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Spatial Distribution Analysis and Susceptibility
Mapping of Mass Movements Using GIS-Based
Logistic Regression: A Case Study of a
Moderately Hilly Alpine Context (NW Morocco)

Mohamed MASTERE

Abstract— A quantitative mass movements susceptibility zonation map at a medium scale (1:50 000) of the Zoumi area (Central Rif —
Morocco) was prepared using a probabilistic approach. Because, is considered as one of the most appropriate approaches for mass
movements susceptibility mapping on this scale with datasets developed for application in a geographic information system (GIS). This
paper presents a four-step procedure to map mass movements susceptibility in a moderately hilly context. First, mass movements
inventory carried out through high remote sensing data interpretation and field surveys studies. Second, mapping predisposing parameters
(geotechnical unities, fracturing density, slope angle, slope aspect, elevation, stream network density, earthquakes isodepths and land use)
controlling the spatial occurrence of slope failure. Third, the strength of the eight predictor variables association was assessed and the
logistic regression model was applied. Finally the degree of model fit of the susceptibility map was evaluated by calculating the cumulative
percentage of mass movements area in each susceptibility class, accompanied by expert judgment.

Index Terms— Mass movements, Susceptibility, logistic regression (LR), GIS, Spatial analysis, Morocco.

1 INTRODUCTION

N recent years, researchers in geomorphology and other

fields have become increasingly interested in using geo-

graphical information systems (GIS) in order to provide
mass movements hazard maps. GIS is a powerful tool and has
the facility to manage and assess mass movements’ hazard on
a large scale, where numerous calculations, data collection,
and management are required. Thus the use of GIS has be-
come an important aspect in assessing mass movements’ haz-
ard where the probability, location, and frequency of this phe-
nomenon in the future can be predicted.

Mass movements hazard assessment defines the probabil-
ity of a potentially damaging mass movements occurring
within a certain period of time in a given area [1]. The “proba-
bility” of mass movements occurring can refer to: a) recur-
rence time; b) uncertainty of geo-mechanical parameters or
geotechnical models; c) the frequency, intensity and duration
of triggering agents [2]. Several different methods and tech-
niques for mass movements’ susceptibility mapping have been
proposed and tested. A great variability in scale and mapping
procedures exists: in fact, the choice of type and scale of the
map depends on many factors, primarily on the requirements
of the end user, and the ultimate purpose of the investigation

(11, [3].
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A lot of research on mass movements’ susceptibility map-
ping has been done over the last 30 years.

Broadly speaking, mass movements’ susceptibility
mapping may be qualitative or quantitative, and direct or in-
direct [4]. Qualitative methods are subjective, and they portray
the hazard levels in descriptive terms. Geomorphological
mapping is an example of a qualitative, direct method. Quan-
titative methods produce numerical estimates (probabilities)
of the occurrence of mass movements’ phenomena in any haz-
ard zone. Direct susceptibility mapping involves mapping
mass movements within a given region by means of field stud-
ies, aerial photographs interpretation or other methods. In
direct mapping, the expert uses its knowledge and experience
to map actual or potential mass movements’ hazard. Indirect
methods for landslide susceptibility mapping are essentially
stepwise procedures. They require first the recognition and
mapping of landslides over a target region or a training area.
The identification and mapping of a group of physical factors
are directly or indirectly correlated with slope instability. Indi-
rect methods then involve an estimate of the relative contribu-
tion of instability factors in generating slope failures, and the
classification of the land surface into domains of different haz-
ard degree (or hazard zoning) [5]. In other words, indirect
landslide mapping involves inferring the probability of land
sliding through data on related properties. Despite the efforts,
no agreement has yet been reached on the techniques and
methods for mass movements’ susceptibility mapping. This
makes it difficult to compare results achieved by different au-
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thors. Overall, these conclusions encourage the continued in-
vestigation of the analyses of slope stability. Specifically, they
indicate that research should concentrate on improving prac-
tice by exploring more explanatory variables and more power-
ful techniques [6], [7], in different areas. Nevertheless, the two
groups of techniques are separated into qualitative and quan-
titative techniques [8]. They are often connected with the use
of Geographical Information Systems (GIS) technology [9].

Mass movements are one of the natural risks which
Morocco is confronted to, especially in the Rif regions. Those
are more important in the corridor faults regions, where the
recent reactivation of those may greatly contribute to the trig-
gering of mass movements. The consequences of this phenom-
enon can be multiple: burial and destruction of homes (habita-
tions), bridges, roads, and loss of human lives even if the latest
case is rare. For information, in the current year 2010, about
53% of the total budget allocated to the DPTP (Provincial Di-
rectorate of Public Works) in the Rif was intended for rein-
forcement work, support and rehabilitation of roads following
the occurrence of a big number of mass movements. Thus, the
hazard assessment has become a topic of major interest to the
authorities that manage regional planning of environmental
protection and prevention from natural hazards. Consequent-
ly, Morocco is currently under an increasing need for suscep-
tibility maps creation, describing and defining the areas sus-
ceptible to mass movements in the present and the future.
Those maps will be a major contribution to the orientation and
the choice of implementations in development sites, in urban
extensions, as well as in the setting up of new roads and
highways in the frame of the National Development Program
of provinces in Northern Morocco.

Although several efforts have been made in the pre-
vious years to prevent mass movements in the Rif, but the
number of movements doesn’t stop from increasing and giv-
ing prejudice in areas supposedly already studied (low or null
susceptibility) [10], [11], [12], [13]. This happens for the follow-
ing reasons: - 1° Mass movements are not taken in their global
geodynamic context within the dynamic of the watershed.
Namely, taking into consideration seismicity, active tectonic
and intense and irregular rainfall in the study area without
forgetting the other environmental factors, - 2° The utilization
of non adapted methods or usually based only on experience
and experts opinion [14], - 3° Bad choice of work scale and the
combination of factors that are considered causal of mass
movements. The main objective of this study is to remedy to
the previously mentioned gaps in order to establish mass
movements susceptibility map using a logistic regression
model (probabilistic approach = indirect and quantitative
method) at the scale of 1/50 000 which is more credible and
reliable. Finally, in order to validate the susceptibility map
obtained by LR methodology, the degree of model fit was
evaluated by calculating the cumulative percentage of mass
movements area in each susceptibility class, accompanied by
expert judgment.
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2 STUDY AREA

The Moroccan Rif is a part of the Alpine thrust belt that
extends from the Betics in southern Spain and curves through
the Straits of Gibraltar into North Africa. The regional thrust
sheet transport directions swing through a 180° arc. Thrusting
is toward the North in Spain, toward the West around the
Straits of Gibraltar and the Northwest Rif and toward the
South in the eastern Rif and Tell mountains of Algeria and
Tunisia. Many workers attribute the arched nature to a colli-
sion during the Tertiary period between a microplate (Alboran
plate), the Iberian plate, and the North African plate [15]. The
study area is located in the Northern edge of central Rif, North
West of Morocco (Figurel). This thrust sheet occupies a tecton-
ic position between the lower external thrust sheets to the
West (Mesorif), and the higher Intrarif thrust sheets to the
East. Overthrusting was directed toward the WSW. The Zou-
mi thrust sheet stratigraphy is made up of 0-100 m of white
marine Eocene at the base, followed by the 1000-1500 m thick
Upper early-Oligocene - mid-Miocene Zoumi Sandstone.
Capping the sequence is about 50 m of Mid-Miocene olisto-
stromes and thin-bedded turbidites [16]. About 95% of the
Zoumi area is formed by sandstone thrust sheet (formerly the
“internal Mesorif unit'. The three types of the external Rif units
are presented in the Zoumi area:

e  The Intra-Rif : Loukkos and external Tangier unities
e  The Meso-Rif : Zoumi sandstones
e  The Pre-Rif : Ouazzane sheet
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Fig. 1.Geographical location of the study area in Moroccan and African
context.

3 DATA PREPARATION

The identification and mapping of a suitable set of param-
eters with a relationship to mass movements (dependent vari-
able) require a prior knowledge of their main causes. The
methodology applied in our study area is based on the
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well known principle of “The past and present are keys to
the future” [1]. The fundamental principle of this according
to mass movements’ susceptibility mapping is to use the char-
acteristics of existing movements in order to evaluate the pos-
sible areas of future movements. For this reason, databases of
mass movements and their triggering factors (independent
variables) were established. To store the information of these
parameter maps in a uniform thematic database, the size of
each pixel for all the products was 25m x 25m.

3.1 Mass Movements Discription

Known as one of the most areas prone to mass movements
(MM) in the NW of Morocco, the Zoumi sector was selected
because of the frequency, distribution, and diversity of its ac-
tive mass movements (Figure 2 & 3). We mapped and inven-
toried the various mass movements of the study area. The in-
ventory data base was constructed using 1/17000 and 1,/20000
scales aerial photographs, high resolution remote sensing da-
ta, and supported by the available geomorphological maps. In-
situ, checking of the produced inventory was also performed
during extensive field studies. A total of 286 mass movements
were identified (Figure 2 & 3), which covered an area of 24
km?, accounting for 0.04% of the study area (610 Km?). The
minimum, mean and the maximum mass movement areas are
0.007, 0.082 and 0.578 km? respectively.
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Fig. 2.Simplified geological map and inventoried mass movements lo-
cation.
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classification is that of [19] and most workers since then owe
some debt to him for his pioneer effort. More recent classifica-
tions are those of [3], [18], [20], [21], [22], [23].

A OF G TP
¢ b

Fig. 3.Photos of typical mass movements in the study area. A: Land-
slide, B: Rock Falls, C: Rotational landslide, D: Debris flow.

According to the classification done by [18] which
completes and combines between all the previous classifica-
tions, we classified our mass movements into four categories
(Figure 2 & 3):

i- Rock falls that present 26.6 % (Figure 4) of the total
number of recorded movements. They group a set of
fast and rough phenomena which affect stiff and bro-
ken rocks such as limestones, clays or crystalline
rocks. In the case of sedimentary rocks, the stratifica-
tion increases the breakage of the rock and thus the
predisposition of instability.

ii- Landslides which occupy 36 % (Figure 4) of the totali-

ty of movements. They correspond to slow move-
ments of a coherent land mass, generally along of
curved or flat discontinuity surface. According to
their types, landslides may have very different charac-
teristics and achieve very variable dimensions. Most
of landslides which we met during the field studies
have occurred in sandstone and marly formations or
in marly calcareous intercalations.
Debris flow constitutes 17.5 % (Figure 4) and are
mainly encountered in conglomerate and politic ter-
rains. They correspond to very fast and sudden
movements that start in large-scale masses. Morpho-
logically, debris flow has a lobule shape towards the
downstream part.

iii-

However, typical classification of mass movements in fv- Creeps presents 19.9% (Figure 4) Of, the total number
the Rif’s area is not generally easy to establish for the great of mov.ements. In contrast to debris f,l oW the creep
variability of materials, processes, and the morphological OCCI,HS in rather slow 'movements, on hillsides saturat-
complexity that escalate with the size of mass movements ec.:l In water and which do not present a detect;.abl.e
[17]. Distinguishing between different types mass movements dlscontmu.lty surface. The dgformatlon.of the soil is
requires considerations of several parameters like: velocity shallow with the rolls formation. The Figure 4 shows
and mechanism of movement; material; mode of deformation; the number frequency a.nd .the are.a frequency of the
geometry of the moving mass...etc [18]. For this reason, it is mass movements occurring in the field of study.
not surprising that there are many classifications in use and )
conflicts in applications of terms. The earliest widely used The properties of the mass movements were recorded
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on a standard mass movements-inventory data sheet (shap
file). A digitized map of MM boundaries was produced using
ArcGis 10. A vector-to-raster conversion was performed to
provide a raster layer of the MM areas.

Landslides

Rock Falls
‘:I Area frequency (%)

- Number frequency (%)

Creeps

Debris Flow

Fig. 4.Characteristics of identified mass movements.

3.1 Mass Movements Influencing Factors

The first dataset was the geological formations map. Geologi-
cal paper map at 1:50 000 scale covering the study area
was simplified and the geologic formations were iden-
tified and digitized (Figure 5a). The classification of geological
formations is proposed by [24] and considered as standard. It
is based on the landscape segmentation on geomorphological
areas, closely associating lithology and forms. The identified
lithology classes are pelite, sandstone, marl, marly calcareous
and conglomerate formations.

The three largest datasets are topographical parameters (eleva-
tion, slope angle and slope aspect) (Figure 5b, ¢ and d) that
were obtained from the ASTER remote sensing data (DEM).
Before extracting the topographic parameters we applied some
filters allowing correcting artifacts’ due to the nature of the
ASTER sensor. Elevation in each raster cell was the raster cell
value of the DEM. For this study, the slope angle was calculat-
ed for by the inclination computational method using eight
neighboring cells (3 x 3 samples) and divided into six classes
0-5°, 5°-10°, 10°-15°, 15°-20°, 20°-25° and 25°-53°. Slope as-
pect was divided into four classes: north, including azimuths
between 315° and 45° east, including azimuths between 45°
and 135°% south, including azimuths between 135° and 225°
west, including azimuths between 225° and 315°. These
measures of slope orientation were calculated in compass de-
grees (from -1 to 360), based on the altitudes of the four neigh-
boring cells. However, Recent and inherited tectonic activity
can intervene, either by conditioning or triggering mass
movements in the case of a seismic tremor in the fractured
areas[25]. The fractures network may support the infiltration
of water, involving the increase of interstitial pressure and the
reduction of rocks shear strength. When the grounds are satu-
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rated the movement is started with formation of major shear-
ing plan. Fracturing map (Figure 5e) was carried out through
high remote sensing data, orthorectified aerial photographs
interpretation, morphostructural analysis of digital elevation
model (DEM), and field surveys. The drainage map (Figure 5f)
was prepared by interpreting satellite images and ancillary
information. The main drainage pattern of the area is general-
ly dendritic. Up to the 5th order of drainage was found in the
area. With this information, a fracturing and a drainage densi-
ty map was prepared using a density factor computed as the
total length of fracturing network and drainage network per a
grid cell of 25x25 m. For the two maps, the density values
were classified into five classes: very low, low, medium, high,
and very high. The effects of land-use on mass movements’
were also investigated in the study area. Land use plays an
important role in land sliding in a hilly terrain. The land use-
landslide relationship can be complex, depending on the na-
ture and type of land use. Land use classes were mapped from
the SPOTS5 satellite images using supervised and unsupervised
classification, visual interpretation and other auxiliary infor-
mation, such as preexisting maps and field checks. Five land
use classes were identified (Figure 5g): forests, natural vegeta-
tion, agricultural area, urban area, and naked area [26].The
stability of a hillside is the report of stabilizing
strengths/destabilizing strengths. Let us call back, that in case
of earthquake, there is a broadcast of seismic waves or elastic
waves of two types which propagate in the ground: the waves
of volume said longitudinal and transverse waves and the
surface waves said Love and Reyleigh waves. These seismic
waves provoke an additional dynamic request [27]. The bal-
ance of the strengths is so modified that it can lead to mass
movements. The destabilizations due to earthquakes can show
in various ways. They can provoke at once landslides, debris
flow, landslides, rock falls and significant deterioration of in-
frastructure due to the thixotropy of soils. In our study area, it
does not engender directly mass movements. The earthquakes
do not trigger mass movements directly. They have effects in
the longer term, by increasing the cracking of geological for-
mations and reducing their mechanical re-
sistance. Furthermore, the cracks extended over the longer
term tend to increase infiltration of water, promoting the
breakdown of materials from the freeze-thaw cycles and thus
result in a mass movement. However, in seismogenic zones,
mass movements susceptibility induced by earthquakes is
based on the intensity or magnitude of the earthquake and the
nearness of the epicenters or the active faults [28], [29], [30]. A
map of isodepths (Figure 5h) was established and it presents
five classes, 0-10, 10 -20, 20-30, 30-50, and 50-95Km.
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Fig. 5. Spatial distribution of influencing factors: (a): lithological map, (b): elevation map, (c): slope angle map, (d): slope aspect map, (e): fracturing density map, (f): stream network
density map, (g): land use map, (h): earthquakes isodepths map.
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4  SPATIAL ANALYSIS OF MM DISTRIBUTION

We have classified all variables in field parameter maps and
calculated their respective extent of impact, in order to calcu-
late the mass movements’ density. These maps were complet-
ed with histograms representing global density of grouped
mass movements’ for each class of variable (Figure 6 left), and
sector diagrams showing the density of each mass move-
ments’ type for each class of variable (Figure 6 right). These
variables are plotted in a lithological map, elevation map,
slope angle map, slope aspect map, fracturing density map,
drainage network density map, land use map, and earth-
quakes isodepths map (Figure 5, respectively a, b, c, d, e f, g,
and h).

The analysis of mass movements’ activities and geological
formations showed that two types of lithologies are most fa-
vorable for the mass movements’ genesis: conglomerate and
pelite (Figure 6a). Mass movements’ are moderate in other
lithologies (sandstone and marly calcareous) especially in the
marl formation which covers a small part of the study area
(Figure 3). The mass movements’ density tended to increase
with elevation until the maximum density (43%) was reached
in the range of 314-514m (Figure 6b). Most of the mass move-
ments occurred between 314 and 714m elevation, and decrease
above this boundary below 314m and up 714m. Steeper slopes
have greater mass movements frequency up to a slope angle of
5 - 20°. The highest density of mass movements both for num-
ber density and area density can be found on moderately steep
terrain, ranging from 10° to 20° (Figure 6c) decreases with an
increasing or decreasing slope angle. Inverse correlation be-
tween landslides events and slope steepness higher than 20°:
their frequency decreases with an increasing of slope angle
(limited infiltration). Very steep slope is immunized from MM
activities because of the existence of resistant rocks (cf. sand-
stones). The slope aspect can influence soil strength and sus-
ceptibility to mass wasting because it affects moisture reten-
tion and vegetation cover. We used four (North, East, South,
and West) aspects (Figure 5d). Figure 6d shows that the ma-
jority of mass movements’ occurred on South (30.41%) and
West (27.97%) facing slopes. The strong weathering and frac-
turing of the study area also increase the land sliding suscep-
tibility [31]. The classes representing low, medium and high
fracturing density have the highest mass movements’ frequen-
cy with 28,11%; 24,34% and 23,8% respectively (Figure 6e).
However, in the study area, faults guide the superficial drain-
age and permit the infiltration of water, involving the increase
of interstitial pressure and the reduction of rocks shear
strength. When the grounds are saturated, even locally, the
movement starts with formation of major shearing-slipping
planes. The correlation of mass movements’ with stream net-
work density shows that the highest frequency occurs for very
low, low and medium stream network density classes (Figure
6f). The Figure 6f indicates clearly a decreasing of mass
movements’ frequency with the increasing stream network
density because the high and very high classes cover very
small part (12%) of total studying area. Five main types of
land uses also favor mass movements’ (Figure 6g): forested
areas, natural vegetations, agricultural areas, urban areas and
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naked areas. Agricultural areas and forested (shrub) are the
most exposed land uses to mass movements (32,48% and
33,44% respectively), favoring shallow infiltration of precipita-
tion. Figure 6h shows clearly that mass movements’ frequency
increases with decreasing depth of earthquakes. It shows that
most of mass movements’ occurred in the two first earth-
quakes isodepths classes (0 to 10 and 10 to 20 Km) with 34,17%
and 30,69% frequencies.

5 MASS MOVEMENTS SUSCEPTIBILITY MODELING

5.1 Logistic Regression Model

Logistic regression (LR) analysis is the most common statis-
tical method used in earth sciences. It is useful when the de-
pendent variable is categorical (traduced bay presence and
absence, or 0 and 1, or true and false) and the independent
variables (explanatory or causal factors) are categorical, nu-
merical or both [32]. In the case of mass movement suscepti-
bility mapping, the goal of LR would be to find the best fitting
(yet reasonable) model to describe the relationship between
the presence or absence of mass movements and a set of causal
factors such as slope angle, aspect and lithology. LR generates
the model statistics and coefficients of a formula useful to pre-
dict a logit transformation of the probability that the depend-
ent variable is 1 (probability of occurrence of a mass move-
ment event). It does not define susceptibility directly but an
inference can be made using the probability. Generally. The
logit model from LR model is expressed as a linear equation

(Eq.1):

() :logit(y) = a+byx; +byx, +haXs + ... e

Where “y” is the dependent variable, x1, x2, x3 are the causal
or explanatory variables, a is a constant, bl, b2, b3 are the re-
gression coefficients which measure the contribution of causal
factors , and e is the error term. The logit of y is the natural
logarithm of the odds (Eq.2):

(2):logit(y) = In [p/ (1-p)]
Where p is the probability of the occurrence of y, and p (1-p)
is the odds. To convert logit(y) back to the probability p, Eq.

(2) can be rewritten as (Eq.3):

(@a+byx; +byxy +byxg +..)
(1+exp(a+ byx; + byXy +bgxg +...)

(3): p= exp

One of the most important advantages of LR is that,
through the addition of an appropriate link function to the
usual linear regression model, the variables may be either con-
tinuous or discrete, or any combination of both types, and
they do not necessarily have normal distributions.
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5.2 Test of Causal Factors Association

In studies using LR model we found no agreement on which
causal factors (predictor variables = independent variables)
have to be used like standards in mass movements’ susceptibil-
ity modeling [33], [34]. While in some regions, topographical
parameters are found as significant; in other regions additional
factors such as geological or environmental attributes have been
evaluated as imperative. In this paper chi-square (x?) (Eq.4)
was used to test the association between each predictor variable
and the occurrence of mass movements. Then Cramer's V (Eq.5)
was derived from ¥2 to tests the strength and type of causal
factors association[35], [36].

Ol
]

i=1 j=1

Where Oj is the observed frequency for the cell ij, Tjj is the theo-
retical frequency for cell ij, r is the number of rows in the table,
and c is the number of columns in the table.

2
. _/ X
©):v = n(L - 1)

Where n is the number of observations (total frequency), L is the
minimum of rows and columns in the contingency table.
Cramer's V provides a standardized measure ranged between 0
and 1 [37]. It compares the observed distribution with the one
expected under no relationship, and it standardizes this com-
parison eliminating the effect of n and the size and shape of the
contingency table. In this study, the calculated degrees of free-
dom (Table 1) (a > 0.05) prove a highly independence for each
two variables association for the eight predictor variables col-
lected for this analysis.

TABLE 1
DEGREES OF FREEDOM OF PREDICTOR VARIABLES

(VALUES < 0.05 INDICATE SOME CONDITIONAL DEPENDENCE)

Predictive variables SG L LU FD E ElI SA
SND 092 064 091 0,19 0,77 0,98 0,77
SG 082 053 092 0,98 0,99 0,86
L 062 085 091 0,85 0,98
LU 0,88 0,73 0,82 0,71
FD 0,98 0,59 0,94
E 0,81 0,99
EI 0,93

This result is confirmed by the significance level of y2 (Table 2)
because larger than 0.15 for the score of x? for the entering the
model and larger than 0.05 for the Wald x?2 for predictor varia-
bles to stay. The obtained values of Cramer’s V (Table 2) agree
also with the results computed by statistical x? test and the de-
grees of freedom. The Cramer's V showed that the eight predic-
tor variables are highly independent and could be included in
the LR model to explain the dependent variable (MM).
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Multicollinearity in logistic regression models is a result of
strong correlations between independent variables. The colline-
arity diagnostic statistics are based on the independent varia-
bles only, so the choice of the dependent variable does not mat-
ter. Tolerance (TOL) and Variance Inflation Factor (VIF) for
each variable are two powerful indexes for multicollinearity
diagnostics. Table 2 shows that all the TOL values are larger
than 1 and all the VIF values are larger than 2. According to
[38], [39], the eight predictor variables constitute a good associa-
tion whiches are highly independent and does not present no
multicollinearity problems. For this reason they were integrated
in the LR analysis of this study.

TABLE 2
VALUES OF CHI-SQUARE (X°), CRAMER'S V, TOLERANCE (TOL),
VARIANCE INFLATION FACTOR (VIF) AND THE REGRESSION COEFFI-
CIENTS OBTAINED FOR THE EIGHT INDEPENDENT PARAMETERS.

Independent chi-square Cramer’s LR
variables (x?) Vv TOL VIF Coefficient
SND 103.4 0.09 073 136 -0.296996
SG 75.1 0.14 0.88 1.13 -0.239006
L 86.4 0.27 0.86 1.15 -0.250024
LU 39.7 0.11 0.89 1.11  0.066340
FD 129.3 0.17 0.69 143  0.070000
E 33.8 0.03 095 1.04 0.755425
EI 83.6 0.24 0.86 1.15  2.096614
SA 114.5 0.05 0.96 1.03 -0.222634

5.3 Implementation of Logistic Regression Model

For the implementation of the logistic regression model,
ArcSDM application implemented in the ArcGis 10 program
was used for the evaluation of the the spatial relationship be-
tween MM occurrence and MM influencing parameters. The
statistical results (LR coefficients) of the model are summarized
in Table 2. They show two types of correlation; one is positive
coefficients such as land use and the second is negative coeffi-
cients such as slope aspect. Then, to produce a MM susceptibil-
ity map of the Zoumi area (Figure 7) the LR equation was ap-
plied as shown in Eq. 6.

(6):y = — 29 +(-0.296996 * SND) + (- 0.239006 *SG)
+ (-0.250024* L)+ (0.066340 * LU)
+ (0.070000* F) + (0.755425*E)
+ (2.096614* El)+ (-0.222634*SA)

The obtained susceptibility map (Figure 7) is classified in differ-
ent categories from low, moderate, high and very high. It re-
veals that 17,46% of the study area was identied as very high
susceptibility. High susceptibility, moderate and low suscepti-
bility zones covered 27,30 %, 37,93 %, and 17,61 % of the area,
respectively. Most of the very high and high susceptibility
zones are primarily located in the areas presenting a very high

IJSER © 2015
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 6, Issue 2, February-2015

ISSN 2229-5518
and high density of stream network and fracturing, have mod-
erately steep terrains with agricultural areas.

5200
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Fig. 7.MM susceptibility map generated using logistic regression coeffi-
cients. Susceptibility was ranked into four classes: low, moderate, high
and very high.

In literature, there are different validation methods. In this
study, in order to validate the susceptibility map, we com-
pared the cumulitave percentages of known MM location with
the percentag of each susceptibilty class of the produced mass
movements susceptibility map, according to [4]. Figure 8
shows the percentage of the study area ranked from most to
least susceptible (x-axis) against the cumulative percentage of
landslide area in each susceptibility class (y-axis). The most
susceptible (very high class) 17.46% of the study area covers
24.54% of the mass movements area, and the most susceptible
(high class) 27.30% of the study area covers 39.35% of the total
mapped mass movements. The least susceptible (moderate
class), and the least susceptible (low class) presents 37.93 %,
and 17.61 % of the area. It covers respectively, 21.28 % and
14.81 of the total mapped mass movements. Figure 8 also pro-
vides a quantitative measure of the ability of the susceptibility
model to match the known distribution of mass movements in
the Zoumi area. These results and the applied LR model ap-
peared to be reliable in as much as the model best correspond-
ed to the actual ground truth in the study area.

6 CONCLUSION AND DISCUSSION

The Zoumi area (610 Km?) situated in the central Rif orogen
(North-West of Morocco) is moderately mountainous and lo-
cated in the South of the Jebha fault zone. This region and its
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surrounded areas are frequently subjected to mass move-
ments. In the last three decades, natural hazards and especial-
ly mass movements have received considerable attention from
Moroccan government (charte de 1’environnement) and re-
search institutions to be prevented. Although several different
quantitative methods and techniques were used and several
efforts have been made in the previous years to preventing
MM in the Rif, but the number of movements doesn’t stop
from increasing and giving prejudice in areas supposedly al-
ready studied (low or null susceptibility).

This paper applied a qualitative model (LR) within the
framework of a GIS using ArcGIS 10 for MM susceptibility
mapping in five steps:

- 1° MM (dependent variable) mapping, where a detailed MM
inventory map of the study area was constructed from satellite
images, aerial orthophotographs, geomorphological maps and
extensive field studies. According to the classification done by
[18], we classified our mass movements into four categories:
rock falls, landslides, debris flow and creeps. Thiers properties
were recorded on a standard MM inventory data sheet (shap
file). Then, a vector-to-raster conversion was performed to
provide a raster layer of the MM areas.

- 2° influencing factors (independent variables) where litholo-
gy, fracturing density, slope angle, slope aspect, elevation,
stream network density, earthquakes isodepths, and land use
were assessed and considered as main parameters controlling
the occurrence of MM. Then, the quantitative relationship be-
tween dependent and independent variables was achieved by
analyzing the spatial distribution of mass movements for each
causal factor.

- 3° tests of causal factors association, where the best combina-
tion of predictor variables was identified calculating, Degrees of
freedom (a), Chi-Square (y2), Cramer's V, Tolerance (TOL) and
Variance Inflation Factor (VIF). They showed that the eight pre-
dictor variables described in this study are highly independent
and could be included in the LR model to explain the depend-
ent variable (Mass movements).

- 4° model application, where the regression coefficients of
each causal parameter are iteratively calculated.

- 5° susceptibility map validation, where the degree of the ap-
plied LR model fit was evaluated by calculating the cumula-
tive percentage of MM area in each susceptibility class, ac-
companied by expert judgment. The obtained results of this
paragraph reveal the applied LR model appeared to be reliable
in as much as the model best corresponded to the actual
ground truth in the study area.

Mass movements susceptibility assessment is a major step
forward in hazard management and can help engineers, con-
tractors; landuse planners, etc. Ranking the slope stability of
the study area in categories that range from stable to unstable,
it shows where mass movements may occur. For this reason,
the produced susceptibility map this research paper can be
used for planning protective and mitigation measures by the
local and regional authorities. Especially, in the orientation
and the choice of implementations in development sites, in
urban extensions, as well as in the setting up of new roads and
highways in the frame of the National Development Program
of provinces in Northern Morocco. Nevertheless, the LR mod-
el used in this study may also be applicable to other mass
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movements prone areas with similar conditions and at various
scales, using the same association of predictive variables, to
define its reproducibility and the associated uncertainty of
predictions.
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