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Currently, the world has undergone structural, geographic and morphological changes that are generated by
physical, chemical and biological agents. Thus, this research evaluated the degree of vulnerability and risk in
the cliffs of the Costa Verde in Lima - Peru, determining and identifying risk levels and scenarios. For the
evaluation, field data was collected using the observation technique at 35 points in the study area comprising
the districts of San Miguel (zone 1, Z1), Magdalena del Mar (zone 2, Z2), San Isidro (zone 3, Z3), Miraflores
(zone 4, Z4), Barranco (zone 5, Z5) and Chorrillos (zone 6, Z6), and its analysis was carried out according to
the manual of the National Institute of Civil Defense (INDECI). The field evaluation identified 6 hazard scenarios
such as rock falls, earthquakes, construction, environmental contamination, lack of vegetation and soil quality,
which were analyzed according to their causes and consequences. From this, it was obtained that Z1, Z2, Z4
and Z6 present a high level of danger with values of 54.31, 54.17, 51.53 and 59.17%, respectively. Meanwhile,
Z3 and Z5 present a medium level of danger with values of 40.28 and 48.61%, respectively. On the other hand,
the vulnerability analysis showed values of 61.69% (high vulnerability), 53.08% (high vulnerability), 33.89%
(medium vulnerability), 42.04% (medium vulnerability), 64.57% (high vulnerability) and 68.26% (high
vulnerability) for 21, 22, Z3, Z4, Z5 and Z6, respectively. Therefore, in the absence of an assessment of all the
districts that are close to the cliffs of the Costa Verde, the study provided plans and strategies to minimize and
prevent the impacts that could be generated by natural and/or anthropogenic disasters.

1. Introduction

Human beings have been exposed to natural and anthropogenic hazards, with the potential to cause disasters
that generate impacts on various sectors of the population (Omena et al., 2021). Likewise, these disasters have
caused modifications in the territory, geographically, structurally and morphologically in the face of exposure to
risks from physical, chemical, biological and technological agents (UNDRR, 2017). Economic development and
territorial expansion are factors that have generated exposure to disaster events to increase. In Japan, the risk
of natural hazards is increasing proportionally to the growth of population density (Choi et al., 2021). For this
reason, in the face of urban expansion, large and modern constructions were built, with infrastructures that are
located in certain points that, in the short, medium or long term, will be places of potential risk for residents.
Therefore, understanding and mitigating disaster risks has become an essential task (Zhao et al., 2020).

Peru has a territory with natural and geological characteristics that are vulnerable to natural disasters (INDECI,
2006). Vulnerability is the degree to which the population, economic and social activities and physical
infrastructure are exposed to a threat or hazard that can cause damage (Nguyen et al., 2016). Moreover,
vulnerability originates through the interaction of external and internal factors that shape its situation in situ and
in a punctual space (Thomasz and Eriz, 2018). On the other hand, natural disaster risk is the probability that a
community will experience changes that cause loss of human life and property due to hazardous natural events
in a specific period (IPCC, 2018). Risk is a process that incorporates mitigation, transmission and prevention,
in addition to disaster preparedness, rehabilitation, reconstruction and emergency response to minimize impacts
(MTC, 2016).

The country (Peru) has policies for land use planning; however, urban growth has been developed horizontally,
opting to occupy areas with risk and vulnerability levels. Likewise, there has been an increase in the construction
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of real estate, tourism, clubs, hotels, shopping centers, among others, triggering impacts of different types over
the years (IGP, 2019). The city of Lima has a wide coastline that had modifications of the territory due to the
need of the citizens to be able to access the seaside resorts. In the 1960s, a coastal road was built that covered
a total of 22.5 km from the district of San Miguel to the district of Chorrillos. These events caused the area to
lose its original structure; in addition, the combination of anthropogenic effects (construction, tourism activities,
pollution) and natural effects (wind erosion, temperature, seismic movements) have affected the Costa Verde,
generating various rock falls from the cliffs (SIGRID, 2019).

In accordance with the above, this research evaluated the evaluated the degree of vulnerability and risk in the
different sections in the cliffs of the Costa Verde in Lima - Peru, determining and identifying risk levels and
scenarios. This, due to the misuse of the territory, has increased the conditions for the development of new risks
in the area. The Costa Verde area presents geological-geodynamic conditions, being considered as a critical
area with the presence of landslides, rock falls and landslides, before the occurrence of disasters (COEN, 2019).

2. Materials and methods
2.1 Study area

The study area consisted of the cliffs of the Costa Verde, which has an extension of 22. 5 km, covering the
districts of San Miguel (272643 E - 8662677 N), Magdalena (274271 E - 8661893 N), San Isidro (276418 E -
8660317 N), Miraflores (279151 E - 8659142 N), Barranco (279629 E - 8656725 N) and Chorrillos (279697 E -
8655354 N) located in Lima, Peru. For the study, each district was zoned with its respective codification, being
San Miguel (Z1), Magdalena (Z2), San Isidro (Z3), Miraflores (Z4), Barranco (Z5) and Chorrillos (Z6).

2.2 Data collection and processing

Data collection was carried out in situ and was obtained using the observation technique by walking through the
study area. The data obtained through field instruments were processed using Microsoft Excel 2016 software.
In addition, thematic maps regarding risk, vulnerability and hazard were produced using Arcgis 10.5 software.

2.3 Hazard estimation

The estimation of hazard levels was performed on a scale of 4 levels: low, medium, high and very high. The
National Institute of Civil Defense Guide (Indeci, 2006) was used for the estimation, in which each scale is
detailed with the respective characteristics and description.

2.4 Vulnerability estimation

The vulnerability estimate was processed in Microsoft Excel 2016 software, classified by type (environmental
and ecological, scientific, cultural and ideological, economic, educational, physical, political and social). In order
to stratify the vulnerability levels, it was performed on a scale of 4 levels: low, medium high and very high. The
Indeci (2006) guidelines were used to estimate vulnerability.

2.5 Risk estimation

The risk calculation corresponds to an analysis to determine the probabilities of hazard and vulnerability. The
criteria used to calculate the risk were analytical and descriptive. In addition, the hazard and vulnerability matrix
was used to identify the level of risk.

3. Results and discussion
3.1 Hazard scenario

The study identified 48 points, which allowed the determination of 06 scenarios. The points identified in the
study area are shown in Figure 1.

The 06 thematic maps represent the hazard points by zone according to the analysis performed. Similarly, Xu
et al. (2021) evaluated the risk exposure zone by analyzing data in order to create thematic maps showing the
location of risk points that can be used as a method of prevention and effective planning for decision making in
the face of risk events.

The 06 hazard scenarios evaluated coincide with the study conducted by Garcia (2020), who identified 05
hazard scenarios based on typology. On the other hand, the most frequent scenario in the cliffs of Costa Verde
is rockfall and landslides. To this, Ya et al. (2021) states that landslides and rock slides are generated by
meteorological factors.



Figure 1: Drawings of the identified points
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It should be noted that the study area was divided into zones for better identification of hazard scenarios,
allowing the critical points to be located in order to generate thematic maps that can show the location of the
exposed zone. Similarly, Thiery et al. (2020) identified the hazard scenarios through quantitative analysis and
produced thematic maps of the identified points. Table 1 shows the hazard scenarios identified in the Costa

Verde cliffs, the causes and possible consequences.

Table 1: Hazard scenarios

Zone Event Identified Scenarios Causes Consequences
Mass Rock falls from the cliff Unstable slope Flallmg rocky mater!al caus.lng
movement vehicular and pedestrian accidents
Landslides due to Earthquakes in the Due to tectonic movements,
Earthquakes L . ) .
seismic movement area landslides are generated in the cliffs
Cliffs . Construction in areas of Construction of Possibility of landslides and a risky
Constructions ) S L
of untouchable soil buildings and houses area to live in
Costa  Enyironmental Solid waste Poor waste Waste accumulated on the cliffs
Verde Lo L . weakens the structure and
contamination contamination segregation .
contaminates the soil
Lack of . . Cliffs without Lack of vegetation makes them
. Little vegetation ) .
vegetation vegetation more prone to erosion
Soil quality Soil cracking Meteorological agents Loss of stability, soil fracture and

landslides
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3.2 Hazard stratification

Table 2 shows the predominant hazard zones. Zones Z1, Z2, Z4 and Z6 present a high hazard level with values
of 54.31, 54.17, 51.53 and 59.17 %, respectively. Meanwhile, zones Z3 and Z5 present a medium hazard level
with values of 40.28 and 48.61 %, respectively. Regarding the level of danger in the cliffs, it was obtained that
they present a medium and high level of danger. The high hazard level was also identified by Rusk et al. (2021)
in their study in the Himalayan mountain zone, highlighting that growth and the need for human habitation
increased exposure to hazards. Both investigations were carried out in areas with intangible area characteristics
and population growth that generates an increase in housing construction.

Table 2: Hazards by zone

7 Results

one Hazard Classification
Zone 1 54.31% High hazard
Zone 2 54.17% High hazard
Zone 3 40.28% Medium hazard
Zone 4 51.53% High hazard
Zone 5 48.61% Medium hazard
Zone 6 59.17% High hazard

3.3 Vulnerability analysis

Table 3 shows the vulnerability of the study zones. Zones Z1, Z2, Z4 and Z6 present a high vulnerability level
with values of 61.69, 53.08, 64.57 and 68.26 %, respectively. Meanwhile, zones Z3 and Z5 present a medium
vulnerability level with values of 33.88 and 42.03 %, respectively. These results show that the cliffs in Costa
Verde present high and medium vulnerability level. In the study conducted by Irham et al. (2021) in the coastline
of the west coast of Aceh Besar - Indonesia pointed out that the area presents high vulnerability and very high
vulnerability with values 23.18 and 20.60%, respectively. On the other hand, Tragaki et al. (2018) assess the
physical and social vulnerability of the Peloponnese (Greece) to coastal hazards, obtaining as a result high and
very high vulnerabilities.

Table 3: Vulnerability by zone

Results
Zone
Vulnerability Classification
Zone 1 61.69% High vulnerability
Zone 2 53.08% High vulnerability
Zone 3 33.88% Medium vulnerability
Zone 4 42.03% Medium vulnerability
Zone 5 64.57% High vulnerability
Zone 6 68.26% High vulnerability

3.4 Risks assessment

Table 4 shows the risk assessment results by analytical criteria for each of the study zones. Zones Z1, Z2, Z5
and Z6 presented a medium risk level with values of 34, 29, 31 and 40 %, respectively. Meanwhile, zones Z3
and Z4 presented a low risk level with values of 14 and 22 %, respectively.

Table 4: Risk by zone - analytical criteria

Results

Zone Classificati
Hazard Vulnerability Risk assification
Zone 1 54% 62% 34% Medium risk
Zone 2 54% 53% 29% Medium risk

Zone 3 40% 34% 14% Low risk

Zone 4 52% 42% 22% Low risk
Zone 5 49% 65% 31% Medium risk

Zone 6 59% 68% 40% Medium risk
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Table 5 shows the risk assessment results by descriptive criteria for each of the study zones. Zones Z1, Z2 and
Z6 showed a high risk level and zones Z3, Z4 and Z5 had a medium risk level. In the study conducted by Scavia
et al. (2020), they analyzed the risks with the descriptive criterion in reference to landslides in the Cels-Morliere
hamlet of the municipality of Exilles (Piedmont), identifying that the area has containment methods, but they
lack maintenance. This methodology was similar for the analysis and the situation of the study area, which has
geogrids and retaining walls, but in some areas there was no evidence of containment methods. Similarly,
Chiara et al. (2010) identified the high-risk failure sections in a gas pipeline and described the causes that
generate the occurrence of the risk. Therefore, the identification of risk scenarios and the correct consequence
analysis is important (Cozzani, 2010).

Table 5: Risk by zone - descriptive criteria

High risk High risk

. . High risk (San
Medium risk DS LS Miguel, Magdalena

High hazard i
(Miraflores) and Chorrillos)

Medium risk (San Medium risk

Medium hazard Isidro) (Barranco)

High risk

Medium risk High risk

Vulnerabilidad media High vulnerability

4. Conclusions

The field assessment in the Costa Verde cliffs identified 6 hazard scenarios such as rock fall, earthquakes,
construction, environmental contamination, lack of vegetation and soil quality. The hazard in the study area was
of medium level in zones Z3 (San Isidro) and Z5 (Barranco), and of high level in zones Z1 (San Miguel), Z2
(Magdalena del Mar), Z4 (Miraflores) and Z6 (Chorrillos). The vulnerability analysis showed that zones Z3 and
Z5 have a medium level of vulnerability, and zones Z1, Z2, Z4 and Z6 have a high level of vulnerability. Likewise,
the risk estimation in the analytical aspect determined that zones Z1, Z2, Z5 and Z6 presented a medium level,
and zones Z3 and Z4 presented a low level. Already, the descriptive aspect showed that Z3, Z4 and Z5 have a
medium risk level, while Z1, Z2 and Z6 have a high risk level.
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