26.74 12.24 46.5 4.57 28.27 11.41 66.3 5.88 11.47 9.02 26.5 

%S+FS8 10.6 69.97 43.96 47.8 23.65 62.38 37.93 33.5 26.89 74.04 53.71 39.2 

%OM9 0.6 10.45 4.62 61.1 2.8 7.67 4.43 31.8 2.08 4.42 2.85 37.2 

M10 1012 6465.7 3817.4 48.1 2193.4 5513.5 3328.8 32.1 2531 6765.8 4867.9 38.8 

S11 2 4 3 27.2 2 4 3 27.8 2 3 2 25 

P12 2 5 4 22.7 2 4 3 22.2 3 5 3 33.3 

1D = Statistic; 2GV = Gravel; 3CS = Coarse sand; 4MS = Medium sand; 5FS = Fine sand; 6S = Silt; 7C = Clay; 8S + FS = Silt + Fine sand; 9OM = Organic matter; 
10M = (FS + Silt)(100 - Clay); 11S = Structure class; 12P = Permeability class. Min (minimum); Max (maximum); CV (coefficient of variation). 

 
matter (SOM), which had an average value of 4.62% SOM. For [31], the organic 
matter content in tropical soils varies from 1% to 5%, clearly demonstrating that 
the contribution of this component presented high values in this study. 

The Haplic Luvisol had the highest values for CV among the three soils under 
study. The high variability is influenced due to this class occurring in hilly ter-
rain, consisting of some areas where there is displacement of the soil particles, 
and other areas where there is deposition, reducing the uniformity of particle 
size distribution in the surface layer of the soil. 

Evaluating Red-Yellow Argisol (Table 3), it can be seen that the mean per-
centage distribution of the primary soil particles and particles of larger diameter 
are equal to 49.34% and 50.66% respectively. Equivalent participation by the 
larger-diameter particles weakens any susceptibility to erosion, since these parti-
cles resist entrainment due to their greater weight compared to the primary soil 
particles. 

A reduced average value for M (3328.8) can be seen in Table 3 for the eutro-
phic Red-Yellow Argisol in relation to the other soil classes. This reduced value 
is a result of the low concentration of primary particles in the surface layer of 
this soil, which limits its predisposition to erosive processes. 

The organic matter in this class of soil strongly influences structure, having an 
average of 4.43%, which is considered a high value for SOM. For [32] the struc-
tural effect of organic matter is greater in soils with a clay content of less than 
25%. The SOM therefore strongly favours structuring in this class of soil, since 
the percentage of clay is only 11.41% (Table 3). 

In relation to CV, this class of soil had the lowest values for the three soil 
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classes under study, with only two variables where the values for CV were classi-
fied as high, 94.74% and 66.32% for the gravel and clay respectively (CV > 60%), 
while the other variables displayed moderate values for CV (12% < CV < 60%). 
According to [30], stoniness is not an inherent characteristic of this class of soil, 
which explains the high CV value for the variable, gravel. 

The mean value for granulometry for the Fluvic Neosol (Table 3) shows a 
particle-size distribution of 63% of the total composition of the soil, made up of 
primary soil material, with only 37% remaining for the coarser soil particles such 
as gravel, and coarse and medium sand. This composition, with a predominance 
of fine material, favours entrainment of the particles by the process of erosion. 

Among the primary soil particles, fine sand and silt make up around 86% of 
the total fine material, while clay accounts for only 14% of this total, culminating 
in the highest mean value for M (4867.9). This lesser predominance of clay in 
the surface horizon, in relation to the other primary soil particles, reduces parti-
cle aggregation, and more strongly advances entrainment which, due to the 
predominance of small-diameter particles, would already show a tendency to be 
high. 

According to [30], the stratification of organic matter at depth occurs in a 
fairly variable way in the soil profile, since this soil component is input together 
with particles entrained during the deposition process. Thus, the average value 
of 2.8% for organic matter does not favour aggregation enough of the soil parti-
cles to compensate the low soil structure, since the evolution of layers in this soil 
is not related to soil genesis, but to the contribution of more elevated regions of 
the terrain. 

The variables analysed in the Fluvic Neosol displayed greater values for CV 
than in the eutrophic Red-Yellow Argisol, even with only one variable with a 
high CV, represented by the gravel with 115.24% (CV > 60%). As this is a soil 
formed by the deposition of fluvial sediments, the soil class displays high vari-
ability in particle size, since stratification of the sediments that are input in the 
lowest area of terrain occurs heterogeneously, not following a soil genesis pat-
tern as the both others soils studied. 

Table 4 shows the values for erodibility of the classes of soil under study. 
The mean value for soil erodibility in the Haplic Luvisol seen in Table 4 was 

0.0328 ton·ha·h/ha·MJ·mm classifying according to [25] as highly erodible. [33] 
found a value for K of 0.0420 ton·ha·h/ha·MJ·mm for this class of soil, while [34], 
evaluating a Chromic Luvisol found values for K of 0.0313 and 0.0353 
ton·ha·h/ha·M·mm, agreeing with the high values for soil erodibility of this class 
of soil. 

The high values for K observed for the Haplic Luvisol, are related to the low 
aggregation of the A horizon, which is expressed in the high average value for M, 
of the order of 3817.4 (Table 3); further, the class 3 soil structure (S) (coarse 
granular, Table 3), and the mean value for class 4 permeability (2 < P < 5 
mm·h−1, Table 3) give values that positively increment the equation for soil  
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Table 4. Statistics, occurrence of soil classes, values for soil erodibility (K) and classifica-
tion of the erodibility and coefficient of variation (CV). 

Soil Occurrence (%) S 
K 

Classification 
(ton·ha·h/ha·MJ·mm) 

HL 65.94 

Min 0.0098 Low 

Max 0.0673 High 

Mean 0.0328 High 

CV 52.96 Moderate 

RYAe 29.16 

Min 0.0127 Low 

Max 0.0344 High 

Mean 0.0258 Moderate 

CV 25.19 Moderate 

FN 4.9 

Min 0.0317 High 

Max 0.0535 High 

Med 0.0424 High 

CV 24.6 Moderate 

Total 100 
 

0.0312* High 

HL = Haplic Luvisol; RYAe = eutrophic Red-Yellow Argisol; FN = Fluvic Neosol. S = Statistic; K = Soil 
erodibility factor. Min (minimum); Max (maximum) and CV (coefficient of variation). *Weighted mean 
between the mean values for erodibility and the area occupied by soil class. 

 
erodibility. The value for organic matter of 4.62% (Table 3) in this class of soil 
reduced the erodibility value, but not by enough to alter its classification of high 
erodibility. 

For the eutrophic Red-Yellow Argisol, Table 6 shows a mean value for soil 
erodibility of 0.0258 ton·ha·h/ha·MJ·mm, classifying this soil class as moderately. 
[35] published values for this class that ranged from 0.0280 to 0.0430 
ton·ha·h/ha·MJ·mm, [36] found a value of 0.0260 ton·ha·h/ha·MJ·mm, while [37] 
obtained a value of 0.0400 ton·ha·h/ha·MJ·mm, classifying this class of soil as 
moderately to highly erodible. According to [38], this is an order that shows a 
predisposition to erosive processes which depends on the position of the incre-
mental layer of clay in the subsurface, since this textural gradient does not fa-
vour subsurface infiltration, favouring instead saturation of the surface layer and 
causing flash flooding. 

The reduced mean value for M (3328.8) seen in Table 3, favoured a reduction 
in the erodibility value of this class of soil. In addition, the high value for organic 
matter, with a concentration of 4.43%, reduces the erodibility value. Another 
variable to favour a reduction in the K factor was the class of permeability (class 
3 - permeability ranging from 5 to 20 mm·h−1) (Table 3), which favours the wa-
ter permeability and reduces the runoff, reducing the K value. 

For the Fluvic Neosol, the mean value for the soil erodibility factor was 0.0424 
ton·ha·h/ha·MJ·mm (Table 4), classifying the soil as highly erodible. [39] found 
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an erodibility factor of 0.0350 ton·ha·h/ha·MJ·mm; [40], found a factor of 0.0460 
ton·ha·h/ha·MJ·mm. All these values classify this class of soil as highly erodible. 

The high values found for soil erodibility, occur due to the smaller structuring 
of the Fluvic Neosol, with a high value for M (4867.9) (Table 3). This high value 
for M classified the Fluvic Neosol as the most erodible soil class among the three 
classes of soils under study. When evaluating the weighted mean of the values 
for soil erodibility (K) in relation to the area occupied by each of the classes, a 
mean value for erodibility of 0.0312 ton·ha·h/ha·MJ·mm is found, classifying the 
Curu Valley Experimental Basin as highly erodible. 

It can be seen in Table 4 that the three classes of soil have values for the coef-
ficient of variation that are classified as moderate (12% < CV < 60%). The great-
est variation in the values for soil erodibility was seen in the Haplic Luvisol, with 
a CV of 52.96%, followed by the eutrophic Red-Yellow Argisol with a CV of 
25.19%; the smallest variations were seen in the FluvicNeosol, with a CV of 
24.60%. 

The Figure 2 shows the variograms of the three models studied. The compo-
nents of the semivariograms under study, as well as the Degree of Spatial De-
pendence, can be seen in Table 5. The DSD obtained for the Gaussian 
semivariogram was 21.49%, for the spherical semivariogram it was 23.42%, and 
for the exponential it was 25.69%, demonstrating that in this study the variable 
of soil erodibility displays weak spatial dependence. 

Table 6 presents data from cross-validation of the models, which is the tech-
nique employed to extract a sampled piece of data and estimate it using the 
semivariogram, showing the deviations for the models under study. 

 

 
Figure 2. Variogram Gaussian (a), Spherical (b) and Exponential (c). 
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Table 5. Variogram components and Degree of Spatial Dependence (DSD). 

Variogram Nugget Effect (c0) Sill (c1) Range m (a) DSD (%) 

Spherical 5.66 × 10−5 1.85 × 10−4 1073.06 23.42 

Exponential 6.19 × 10−5 1.79 × 10−4 1073.06 25.69 

Gaussian 5.31 × 10−5 1.94 × 10−4 1073.06 21.49 

 
Table 6. Statistics of the error generated by cross-validation of the models. 

Variogram MeanError 
Standard root mean 

square error 
Standard error 

of the mean 
Root mean 

square error 

Spherical −0.00079 0.95 0.0150 0.0142 

Exponential −0.00067 0.93 0.0152 0.0142 

Gaussian −0.00063 0.94 0.0149 0.0141 

 
The Gaussian semivariogram was the most suitable model for evaluating the 

cross-validation (Table 6), as its value for mean error was closer to zero, the 
standard root mean square error was closer to 1, the standard error of the mean 
and the root mean square error were smaller, thereby fitting the requirements of 
[29]. 

For the Gaussian Semivariogram, which was chosen, the Nugget Effect (C0) 
was 1.94 × 10−4, the Sill (C1) was 5.305 × 10−5, and the Range (a) was 1073 me-
tres. The Sill (C1) is the semivariogram component that expresses the value from 
the nugget effect up to the value for Range (a). The sum of the Nugget Effect 
(C0) and the Sill (C1), with a value of 2.47 × 10−4, shows the value for a 
variogram that reaches a range (a) of 1073 metres, and represents the limit up to 
which a correlation exists between the points; within that limit, interpolations 
occur at distances less than the spacing between the points. 

According to [41], values located at distances of less than the range (a) show 
spatial dependence, allowing for interpolations at distances less than the sample 
spacing. 

As the range (a) illustrates the limit below which values are interpolated at 
distances of less than those of the grid, for values estimated at distances greater 
than 1073 metres, the variable was interpolated from the grid spacing, with val-
ues being estimated up to a maximum distance of 3201 metres. 

The soil erodibility map, interpolated by the geostatistical method of Kriging 
using the Gaussian semivariogram, can be seen in Figure 3. 

When evaluating the map relative to soil erodibility, it can be seen that the 
lowest values for erodibility, with a modelled value varying from 0.0221 to 
0.0251 ton·ha·h/ha·MJ·mm, occur in the lightest area of the map, located in the 
region west of the basin. The eutrophic Red-Yellow Argisol is representative of 
this region west of the basin. This modelling demonstrates what was shown in 
Table 6, with this class of soil displaying the lowest mean value for erodibility 
among the three classes studied, of the order of 0.0258 ton·ha·h/ha·MJ·mm. 
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Figure 3. Soil erodibility map and modelling error map for the Curu Valley Experimental 
Basin. 
 

The greatest values for erodibility were seen in the extreme northeast, south 
and west (dark area on the map), with values ranging from 0.0317 to 0.0387 
ton·ha·h/ha·MJ·mm, these areas mainly being represented by the Haplic Luvisol 
and the FluvicNeosol. 

Greater modelling errors can be seen in the extreme regions of the map, ex-
cept in the area further to the south (lightest region), demonstrating that the 
smaller the sampled point cloud, the greater the errors in interpolating of the 
variable. 

4. Conclusions 

The Curu Valley Experimental Basin was classified as highly erodible, with the 
Haplic Luvisol and the Fluvic Neosol classified as soils of high erodibility. 

The class of eutrophic Red-Yellow Argisol was classified as moderately erod-
ible. 

The Gaussian model was the semivariogram with the best fit for modelling the 
erodibility map for the Curu Valley Experimental Basin. 

The lowest kriging errors were observed in the Curu Valley Experimental 
Watershed (CVEW), where the soils samples were collected at distance of 250 
meters. 

For a better interpolation of the soil erodibility variable, a greater number of 
soils samples are necessary for increasing the interpolation precision. 

Soils samples at the depth greater than 0.20 meters are necessary to explain 
the soils characteristics evolution and how the variables occur that affects the 
soil erodibility in depth. 
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