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ABSTRACT

Goals: This study focuses on assessing disaster risks in a typical inmegacity in Latin Amer-
ica. The baseline focuses on the logistics characteristics of the last mile, the vulnerability
of buildings and the mobility of pedestrians.

Design / Methodology / Approach: A risk assessment procedure is developed using lo-
gistic metrics through a methodology that captures the most relevant urban information
within a square kilometer, and two complementary methods that provide support to ob-
tain metrics associated with the occurrence of disasters.

Results: The results show that the majority of blocks in the analyzed area have levels of
precautionary risk due to their high level of store density, structure’s vulnerability, pedes-
trian movement and freight flow.

Limitations of the research: The main limitations for the data collection were the insecu-
rity, the level of informality and the chaos presented in the studied area.

Practical implications: The main findings allow decision makers to know the most vulner-
able areas of the place and, thus, propose recommendations for public policies based on
urban knowledge. In addition, the proposed method can be taken as a reference to be
applied to other zones of similar characteristics.

Originality / Value: This research develops a methodology that evaluates the risks and
mitigates the impact on a specific unstudied commercial area, combining three existing
methodologies to correctly asses risk on certain zones. This work is an extension of the
work of Huivin et al. (2020); the added value is that it provides deeper literature reviewing
that help decision-makers and researchers to know the actual state of the art.

Keywords: urban logistics, pedestrian mobility, humanitarian logistics, risk supply chain.
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1. INTRODUCTION

Human beings create, develop, and define artificial en-
vironments with a combination of both social and natural
environments, also known as cities; using varied density pat-
terns (Fernandez, 1996), such as the number of stores per
km?, the dimension of the loading and unloading areas, the
number of deliveries per hour, the average number of ve-
hicles and disruptions per hour (Massachusetts Institute of
Technology, 2018). At the same time, another environment
exists; the natural one, which is made up of living and nonliv-
ing beings, that inhabit the planet, interacting with humans
in a different manner. Balance and imbalance compete for
the use of generated resources and are in permanent rela-
tionship (Fernandez, 1996).

The distribution of the population is related to the pat-
terns of settlement and dispersion within a country or re-
gion. The Instituto Nacional de Estadistica e informatica del
Perd (INEI) is based on two quantitative criteria to delimit
the boundary between urban areas and rural areas. All ur-
ban areas consist of one hundred homes grouped contigu-
ously, except for district capitals and populated centers with
two thousand or more inhabitants, where their homes are
grouped contiguously, forming blocks and streets. The rural
areas do not have more than a hundred dwellings grouped
together as well as population centers with less than two
hundred thousand inhabitants that have scattered housing
(INEI, 2018a).

In 1960, the urban population represented 33.62% and it
increased to 54.82% in 2017 (Banco Mundial, 2018a). On the
other hand, the rural population decreased from 66.38% to
45.17% in 2017 (Banco Mundial, 2018b); in the same way,
in the year 2050, an urban population of 68% is estimated
(United Nations, 2018). Some of the rural population fea-
tures are low population density and limited access to ba-
sic services, and they can be interpreted as vulnerable so-
cio-ecological systems (Adger, 2000; Wilson et al., 2013).

The environment is deteriorating due to the use of space
and the generation of imbalances, leading cause of events,
such as air and water pollution, deforestation, riverbeds,
and seas alteration from urban and rural populations, which
have an impact on society (Fernandez 1996). Several natural
phenomena are generated as part of this change process,
such as rains, temperature increase, melting glaciers, among
others; as well as traffic, transportation, and pollution in ur-
ban areas.

There are two types of disasters, natural and hu-
man-caused, defined as sudden or foreseeable calamitous
events that transform the functioning of a community,
causing human, material, economic or environmental loss-
es; overgrowing the capacity to address the situation with

their own resources. Catastrophic events, which are caused
by natural processes of the earth or nature, are known as
natural disasters. The impact of a disaster is measured in
economic loss, the loss of human lives, as well as the ca-
pacity to recover from them. For their part, natural disasters
are categorized into five subgroups: biological, geophysical,
meteorological, hydrological and climatological; it includes
disasters such as earthquakes, droughts, floods, forest fires,
among others resources (Leiras et al., 2014). Conversely, di-
sasters that are generated by the action of men are known
as anthropogenic disasters and are categorized into three
subgroups: industrial accidents, transport accidents, and
various types of accidents. In relation to the last one, there
is a range of types of disasters caused by certain human ac-
tivities, such as explosions, fires, oil spills, radiation, and air
accidents, among others (World Bank, 2011). On the other
hand, anthropogenic disasters, also cataloged as technolog-
ical, are defined as those that are the product of intention,
negligence, human error, failures or defects of technologi-
cal applications. Among the most common are urban fires,
chemical spills, pipe leaks, explosions, attacks and accidents
(INEI, 2018b).

Worldwide, in 2017 there were 330 natural disasters in
total, at least 20% more than the average of 275 occurrences
from 2000 to 2016. That year experienced one of the high-
est economic losses generated by natural disasters, worth
US S 353 billion. Approximately 10,000 deaths from natu-
ral disasters occurred, with more deaths from these than in
2016 and 86% below the 2000 average. The most serious
catastrophe was a massive landslide in Sierra Leone, causing
the death of 1,100 people (Aon, 2018).

In Peru, during 2016, the number of emergencies at the
national level grew by 19.6% due to natural phenomena and
19.1% due to man-induced phenomena, compared to 2015.
The main causes of natural phenomena were the low tem-
peratures, droughts, and intense rains; and urban and indus-
trial fires caused by human activity (INEI, 2018b). Equally,
around 80% of the population lives in urban areas, Lima con-
centrates 32% of the population and 45% of the country’s in-
ternal product (Banco Mundial, 2016). This study focuses on
Gamarra, located in the district of La Victoria, with 173,630
inhabitants (INEI, 2018c). It is considered to be a hazard
area due to its urban characteristics, its large commercial
proportion and the density of people during a common day.
According to the INEI, there are more than 31,737 establish-
ments, 71,484 people who work and offer a high number of
services, supplies and other products related to the textile
industry, including clothing and fashion at national and in-
ternational levels, as well as other economic activities. Net
sales in 2016 were USD 2,005 million and the expected daily
visit of consumers was between 300,000 and 500,000 peo-
ple (INEI, 2017). Regarding the profile of the people who at-
tend Gamarra, 2,204,212 trips are made weekly. The most



visited time is between 9 am and 11 am and most of its vis-
itors are men, between 30 and 39 years old, from the A/B
socioeconomic sector, who work in the area (MTC, 2018).
The number of people could indicate a high density in the
area, which generates threats, vulnerabilities and scenarios
of adverse events or hazards.

Urban planners take into account location, distance, di-
rection, orientation, linkage, and patterns (Herold et al.,
2005); these are concepts defined quantitatively by metrics
that evaluate the spatial configuration and the local attri-
butes of the urban form (Angel et al., 2011). Likewise, disas-
ters are a social phenomenon; and a key factor to overcome
adversity is the resilience of communities (Holguin-Veras et
al., 2012). In order to identify and measure a hazard as well
as the exposure and vulnerability of people from certain
areas, diverse tools used and studies are available to take
into consideration. To determine danger to the inhabitants
by means of indicators as the average speed of a pedestri-
an and the number of disruptions, the pedestrian mobility
study is used. The Last Mile is a study that measures the
level of exposure (Merchan and Lee, 2014; Merchan et al.,
2015) of people in the final stage in a humanitarian crisis,
in which the help resources are delivered; it proposes a
framework, that establishes a baseline for the definition of
geographic scale, centrality, and logistics-oriented metrics
in order to establish urban logistics policies and metrics in
one square kilometer (km?) as a suitable size for typifying a
subarea in Lima with shop inventory, roads and regulations,
delivery operations, disruptions, and traffic. Likewise, it is
possible to quantify the degree of the population’s vulner-
ability located in certain areas, by using some current tools.
In this research, the seismic vulnerability study of La Victoria
City Hall was used in order to identify critical structures, and
their status and location.

The basis for establishing future humanitarian logistics
action plans, starting from founding social commitments in
schools, churches, warehouses, government spaces, in or-
der to engage the most vulnerable zones in the study area
is to perform a risk assessment based on logistic metrics
and apply them to the commercial area of Gamarra through
methodologies within an appropriate context, which is the
aim of this study. In this research, information was collected
from such area; the relevant metrics were selected to im-
prove a procedure that determines the risk level of every
block in the focus area. These metrics also characterize “the
block” inside a visual map and generate a set of introductory
references for public policy in the zone and thus be able to
minimize possible negative impacts.

The remainder of the article is organized as follows: first,
the literature review is presented, then the methodology is
described; after that, the calculation of the numerical val-
ues for all the metrics applied in the methodology is pre-
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sented, the results are described below, a discussion of the
research’s findings is presented, and, finally, the conclusions
are exposed.

2. LITERATURE REVIEW

The risk of disaster has been studied by various authors.
Carrefio et al. (2007) proposed a risk management index
to measure its effectiveness and performance, providing
a quantitative measure based on qualitative objectives or
benchmarks that must be met. Chan (2015) analyzed the ef-
fectiveness of Malaysia’s flood disaster management system,
considering risk identification, emergency preparedness, in-
stitutional capacity development, risk mitigation, and disas-
ter risk financing. Likewise, Dodman et al. (2017) present-
ed an analysis of both African urbanism and urban change.
They show how those factors influence exposure to hazards
and they contributed to the vulnerability of individuals,
households and communities. Satterthwaite (2017) studied
the scale of change in cities and the development challenge
facing urban spaces in sub-Saharan Africa, as well as the po-
tential implications of risk. Similarly, Mili et al. (2018) pro-
posed a holistic model of utility to assess earthquake risk
and determine priorities for risk reduction and management
in urban spaces, which estimates the earthquake risk in
each urban area, considering the hazard, vulnerability and
response. Finally, Potter et al. (2018) presented the results
of an online survey conducted to the public of New Zealand,
in 2015, testing the influence of severe weather alerts on
risk perceptions.

The grouping of hazards’ severity and regularity, the num-
ber of people, as well as resources exposed to hazards, and
their susceptibility to being affected , is well known as the
risk of a disaster (UNISDR 2015). Mitigation, preparedness,
response, and recovery are the developed phases of disaster
risk management that are defined by some authors (Altay
and Green, 2006; Van Wassenhove, 2006; Holguin-Veras et
al., 2013; Kaynak and Tuger, 2014; Hoyos et al., 2015; Die-
drichs et al., 2016). With the use of these four phases, an
analysis of hazards, risks and future trends could be per-
formed. In order to give an effective response, the main aim
is to comprehend the risk of a disaster, strengthen its gover-
nance and increase preparedness.

A human phenomenon or activity that can cause loss of
life or facilities and services, damage to environment or to
properties, health impacts, social and economic interrup-
tions, is well known as a hazard (World Bank, 2011). The
mental or physical vulnerability means characteristics of
a person or group in terms of their capacity to anticipate
a hazard or human-caused disaster, cope with it, resist to
it, and recover from its impact. A vulnerable population is
made up of those who are able to reduce that source of vul-
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nerability or minimize the risk of losses. On another note,
the influence degree of danger is also known as exposure
(World Bank, 2011), and its level varies with regard to its so-
cial group, sex, ethnic origin or another entity, age, among
other factors (International Federation of Red Cross and Red
Crescent Societies, 2018).

In a similar way, the risk of disaster has been included in
the last mile study. Shah (2006) analyzed the scope of strat-
egies formulated to reduce the risk of earthquakes in devel-
oping societies. Taubenbock et al. (2009) studied the inte-
gration of various scientific disciplines to contribute to an
early warning system against disasters by combining flood
models, analysis of urban morphology, population assess-
ment, socioeconomic analysis of the population, and evac-
uation models. Additionally, Djalante and Thomalla (2012)
studied how to apply past experiences in the implementa-
tion of disaster risk reduction activities to develop effec-
tive and appropriate climate change adaptation programs
in Indonesia. Also, Taubenbock et al. (2013) presented an
approach to transform the knowledge of a scientific study
about the identification of risks into recommendations to
carry out risk reduction strategies; this research integrates
key findings with the experiences of an eyewitness in a prior
risk event.

In the same way, recognizing the present risks and eval-
uating them, depending on their relative importance, is
crucial for disaster preparedness. Faizal and Palaniappan
(2014) present a framework based on the SCOR model
presented by Chopra and Meindl (2017), prioritizing the
existing risks by using the Failure Mode Effect Analysis
(FMEA), which uses parameters, such as probability sce-
narios, impact, and the potential strategy to reduce the
problem (Stamatis, 2003). On the other hand, Greiving et
al. (2006) emphasize the importance that current risk as-
sessment models must take into account all risks related
to specific areas and need to determine their significance.
For this, the authors perform a comparison between exist-
ing approaches, concluding that the existing literature con-
siders subjective metrics rather than more objective ones.
For this, Fritsche (2016) states that the logistic metrics in
question should belong to one of the five inter-functional
groups: information systems, sourcing, warehousing and
transportation, inventory and production, and managerial
level, in order to minimize the impact and frequency of dis-
ruptions in supply chains.

For urban logistics, risk assessment methods have
become important benchmarks in recent years. Gonza-
lez-Feliu and Morana (2014) define a grid of indicators to
measure the sustainable performance of urban pooling
systems, combining an analysis of key performance indica-
tors and a decision support methodology. They identified
the main indicators that evaluate the sustainability of a giv-

en suburban area, such as service rate (influenced by satis-
factory deliveries, or optimal delivery time), loading rates,
among others, which are the main problems in today urban
flows (Merchan, 2015). Because of this, many models that
consider vulnerability have been developed. Simple simu-
lation cases, such as those of Pearson and Gray (2001), or
Kennan et al., (2009), or more complex multi-agents sim-
ulations regarding the interaction of stakeholders (Jiao et
al., 2006) have begun to be more considered due to the
need for transport chains to be more resilient (Taniguchi
and Yamada, 2010).

On the other hand, the masses of pedestrians, which are
studied in the present research for the determination of
risk, have been studied for more than four decades (Oeding,
1963; Navin and Wheeler, 1969; O’Flaherty and Parkinson,
1972; Weidmann, 1993). Traditionally, the studies related to
their mobility were applied during direct observation, pho-
tographs, films, and behavioral investigations (Hill, 1984;
Batty, 1997) as evaluation methods. Maeda et al. (2009) pro-
posed a method to create mobility scenarios of pedestrian
flows, which focuses on the reproduction of the pedestri-
ans’ behavior in sections of the city, shopping centers, etc.
Vogt et al. (2012) developed a mobility model to understand
the movement patterns of pedestrians in urban areas and
Solmaz and Turgut (2015) presented a model of pedestrian
mobility in theme park disasters, focusing on the scenario of
evacuation.

More recently, pedestrian flows have been taken into
consideration regarding the urban logistic decision-making
process (Merchan et al., 2015). For this purpose, the existing
literature presents, in many cases, opposing views of how
sustainable urbanism compares the more traditional visions.
One example of this is the research of Turén et al. (2017),
which highlights the benefits and importance of more “pe-
destrian-friendly” cities, remarking the good practices im-
plemented in different study cases. Wasson et al. (2017)
present a methodology related to the prediction of pedes-
trian flows, given their current position and speed, which
could help simulating possible scenarios for urban transport,
helping decision makers in the process.

The square kilometer methodology helps characterizing
the inmegacity of Gamarra, following the past work applied
to Madrid, Bogota, Shanghai or Mexico D.F (Merchan, 2015;
Merchan et al., 2015), while the pedestrian mobility meth-
odology is a layer focused on the risk of the pedestrian in a
crisis situation (Holguin-Veras et al., 2012, 2013). By com-
bining both methodologies, a new specific characterization
based on humanitarian logistics is presented. This approach
can contribute to improve or reformulate the proposed pub-
lic policies in order to reduce the pain and damages in a hu-
manitarian crisis.



3. METHODOLOGY

Characterization of the study zone and pedestrian
mobility

The urban characterization was realized over the collec-
tion of logistical data of the area through observations of the
study area, and the segments that compose it. For this, the
squared kilometer methodology was applied, proposed by
Merchan (2015). With this framework the zone of interest
is divided by representative segments, in which data collec-
tion and analysis is carried out. The proposal states that for
a correct observation, it is necessary to identify and register
the existing retail business, as well as routes and regulations.
Thus, the following characterization forms are used

e Store inventories
e Roads and regulations

The second phase of the methodology consists of charac-
terizing more variable factors, such as disruptions, the num-
ber of deliveries, and traffic count. For the purpose of the
research, the following forms were considered appropriate:

e Disruptions
e Traffic flow

The pedestrian mobility framework was used to calculate
and evaluate the risk of a determined zone given their ur-
ban flows. Their density per block and average speed was
identified by using analytical tools, such as the Endomondo
application.
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This characterization, along with the pedestrian mobility
analysis, releases performance metrics and indicators that
were grouped to assess the risk of load generation on the
study zone, evidenced in Figure 1.
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Record the number of steps
o travel to a segment
Identify and record the type
of disruption and the time it
happened

Measure the duration of the

course including obstacles

+ Itmoves from onde end
of the segment to the

+ Surround each obstacle
in the path and retum to
the starting position

Tracking
element

EDIFICATION

SIDEWALK

PARKING SPOTS

Figure 1. Square kilometer and pedestrian mobility framework
Source: Author’s own elaboration.

Risk of load generation

With the found variables to assess the risk, it is needed to
identify the sources of vulnerability per block for the study
zone. For this, sources of vulnerability data were found at
The National Institute of Civil Defense (Instituto Nacional de
Defensa Civil - INDECI for its acronyms in Spanish) and La Vic-
toria City Hall. The vulnerability level considers the exposure
of people and the infrastructure characteristics per block.
Table 1 presents the building evaluation criteria:

Regarding a well-known criterion, as shown on table 2,
each studio provides data, which is qualified, using a de-
tailed score that goes from 1 to 4. The result of each variable
was weighted, considering the same weight, which is 20%,
to obtain the index of each block.

Table 1. Evaluation criteria for buildings per block of La Victoria City Hall

Source: Author’s own elaboration.

Predomi.nant Quality o.f conser- Antiquity Floors Vulnerability Level of yulnera-
Material vation category bility
Concrete Very good [1-10] [1-2]

Brick Good [11-30] [1-2] Medium 2

Brick Regular [31-50] [3-4] High 3

Brick Regular [31-50] [5-16] High 3
Brick Regular [31-50] [7 - oo>
Adobe Bad [31-50] [1-2]
Wood Bad [51 — oo> [1-2]
Cardboard/ Straw Very bad [51 - o> [1-2]




506
Brazilian Journal of Operations & Production Management
BJ Volume 16, Nimero 3, 2019, pp. 501-512
DOI: 10.14488/BJOPM.2019.v16.n3.a12

Table 2. Evaluation criteria

Storfe Pedestrian Traffic signage Pedes.trian Fstate of constructions Category Score
Density per Hour mobility Level
<0-5> [0 —2000> [300 - oo> [3.94 - co> 1 _ 4
[5-10> [2000 — 4000> [200 — 300> [3.28-3.94> 2 Adequate 3
[10-15> [4000 - 6500> [100 - 200> [2.62-3.28> 3 Caution 2
[15 - oo> [6500 - oo> [0 - 100> [0-2.62> 4 _ 1

Source: Author’s own elaboration.

Since the methodology is applied to Gamarra, Peru, a
range of specific numerical data will be considered to qualify
the results of each variable, and it will be able to interpret
them in an appropriate way to the real context.

When all the blocks have their results of metrics, then the
weighting of the results in a representative number is carried
out to evaluate the risk in each block (Table 3). According to
the result of the index of each block, four levels of risk were
defined: optimal, adequate, precautionary and inadequate.

Fractions of the range established from the minimum to
the maximum possible index result are also known as the
levels of risk. Four (4) is the best possible rating and one (1)
is the worst possible. Given the range of values, an equitable
one was considered for each fraction [1; 4]. At every 0.75
unit (3/4 = 0.75), a higher level of risk is taken into account;
that is to say, that there are three units available for four
levels of risk. The upper limit values of the division [1; 1.75;
2.5; 3.25; 4] are rounded up, as shown below:

Table 3. Levels of risk according to index results
Risk Level Range Color
Optimum <3.3-4]
Suitable <2.5-3.3]
Caution <1.8-2.5]
Inadequate [1-1.8]

Source: Author’s own elaboration.

When the other metrics are set to the minimum and at
least two of the five scored an optimum rating, it is known as
the optimal level of risk. This means that before an adverse
event, the quality of infrastructure of the block, as well as
the stores’ density levels, pedestrians, signs, and the speed
of people transiting are in an acceptable state.

The following illustration allows a brief explanation in
terms of how the entire methodology will be applied. The
structure illustrated below will be followed and then some
conclusions about the diagnosis made will be analyzed.

Forms
[DISRUPTIONS/] [ TRAFFIC ]

OBSTACLES

PEDESTRIAN
MOBILITY
METHODOLOGY

PEDESTRIAN
MOBILITY ON
THE BLOCKS

SQUARED

KILOMETER
METHODOLOGY ‘

RISK OF LOAD
GENERATION

INPUTS OUTPUTS

[ ROAD AND ]

REGULATIONS [ STORE INVENTORY ]

[ SIGNALING ]

Forms

Figure 2. Risk of Load Generation. Steps involved
Source: Author’s own elaboration.

4. RESULTS

Considering the presented disaster risk methodology,
hazard, exposure, and vulnerability were measured. The pe-
destrians’ mobility study was used to define the hazard with
the velocity and disruption of the pedestrians. The Squared
Kilometer framework was used to define the exposure of 70
blocks delimited by 28 de Julio Avenue and La Mar Street
in the North, Mexico and Isabel La Catolica Avenue in the
South, Aviacion Avenue in the East and Parinacocha Avenue
in the West. The methodology established the inventory of
stores, roads and regulations, and collected data of traffic,
delivery of products, and disruptions. This allowed identify-
ing the metrics observed in Table 4. The results of the obser-
vation are presented in Figure 3.
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Pedestrian Flow
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(North), Av Mexico and Av Isabela La Catdlica

Area of 095 km2. Limited by Av. 28 de Julio
(South), La Mar and Av. Paricochas (West), Av

Edification and
infrastructure

-Vulnerability
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|
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(North), Av  Hudnuco
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Mobility

-
-Pedestrian
Traffic Count

-Disruption

Violations
-Delivery
Tracking

-Disruptions
per Segments’

Principal activities

N
Block 50 & 33: Blocks
of high concentration

-Segments Areas Roads

-Shop
Inventory

J -Gallery Plan
Study

-Car Traffic
Count

Vehicle Flow

Figure 3. Characterization of Gamarra commercial zone.

Source: Author’s own elaboration

Table 4. Methodology Metrics

Table 6. Pedestrian count per hour

Asso-
Variable Description Source ciated
concept
Pedestrian | pedestrian speed in km/ | Pedestrian Hazard
speed hrs. mobility
Density number of stores/m? | Shop inven- | Exposure
tory
Traffic number of vehicles/hour . Vehicle Exposure
inventory
Regula- number 9f tra.fﬁ.c signals signal Exposure
tions and public policies infor- inventory
mation/km?
construction quality and | Seismic vul- | Vulnera-
Facilities characteristics/block nerability of bility
La Victoria

Source: Author’s own elaboration.

The research presented the information of each block.
For example, the 50b block had an area of 12,056 m? (88m x
137m) and 493 stores and density of 40,89 stores/m? (with-
out considering the number of floors in the facilities).

Two signals in this km? were found, 92% of one-way roads
and vehicle restriction. In Table 5 presents the pedestrian

speed of 2,37 km/hour.

Table 5. Pedestrian speed in km/hour.

Seement North to | South to East to West to
J South North West East
50b 2.72 2.61 1.85 2.30

Source: Author’s own elaboration.

Hour | 8 9 10 11 12 13 14 15

16

Count | 2895 | 2898 | 3055 | 5062 | 5771 | 6077 | 4053 | 3670

3676

Source: Author’s own elaboration.

The average number of pedestrians transiting the block
per hour is 4,128.

Regarding the evaluation criteria presented in the meth-
odology section, the area of interest can be analyzed and
classified. A variety of specific numerical data will be tak-
en into consideration, since the methodology is applied to
Gamarra, in order to qualify the results of every variable.
The data will allow interpreting the results in a way that suits
the actual context. It starts with the store density variable,
which specifies that 20 m? is the average area per store in
Gamarra, as stated by the field collection of the category of
the shop inventory from the last mile studio, meaning that,
as the average amount, five stores should exist every 100 m2,
It would receive a lower score, in the case of more stores.
Secondly, there is the variable of pedestrian per hour, where
the minimum and maximum data recorded are checked and
divided into equitable quartiles, since the outcomes in a
block are an average. In case of a disaster, there is a lower
score in the evaluation if more people are transiting through
the street and this will possibly affect the outcome. Thirdly,
the variable of traffic signage, where a specific punctuation
was given as a result of two significant factors, such as the
number of lanes in the street, as a way of escaping, and the
possibility of adequate traffic signage that drives the traffic.
Fourthly, there is the pedestrian mobility variable, where 4.6
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km/hr is the free transit speed. The minimum and maximum
data were checked and weighted in quartiles, in order to ac-
quire the evaluation range. Fifthly, the construction estate
variable, where, in order to estimate the vulnerability level
based on predominant material, the quality of conservation,
as well as the age and number of floors in each block, the La
Victoria City Hall criteria were considered.
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The result of every variable in block 50 is shown on Table
7, as an example of the index calculation:

Table 7. Block 50 metrics

.| Traffic sig- | Pedestrian
Pedestri- & s Estate of
Block | Store nage and mobility:
. ans per construc-
ID | Density number of | Average .
hour tions
lanes speed
50b 4.07 4128 171 2.37 4

Source: Author’s own elaboration.

Figure 4 shows that 70 blocks have their metric results,
proceeding with risk evaluation on each block, weighting
the results by a representative number. There are four risk
levels, regarding the index result of each block: optimal, ad-
equate, precautionary and inadequate.

When the rest of the metrics are adequate as a minimum
and, at least, two of the five acquired an optimum rating, it
is known as the optimal level of risk. That is to say, before an
adverse event, the quality of infrastructure of the block, as

well as the level of store density and pedestrians, signs, and
the speed of people transiting are in an acceptable state.

The blocks that have an adequate level of risk are those
that were distributed from the south to the central part of
the km? and the ones that obtained the precaution or inade-
quate level of risk are the northeast and central east blocks.
Galleries, street trading, and the large number of people
transiting are characteristics of the center of the commercial
emporium, and this is what is considered by this study.

The blocks have a high level of store density in this area.
On average, it is more than 10 stores per 100 m?, accord-
ing to the qualification criteria. This means that the transit
size is smaller than the recommended for the safety of the
customers and sellers. Due to road disruptions, pedestrians
walk at a speed lower than 3.28km/hr, compared to the free
transit speed of 4.6 km/hr.

The results advise that there is a lack of traffic signs and
that La Victoria City Hall considered the buildings highly vul-
nerable, in terms of infrastructure. The buildings have, at
least, three floors or more on average; they are older than
30 years, and are in a bad state of conservation, according to
the vulnerability study.

5. DISCUSSION

In Peru, the amount of natural and human-caused disas-
ters has increased. The areas that are the most vulnerable

Figure 4. Risk of Gamarra, Peru

Source: Author’s own elaboration based on Google Earth Pro (2019)



are those that are not aware of the existing risks, hence, a
planning process is not considered, especially in high urban
density areas. This country has an accountable organization
that is in charge of coordinating, facilitating and supervising
the formulation and implementation of the National Poli-
cy and the National Disaster Risk Management Plan in the
preparation, response and rehabilitation processes, known
as The National Institute of Civil Defense. The training of
public and private entities and the population are also under
the accountability of this institution., In order to ensure the
three processes, preparedness, response and recovery, they
are being fulfilled and delivered.

One of the major aims is to make the population more
aware of the levels of hazard, exposure, and vulnerability of
different areas. By performing this, it is possible to reduce
the risk of disasters. Disaster risk management, followed by
training and information dissemination, which are part of all
public policies and regulations, will be a valuable contribu-
tion to decrease the possible impact of a disaster and pro-
mote a risk management culture, especially in commercial
areas, which have high urban density.

The level of existing disaster risk can be identified by
weighing numerous urban factors in a certain area, through
the methodology applied in this research. According to the
urban characteristics and the logistical metrics of a specific
place, the determination of new public policies that reduce
disaster impacts can serve as a starting point, by the use of
its application; its outcomes provide significant informa-
tion that is useful for decision-making and the delivery of
response actions and preparedness of the corresponding
authorities and agencies. Different areas with dissimilar con-
ditions, such as residential, commercial, among others, can
apply this methodology.

Due to its characteristics, such as its population density,
large commercial proportion, low pedestrian traffic speed,
the lack of traffic signals, and highly vulnerable buildings,
Gamarra, which is where this study takes place, is consid-
ered to be a hazard area; these characteristics are precon-
ditions that generate threats, vulnerabilities and adverse
event scenarios.

This work, compared to those mentioned in the literature
review, uses simple methods that can be replied in other
contexts without a bigger empirical effort. Results are also
easier to interpret without losing their power as tools for
designing policies and assessing risks.

Finally, it is important to apply this methodology in other
stages of the humanitarian crisis, where risks are associat-
ed to other dimensions of the human activity; for example,
these results can serve policymakers to assess the vulnera-
bility of square-kilometer clusters during an earthquake and
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forecast the results in order to elaborate a technical-based
contingency plan.

6. CONCLUSIONS

According to the literature review, logistical data have not
been considered yet to assess disaster risks in a practical lev-
el; however, the current tools, which are based on historical,
socio-economic, demographic, institutional and geographic
information systems, have been taken into consideration for
that purpose. Some of the urban characteristics that have a
higher impact on the logistics flow of a city and the studios
selected are: the population density, levels of commercial
activity, and road infrastructure capacity. In order to assess
the risk level related to each block, this study offers relevant
metrics that are used for developing the risk assessment
that work to characterize the study area.

In order to assure an appropriate degree of security for
customers and employees, it is relevant to know the risk lev-
els, major difficulties as well as the objective description of
the area, since this research took place in the country’s main
textile business center.

This research focuses its main contribution in the char-
acterization of the studied area by means of a risk level
evaluation with logistic metrics performed in each block for
preventing disasters. This methodology provides an ade-
quate risk evaluation, making it possible to go from urban
to humanitarian logistics. In addition, in order to predict the
risk in accordance with the established criteria, this research
leads a wide range of logistical values, providing an exten-
sive overview that defines the area of interest for the use of
the information. After an actual field experience, a block-lev-
el visual map, along with the vulnerability levels found, was
generated and serves as a preliminary step for humanitari-
an logistics. In the event of disaster, because educational or
health centers are easy to identify, they can serve as shelters
or collection centers.

Gamarra is an area of great population density, overgrow-
ing 24 times more the number of establishments in a square
kilometer (km?2), in comparison to Jesus Maria, Lince or La
Molina City Halls. Due to the reduced space for pedestrians
to transit on, the lack of traffic signs, high density of stores
and pedestrians, as well as a highly vulnerable infrastruc-
ture, this area presents a high level of risk and exposure; this
is why it is recommendable to take measures in order to in-
crease safety.

This research recommends the government to implement
this methodology into the public policies. Nevertheless, it is
advisable to take into account the logistic data collected in
this research, in order to understand the urban behavior of
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the area and recognize the main difficulties, since there was
a lack of relevant additional studies and project implemen-
tation related to risk prevention and communication to the
population. This research also shows that the most relevant
variable is the pedestrian speed in an area with disruptions,
posing a challenge for the authorities in this high density
area with a high potential for human loss.
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