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ESTIMATING ANNUAL SOIL LOSS BY WATER EROSION IN
THE MIDDLE PRUT PLAIN, REPUBLIC OF MOLDOVA
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Abstract: Estimating annual soil loss by water erosion in the middle Prut Plain, Republic of Moldova.
Modern technology has provided efficient tools such as advanced models and Geographic Information
Systems to facilitate decision making for environmental management. Studies at this subject are available in
literature, ranging from those that use a simple model such as USLE to others of a more sophisticated
nature. In this study the model selected (modified Universal Soil Loss Equation – USLE) and the case itself is
kept simple due to significant limitations in data on land processes. An effective investigation of soil loss by
using GIS – USLE integration requires spatially distributed data on several parameters describing the
terrain surface. Such parameters include topography, rainfall characteristics, soil types, vegetation, land
use, and the similar. In Republic of Moldova data on most of these parameters are collected often on a local
or individual basis, and therefore, a well-organized regional or basin-wide database is not available. In the
Republic of Moldova soil erosion is often as high as 30 tons/ha/year and more than 1.4*106 ha run a
potential risk of erosion (Summer & Diernhof, 2003). The model estimated an annual quantity of soil eroded
ranging over the Prut River tributaries watersheds between the mean values of 6.2 and 20.4 t/ha/yr. Much of
the areas are within the range 10-20 t/ha/yr. The highest values of the quantity of eroded soil is carried out
on strong inclined slopes corresponding to areas with agricultural lands and herbaceous vegetation. The
results have shown that GIS can be effectively used to investigate critical regions within a basin with respect
to erosion.
Key words: GIS, soil loss, soil erosion modeling, USLE, RUSLE, Middle Prut Plane, Republic of Moldova.
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Erosion models. Soil erosion and
degradation of land resources are significant
problems in the Republic of Moldova. Often, a
quantitative assessment is needed to draw a
conclusion on the extent and magnitude of soil
erosion problems so that soil management
strategies can be developed on a regional basis.
Field measurements are required for such an
assessment. In addition, simulation models for
soil erosion can be used to evaluate alternative
land management scenarios in both the gauged
and the ungauged areas (De Roo, 1996).
Several soil erosion models exist with
varying degrees of complexity. The simplest
mathematical model is the Universal Soil Loss
Equation (USLE), which has been used since
the 60’s. USLE is an empirical model, which
serves to estimate annual soil loss and it doesn’t
have a spatially distributed structure. Along with

its revised (RUSLE) and modified (MUSLE)
versions, USLE is still used in a large number of
studies on soil loss.
GIS (Geographic Information System),
integrated with an erosion prediction model, is a
powerful tool in analyzing soil erosion since the
process has a spatially distributed character. The
advantages of using GIS are described by De
Roo (1996) as:
1. the possibility of rapidly producing input
maps for assessment of alternative land
management scenarios;
2. the possibility of displaying model results as
maps;
3. the ability to analyze large catchments with
many pixels so that the catchment can be
investigated in more detail.
The study area. The study area is located
within the Middle Prut Plain. This
geomorphologic region is located in the NW
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2. Research methodology
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For this study a model-based approach was
used to assess average annual soil loss. The
Universal Soil Loss Equation (USLE)
(Wischmeier & Smith, 1978) was used because
it is one of the least data demanding erosion
models that has been developed and it has been
applied widely at different scales. The USLE is
a simple empirical model, based on regression
analysis of soil loss rates on erosion plots in the
USA. The model is designed to estimate longterm annual erosion rates on agricultural fields.
Although the equation has many shortcomings
and limitations, it is widely used because of its
relative simplicity and robustness (Desmet &
Govers, 1996).

A = (R ) × (L × S ) × (K ) × (C ) × (P )
Where:

MJ × mm
in
SI
units
or
ha× h× yr
100× foot× tonf × inch
17.02×
in US units.
acre× h× yr
K
=
Soil
erodibility
factor,
tons× ha× h
in SI units or
7.59× ha× MJ × mm
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tons× acre× h
100× acre× ft− tonf × inch in US units.

LS = Slope length and slope steepness factor,
dimensionless
C = Land cover and management factor,
dimensionless
P = Conservation or support practice factor,
dimensionless.
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part of the Republic of Moldova, covering an
area of 2,316 km2 (i.e. 6.8% of the territory of
the Republic of Moldova). It continue along the
Prut River on the eastern sector of the basin, as
follows: at East Prut-Nistru drainage divide, at
west – Prut River, at South – Delia-Valea Mare
drainage divide and at North – Ciuhur-Camenca
drainage divide.
The altitude of the relief of the region
gradually decreases from the East and NorthEast to the West and South-West, according to
the general inclination of the geological layers.
The presence of horizons of tougher, resistant to
erosion and disaggregation rocks in the SouthWest favored continuing at higher altitudes of
200-250 m of interfluvial heights. The greatest
heights corresponds to dividing ranges which
separates the watersheds of tributaries of the
Prut River: Ciuhur, Camenca, Căldăruşa, Ustia,
Gârla Mare, Şoltoaia and Delia, and the
tributaries of the Nistru river: Copăceanca,
Ciulucul de Mijloc, Ciulucul Mic (Răut river
tributaries), Cula and Ichel. The lowest altitudes
represents floodplains and are between 32 and
66 m in the Prut River floodplain.

tons
A = Average annual soil loss, in ha× yr
R = Rainfall and runoff erosivity factor,

It computes the soil loss for a given site as
the product of five major factors whose most
likely values at a particular location can be
expressed numerically. Erosion variables
reflected by these factors vary considerably
about their means from storm to storm, but
effects of the random fluctuations tend to
average out over extended periods.
2.1. Rainfall and runoff erosivity factor R. R is the index of erosivity of rainfall and
runoff. R depends on the amount of energy of
the raindrops and on rainfall intensity. It equals
the average annual value of erosivity divided by
100:
R=

EI 30
100

The value of EI for one storm event equals
the kinetic energy of rain (E) multiplied by the
maximum 30 minute intensity (I30),
The value of this factor can be calculated
with maximum precision only on experimental
plots and applying results to climatically
homogeneous regions, although there are
studies aimed to determine this factor based on
the values of average annual or monthly
maximum precipitations.
Van der Knijff et al. (1999) calculated the
annual R-factor for Italy from the Zanchi
equation:
R= a× P j

Where:
Pj = Annual rainfall (mm)
111
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For Bavaria, Rogler & Schwertmann
(1981) established the following regression
equation:
R= 10× (− 1.48+1.48× N s )

2.3. Slope length and slope steepness
factor(s) – LS. Account for the effect of
topography on soil erosion. Slope length
determine the concentration of the water – as its
length is higher with so much water at the base
of slope will concentrate. The higher the slope,
the greater the erosion. The combination of
factors S and L is the topographical factor (LS).
The topographic factor for USLE has been
improved by incorporation of the influence of
profile convexity/concavity using segmentation
of irregular slopes and by improving the
empirical equations for the computation of LS
factor (Renard et al. 1991) as a part of the
Revised Universal Soil Loss Equation
(RUSLE). To incorporate the impact of flow
convergence, the hillslope length factor was
replaced by upslope contributing area (Moore
and Burch 1996. The modified equation for
computation of the LS factor in GIS in finite
difference form for erosion in a grid cell
representing hillslope segment was derived by
Desmet and Govers (1996). A simpler,
continuous form of equation for computation of
the LS factor at a point on a hillslope, (Mitasova
et al. 1996) is:

tp PH
:// IA
ge
og NA
ra P
ph O
ia CE
na N
po SI
ce S
ns A
is. N.
ac V
ad I,
-c nr
lu . 2
j.r /2
o 0

Where:
Ns = Mean rainfall amount in summer (MayOctober) (mm).

P = Soil permeability rating (good=1,
moderate to good=2, moderate=3, poor to
moderate=4, poor=5, very poor=6).
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a = Van der Knijff et al. (1999) used a value
of 1.3.

The relation for the continental United
States (Renard and Freimund, 1994) are:
R= 0.0483× P

1.61

for P < 850 mm, and

R= 587.8− 1.219× P +0.004105× P

2

for P > 850 mm.

Where:
P=Annual rainfall (mm).

In order to quantify the parameter R we used the
first Renard and Freimund (1994) equation.

RA

2.2. Soil erodibility factor – K. Is the soil
erodibility factor – that is, its ability to resist to
erosion. K ranges between 0-0.7. The higher is
the value of K, the water infiltration is less, so
the greater is soil predisposition to erosion. It is
obtained on the basis of the intrinsic properties
of the soil, such as structure, texture, organic
matter content, and measure the resistance of
soil to erosion.

LS = ( m+ 1)× (

m

n

U
sin β
) ×(
)
22,1
0,09

G
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Where:
U = the upslope area per unit width (measure
2,1× 10 (12− MO) M + 3,25( S− 2)+ 2,5( P− 3)
K=
of water flow), (m2/m)
100
β = the slope angle (0)
m, n = empirical constants (m=0,4, n=1,3)
22,1 m, the length of the standard USLE plot
Where:
0,09=9%=5,150, the slope of the standard
tons× ha× h
USLE plot.
ha×
MJ × mm
K = Soil erodibility factor;
M
=
It can be estimated from a digital elevation
(%silt +%very fine sand )× (100− %clay) ;
model (DEM). In this study the Raster Map
Calculator (r.mapcalc) module of GRASS GIS
MO = Organic matter content; %
S = Soil structure code (very fine granular=1, 6.4.2 software was used for calculation of LS
fine granular=2, gross granular=3, boulder, factor. To compute the 3D LS factor, we
multiply the flow accumulation grid map
plate or massive=4);
−4

1,14
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LS=(0.4+1)*(flowacc@prut/10/22.1)^0.4*(sin(s
lope@prut)/0.09)^1.3

To calculate NDVI, bands 3 and 4 of a
LANDSAT image, taken at 10.04.2000 were
used.
NDVI =

( NIR− R) ( Band 4− Band 3)
=
( NIR+ R) ( Band 4+ Band 3) (Rouse
et al. 1974)
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Also, can be used flow accumulation map
computed with r.terraflow module, divided by
grid resolution, because here the flow
accumulation output represents total upslope
contributing area (Neteler & Mitasova, 2008).

Where:
NDVI = Normalized Difference Vegetation
Index (NDVI).
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computed with r.flow module in GRASS GIS
by the resolution of grid to get the upslope
contributing area per cell width and then
calculate the LS factor using r.mapcalc.

Where:
NIR = Near Infrared Band
R = Red Band

2.5. Conservation or support practice
factor – P. Represents the erosion control
practices: plugging along contours, strip
cropping, terracing etc. Areas without
conservation measures have value of P equal to
1.0, equal to the present study.
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2.4. Land cover and management factor –
C. Factor C represents the influence of
vegetation on soil erosion and can take values
between 0.02 for forests and 1 – for vegetationfree land. These values can be derived from
satellite images using equations based on
indicators such as the NDVI (The Normalized
Difference Vegetation Index) (De Jong et al.,
1998):
C= 0,431− 0,805× NDVI

Figure 1: Steps in estimation of soil loss using USLE/RUSLE
(Fistikoglu, Harmancioglu, 2002)

Since all factors in the USLE equation have
a spatial distribution in a watershed, a GIS
based evaluation of the equation gives more
accurate results. In the GIS assisted approach,
each factor of the equation is described in the
form of digital maps, and 5 digital layers of the
equation are overlaid in order to obtain spatially
distributed soil loss.

The USLE-GIS integration can be
established by converting all parameters of
USLE into a raster-based format and by
evaluating these digital parameter layers. Each
parameter (R, K, C, P) and topography (LS) are
digitized from the associated maps. LS factor of
the watershed is derived from digital elevation
model (DEM) obtained from topography. Then,
113
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3. Results and discussions
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the digital maps in vector format are converted
into raster format in which each parameter of a
specific pixel is known (Fig. 1).
Due to the lack of information about the
spatially distributed values of the USLE
parameters, in the presented study, most of the
USLE parameters, except for L S , had to be
assigned indirectly derived values.

Figure 2: Mean annual soil loss

The model may be improved by mapping
with higher accuracy of areas with different soil
types (K factor) and vegetation cover types (C),
as well as by determination of R factor of
precipitations by direct measurements. Also, the
model can be used in the assessment of the
impact of change of the components of
equation, for example land cover change due to
deforestation, etc.
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Analysis of the map of soil loss (Fig. 2)
conducts to formulation of several observations.
The model estimates an annual quantity of
eroded soil varying between 0 and 250 t/ha,
with a mean value of 16 t/ha/yr. There are pixels
with value greater than 250, but, as seen on the
histogram (Fig. 3), values greater than 100
t/ha/yr are insignificant as share.
Soil loss values for much of the area are
within the range of 0-25 t/ha and meet
floodplains and wooded areas.
The highest values of soil loss are located
on steeped slopes, covered by herbaceous
vegetation or arable land. Thalwegs of valleys
appear as lines of concentration of eroded soil.
On the basis of the quantitative
determination of soil erosion by applying
empirical equation RUSLE, ICPA (Institutul
Naţional de Cercetare-Dezvoltare pentru
Pedologie, Agrochimie şi Protecţia Mediului,
Bucharest) proposed the following classification
of erosion map in classes of susceptibility.
The correspondence between the values of
the quantity of eroded soil and the susceptibility
to erosion is as follows: (ICPA, 1987):
• < 1 t/ha/yr – very low susceptibility;
• 1-8 t/ha/yr – low susceptibility;
• 8-16 t/ha/yr – moderate susceptibility;
• 16-30 t/ha/yr – high susceptibility;
• >30 t/ha/yr – very high susceptibility.
In the Middle Prut Plain predominates the
areas with low susceptibility to erosion (the
estimated quantity of eroded soil is between 1
and 8 t/ha per year); the following class as share
is the class of moderate susceptibility, followed
by the class with high susceptibility (Fig. 4).

Figure 3: Histogram of unclassified map

Figure 4: Erosion susceptibility classes
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