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Abstract

This document describes technical concepts and terms related to landslide risk on slopes and hillsides, from a comprehensive approach. A
general methodology is presented for the risk analysis and assessment according to the threat, given by the interrelation susceptibility -
probability of landslide occurrence; and the vulnerability of the exposed elements, obtained from a multifactorial analysis that considers
physical and social aspects. Susceptibility is obtained considering various conditioning and triggering factors of instability and the
probability of event occurrence is estimated from deterministic methods. The vulnerability analysis is done considering the spatial and
temporal components of the potential events, as well as the impact that these could have on the exposed elements, in terms of social and
material losses. This methodology is applied to the study of an urban slope in the city of Tijuana, Mexico.

Keywords: landslide risk; landslide hazard; landslide vulnerability; stability analysis.

Evaluacion del riesgo por deslizamiento en taludes y laderas.
Metodologia y aplicacion en un caso real

Resumen

En este documento se describen conceptos y términos técnicos relacionados con el riesgo de deslizamientos en taludes y laderas, desde una
perspectiva de enfoque integral. Se presenta una metodologia general para el analisis y evaluacion del riesgo en funcion de la amenaza,
dada por la interrelacion susceptibilidad — probabilidad de ocurrencia del deslizamiento; y de la vulnerabilidad de los elementos expuestos,
obtenida de un analisis multifactorial que considera aspectos fisicos y sociales. La susceptibilidad es obtenida considerando diversos
factores condicionantes y desencadenantes de inestabilidad y la probabilidad de ocurrencia de los eventos se estima a partir de métodos
deterministicos. El analisis de vulnerabilidad se realiza considerando las componentes espacial y temporal de los eventos potenciales, asi
como el impacto que estos podrian tener sobre los elementos expuestos, en términos de pérdidas sociales y materiales. Esta metodologia
se aplica al estudio de un talud urbano den la ciudad de Tijuana, México.

Palabras clave: riesgo por deslizamiento; amenaza por deslizamiento; vulnerabilidad por deslizamiento; analisis de estabilidad.

1. Introduction

Terrain instability in slope and hillside, results each year in
soil and rock mass wasting that, in turn, produces great material
losses and considerable infrastructural and environmental
damage, creating complex emergency situations that are not only
difficult to manage but difficult to prevent. The most frequent
manifestations of instability are the landslides.

Landslides in slopes and hillsides result not only from a
combination of geological, hydrological and geomorphological
conditions, but also from their modification because of
geodynamic processes, vegetation, land use, human activity, as
well as precipitation and seismicity frequency and intensity [1].
Beyond that, landslides are phenomena governed by
uncertainty, due to the distinct types of movements, velocities,
and failure modes that can occur, and diverse materials and
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Figure 1. Factors involved in the risk expression.
Source: The authors.

geological conditions. Added to this, data reliability for
analysis, human uncertainty and uncertainty of the
mathematical models used for stability analysis are
considered [2].

The above makes safety factor, as well as some other
parameters obtained as a way of assessing stability, may be
more or less reliable depending on whether or not the
aforementioned degrees of uncertainty are considered.

2. Landslide risk

Landslide risk in slope and hillside can be defined as the
probability that elements into jeopardy loss ensues, providing
that landslides take place with a certain intensity during a
specific risk exposure period. This is expressed as a
mathematical function according to hazard and vulnerability
levels, as it follows:

Rie=f(H;, Vot 0]
Where:
R Risk in the exposure period
H; : Hazard of intensity i,
V.. Vulnerability of exposed elements

The equation denotes that once the hazard is known,
understood as the likelihood that a landslide with a certain
intensity occurs during a specific exposure period; and once
vulnerability is also known, understood as the predisposition
of all the elements exposed or into jeopardy likely to be
harmed; risk can be calculated. This risk calculation is
understood as the probability of losses occurring on the
exposed elements. Fig. 1 shows the factors involved in the
risk expression, that takes into account the danger, the
exposed elements and their vulnerability [3].

According to [4], landslide risk can be defined as the
potential for adverse consequences or loss for the population
and human property due to the occurrence of a landslide.
While in [5], it is established that the risk assessment (R)
involves the notion of hazard, vulnerability and cost, and it is

mathematically defined as:
2,46

R=ZI'[1-X
- -

1
Where:
Hi = Hazard of intensity i,
Vji = Vulnerability for Hazard of the j elements,
Cj = is the cost or value of the j element.

@

In all cases, landslide risk analysis and assessment
include the following activities: hazard analysis and
assessment, determination of elements into jeopardy and,
vulnerability analysis and assessment.

3. Hazard analysis and assessment

Natural hazard is the probability of occurrence of a
potentially destructive phenomenon, in a specific area within
a certain period of time [4]. Terrain susceptibility and the
triggering event must come together for landslide hazard to
be arisen; this relation can be expressed as follows:

H=1(S, P)Jt @)
The equation means that the hazard (H) is a function of

the susceptibility (S) and of the probability (P) of occurrence
of the phenomenon or destructive event.

3.1. Susceptibility

Susceptibility expresses the ease with which a
phenomenon is prone to happen according to the local terrain
conditions. It is a terrain property that indicates how
favorable or unfavorable its conditions are as to cause
landslides. [6].

There is no standardized procedure to assess the susceptibility
to landslides or to prepare the corresponding maps; nonetheless,
several authors have outlined susceptibility levels according to
distinct criteria [7]: In [8], they propose a landslide susceptibility
classification based on the Mora & Vahrson method, using a map
of slopes and landslide inventory to define the lithological
susceptibility. In [9], they introduced a classification system
based on the use and interpretation of satellite images. In [10],
they propose analysis of susceptibility to hillside movements
through geographic information systems. In [11], they proposed
an assessment of factors involved in landslide susceptibility
caused by rain infiltration.

In [12], they set criteria to determine the degree of
susceptibility to landslides on hillsides according to visible and
potential fault zones, the degree of weathering and terrain
discontinuities. Some other authors propose to outline
susceptibility maps by considering topography, slope maps;
terrain geological, geomorphological, and geotechnical features;
and an inventory of all the landslides already occurred in the past.

In this paper, a susceptibility assessment is proposed by
using evaluation factors introduced in [13], which consider the
influence of a series of conditioning and triggering factors.

3.2. Probability of occurrence

The probability of occurrence for landslides is expressed
in terms of the number of landslides per year that might arise
in the study area. It is also expressed in terms of the
probability that a particular hillside experiences landslides
during a certain period such as a year, for instance [14].

The probability that a landslide hazard occurs with a
certain magnitude in a specific period of time can be
mathematically  expressed, = with an  acceptable
approximation, by the following equation:
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Figure 2. Hazard zoning.
Source: The authors.

Py=1-(1-P)* )

Where:

Pa = probability for a given period,

Px = probability over a long period;

x = period in years.

The return period of landslide hazards mainly depends on
the return periods of extraordinary rain events and of the
earthquakes of a certain magnitude that occur in the area, but
hazard assessments must be made for times (x) considered
within the useful life of the exposed elements.

Among the most used methods to assess the probability
of landslide occurrence are:

e Use of historical data in the study area or in areas of
similar characteristics.

e Direct assessment based on an expert judgement.

e Application of statistical and deterministic methods.

The statistical methods are based on the assumption that
an area where landslides have occurred, has an environment
susceptible to the occurrence of new landslides in a manner
similar to historical landslides and, in many cases, estimate
the probability of occurrence based on a frequency range or
return period [15]. The application of these methods to assess
landslide hazard in urban zones requires a quite particular
analysis, due to the presence of anthropic factors that might
alter local terrain conditions and therefore, considerably
modify conditioning and triggering factors of instability.

Deterministic methods allow to calculate probability based
on a stability analysis through which the most probable rupture
surfaces and their corresponding safety factors are obtained.
These results allow the hazard zoning, as it is shown in Fig. 2,
which, as mentioned in [16], can be a high, medium or no threat.

Although an international standard to classify and to
assess hazard is not recognized so far, the implementation of
three classification scales is advised (Table 1), which should
not drive to a subjective zoning but to the outlining of a
probability range [15].

Assessing landslide hazard requires an estimation of the
probability of occurrence of dangerous events, for which the
following definitions can be used:

Table 1.
Recommended scales for landslide hazard zoning
Hazard Statistical Pseudo-static Remarks
safety factors safety factors
. Higher than . .
Low Higher than 1.5 gl 15 The static analysis
’ scenario must
Medium From1.2to 1.5 FI‘OI;I 115'0 o include water
L ’ 0 levels according to
High Lower than 1.2 owlero an a return period

Source: Suarez, 2009

Figure 3. Illustration of the spatial effect of a hazéfdous landslide.
Source: The authors.

i)

Table 2.
Physical and social aspects to be considered in vulnerability analysis and
assessment.
Physical aspects
o Fault probable volume or scale.
e Movement magnitude, intensity,
speed and estimated direction.
e Type, proximity and spatial .
distribution of the exposed
elements (including the

Social aspects

Population density in the
affected zone.

Elements exposed to the
impact of a landslide
(population, structures,

population). infrastructures, vital lines

e Types of constructions and etc.).
structure resistance capacities e Key economic activities.
(height, materials, e Degree of preparedness of the

population and local
authorities to face the event.
Institutional and community
response capacity (resilience).
Possibility of side effects.

foundations,etc.).
e Structural measures of
prevention- mitigation of .
existing impacts (retaining
structures, monitoring and early .
warning systems, etc.)
Source: The authors.

e P(H) is the probability of occurrence of a specific
hazardous landslide.

e P(S) is the spatial probability that estimates landslide
potential to impact the zone occupied by a specific element.

e P(T) is the temporal probability that estimates landslide
potential to impact a moving element, such as a vehicle in
motion passing by the impacted zone at the exact moment
when an event occurs. If the element is fixed, it is

considered P(T) = 1.

These are conditional probabilities, that being written in
the form P(S:H), express the probability that a specific
dangerous landslide occurs and impacts the exposed
elements, which causes a spatial effect [17] (Fig. 3).

4. Vulnerability analysis and assessment

Vulnerability is the degree of loss or destruction of a
certain element or a group of elements at risk, as a result
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coming out from a natural phenomenon that occurs with a
certain magnitude [4].

Analyzing and assessing landslide vulnerability implies
to study and to know distinct physical and social aspects
linked to the phenomenon and its impact on the exposed
elements (Table 2).

Vulnerability is expressed on a 0-1 scale and depends
mainly on the exposure of the analyzed element to the hazard.

On the purpose of easing analysis and assessment
processes, landslide vulnerability can be divided into three
groups of vulnerability that are expressed through the
following equation

Ve = Vs, Vi V) )

Where:

Vs = vulnerability caused by spatial effect. Its value
depends on the probability that a landslide impacts the
analyzed exposed element and and damage to its structure.

Vt = vulnerability caused by time effect. It refers to the
probability that whether the analyzed exposed elements are
(or not) on the place where landslide occurs. 1 is considered
for motionless elements into jeopardy.

V1 = vulnerability caused by social and material loss. It
depends on the probability of losses in the analyzed exposed
element, if this is impacted by the landslide. Loss may arise
within the following fields: social or human, structural, road
cuts, environmental and economic.

Several authors recommend indices to assess distinct
types of vulnerability: Imiriland (2007) [18], recommends
physical, social or human, and environmental vulnerability
values to the impact of landslides, according to the expected
loss range; as well, it proposes economic vulnerability
indices because of a road block caused by a landslide. Finlay
et al, (1997), [19], recommend landslide vulnerability values
of a person (in open area, in vehicle and in a building) in the
city of Hong Kong. On the other hand, Ragozin &
Tikhvinsky (2000) [20], proposed tentative landslide
vulnerability values for structures, according to its
foundation depth.

Element vulnerability is conditional in the exposed
elements at the precise moment when landslide occurs
(temporal effect). It is written as V(L:T) and expresses
landslides” (L) dependency on the moment it occurs
(temporary, T). In practice, this means that landslide
vulnerability can vary from one moment to another.

4.2. Landslide consequences

The consequence of a landslide (CL) on the exposed
elements includes the consideration of spatial probability
P(S:H), temporary probability P(T:S) and vulnerability
(L:T). This is expressed as it follows:

C=P(S:H) *P(T:S) *V(L:T) ®)

When a dangerous landslide occurs, consequences on
elements with a certain vulnerability will be different
according to spatial probability P(S:H) and temporary
probability P(T:S). This means that losses or damages depend

on whether the element under study is (or not) on the
landslide-impacted place at the exact moment when it occurs.
In a practical sense, when we suppose that a landslide will
cause damage or losses on the exposed element, because the
latest is located on the place where the impact will take place
and is found at the precise moment of the oncoming disaster,
P(S:H) = P(T:S) = 1 is met, and equation (6) is reduced to:

C=VLT) ()
5. Risk assessment methodology

Taking into consideration the aspects above reviewed, a
general methodology to assess landslide risk in slopes and
hillsides is proposed, as it is shown in Fig. 4. This
methodology is made up of the following stages:

a) Research and characterization of the zone under study.

This stage includes:

e Studies of the physical environment

Topography and geomorphology.

Geology and geotechnical.

Hydrology and hydrogeology.

Vegetation.

Erosion and undermining.

Human activity.

e Studies of the social environment

Demography and population.

Infrastructure.

Housing.

Education and health.

Economic activity.

Socio-institutional aspects.

b) Hazard analysis and assessment depending on the
susceptibility and the probability of occurrence of a landslide.
e Susceptibility analysis and assessment by means of

valuation factors
e Determination of the probability of landslide occurrence

by statistical and deterministic methods.

¢) Vulnerability analysis and assessment of the

exposed elements and their components: spatial, in time

and for social and material losses.

d) Risk assessment. Specific, total and economic risk

can be assessed based on the study objectives and scope

e) Elaboration of maps (susceptibility, hazard and risk).

Fig. 4 shows a general diagram with the proposed
methodology.

6. Application in a real case

Below is a real case of analysis and assessment of
landslide risk, in an urban slope.

6.1.  Site description and problem presentation

The slope under study is in the northeast sector of the
Rincon Toscano residential area, in the City of Tijuana, Baja
California, Mexico. The material used to fill in a gorge and
build the great platform on which the houses of the residential
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Figure 4. Methodology for landslide risk assessment.
Source: The authors.

area were built, created an embankment slope of 35 meters
height that was ruled by the following dimensions: 1,75
meters horizontal and 1.00 meter vertical, which produces an
inclination of 30°.

At the end of 2015, inhabitants of the houses located on
the top of the slope notified the presence of cracks on the
terrain and on the structures. After having conducted several

studies, it was concluded that those pathologies were
caused by water filtration and moistures, due to a fault in the
rain drainage system.

Symbology

Qudf = Backfill soil i
Qal = Alluvium | B
Qsw = Hillside deposit ,
Qt = Terrace deposits

Tsd = San Diego formation

Figure 6. Topography of the area and geological - geotechnical profile of
the slope.
Source: The authors.

After having repaired the fault, and as part of a set of
measures to monitor the case, the construction firm of the
residential area decided to conduct a landslide risk
assessment on the exposed elements (7 houses).

Fig. 5 shows the slope under study and the location of the
exposed elements.

Figure 5. Slope object of study and elements exposed in the area of potential
risk.
Source: The authors.
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Table 3.
Geotechnical parameters of the slope.

Table 5.
Characteristics of the physical environment in the study area

Type of Internal friction Cohesion Relative
soil angle (°) (kPa) compaction (%)
Granular 34 23,94 95

Source: The authors.

Table 4.
Characteristics of the physical environment in the study area

Component Description

The study area is found in a gorge (ravine) with
a slope that goes from west to east, from the level
194 m above sea level (MASL) to the level 120
m above sea level, surrounded by slopes at the
north, south and west sides.

The area terrain is made up of six types of soil:
sedimentary basins without documentation,
vegetal layer, alluvial soils, hillside sedimentary
basins, terrace sedimentary basins, the San Diego
formation soils. The material used to build the
slope is clay-like sand. (Table 3)

Rain in the area is scarce. There are not
permanent superficial water flows, only runoff
water flows. Due to the sedimentary basin width,
there is a potential of underground soil
saturation. For this reason, subdrainage was built
on the bottom of the gorge (ravine).

Topography

Geology and
geotechnics

Hydrology

Vegetation Lack of vegetation in the zone.

The characteristics of the top soil and the
drainage system in the slope top bring out land
erosion and undermining.

The presence of seven two-floor buildings
(houses) on top of the slope and the daily
activities performed by the inhabitants of this
area.

Erosion and
undermining

Human activity

Source: The authors.

6.2. Physical and social characterization of the site
6.2.1. Physical environment

The studies conducted before and after the residential area
construction allowed to gather topographical, geological and
geotechnical data about the slope. Fig. 6 shows the
topography of the zone where the slope is, as well as a
geological and geotechnical profile of the latest.

Table 3 shows the terrain parameters with which the slope
was built.

Other characteristics of the physical environment
obtained from previous studies are shown in Table 4.

6.2.2. Social environment

area are shown.

Component Description

Population In thev zone, there is an average of 250
inhabitants/km?
All basic infrastructures are available (drinkable

Infraestructure water, sewage system, road network in good
condition, electricity, telephone, internet, etc).
From medium-high stratum with more than 100 m?

. in buildings made of reinforced concrete, bricks and
Housing

steel. All the buildings are provided with basic
services.

All the inhabitants’ welfare needs are covered and
there are enough resources to invest and plan their
future. [21].

Social-economic
aspects

148

Source: The authors.

6.3. Hazard analysis and assessment
6.3.1. The probability of landslide occurrence
e Statistical methods
Statistical methods were not used given that the slope
under study is part of the structural sedimentary basin that
was specifically designed for this urbanization project and
there are no records on historical landslides in similar
constructions.
e Deterministic methods

To calculate the probability of landslide occurrence by
using deterministic methods, 9 profiles located at 20 m
intervals (from 0+000 to 0+160) were considered, as it is
shown in Fig. 7.

Table 6 shows the results of the stability analysis by
considering seismic acceleration effects (30 % of gravity)
and 25 % of terrain saturation.

P

Source: The authors.
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Table 6
Stability analysis results of the slope under study.

Safety  Average depth of

Profile Factor failure Surface (m) Failure Mechanism
0+000 1.93 7.00
0+020 1.32 12.00
0+040 1.13 18.00
0+060 1.05 20.00
0+080 1.025 22.00
0+100 1.10 14.00
0+120 1.12 13.00
0+140 1.09 19.00
0+160 1.33 16.00

Note: In the failure mechanism, the area one represents the potentially
unstable mass and the dark area represents the progressive failure zone.
Source: The authors.
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Figure 8. Three-dimensional model of the slope. Failure mechanism.
Source: The authors.

Table 7.
The probability of landslide occurrence (modified from [13]).
Stability alfal'y SIS The landslide probability of occurrence
characteristics
. Quite
Superficial ~ Shallow Deep deep
Breaking Surface 1.5+5 5+ 12.5+
<l5m
12.5m 20 m
0.25 0.50 0.75 1
Unstable Critical stability Stable
>
Safety Factor (S.F.) SFE.<1 SF.:1+13 511:3
1 0.75 0

Note. Total probability is the average of the factors corresponding to a
breaking surface and S.F.
Source: The authors.

Fig. 8 shows the three-dimensional model of the slope where
potentially unstable and progressive fault zones are observed.

The probability of landslide occurrence was obtained by
considering the stability analysis results for each one of the
profiles, using the valuation factors proposed by Cuanalo,
Oliva & Gonzalez (2007) [13], which is presented in Table 7.

Table 8 shows the recommended scales for hazard
zoning, according to safety factors (Table 1) and the
probability of landslide occurrence associated to such factors,
which were obtained as Table 7 indicates.

6.3.2. Susceptibility

Slope susceptibility to landslides was obtained by
considering factors that assess the influence of parameters
dismissed by the deterministic methods used to estimate the
probability of landslide occurrence [13,22], (Table 9).

Table 10 shows the analysis results of landslide
susceptibility and the hazard assessment, as a result of the
interaction between susceptibility and the probability of
landslide occurrence.
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Table 8. Table 11.
The probability of landslide occurrence (modified from [7]). Criteria for vulnerability analysis and assessment.
Hazard Th babili f Criteria for
Profile (according to ¢ Pm ability o Failure Model vulnerability analysis
Table 1) landslide occurrence and assessment
; 0-+000 e Probable volume of
Higher Low 0.38 the failure.
. than1.15  0+020 ;
5 e Estimated
§ 0+040 magnitude and
Q;, 0+060 P S direction of the
ué 0+080 - movement.
E Between 100 Medium 088 St * Type, proximity and
k= 1.00-1.15 0+120 spatial distribution
—
O - of the exposed
0+1 40 - - — Natural Terrain elemel’lts.
0+160 0.50 {ﬁ .

Source: The authors.

Construction type
and bearing capacity
of the structures
(height, materials,

foundations).
Source: The authors.
Table 12.
Vulnerability of an exposed element (bulding)
Type of L
vulnerability Description Value
It expresses the expected 0.25 (local
range of losses in the damages are

Per spatial effect

Table 9.
Landslide susceptibility of the slope
Assessment factor Obtained depending on: Valor
Slope inclination, saturation
Hydrogeology degree and soil width 0.81
Vegetation Type of vegetation, covered 1
area and type of root
Rain Annual average precipitation 0.09
. .. Characteristics of the surface
Erosion/undermining . . 0.64
soil and the drainage system
.. Cuts or excavations, overloads
Human activity and deforestation. 0.56
Susceptibility 0.62
Source: The authors.
Table 10.
Landslide susceptibility and hazard at the slope under study
Suscepti Probability of
Profile . P landslide Hazard
bility
occurrence
Higher than ~ 0+000
0.38 0.23
g 1.15 0+020
£ 0+040
s 0+060
= 0+080 0.62
;‘f Between 0+100 0.88 0.54
2 1.00-1.15
b= 0+120
“ 0+140
0+160 0.50 0.31

)

Per time effect

V9

Per social and

material losses

(%)

- Structural
vulnerability

structure according to the
probability that a landslide
impacts the building.

It expresses the probability
that the building is in the
same place of a landslide
when the latest occurs and
the building is impacted

It expresses the expected
losses in the building
structure, depending on the
depth of the foundation and
the landslide.

expected to 25%
of the building
structure)

1.00 (the building
is at the exact
moment when the
landslide occurs)

1.00 (landslide
depth is higher
than 10 meters)

Vulnerability of an element (building) 0.75

Source: The authors.

6.4. Vulnerability analysis and assessment

To analyze and to assess vulnerability, it was considered
that the elements exposed to the landslide hazard are the (7)
houses built on top of the slope under study, in which the
expected degree of loss and destruction as a result of the
occurrence of a landslide, was estimated by taking as a basis
the fault model and criteria that are showed in Table 11.

Nota. It is considered that social or human vulnerability is zero (0) as no
injured people are expected.
Source: The authors.

The results of the stability analysis indicate that the
fault volume, as well as the magnitude and estimated
direction of the movement of the potentially unstable soil
mass are similar in the nine (9) analyzed profiles. On the
other hand, all seven (7) buildings are located at the same
distance from the edge of the slope and have similar
constructive dimensions and characteristics (height,
materials and foundations).

The above-mentioned criteria and remarks, as well as the
evaluation of the current state of the buildings, allowed to
obtain the wvulnerability values of an exposed element
(building), as shown in Table 12.
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Table 13.
Specific risk for landslide on the slope under study.
Exposed element Specific
Profile Hazard (according Vulnerability prisk
to Fig. S and 7)
0+000 El
0.23 0.17
0+020 E2
0+040 E3
E4 0.75
0+060
0.54 E5 0.40
0+080 E6
0+100 E7

Source: The authors.
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Figure 9. Zoning of th
Source: The authors.

6.5. Vulnerability analysis and assessment

Based on the landslide hazard of the slope under study
and the vulnerability of the exposed elements, the specific
risk of the buildings located in the top of the slope was
determined (Table 13) [23].

Fig. 9 shows the landslide zoning of the specific risk in
the slope under study.

Fig. 10 shows risk behavior on the exposed elements with
higher hazard (E3, E4, ES5, E6 y E7) depending on
vulnerability (V) and considering a 20-year return period

7. Conclusions
In this paper, a comprehensive approach of the landslide

risk is presented, and an assessment methodology applicable
to this approach is proposed.

151

1
0s [ ]
‘ V=085 ‘
08
07
e | v=075 |
s o
g o5 // /‘.’f—r
= ' [ v=o0s5 |
04 / .
s /// "
. ///I/'
" 1

o]

5 100 15 20 25 30 35 40 45 50 55

Useful life (years)

60 65 70 75 80 85 90

Figure 10. Risk behavior.
Source: The authors.

Landslide hazard is calculated by considering, not only the
result of deterministic methods for stability analysis but also of a
susceptibility analysis of the terrain in which conditioning and
triggering factors of instability are considered, which influence in
the calculation formulations of safety factors. On the other hand, it
is proposed to analyze vulnerability considering spatial and
temporary components of potential landslides, their relationship
with the physical and social aspects of the exposed elements; and
the impact that an event occurrence might produce in terms of
social and material losses.

The application of the methodology on the urban slope at the
city of Tijuana allowed to assess risk on the exposed elements
and their behavior over time for different scenarios, and to
identify conditioning and triggering factors of instability and their
levels of influence.

To analyze and to assess risk by means of the proposed
comprehensive risk approach, considerably reduces uncertainty
in projects where slope and hillside stability has a key role; so it
is a valuable tool in the hands of planners and authorities to
prevent disastrous events.
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