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ASSESSMEnt Of EROSIOn HAzARD 
In tORRES MUnIcIpALItY 

Of LARA StAtE (VEnEzUELA) bASED On GIS

OnELIA AnDRADE, MARtIn KAppAS 
and StEfAn ERASMI

he Torres municipality is 
one of the most impor-
tant regions for agricul-

tural production in the Tocuyo River Ba-
sin, Venezuela. For planning soil conserva-
tion strategies in the basin, an important 
aspect to consider is the identification of 
specific high-priority areas for the imple-
mentation of management practices. Thus, 
the evaluation and mapping of the regional 
erosion hazard is increasingly needed by 
national and local agencies related to agri-
cultural activities and environmental pro-
tection.
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Erosion Hazard: Definition and basic 
concepts

Defined as the loosening 
or dissolving and removal of earthy or 
rock materials from any part of the earth’s 
surface (ASCE, 1970), erosion is a process 
of detachment and transportation of soil 
materials by erosive agents such as wind, 
rainfall or runoff (Foster et al., 1997). 
Runoff erosion can take place in non-con-
centrated (sheet) flow, in rills or gullies. 
Soil eroded from a given area is defined in 
terms of the rate of erosion. Total sedi-

ment outflow from a watershed per unit 
time is called sediment yield (Novotny and 
Chesters, 1989). Factors affecting water 
erosion are climate, topography, soil, vege-
tation and anthropogenic activities such as 
tillage systems and soil conservation mea-
sures (Foster et al., 1997).

Erosion Hazard Evaluation and 
Models 

The most commonly 
used method of predicting the average 
soil loss rate from agricultural lands is 

SUMMARY

The Revised Universal Soil Loss Equation (RUSLE) model 
was used to predict soil erosion hazard in the Torres munici-
pality, Lara, Venezuela. Rainfall-runoff erosivity (R) values 
indicated low erosion potential. The soils have moderately 
low to high erodability (K), it being larger in the agricultural 
zone. The values of the LS factor are relatively low, since the 
study area is mainly morphologically flat. Cell-by-cell multi-
plication of the maps of R, K and LS factors resulted in a 
map of potential erosion. A similar procedure, adding the fac-
tors crop and management (C), and conservation practices 
(P) was used to estimate actual erosion. The smallest actual 
erosion values of soil losses were registered in forest zones 
and where agricultural practices are carried out. Actual ero-

sion had a range of 0-2558t·ha-1 per year, but more than 72% 
of the area is under very low water erosion hazard, and is 
highly suitable to rain fed agriculture. Areas susceptible of 
erosion with a soil loss >12t·ha-1 per year are found primar-
ily in the higher basin, or where there is sparse cover. The 
percentage of high sustainability for agricultural purpose 
amounted to 100% in the agricultural area. In accordance, 
the zone can be used continuously with annual mechanized 
cultivations without conservation practices. The results sup-
port that the RUSLE under GIS environment, coupled with 
digital elevation model (DEM) data and remote sensing, are 
powerful tools for both qualitative and quantitative assess-
ment of soil erosion in a hydrographical basin.
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the Universal Soil Loss Equation 
(USLE; Irvem et al., 2007). Renard et 
al. (1997) have modified the equation 
into a Revised USLE (RUSLE) by in-
troducing improved means of comput-
ing the soil erosion factors. RUSLE is 
an empirical erosion model designed to 
predict the longtime average annual soil 
loss (A) carried by runoff for specific 
field slopes in specified cropping and 
management systems, as well as from 
rangeland. The RUSLE is written as

A= R × K × L × S × C × P         (1)

where A: soil loss in t·ha-1 per year 
over a period selected for R, usually on 
a yearly basis; R: rainfall-runoff erosiv-
ity factor expressed in MJ·mm·ha-1·h-1 
per year; K: soil erodability factor ex-
pressed in t·h·MJ-1·mm-1; L: slope 
length factor; S: slope steepness factor; 
C: cover and management factor; and 
P: conservation practices factor. L, S, C 
and P are dimensionless.

Determining RUSLE factor Values

Rainfall-runoff erosivity (R) factor

Rainfall-runoff erosivi-
ty is estimated using the measured 
EI30: total energy of each storm (E) 
times the maximum 30min intensity 
(I30) of the storm, added for all storms 
in an N years period and divided by 
the number of years in record (Renard 
et al., 1997). It is expressed as

EI30= (Σ(E × I30)) / N               (2)

These values are gener-
ally obtained from rain gauge graph 
analysis (Silva, 1995). Normally, there 
is a lack of continuous data from plu-
viographs; therefore, to overcome this 
problem the EPIC (Environment Policy 
Integrated Climate, previously named 
Erosion Productivity Impact Calculator; 
USDA-ARS-BRS, 1997) simulation 
model is used to obtain approximations 
of the erosivity. EPIC is based in em-
pirical equations that calculate duration 
and intensity of the rain according to 
daily precipitation. EPIC simulated dai-
ly erosivity values were evaluated by 
comparison to rain gauge graph analysis 
in some agricultural zones of Venezuela 
(Paredes and Silva, 2004). Daily erosive 
energy of the zone was obtained follow-
ing the methodology of Wischmeier and 
Smith (1978) and was accumulated to 
obtain annual total values and monthly 
average values. For the same period of 
registry of erosive energy, daily precipi-
tation information was used in the EPIC 
model, obtaining daily simulated values 

in each locality, and these were accu-
mulated in the same way as the mea-
sured values. Simulated and measured 
values were compared statistically in 
terms of efficiency of simulation, coef-
ficient of agreement and regression, and 
no significant difference was found be-
tween the two methods. The authors 
concluded that in Venezuela the EPIC 
model can be a substitute adapted to the 
analysis of bands, so as to obtain annu-
al values of erosivity in agricultural 
zones where rains are distributed in bi-
modal form; as a result regression equa-
tions were generated to calculate the 
erosivity in some zones of Venezuela. 
The following regression equation was 
generated in the proximity of the Torres 
Municipality:

  EI= 0.016(P)2 + 1.2433(P) + 17.283
   (3)

where P: monthly precipitation (mm)

Soil erodability (K) factor

To estimate K values, 
the most widely used and frequently 
cited relationship is the soil-erodability 
nomograph (Wischmeier et al., 1971). 
The nomograph comprises five parame-
ters: percent of modified silt (0.002-
0.1mm); percent of modified sand (0.1-
2.0mm), percent of organic matter 
(OM), and classes for structure (s) and 
permeability (p). The following rela-
tionships are very useful for predicting 
K values of soils for which data are 
limited (such as lack of information 
about the very fine sand fraction or 
OM content), the textural composition 
is given in a different classification sys-
tem, and when there are no data about 
structure and permeability.

K= 7.594 (0.0034 + 0.0405 exp(-1/2(log(Dg)
    + 1.659/0.7101)2))

(4)
K= 7.594 (0.0017 + 0.049 exp(-1/2(log(Dg) 

  +1.675/0.6986)2))                   (5)

K= 0.0035 + 0.0388 exp(-1/2(log(Dg) 
+1.519/0.758)2))                        (6)

where Dg(mm)= exp (0.01 Σfi ln mi)   (7)
and Dg: geometric mean particle diam-
eter; fi: primary particle size fraction 
in percent, and mi: arithmetic mean of 
the particle size limits of that size (Po-
esen, 1992).

Topographic factors (L and S)

The effect of topogra-
phy on erosion is accounted for in 
RUSLE by the LS factor. Erosion in-

creases as slope length increases, and it 
is considered as the slope length factor 
(L). The slope steepness factor (S) re-
flects the influence of slope gradient on 
erosion. Plot data used to derive L have 
shown that average erosion for the 
slope length λ (in m) varies as

L = (λ/22.13)m                        (8)

where 22.13: unit plot length (in m; 
Wischmeier and Smith, 1978), λ: hori-
zontal projection of slope length, and 
m: variable slope-length exponent. Eq. 
9 (Foster et al., 1997) defines m as

m= β / (1 + β)                        (9)

where β: ratio of rill erosion caused by 
flow to interrill erosion, which is prin-
cipally caused by raindrop impact. Val-
ues for the β ratio have been computed 
(McCool et al., 1989) as

β= (sin θ / 0.0896) / (3.0(sin θ) 0.8 + 0.56)
 (10)

where θ: slope angle in degrees. Given 
a value for β, a value for the slope-
length exponent m is calculated from 
Eq. 9.

The slope steepness 
factor (S) is evaluated using the follow-
ing equations for steepness categories, 
Eqs. 11 and 12 for slope lengths >15 
feet (4.56m) and Eq. 13 when the slope 
length is <15 feet (McCool et al., 
1987).

S= 10.8 sinθ + 0.03 when steepness <9%
(11)

S= 16.8 sinθ - 0.50 when steepness ≥9%
(12)

S= 3.0 (sinθ)0.8 + 0.56                 (13)

In erosion prediction, 
factors L and S are usually evaluated 
together, and values can be calculated 
from a grid-based digital elevation 
model (DEM), combined with GIS 
(Desmet and Govers, 1996).

Crop and management (C) factor

Mutchler et al. (1982) 
indicated that the general impact of 
cropping and management on soil loss-
es can be divided into a series of sub-
factors. Each sub-factor contains crop-
ping and management variables that af-
fect soil erosion and are expressed as 
functions of one or more variables, in-
cluding the prior-land-use (PLU), cano-
py cover (CC), surface cover (SC), sur-
face roughness (SR), and soil moisture 
(SM). Based on new descriptions of 
cropping and management practices and 
their influence on soil loss (Laflen et 
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al., 1985) soil loss ratios (SLR) are 
computed as

SLR= PLU × CC × SC × SR × SM
(14)

Conservation practices (P) factor

For cultivated land, the 
support practices considered include 
contouring (tillage and planting on or 
near the contour), strip cropping, ter-
racing, and sub-surface drainage. On 
dry land or rangeland areas, soil dis-
turbing practices on or near the con-
tour that result in storage of moisture 
and runoff reduction are also used as 
support practices (Renard et al., 1997).

Soil erosion and GIS

The combined use of 
GIS and USLE/RUSLE has been prov-
en to be an effective approach for esti-
mating the magnitude and spatial dis-
tribution of erosion (Fernández et al., 
2003; Hoyos, 2005; Erdogan et al., 
2006; Fu et al., 2006; Irvem et al., 
2007; Saroingsong et al., 2007). With-
in a raster-based GIS, the RUSLE mod-
el can predict potential erosion on a 
cell-by-cell basis, which is advanta-
geous when attempting to identify the 
spatial patterns of soil loss present 
within a large region (Díaz, 2005). The 
GIS can then be used to isolate and 
query these locations to yield vital in-
formation about the role of individual 
variables in contributing to the ob-
served erosion potential value (Oñate, 
2004; Barrios, 2002).

Objective

The general objective 
of this work was to develop GIS-based 
soil erosion hazard (actual and poten-
tial) maps of the Torres Municipality, 

Venezuela, based on the RUSLE model; 
and to determine the suitability ratings 
for soil erosion hazard in a land evalu-
ation according to FAO (1985) and 
Páez (1994).

Study Area

The Torres municipali-
ty is located within the Tocuyo River 
Basin in west Lara state, Venezuela, at 
9°40’-10°34’N and 69°36’-70°52’W, 
covering an area of ~6954km2 (Figure 
1). Elevations range 416-2324masl. 
The climate is warm, except for the 
mountains, with accentuated irregular-
ity of the rain regime and with nega-
tive water balance through the year. It 
shows a seasonal pattern of bimodal 
rain, distributed in April-May and Au-
gust-November with the maximum in 
October. The dry station varies ac-
cording to the humidity province and 
is known as veranito de San Juan. 
Water balance establishes certain 
changes in the humidity regime, giv-
ing origin to humidity provinces or 
climatic demarcations. The average 
annual precipitation ranges from 548 
to 2334mm, temperatures of 19-28°C 
and evapotranspiration between 725 
and 1250mm. During the day, sun ra-
diation generates a thermal energy of 
1.94cal·cm-2·seg-1. In general, the veg-
etal cover of the area is not dense and 
the vegetal species are of low bearing 
or height. The soils have low permea-
bility, favouring erosive processes. 
Land uses are mainly agricultural, 
dominated by horticulture, sugar cane 
(Sacharum spp.), grape (Vitis vinifera) 
and subsistence agriculture (Andrade, 
2007).

Material and Methods

Individual GIS files 
were built for each factor in the 

RUSLE. Each factor was considered 
as a thematic layer. These layers were 
spatially overlaid and combined by 
cell-grid modelling procedures in 
ArcGIS 9 (ESRI, 2005) to predict 
soil loss in the spatial domain and 
produce a resultant layer of a com-
posite map of erosion hazard intensi-
ty in t·ha-1 per year. This intensity 
map was classified into different pri-
ority classes upon maximum accepta-
ble limits of estimated soil loss 
(FAO, 1985; Páez, 1994). From these 
data, simple algorithms were used to 
classify the area into different hazard 
zones. The various layers of data 
were of mixed types (resolution, 
scale, units, coordinates) and were 
brought to common coordinates be-
fore being processed together.

Rainfall-runoff erosivity (R) factor

The study utilized 
data from 33 meteorological stations. 
The precipitation was derived with 
daily values from 20 years (1985-
2005). In the area, most of the meteo-
rological stations do not have the in-
formation required by the original Eq. 
2; thus, factor R was determined by 
calculation based on Eq. 3, applied to 
precipitation events >12.5mm. The 
values of R obtained were transferred 
to ArcGIS.9 and an attribute table 
was created. For the mapping proce-
dure, the point theme of R was gen-
erated. Then, the surface map was 
produced from development point 
themes using the nearest neighbor 
Kriging interpolation technique, with 
12 neighborhoods. The cell size for 
interpolation was 30m. In view of the 
effect of elevation on the actual 
amount of precipitation, R values 
were site-specifically corrected using 
a DEM. The resultant map for the R 
factor was made with a weighted av-
erage of both methods. Additionally, 
rain aggressiveness was characterized 
with the modified index of Fournier 
(IMF) proposed by Arnoldus (1980), 
wich determines the rain capacity or 
power to cause erosion, calculated as

 IMF= ΣP2/P                       (15)

where P2: monthly precipitation 
(mm), and P: annual precipitation 
(mm).

Soil erodability (K) factor

The K factor map was 
prepared from the soil map (MARN, 
1993; Andrade, 2007) and its attri-

Figure 1. Location of Torres municipality 
(Lara State, Venezuela) in the Tocuyo River 
Basin.
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bute data. The K values were esti-
mated using the soil erodability no-
mograph method and the combination 
and average of Eqs. 4, 5 and 6, in 
the cases of lack of very-fine-sand 
fraction data in two soil units.

Topographic factors (L and S)

The LS factor was 
calculated and specially distributed 
through the command “Spatial Ana-
lyst” in ArcGIS.9, applying RUSLE in 
the grid-based DEM of the study 
area. The algorithm for computing 
the S factor was obtained from a 
DEM-derived surface slope image us-
ing the extension Spatial Analyst in 
ArcGIS.9. Eqs. 11, 12 and 13 were 
adapted for its determination. The L 
factor was conditioned at the same 

time by the space distribution of λ 
and the m exponent. A combination 
of Eq. 10 and 9 determined the m 
value. The λ specially distributed was 
obtained with the program SAGA.2 
GIS (System for Automated Geoscien-
tif Analysis, Goettingen). Before ma-
nipulation of this file could be per-
formed, conversion to the ArcGIS 
form was required.

Crop and management (C) factor

This factor was ex-
tracted from a land use/land cover 
map created previously from Landsat-7 
ETM+ image (WRS-2, Path 6/ Row 
53). The procedure was implemented 
systematically in several steps of the 
work, involving: interpretation of 
bands, for example, band 4 (vegeta-

tion, drainage, delimitation 
water/soil), and bands 1, 2 
and 3 (water, bare soil, roads 
etc); coloured compositions in 
red, green and blue (321; 
432; 453; 743 and 543); and 
the NDVI (normalized differ-
ence vegetation index) meth-
od of vegetation indexing to 
identify regions without vege-
tation. Finally, the result of 
this approach was used to 
carry out the Decision Tree 
Classifiers method of classifi-
cation, using a series of bina-
ry decisions to distribute pix-
els into classes. Data from 
the NDVI, image spectral 
values and DEM-derived top-
ographic data were used as 
criteria to perform the classi-
fication. The post-classifica-
tion techniques Clump and 
Sieve, Combine Classes, and 
Edit Class Color were applied 
to improve the result of the 
Decision Tree Classifier. Due 
to lack of information to ap-
ply Eq. 14, the crop and man-
agement factor C correspond-
ing to each crop/vegetation 

condition were estimated from RUSLE 
guide tables (Wischmeier and Smith, 
1978; Morgan, 1995). These values 
were used to re-classify the land/cover 
map in order to obtain the C factor 
map of the municipality. A field check 
previously made in order to collect 
ground true information, and the am-
ple knowledge of the territory, facili-
tated the interpreting land use/cover 
and assigning C values (clouds and 
shadows classes). For cultivations and 
fallow lands classes, a value of 0.56 
was selected, due to the predominance 
of sugar cane (Sacharum spp.) in the 
area.

Conservation practices (P) factor

Unfortunately, conser-
vation practices are not considered in 
the cultivated lands of the zone. How-
ever, a P factor map was prepared from 
land use/cover map. The P factor val-
ues were based on work by Morgan et 
al. (1999) adapted to USLE.

Soil erosion hazard

Soil erosion hazard 
was determined by multiplying the re-
spective RUSLE factors interactively, 
using Eq. 1. Composite maps of actual 
and potential erosion hazard were gen-
erated. The potential erosion hazard 

TABLE I
PROPORTION (%) OF EROSION HAzARD CLASSES (A) AND RELATED FACTORS 

(R, K, L AND S) IN TORRES MUNICIPALITY *

Qualification and grades of vulnerability to erosion

Factor Very low
(1)

Low
(2)

Mod. low 
(3)

Mod.
(4)

Mod. high
(5)

High
(6)

Very high
(7)

Ext. high
(8)

R <2000 2000-4000 4000-6000 6000-8000 8000-10000 10000-12000 12000-14000 >14000
53.7 (4.2) 45.6 (95.8) 0.70

K <0.01 0.001-0.005 0.005-0.015 0.015-0.030 0.030–0.045 0.045-0.060 0.060-0.075 >0.075
45.3 44.6 (74.6) 6.6 (10) 3.5 (15)

L <25 25-50 50-100 100-150 150-200 200-250 250-300 >300
97.5(97.6) 2.0 (1.9) 0.5 (0.4)  (0.09)  (0.001)

S1 <1 1-3 3-5 5-10 10-15 15-20 20-25 >25
27 (98.6) 17.9 (1.2) 9.64(0.1) 10.6 (0.06) 8.1(0.04 7.28 6.13 13.39

S2 <3 3-8 8 12 12-20 20- 30 30-50 50-100 >100
77.9 0.8 1.4 11.7 6.7 1.5

D >250 250-200 200-150 150-100 100-50 50-25 25-10 <10
T >24 24-20 20-16 16-12 12-8 8-4 4-2 <2
A <12 12-25 25-50 50-100 100-150 150-200 200-300 >300

72.19 16.32 8.48 2.43 0.41 0.1 0.05 0.02

CPmax >0.5 0.5-0.12 0.12-0.08 0.08-0.045 0.045-0.018 0.018-0.012 0.012-0.001 <0.001

* According to the classification of Páez (1994) R: rainfall erosivity (MJ·mm·ha-1·h-1 per year), K: soil erodability 
(t·h·MJ-1·mm-1), L: slope length (m), S: slope degree (%), S2 over 800m, D: effective depth of soil (cm), T: toler-
ance of soil loss (t·ha-1 per year), A: soil erosion hazard (t·ha-1 per year), and CPmax: class limit by vulnerability 
to the erosion (T/R×K×L×S). The proportion in parentheses corresponds to the zone agriculturally developed 

TABLE II
PROPORTION (%) OF SUITABILITY DEGREES BY EROSION HAzARD *

Grades of suitability

Erosion hazard Highly suitable Moderately 
suitable 

Marginally 
suitable

Not suitable

A (t·ha-1 per year)
≤12 12-25 25-50 >50

72.19 (54.96) 16.32 (35.16) 8.48 (9.63) 3.01 (0.25)

CPmax
>0.12 0.12-0.045 0.045-0.012 ≤0.012

86.54 (100) 9.87 3.34 0.25

* A according to suitability ratings for rainfed agriculture by FAO (1985) and CPmax according 
to Páez (1994). The proportion in parentheses corresponds to the agriculturally developed zone.
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was calculated on the basis 
of R, K and LS.

Suitability ratings for soil 
erosion hazard

The quantitative output 
of the different factors was 
classified according to a 
system developed by Páez 
(1994) for agricultural soils 
in Venezuela (Table I), and 
according to the suitability 
ratings for soil erosion 
hazard for rainfed agricul-
ture (FAO, 1985; Table II). 
Páez’ system uses the CP-
max of the USLE (factors 
C and P) as criterion; it 
assesses the erosion hazard 
(sheet and rill erosion) in 
arable lands, classifies the 
factors related to erosion in agree-
ment to their potential to cause it, 
and estimates the requirement of con-
servation practices and their design 
specifications. Eight class-
es and their limit values 
are established according 
to conservation require-
ments of the land units due 
to erosion risk. CPmax 
(CPmax= T/R×K×L×S) 
represents the management 
requirement in the land 
unit to control erosion, 
where T is the tolerance of 
soil loss established by soil 
depth (D). R, K, L and S 
are the erosivity, erodabili-
ty and slope factors, re-
spectively. Conservation 
practices requirements in-
crease to the extent that 
the value of CPmax dimin-
ishes. To evaluate the re-
sultant loss in productivity 
of the land affected by wa-

ter erosion, the use of the CPmax cri-
terion is proposed. A map of CPmax 
was elaborated and the degrees of ap-
titude by risks of erosion in function 

of this quality were 
established.

Results

RUSLE factors

Tables III and IV, 
respectively, show the 
percent of land area 
for each specified land 
use class in the map to 
C and P factors. Fig-
ures 2, 3, 4, 5 and 6 
show the maps of each 
factor, where L and S 
are combined.

Erosion hazard

The potential ero-
sion hazard calculates 

the soil loss on the basis of climate, 
soil and topography factors only, i.e. 
omitting the land use factor. The ero-
sion hazard in t·ha-1 per year has a 

range of 0 to 2558 
(very low to moder-
ate) for the actual 
erosion (Figure 7) 
and of 0 to 4223 
(very low to ex-
tremely high) for the 
potential one (Figure 
8). Actual erosion 
was mainly ex-
plained (correlation 
at P<0.01) by length 
of slope (L) and 
cover (C) factors, 
whereas potential 
erosion is mainly 
explained by rain-
fall-runoff erosivity 
(R), soil erodability 
(K), and slope steep-
ness (S) (correlation 
at P<0.01).

TABLE III
C FACTOR VALUE * AND PERCENT OF LAND AREA FOR 

EACH LAND USE CLASS

Land use class Average C factor % land area

Water and settlement 0.000 1.24
Dense forest 0.003 4.61
Open forest 0.013 20.61
Grassland 0.150 1.24

Scrubs and shrubs 0.200 15.02
Clouds and shadows 0.313 3.95

Prickly xerophilous vegetation 0.450 19.47
Cultivations and fallow lands 0.560 7.90

Bare soil with ephemeral vegetation 0.900 11.40
Bare soil and rocks 1.000 14.56

* Morgan (1995), Wischmeier and Smith (1978).

TABLE IV
PERCENT OF AREA OF EACH LAND USE TYPE 

OF CONSERVATION PRACTICES (P) *

Land use type Slope (°) P Factor % land area

Agricultural land 

0-1 0.60 7.78

2-5 0.50 2

6-7 0.60 -

8-9 0.70 -

10-11 0.80 -

12-14 0.90 -

Other land all 1 90.22

* Based on Morgan (1999).

Figure 2. Space distribution of the rainfall-runoff erosivity (R factor).

Figure 3. Space distribution of soil erodability (K factor).
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Suitability ratings for 
soil erosion hazard

Figure 7 shows the 
actual erosion hazard in 
the Torres municipality, 
expressed in four broad 
classes and ranging 
from very low hazard 
areas, where annual soil 
loss rates average <12 
t·ha-1 per year (72.19%) 
to moderate hazard ar-
eas with >50t·ha-1 per 
year (3.01%). The pro-
portion (%) tabulated 
for R, K, L, S, A (actu-
al erosion hazard) and 
CPmax in each category 
are presented in Tables 
I and II, and Figure 9.

Discussion

RUSLE factors

R values ranged be-
tween 120l and 
4166MJ·mm·ha-1·h-1 per 
year (Table I, Figure 2), 
most of them (53.7% of 
the study area) within 
12 01-2 0 0 0 M J · m m · h a -

1·h-1 per year. Therefore, 
rainfall in the area un-
der study has very low 
potential to cause ero-
sion according to Páez 
(1994). Ninety-six per-
cent of R values in the 
agricultural area had 
low erosivity. The study 
area, although dry most of the year, is 
subjected to occasional intensive rains 
that produce marked erosion (Ferrer, 
2003). The calculation 
of the index of aggres-
siveness of the rains 
through the modified 
Fournier index (MFI) 
by Arnoldus (1980) in-
dicated that rainfall 
aggressiveness in the 
region is moderate to 
high, and is directly 
related to elevation, in 
agreement to Irvem et 
al. (2007). However 
the present study, in 
disagreement to Ferrer 
(2003) and to Fournier 
index, indicates that R 
values in the study 
area have a low ero-
sivity (Andrade, 2007). 
A cause of this lack of 

agreement could be the data used to 
estimate R; the present study used an-
nual and monthly precipitation instead 

of hourly precipitation, 
and it does not take into 
account the hourly-
based intensity of the 
rainfall.

The soil erodability 
or K factor (Table I, 
Figure 3) ranged from 
moderately low (45.3% 
of the study area) to 
high (3.5%), being 
greater in the cultivated 
zone or agricultural 
area. The susceptibility 
of the study area soils 
to erosion can be ex-
plained by a high con-
tent of slime and very-
fine-sand fractions (40% 
and 10%, respectively), 
which contribute to an 
easy soil disintegration 

(Mati et al., 2000), although the 
content of clay reaches 25%. Ad-
ditionally, the organic matter 
content is ≤4%. In terms of ero-
sion, soils under these conditions 
in combination with a hilly to-
pography, poor plant coverage 
and inappropriate agricultural 
practices are under serious risk 
(Irvem et al., 2007).

The values of the LS factor 
are relatively low (Table I, Fig-
ure 4); 96.8% of the study area 
have values <3.31, since most of 
the area is morphologically f lat. 
The lengths of slopes are <25m 
(97.6% of the study area). The 
slope steepness is <3% in 45% 
of low lands, 80% at high lands 
and 97.5% in the agricultural 

soils. This fact suggests that the area 
topography favors mostly low erosion 
rates. Steeper and longer slopes are 

combined in only 3.2% of the 
area to result in higher runoff 
velocities and, therefore, great-
er potential for erosion. Areas 
of convex topography such as 
ridges, where f low diverges, 
had low LS values. A compari-
son with the slope gradient re-
vealed a clear effect of steep-
ness on the LS factor, with ar-
eas of greater slopes having 
high LS values, and usually 
corresponding to back slopes 
between summits and drainage 
lines (Hoyos, 2005).

Half of the study area pos-
sesses two extreme conditions 
for favoring and avoiding ero-
sion (Table III, Figure 5); bare 
soil with and without ephemer-
al vegetation covers 25% of the 

Figure 4. Space distribution of slope steepness and length (LS Factor).

Figure 5. Space distribution of crop and management (C factor).

Figure 6. Space distribution of conservation practices (P factor).
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area, while the forest 
cover also amounts 
to 25%. This condi-
tion explains the sig-
nificant correlation 
of the C factor with 
the erosion process-
es.

With respect to 
the P factor (Table 
IV, Figure 6), 
90.22% of the area 
has a value of 1, due 
to the 9.78% of agri-
cultural land. There-
fore, the lack of cul-
tures in the area has 
a large influence on 
the erosion rates. 
While the C factor 
reflects the surface 
protection effect that 
dissipates the kinetic 
energy of raindrops 
before impacting the 
surface (Erdogan et 
al., 2006), conserva-
tion practices affect 
erosion mostly by 
modifying the f low 
pattern, grade or di-
rection of surface 
runoff, and by re-
ducing the runoff 
amount and rate (Re-
nard and Foster, 
1983).

Soil erosion

Large losses of 
soil were detected in 
zones where the fol-
lowing factors are 
combined: heavy 
rains (R ≥2000), 
soils without conser-
vation practices (P= 
1) with little vegetal 
cover (C ≥0.45) and 
convex topography 
(LS ≥3.31). Values of 
these factors are di-
rectly related to the 
losses; the larger are 
the values the greater 
the losses (Renard et 
al., 1997). The fac-
tors more closely re-
lated to the actual erosion were LS 
and C. It is evident that the areas with 
the largest soil losses are associated 
with large values of LS (specially of 
S), lack of cover and soil erodability. 
When actual and potential erosion are 
compared (Figures 7 and 8), the effect 

of C and P become more evident. Soil 
losses are duplicated, and moderately 
high (4.06%), high (1.86%), very high 
(1.65%) and extremely high (1.5%) 
erosion, according to Páez’ classifica-
tion (1994) are reached. The protec-
tive effect of the vegetation is still 

greater in the agricultural 
zone. The sediment yield 
>25t·ha-1 per year could be 
increased by 100% due to 
the susceptibility to erosion 
(moderate to high) of these 
soils. The lowest erosion 
values are registered in for-
est areas (~8% below 8t·ha-1 
per year) and where agricul-
tural practices are carried 
out (54.96% <12t), as culti-
vation reduces considerably 
the erosive processes, espe-
cially in semiarid zones 
(Oñate, 2004). With respect 
to areas of natural shrubs, 
prickly xerophilous and 
ephemeral vegetation had 
most of the irreversible soil 
losses (>50t); when its cov-
erage in the area was con-
sidered (15.02, 19.47 and 
11.40%, respectively), it ap-
peared that the areas have a 
serious problem that should 
be dealt with conservation 
measures. This is attributed 
to the fact that the latter 
type of cover occurred on 
the slopes with a range of K 
values of 0.015-0.050. In the 
agricultural land, soil ero-
sion was not as critical as in 
these areas, due to the fact 
that, although they had the 
relatively higher C values 
(0.56 vs 0.20 and 0.45, re-
spectively), the land used 
for agricultural crops was 
located in areas where the 
range of LS was 0-3.36 and 
deposition occurred.

Suitability ratings for soil 
erosion hazard

Table II and Figure 7 
show the suitability ratings 
for soil erosion hazard for 
rainfed agriculture (FAO, 
1985) in all the area. Ac-
cording to this, 72.19% of 
the area is highly suitable 
(losses <12t), 16.32% is 
moderately suitable (losses 
of 12-25t), 8.48% is mar-
ginally suitable (losses of 
25-50t) and only 3.01% is 

not suitable (losses >50t). In the agri-
cultural area, factors R, L and S have 
very low potential to cause erosion ac-
cording to Páez (1994), but the K fac-
tor is classified as moderate to high. 
Of the agricultural, 100% is catego-
rized as suitable, because sediment 

Figure 7. Actual erosion hazard in the Torres municipality.

Figure 8. Potential erosion hazard in Torres municipality.

Figure 9. CPmax factor distribution in the Torres municipality.
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yield does not surpass 50t·ha-1 per 
year, and 54.96% of the agricultural 
area classifies as highly suitable. The 
existence of moderate to marginal 
suitability will call for some combina-
tion of land use change, special man-
agement practices, or major land im-
provements (FAO, 1985).

Soil removal as a con-
sequence of erosion causes a decline 
in agricultural productivity. For exam-
ple, in Mozambique and Nigeria, a 
50% loss in productivity of maize and 
cowpeas resulted from the removal of 
3mm of topsoil from a forest soil with 
a total depth of 15cm (Saroisong et 
al., 2006). Productivity loss due to 
erosion is most significant in areas 
where nutrients concentrate close to 
the surface, soils with little depth, and 
areas with high rates of soil loss 
(FAO, 1985). Considering the soil loss 
tolerance established by soil depth 
(>100cm), the percent of high sustain-
ability is 100% in the agricultural 
area (Table VI, Figure 9), due a CP-
max >0.12 (Table II). Based on the 
conditions reported in the present 
study, and based on Páez (1994), the 
zone can be used continuously with 
annual cultures, mechanized and with-
out conservation practices. Neverthe-
less, it is desirable to use conservation 
practices such as vegetative barriers or 
buffer strip, crop rotation, cover culti-
vations, green manures, etc.

conclusions

RUSLE/GIS technolo-
gy was used to predict soil erosion 
hazard in the Torres municipality, in 
the Tocuyo River Basin, Venezuela. 
Based on the results, the suitability 
ratings and the requirements for con-
servation practices were determined. 
The use, cover, and conservation prac-
tices have a decisive influence in the 
control of the erosive processes. The 
smallest erosion values of soil losses 
are registered in zones of forest and 
where agricultural practices are car-
ried out. Areas susceptible to erosion 
with a soil loss >12t·ha-1 per year are 
found primarily in the higher basin or 
where there is little cover. In this 
area, priority must be given to forest 
protection and reforestation of steep 
bare lands. With respect to the assess-
ment of productivity loss due to ero-
sion in the agricultural area, the per-
centage of high sustainability is 100% 
in the agricultural area. In accordance 
with this, the zone can be used con-
tinuously with annual cultivations 
mechanized without conservation prac-

tices. Nevertheless, some conservation 
measures are recommended.

RUSLE is a powerful 
model for the qualitative as well as 
for the quantitative assessment of soil 
erosion intensity for conservation 
management. However, future work is 
necessary to validate and confirm the 
results of RUSLE prediction. GIS is a 
very useful environment to undertake 
the task of data compilation and anal-
ysis.
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EVALUAcIón DEL RIESGO DE EROSIón En EL MUnIcIpIO tORRES DEL EStADO LARA (VEnEzUELA) 
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RESUMEN

AVALIAÇÃO DO RIScO DE EROSÃO nO MUnIcIpIO tORRES DO EStADO LARA (VEnEzUELA) bASEADA 
EM SIG
Onelia Andrade, Martin Kappas e Stefan Erasmi

RESUMO

0-2558t·ha-1 por año, más del 72% del área tiene muy bajo riesgo 
de erosión y es altamente apta para agricultura de secano. Áreas 
susceptibles de erosión con pérdida de suelo >12t·ha-1 por año se 
encuentran principalmente en las partes más altas de la cuenca o 
donde la cobertura es poco densa. En las zonas agrícolas, el por-
centaje de aptitud para fines agrícolas fue de 100%. De acuerdo 
con esto, la zona puede ser usada continuamente con cultivos anu-
ales mecanizados, sin prácticas de conservación. Los resultados 
demuestran que la RUSLE bajo ambiente SIG, complementado con 
data de un modelo digital de elevación (DEM) y sensores remotos, 
son herramientas poderosas para evaluaciones cuantitativas y cuali-
tativas de la erosión del suelo en una cuenca hidrográfica. 

baixo risco de erosão e é altamente apta para agricultura de se-
queiro. Áreas suscetíveis de erosão com perda de solo >12t·ha-1 
por ano se encontram principalmente nas partes mais altas da 
bacia ou onde a cobertura é pouco densa. Nas zonas agríco-
las, a porcentagem de aptidão para fins agrícolas foi de 100%. 
De acordo com isto, a zona pode ser usada continuamente com 
cultivos anuais mecanizados, sem práticas de conservação. Os 
resultados demonstram que a RUSLE sob ambiente SIG, comple-
mentado com dados de um modelo digital de elevação (DEM) 
e sensores remotos, são ferramentas poderosas para avaliações 
quantitativas e qualitativas da erosão do solo em uma bacia hi-
drográfica. 

El modelo Ecuación Universal de Pérdidas de Suelo Revisada 
(RUSLE) fue utilizado para predecir riesgos de erosión en el muni-
cipio Torres, Lara, Venezuela. Los valores de erosividad de la lluvia 
(R) indicaron bajo potencial erosivo. Los suelos tienen moderada-
mente baja a alta erodabilidad (K), incrementándose en la zona 
agrícola. Los valores del factor LS son relativamente bajos, pues 
mayoritariamente el área de estudio es morfológicamente plana. La 
multiplicación celda por celda de R, K y LS dio el mapa de erosión 
potencial. Un procedimiento similar, adicionando los factores cul-
tivo (C) y prácticas de conservación (P) fue usado para estimar la 
erosión actual. Los valores más bajos de pérdidas de suelo fueron 
registrados en zonas agrícolas y bosques. La erosión real fue de 

O modelo Equação Universal de Perdas de Solo Revisada 
(RUSLE) foi utilizado para predizer riscos de erosão no municí-
pio Torres, estado Lara, Venezuela. Os valores de erosividade da 
chuva (R) indicaram baixo potencial erosivo. Os solos têm mo-
deradamente de baixa a alta erodibilidade (K), incrementando-se 
na zona agrícola. Os valores do fator LS são relativamente bai-
xos, pois maioritariamente a área de estudo é morfologicamente 
plana. A multiplicação célula por célula de R, K e LS mostrou o 
mapa de erosão potencial. Um procedimento similar, adicionan-
do os fatores cultivo (C) e práticas de conservação (P) foi usado 
para estimar a erosão real. Os valores mais baixos de perdas de 
solo foram registrados em zonas agrícolas e bosques. A erosão 
real foi de 0-2558t·ha-1 por ano, mais de 72% da área têm muito 
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