Soil &
Tillage
Research

ELSEVIER Soil & Tillage Research 50 (1999) 319-331

Prediction of existing gully erosion in vineyard parcels
of the NE Spain: a logistic modelling approach

. %
A. Meyer®, J.A. Martinez-Casasnovas™

Anstitute of Physical Geography and Landscape Ecology, University of Hannover, Hannover, Germany
*Department of Environment and Soil Science, University of Lleida, Rovira Roure 177, 25198 Lleida, Spain

Received 25 August 1998; received in revised form 29 January 1999; accepted 24 February 1999

Abstract

This paper presents a study of determining factors and a method to predict the existence of gully erosion in vineyard parcels.
The Alt Penedés-Anoia region (Catalonia, NE Spain), mainly dedicated to the cropping of vineyards for high quality wine
production, was selected as the case study area. Single factors related to the existence of gully erosion were determined by
means of statistical tests (Student’s #-test and chi-square). The existence of gully erosion was predicted by means of a
multivariate procedure. A stepwise selection of variables (relief, soil, land use/management characteristics) was performed,
which allowed the identification of factors that present a significant relationship with the existence of gully erosion. The
selected factors, slope degree and planar slope form, were considered as independent variables in a logistic regression of
binary response. The model computes the probability that gullies exist in given vineyard parcels, and it can be implemented in
a raster-based geographical information system (GIS). The assessment of the model in 52 parcels, different from the training
data set, yielded an overall accuracy of 84.6%. The predictive model can be applied for areas with similar conditions, but the
modelling approach can be applied in other different areas. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

1.1. Gully erosion: importance and modelling
methods

Gully erosion is a serious problem specifically in
certain areas, because of climate, lithology, soils,
relief characteristics, and land use. The Alt
Penedés-Anoia (Catalonia, NE Spain), a region
located in the Mediterranean basin, is a clear example.

*Corresponding author. Tel.: +34-973702615; fax: +34-
973702613; e-mail: j.martinez@macs.udl.es

Porta et al. (1994) and Martinez-Casasnovas (1998),
using aerial photo-interpretation, gave respective rates
of 20% and 31.9% of total area affected by large
gullies in some areas of that region. That indicates the
importance and implications of the erosion problem in
these agricultural areas: reduction of parcel’s size, soil
losses, need of costly control practices, damage of
infrastructures, etc. Other important implications are
dissection of landscape and environmental pollution.

Several factors are responsible for the existence of
serious gully erosion problems in some regions of the
Mediterranean basin. On one hand, the lithology of
parent materials (marls in many areas) and the semi-
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arid climate, with hot and dry summers that frequently
coincide or are followed by high intensity rainfalls
(Ramos and Porta, 1993, 1994; Hill, 1993; Uson,
1998). Also during the last centuries, human activities
have substantially transformed natural mixed forested
areas into agricultural land. The dominant crops (cer-
eals, vineyards, olive and almond trees) only cover the
soil during specific periods or with partial coverage,
making soil unprotected against high intensity rain-
falls. Moreover, due to the advent of mechanisation,
parcels have been transformed to adapt them to mod-
ern machinery. This has involved elimination of tradi-
tional soil conservation measures, with a negative
repercussion on soil erosion.

Gully erosion is usually a regional problem that has
to be controlled from the parcel level to the regional
level. Control at the regional level is difficult to
achieve since the affected region usually does not
have unique, clear authority, or because huge invest-
ments are required for a subject that is not considered a
priority. Control at the parcel level is more feasible,
but in most cases farmers do not see the necessity of
implementing control measures. Ephemeral gullies
that grow in parcels are routinely removed by con-
ventional tillage or filled with soil materials. Gullies
are usually found in natural drainage ways within the
parcels (Laflen et al., 1986), where runoff is concen-
trated (Poesen, 1989; Poesen and Govers, 1990; Van-
daele et al., 1996). In comparison with rill erosion,
ephemeral gullies usually occur at the same place after
each high intensity rainfall, and may lead to typical
gullies.

Identification of areas at the parcel level with high
probability of gully erosion constitutes a core element
for conservation planning. This information will be
useful for farmers as well as for regional planners to
know location of risk areas and the level of the risk.

Gully erosion processes are less well understood
than other erosion processes (Heede, 1979; Imeson
and Kwaad, 1980; Zink, 1997). Most research has
been addressed to analyse gully morphology and the
stages of gully development as a first step in evaluating
gully processes and assessing the potential for gully
erosion (Ireland et al., 1939; Heede, 1970; Imeson and
Kwaad, 1980; Crouch and Blong, 1989). Gully ero-
sion modelling has focused more on development of
qualitative and empiric-statistical models than in the
formulation of physically based models (Thompson,

1964; Seginer, 1966; Williams and Morgan, 1976;
Stocking, 1980; Donker and Damen, 1984). Most of
them are multivariate regression equations based on
factors which have a proven correlation with existing
gully erosion. These equations either predict rates of
advance of gully heads for established gullies or give
threshold values, above which development of gullies
can be expected.

The present paper is a contribution to both: (a) the
analysis of terrain and land use/management factors
determining the existence of gully erosion, particu-
larly in the Alt Penedés-Anoia region, and (b) the
prediction of existing gully erosion at the parcel level
in vineyards. First, the correlation of existing gully
erosion with single terrain and land use/management
factors is determined by means of statistical analysis.
Second, a method to predict the existence of gully
erosion at the parcel level is presented. The last is
assessed in terms of the probability to find gullies in a
parcel as a function of related terrain and land use/
management variables. Probabilities are based on a
logistic regression of binary response, for which a
large number of variables have been evaluated accord-
ing to a multivariate approach.

1.2. The study area

The Alt Penedes-Anoia region (Catalonia, NE
Spain) is an agricultural area traditionally dedicated
to production of high quality wines and ‘‘cavas”
(sparkling wine produced by means of the Champagne
method) (Fig. 1).

The area is located about 30—40 km south west of
Barcelona between the Sierra Prelitoral mountains and
the Anoia and Llobregat rivers. This area is part of the
Penedes tertiary depression. It includes calcilutites
(marls) with occasional sandstones and conglomer-
ates. In the central part of the depression, these con-
glomerates are consolidated, however, the
conglomerates in the northern part of the study area
are unconsolidated and no residual landforms are
found in this area.

The area lies within the temperate to maritime
Mediterranean climate. Mean annual rainfall ranges
from 471 to 670 mm (Porta et al., 1994). Its distribu-
tion is irregular, with high intensity rainstorms during
autumn, after the dry season, with high erosive poten-
tial (Ramos and Porta, 1993). Soils are highly calcar-
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Fig. 1. Location of the study area.

eous. According to Soil Taxonomy (SSS, 1996) they
are classified as Xerorthents typics, Xerochrepts cal-
cixerollic, Xerochrepts petrocalcic and Xerochrepts
fluventics. Other categories as Palexeralfs and Hap-
loxeralfs have also been described and mapped in this
area (Martinez-Casasnovas, 1998). These have been
truncated by hydric erosion, and at present, are only
relicts.

The main land use is vineyards (35% of the area).
Other important uses are winter cereals (6% of the
area) that alternate with vineyards. Natural vegetation
and forest is confined at mountains, walls of large
gullies, and abandoned agricultural parcels (very slop-
ing areas of small parcels).

One of the main characteristics of the area is the
dissection of the landscape by a dense and deep net-
work of gullies. Inter-gully areas are usually undulat-
ing to rolling with complex slopes. Large gullies are
characterised by vertical sidewalls and are 10 or more
meters deep in many places. The development of the
gully system has been favoured by the cropping of
vineyards. This culture strongly generates overland
flow during high intensity precipitation events. Sur-
plus runoff is usually concentrated in hillside ditches
(called “‘rases’) that flow either into main drainage
channels or directly into gullies. This favours forma-
tion of gullies at ditches or drainage outlet points and
in this manner the gully network enlarges linearly.
Gullies grow by deepening in the unconsolidated

tertiary deposits. Mass movements on sidewalls pro-
duce parallel widening of gullies.

Within the parcels, ephemeral gullies are repeti-
tively smoothed over by tillage, but the causes of these
temporary appearances are not taken into account.
Continuous erosion removes part of the nutrient-rich
top soil and could rapidly lead to diminishing yields.
Also other damages occur: dissection of parcels or
difficulty for machinery traffic.

The agricultural system suffered a substantial trans-
formation since the advent of mechanisation in the
1950s, which has lead to an ever increasing land
degradation. Huge soil movements needed to achieve
parcels with longer vine rows and lower slope degrees,
soil compaction caused by heavy machinery, and the
lack of appropriate conservation measures have led to
reactivate erosion processes.

In the long run, one can say that the sustainability of
present agricultural land uses and soils are threatened
by erosion and operational techniques to identify
priority areas to implement control measures which
are urgently needed.

2. Methods and materials

The research was carried out in two sample catch-
ments of the Alt Penedés-Anoia region. Those are the
Rierussa and Romani-Bribons catchments with a size
of about 25 km? each (Fig. 1). They were selected
because of differences in landscape characteristics
(Table 1).

In those catchments, 40 vineyard parcels (20 with
and 20 without evidence of gully erosion: ephemeral
and small typical gullies 0.3—1 m deep and 0.5-1.5 m
wide) were sampled. Those parcels were representa-
tive of the most frequent geoforms of the catchments
as well as typical vineyard management practices (for
example, orientation of the vine rows with respect to
the maximum slope direction or the existence of
levelling).

The elementary or basic spatial unit (b.s.u.) for data
collection was the minimum support area required to
drain to a point for water to flow in a concentrated
manner and for a channel to form (Rieger, 1993). Its
boundary may differ from the parcel one.

For each sampling unit, a set of 23 potential factors
related to the development of gullies in vineyard
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Table 1
Main relief and lithologic characteristics of the sample catchments

Rierussa catchment
(high dissected valley—glacis landscape unit)

Relief: typically complex slopes, rolling to hilly terrain (5-20% slope degree). Slopes are
abruptly incided by deep gullies. Mean relieve amplitude 13-20 m (out of gullies). Drainge
density 3.4 km km >

Geoforms: rounded crests, gentle complex slopes (5-10% slope degree), sloping complex
slopes (10-15% slope degree), moderate steepy slopes (15-25% slope degree)

Lithology: tertiary marls, sandy marls and conglomerates (unconsolidated)

Romani-Bribons catchment
(low dissected valley—glacis landscape unit)

Relief: typically simple linear or concave slopes, gentle or moderate slope degree (1-10%).
Relieve amplitude: between 6 m in rounded crests and 19 m in moderate degree slopes.
Drainage density 3.2 km km ™2

Geoforms: rounded crests and sloping concave slopes (5-10% slope degree), glacis and
gentle slopes (1-5% slope degree), moderate sloping to steepy slopes (5-20% slope degree),

steepy and steepy slopes (20-45% slope degree), infilled valley bottoms
Lithology: tertiary marls and sandy marls (unconsolidated)

parcels were sampled by means of field work, labora-
tory analysis and spatial data analysis by means of
geographic information system (GIS). Table 2 sum-
marises the sampled factors and the method of mea-
surement or determination.

The vector-raster GIS software ArcInfo was used
for data acquisition and analysis. The contour lines
defining the topography of the parcels and the nearby
area and spot heights were digitised from large-scale
topographic maps (1:5000 scale, 5 m contour interval)
produced by the Cartographic Institute of Catalonia.
From these contour lines a digital elevation model
(DEM) was produced by means of spatial linear
interpolation. The drainage lines were computed using

a program developed by Martinez-Casasnovas and
Stuiver (1998). This automatically reproduces the best
fit stream network from a DEM as compared with the
stream network drawn by aerial photo-interpretation
or/and field observation.

The boundaries of the elementary sampling units
were computed by applying the ArcGrid function
watershed to the outlets of the main drainage line
(Fig. 2).

Once the 23 terrain and land use/management
variable data was collected, a statistical analysis of
the individual factors was performed. The Student’s z-
test was applied to quantitatively measured factors and
the chi-square test was applied to qualitative factors.
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Fig. 2. Automatic delineation of the basic information unit (b.s.u.).
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Table 2

Relief, soil, and land use/management factors and sampling methods

Factor

Definition

Method of measurement

Relief position

Slope degree

Slope contour form

Slope profile form

Exposition

Area
Length
Variance of the slope degree

Relief amplitude
Distance outlet b.s.u.—large gully

Type of vineyard plantation
Vine rows pattern

Conservation practices
Levelling measures

Drainage channel
Soil texture

Soil structure

Organic matter content

Soil surface crusting

Soil depth

Soil class

Stoniness of the soil surface
Lithology

Position of the b.s.u. on the slope (from the
water divide to the foot of the slope) (°)
Mean of the slope degree of the different
slope segments of the b.s.u.

Planform curvature of the b.s.u.

Profile curvature of the b.s.u.

Direction of the maximum slope

Area of the b.s.u. (m?)
Maximum length of the b.s.u. (m)
Variance of the slope degree within the b.s.u.

Maximum altitude difference within the b.s.u.
Distance between the outlet of the water flow
of the b.s.u. and the nearest large gully (m)
Traditional/modern plantation

Orientation of the vine rows with respect to

the maxim slope

Existence of conservation practices and type
Existence or non-existence of levelling measures

Existence drainage channels
Soil texture of the Ap horizon

Structure of the Ap horizon

Organic matter content of the Ap horizon (m)
Existence of crusts on the soil surface

Soil depth up to a limiting layer

Cover of the soil surface by stones (%)
Type of parent material

Field observations

In the field: measured with the clinometer on slope
segments not larger than 30 m

In laboratory: DEM analysis (function curvature,
ArcInfo-Grid™)

In the field: visual observation

In laboratory: DEM analysis (function curvature,
ArcInfo-Grid™)

In the field: visual observation

In laboratory: DEM analysis (function curvature,
ArcInfo-Grid™)

In the field: magnetic needle

In laboratory: DEM analysis (function curvature,
Arclnfo-Grid™)

In laboratory: calculation by means of GIS

Field measurements

Automatic calculation by means of DEM analysis
in raster based GIS

In laboratory: DEM analysis by means of GIS
Measurement in field

Field observations
Field observations

Field observations

Determination in the field and consultation with the
owner of the farm

Determination in the field

Laboratory analysis: sedimentation and sieve
analysis of the samples

Determination in the field

Laboratory analysis: method: Walkley—Black
Field observations

Field observations by drilling with an auger hole
Soil Taxonomy (SSS, 1975, 1996)

Determination in the field by means of key legends
Determination in the field by means of drilling with
an auger hole

The objective of these tests was to determine the
existence of significant differences between the data
from parcels with observed gully erosion and from
parcels without evidences of gully erosion.

The prediction of the existence of gully erosion at
vineyard parcel level was based on a logistic regres-
sion of binary response (Press and Wilson, 1978;
Hosmer and Lemeshow, 1989). The dependent vari-
able is either the existence of gully erosion or the non-
existence of gully erosion. The model computes the

probability that the affirmative statement occurs. Inde-
pendent variables were the factors with a significant
statistical relationship. In this respect, a multiple
statistical analysis, stepwise regression, was per-
formed to select the factors showing the highest
relationship with gully erosion existence. The step-
wise regression analysis performs an economic para-
meterisation since relationships among the variables
are taken into account, avoiding a problem of multi-
collineasation (Bahrenberg et al., 1992).
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A logistic regression model of binary response
(existence or non-existence of gully erosion) was
computed using the selected variables. This model
calculates the probability that the dependent variable
takes the affirmative value. Quantitative as well as
qualitative variables are possible in the equation. The
statistical package SAS™ was used to perform the
mentioned statistical analysis.

The empiric-stochastical model was implemented
in the Image Calculator of Idrisi using a DEM of 25 m
resolution. In this way, the probability of existence of
gully erosion was computed in the entire study area.
The 25 m resolution DEM was the most detailed
available DEM for the entire study area. In this
respect, the predictions based on the use of this
DEM may produce default results.

The map of the probability of gully erosion exis-
tence was used to assess the predictions of the result-
ing gully erosion model. For this, 52 parcels different
from the training data set that represent an area of
1.5% over the total study area were sampled. Two
probability levels were considered as threshold of the
existence or not of gully erosion: <35% and >65%. If
in reality gully erosion does not exist in a parcel the
model must calculate a probability <35% to be con-
sidered as being correctly assessed. For parcels with
observed gully erosion, a probability >65% is con-
sidered as being correctly assessed. Probabilities
between 35% and 65% are not frequent since the
proposed model is of a binary response type (existence
or non-existence of gullies), and these predictions
Suppose commission errors.

3. Results and discussion

3.1. Gully erosion determining factors in the Alt
Penedes-Anoia region

Tables 3 and 4 summarise the results of the statis-
tical tests performed to determine the relationship
between the considered terrain and land use/manage-
ment factors and existing gully erosion.

The slope and the rate of the spatial variability of
the slope degree are the quantitatively measured fac-
tors that show a highest relationship with the existence
of gully erosion at vineyard parcel level (P<0.01). The
high spatial variability of the slope degree is asso-

ciated with complex slope forms that produce the
concentration of runoff. This concentration of runoff,
either in natural ways or drainage channels, favours
the development of gullies.

Some soil characteristics and type of underlying
materials also showed a relationship with the existence
of gully erosion (P<0.05). Parcels with gullies showed
a higher clay content, a lower organic matter, and
lower sand or surface stoniness percentages than
parcels without evidences of gully erosion.

The results indicate that topographic factors and
management practices that favour the concentration of
runoff can be pointed as the main factors associated
with the existence of gully erosion in the study area.
The improvement of soil characteristics such as
organic matter content or the establishment of a mulch
can reduce the risk of gully erosion, but more effective
results would be achieved by designing appropriate
drainage channel networks avoiding an excessive run-
off concentration.

3.2. Prediction of existing gully erosion

3.2.1. Selection of variables (stepwise regression)

The stepwise regression analysis determined the
variables slope steepness and planform curvature as
the highest related to the existence of gullies in
vineyard parcels (Table 5).

This indicates that the formation of gullies is
mainly determined by topographic factors. Most of
the parcels with observed gullies have a concave
contour form. On the other hand, in 35% of the
parcels without gullies the water flows upon a convex
slope form and a rectilinear slope form in 45% of
the cases.

These results agree with the findings of Richter
(1965) and De Oliveira (1990), who found that the
majority of the gullies appear in concave slope forms,
and thus the risk of gully erosion increases in these
slope forms during intense rainfalls.

The slope degrees of the parcels with gully erosion
are higher than those without gullies. There is wider
evidence in the literature suggesting that the slope
degree has a great significance in erosion processes. It
includes not only sheet erosion but also linear erosion
such as rill or gully forms. A higher slope degree
increases the velocity of the runoff that causes huge
soil losses (Marks et al., 1992). Lopez Bermudez and



Table 3

Results of the r-test

Slope Length Slope Area Sand V. fine Clay Organic Surface Stoniness Soil
) (m) degree (m?) (%) sand-silt (%) matter stoniness Ap depth
variance (%) (%) (%) (%) (cm)
X ero 5.25 1214 1.98 15569.1 28.95 48.12 22.93 1.46 4.45 12.17 65.35
X nero 2.96 144.6 1.46 148631 35.16 46.09 18.34 1.74 8.40 14.73 68.50
t-test 6.27 0.99 2.54 0.12 1.73 0.80 2.16 1.98 1.98 1.15 0.53
t-tab
P=0.05 1.68 1.68 1.73 1.68 1.68 1.68 1.68 1.68 1.73 1.73 1.68
P=0.01 242 2.42 2.54 242 242 242 242 242 2.54 2.54 2.42
P<0.01 P<0.01 P<0.05 P<0.05 P<0.05 P<0.05

x ero — mean of the b.s.u. with gully erosion; x nero — mean of the b.s.u. without evidences of gully erosion; #-test — calculated value; 7-tab — value of the 7-table for the correspondent

degrees of freedom.

Table 4
Results of the chi-square test
Relief Planform Profile Exposition Surface water Vine rows Drainage Levelling Structure Lithology
position curvature curvature concentration pattern channel measures
X -test 6.09 12.16 7.83 0.50 24.12 3.75 8.56 16.5 445 6.23
x-tab
P=0.05 9.49 5.99 5.99 3.84 3.84 7.81 3.84 3.84 7.81 5.99
P=0.01 9.21 6.63 6.63 6.63
P<0.01 P<0.05 P<0.01 P<0.01 P<0.01 P<0.05

X>-test — calculated value; y>-tab — value of the chi-square table for the correspondent degrees of freedom.
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Table 5
Results of the stepwise regression

Step Variable Number in Score chi-square Wald chi-square  Pr>chi-square
Entered Removed
Summary of stepwise procedure
1 SLOPE 1 8.1545 - 0.0043
2 ZX 2 5.1106 - 0.0238
3 ZCX 3 0.2853 - 0.0384
4 ZCX 2 - 3.6635 0.0556
Variable DF Parameter Standard Wald Pr> Standardised Odds
estimates error chi-square chi-square estimate ratio
Analysis of maximum likelihood estimates
INTERCPT 1 —3.2150 1.3296 5.8469 0.0156 - -
ZX 1 —3.0642 1.5173 4.0783 0.0434 —0.631298 0.047
SLOPE 1 1.0197 0.3660 7.7635 0.0053 1.058461 2.772

Association of predicted probabilities and observed responses

Concordant 85.0% Somers’D 0.782
Discordant 15.0% Gamma 0.700
Tied (340 pairs) 0.0% Tau-a 0.357

c 0.850

Albadalejo, 1990 go a step further in their interpreta-
tion because they infer that a high slope degree is
responsible for an increase of runoff and for a ten-
dency to flow concentration. Meyer et al. (1975) found
that erosion caused by concentrated water flow

exp(—1.8744 4 0.8246 « SLOPE — 3.2843 x X — 2.0361 x R)

existence of a rectilinear planform curvature, and X is
the existence of a convex planform curvature.

The log-transformation of Eq. (1) gives Eq. (2),
from which the probability p can be computed.

Eq. (2): Logistic model

P I ¥ exp(—1.8744 + 0.8246  SLOPE — 3.2843 + X — 2.0361 +R)

increases about 20 times between a slope degree of
2% and 20%.

3.2.2. The logistic model

The application of the logistic regression analysis of
binary response, with slope steepness and planform
curvature as independent variables, produced an equa-
tion that computes the probability gullies found within
vineyard parcels (Eq. (1)).

Eq. (1): Log-linear model

lg(p) = —1.8744 + 0.8246 « SLOPE — 3.2843 x X
—2.0361 * R, ey

where p is the probability of existence of gully ero-
sion, SLOPE the value of slope degree (degrees), R the

2)

The probability can take values between 0 and 1,
although for this discussion percentage values are
used.

In the case the planform curvature is concave, the
convex form X and the rectilinear form R are set to 0.
The probability therefore is only determined by the
slope steepness. In the case the planform curvature is
convex, the variable R is set to 0 and the variable X is
set to 1. The opposite happens when a rectilinear slope
exists: variable X is set to 0 and the variable R is set
to 1.

If the regression coefficient that accompanies a
variable takes a positive value, it means the variable
which contributes to increase the probability gullies
are found in a parcel. This is true in the case of the
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variable slope steepness with its positive partial
regression coefficient of 0.8246. Negative coefficients
—3.2843 and —2.0361, respectively, accompany the
variables X and R. Because of that, they (X and R) are
regarded as variables that reduce the risk of gully
erosion. In the case of a concave slope the probability
of gully erosion existence depends on the slope
degree. A concave slope is therefore considered as
a factor directly responsible for gully erosion.

The model was statistically assessed by the Som-
ers’D-coefficient, which yielded a value of 0.782, and
the goodness-of-fit test that produced a value of
0.8424. This means the model fits the reference data
(84.24% of the reference cases are predicted by the
model) (Hosmer and Lemeshow, 1989). A better
adjustment can be achieved by eliminating ill-fitted
observations, which substantially contribute to a dis-
agreement between the training data and the predicted
values. Ill-fitted observations may correspond with
parcels that present gully erosion caused by other
factors different from the ones considered by the
model, such as seepage produced by near saturated
soil conditions out of the natural drainage channels, or
concentration of runoff by farmers at specific points in
the parcel. In the present case, only one observation
was considered as ill-fitted and it was rejected (Fig. 3).

3.2.3. Interval of confidence of the model

The existence of gullies in vineyard parcels can be
analysed with respect to the variation of the indepen-
dent variables in Eq. (2). The probability increases
with slope steepness and from convex to concave slope
forms. Table 6 shows an analysis of threshold slope
degrees for different slope planar forms and different
probabilities.

Vineyard parcels with convex contour form should
have a slope degree of at least 11.82° to have 99%
probability of development of gullies. In rectilinear

Table 6
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Fig. 3. The results of the DIFCHISQU and DIFDEV regression
diagnostics (observation number 10 was rejected because of the
high delta chi-square and deviation differences).

slopes, a degree of 10.31° represents the threshold
value for the same probability level, and in the case of
concave slopes, this threshold value is 7.85°. For lower
probability levels, the same pattern exists (Fig. 4).
In general, logistic modelling may produce erro-
neous assessments when the independent values reach
extreme values. In the present case, for slope degrees
exceeding 31°, the probability comes up to 100%, no
matter what type of curvature contour form is con-
cerned. Inaccuracies begin at a slope degree of 15°. In
our study area, this should not be considered as a

Threshold slope degrees for different slope planar forms and probability levels

Probability
(%)

Slope degree at
convex slope forms (°)

Slope degree at
rectilinear slope forms (°)

Slope degree at ¢
oncave slope forms (°)

99
65
35
10

11.82
7.81
5.51
3.59

10.31
7.41
5.49
2.08

7.85
4.94
3.02
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Fig. 4. Logistic curves for each slope contour form.

problem since vineyards or other areas under cultiva-
tion only seldom occur at slopes above 15°. More
attention must be paid when low slope degree values
are considered. Slope degrees close to 0° produce
probability values greater than 10% for parcels with
concave contour forms. For other slope contour forms
this problem can be ignored, but for concave contour
forms the threshold slope degree below which an
erroneous assessment can be made is about 1°.

3.2.4. Application and validation of the model

The logistic regression model (Eq. (2)) was applied
to the Rierussa and Romani-Bribons catchment areas.
For the spatial depiction of probability of the existing

Table 7

gully erosion in those areas, a raster slope degree map
and a raster planar contour map of 25 m resolution
were used. Fig. 5 shows the output probability map.

Parcels in the Rierussa catchment have a higher
probability of existence of gully erosion. The exis-
tence of gullies is possible nearly everywhere. This is
due to a relief with dominance of complex slopes and
relative high slope degrees for agricultural uses with-
out erosion control measures. On the other hand, in the
Romani-Bribons catchment, only some areas show a
high probability value. These are mainly located in the
steep slopes associated to the residual planation sur-
faces of the adjacent piedmont landscape unit. The
dissection of these landforms is controlled by tertiary
conglomerats. However, there are parts of the slope
where calcilutites outcrop have a higher potential risk.
Other large areas with low probability of gully exis-
tence are found in the Romani-Bribons catchment, as
for example the alluvial areas of the Riera Bribons.
Here, protective measures are not so essential as for
the Rierussa catchment.

To assess the validity of the predictions made by the
model, an error matrix was produced by comparison of
reference data and predicted data (Table 7). The over-
all accuracy of the model is 84.6%. The high overall
error of commission (39.5%) is mainly produced by
parcels with probability values between 35% and
65%, which have not been classified in any of the
established reference data categories. Probabilities
between 35% and 65% are not usual, since the model
tends to predict values close to 0% or 100% (non-
existence or existence of gully erosion), and therefore
are overvaluing the error. On the other hand, the
overall error of omission can be considered as low
(15.3%). In this case study, it mainly indicates parcels
without gully erosion but with predicted gully erosion

Error matrix for the assessment of the existing gully erosion prediction in the Alt Penedés-Anoia region

Reference data Predicted data

Gully erosion Not determined No gully erosion Total Errors of
p>65% 35%>p>65% p<35% omission (%)
Gully erosion 26 0 0 26 0
No gully erosion 6 2 18 26 30.7
Total 32 2 18 52
Errors of commission (%) 18.7 100 0

Overall accuracy==84.6%. Overall error of commission=39.5%. Overall error of omission=15.3%.
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The Riera Romani-Bribons catchment
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Fig. 5. Probability of existence of gully erosion at vineyard parcels in the Rierussa and Romani-Bribons catchments (Alt Penedes-Anoia
region).
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in the map. It should be considered as a permissive
error since it is saying that some parcels require
control measures when in reality the risk of gully
erosion is low. A positive point of the predictive gully
erosion model is that no errors of omission were
found, which implies that existing gully erosion is
always predicted correctly.

The use of a lower resolution DEM for the applica-
tion of the model to the entire study area than that used
for data acquisition may produce default results. Com-
plex micro-relief, that may led to concentration of
runoff and development of gullies in some cases, is not
reflected in the lower resolution DEM. In this case, the
application of the model would give erroneous pre-
dictions. Nevertheless, the use of the still detailed
25 m resolution DEM can be considered as useful
in areas where a more generalised view of the existing
probable gully erosion is needed for prioritisation of
control planning at catchment level.

4. Conclusions

This paper presents a study of determining factors
concerning gully erosion and a methodological
approach to model the probability of gully erosion
existence in vineyard parcels using reference data
from the Alt Penedés-Anoia region (NE Spain).

The modelling of the existence of gully erosion in
terms of probability can better support decision mak-
ing on implementing preventive and control measures
in intensive agricultural areas, where continuous til-
ling can mask the existence of gullies.

The proposed model is an empiric-stochastical type.
For other study areas, the methodological approach
based on logistic regression is applicable. In this
respect, the model increases its usefulness when the
independent variables can be modelled by means of
geographical information systems (GISs), which
allows the automation of the application.

Regarding the results of the application of the
model in the study area, under similar lithologic
characteristics, topographical and management prac-
tices associated with water flow concentration showed
the highest relationship with the existence of gully
erosion at parcel level. More complex slopes and the
higher slope degrees resulted in a higher probability of
finding gullies in vineyard parcels. In this respect, the

ranking of the probability of existence of gully erosion
can be useful in the prioritisation of soil conservation
planning at catchment level.
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