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ABSTRACT

This article presents a comparative analysis between
American and Mexican manufacturing companies that is
focused on the supply chain management, as well as how
these companies have responded to the market. 254
manufacturing Mexican companies are compared with
559 companies reported by Roh et al. (2014) using data
obtained through the International Manufacturing
Strategy Survey. A structural equation model (SEM) that
integrates 9 hypotheses is implemented, which relates 6
latent variables that fully integrate 20 observed variables
validated through the partial least square technique. Also,
the direct, indirect, and total effects among variables are
obtained. The results indicate that there are some
similarities and differences in the direct effect from
relationships between latent variables, which may be
mainly because the information and communications
technologies have helped to integrate the supply chain,
since the technologies implemented in the manufacturing
processes have evolved and markets are increasingly
globalized.

Keywords: supply chain, comparative analysis,
maquiladora sector, manufacturing strategy.

1. INTRODUCTION

Cost associated with transportation of raw materials,
handling of components, and the distribution system
represent nearly 70% for some products, therefore, the
supply chain (SC) is an area of opportunity for
continuous improvement that allows companies to
reduce cost and remain in the globalized and competitive
market (Guo et al., 2018; Zhou et al., 2018). A supply
chain is integrated by all direct or indirect activities and
processes that are required in order to meet customers’
requirements, where aspects associated with the raw
materials supply, its processing in value-added product,
and finally, with the distribution of products integration.
Frequently, the recycling of the product is done at the end
of its useful life (Wong and Ngai, 2019).

However, customers’ requirements are constantly
changing, consequently, the production orders change as
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well for the manufacturer, since more personalized
products are required every day, which must be delivered
in less time (Kisperska-Moron and de Haan, 2011).

Nevertheless, companies usually respond by improving
SC strategies while providing a greater variety of
products in less time, as well as presenting innovative
features, where they need to share information with their
customers in an agile way, in this sense, orders can be
tracked in real time and a better support is offered after
sales (Liu et al., 2019). Customers are essential for
manufacturers because an appropriate information
sharing with them will reduce risks in SC, as well as
support the pull production systems by manufacturing
only requested products (Boiko et al., 2019).

Furthermore, in a pull production system the quantity
that is set to be produced is fundamental, which main
benefits are associated with the small lot size, the low
cost due to inventory management, the low cost due to
obsolete raw materials, high inventory rotation, among
others (Fowler et al., 2019). However, the most
important aspect is that the manufacturer is assembling
only products that are required by customers, therefore,
the supply chain is going to be more agile among
partners.

Similarly, it requires to be linked with the raw material
suppliers as a principal requirement in the SC, which will
not only be related with customers at the end. Also,
manufacturers need to have a favorable information flow
for reducing risks, sharing forecasts, as well as work
plans to guarantee a supply process to avoid stoppages in
production lines due to a lacking of raw materials
(Shishodia et al., 2019).

However, these variables associated with customers and
suppliers are external (Ayala et al., 2016), consequently,
in order to guarantee the material flow, it is also
necessary to analyze the production systems, such as,
applied lean manufacturing tools that are included, for
instance, kaizen, total quality management (Fowler et al.,
2019), and the available manufacturing technology for
the raw material transformation (Birasnav and Bienstock,
2019), among others.
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In addition, the advanced manufacturing technology
represents a computer-controlled or micro-electronics-
based equipment used in the design, manufacture, or
handling of a product (Jorge Luis et al., 2019). Currently,
there are several taxonomies that are classifying the
AMT as stand-alone, intermediate, and integrated system
(Diaz-Reza et al., 2019), where a lot of them can be
implemented in the supply chain and production
processes, which provide agility, quality, and low cost to
production (Koc and Bozdag, 2009).

According to previous paragraphs, several activities are
required to guarantee a fast responsiveness to market,
which is the most important aspect for manufacturers. In
other words, a responsive SC strategy for a fast
information, money, and material row flow is required.
However, information sharing with customers and
suppliers and a modern production process with adequate
advanced manufacturing technology is required, where
the principal problem is how they can be integrated in the
SC.

1.1 Research problem and objective

Fortunately, there are several researches that are focused
on integrating several tasks in the SC, which are aimed
to have a fast response to market. For example, Wong et
al. (2006) report a case study for responsiveness of
volatile and seasonal supply chains, as special cloths;
Bompard et al. (2007) analyze the impacts of price
responsiveness on electricity markets, and how power
supply must be fitted based on the demand; Rivera-
Camino (2012) reports the most crucial individual and
organizational drivers that enable a market
responsiveness from an environmental point of view;
Ciarnien¢ and Vienazindiené (2014) report the impact of
the SC agility on responsiveness to market in the fashion
industry, where a fast response is highly expected.

Moreover, Sardana et al. (2016) are focused on
determining the impact of strategic alignment and
responsiveness to market in the manufacturing firms
performance, which indicate that a fast responsiveness
must be part of strategies from the top management,
because customers are always waiting for products on
time, specially, Hum et al. (2018) indicate that
companies invest a lot economical resources to get a high
level in responsiveness, as a result, it is required to
integrate a system to measure and control it.

Also, Fowler et al. (2019) indicate that responsiveness to
market is one of the most relevant task for managers,
which must be designed with push—pull supply chains
along with multiple demand fulfillment, and recently,
Ortega-Jimenez et al. (2020) indicate that advanced
manufacturing technology must be reconfigurable to
guarantee responsiveness to market through the SC.

In fact, a research that integrates several components or
tools to guarantee a responsiveness to market is reported
by Roh et al. (2014). Specifically, a structural equation
model (SEM) was used to evaluate the relationship
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among the Responsive supply chain strategy (RSCS),
Information  sharing  with  customers  (ISC),
Collaboration with suppliers (CSU), Advanced
manufacturing technology (AMT), Pull production
(PPR), and Responsiveness to market (RMA), which are
intertwined and validated with data from 559
manufacturing companies in different countries.
Nonetheless, in six years the SC has been more integrated
in the industrial sector, where the dependence between
companies has been accentuated due to globalization,
because information communications technologies have
improved and facilitated a better integration into
production systems, which are geographically distributed
in different countries, therefore, it is essential to carry out
a study that allows to identify the type of relationships
that these variables have in their current conditions.

Particularly, in Mexico there are a lot of companies
known as maquiladoras, which are subsidiary plants that
have headquarters in other countries and are focused on
assembling activities, taking advantage of free trade
agreements, low labor costs, and closeness to the United
States of America (Galvan and Garcia, 2018). Sometimes
these industries have a duty and tariff-free that allow
them to have access to raw materials from other countries
in order to assemble, manufacture, or process them, and
export the final product (Garcia-Alcaraz et al., 2015).

According to the Mexican National Institute of Statistics
and Geography (INEGI), nowadays, there are 5,115
maquiladoras (INEGI, 2019) established in Mexico,
there are 1,421 maquiladoras in the northern of the
country (27.78 percent), where 329 are established in
Ciudad Juarez. Certainly, that industrial sector employs
305,313 direct workers and represent the most relevant
economic sector.

As a matter of fact, these type of companies require
special attention, because suppliers are established in one
country, whereas the manufacturer is in Mexico and
customers tend to be in another place; where a high
technological level is provided and supply chains are
very complex along with partners around the world.

For this reason, this paper is aimed to compare the
findings reported by Roh et al. (2014) with the Mexican
maquiladora sector in order to acknowledge the
differences that can be presented from using a structural
equation model, because that type of information will
help managers to be focused on customers.

2. METHODOLOGY

Several tasks were performed to generate and validate the
SEM proposed by Roh et al. (2014). This model proposes
nine hypotheses from nine relationships among six latent
variables. The hypotheses proposed are the following,
where it is important to mention that readers interested in
a theoretical justification about those relationships,
should consider Roh et al. (2014):



Hi. Responsive supply chain strategy has a direct and
positive effect on Information sharing with Customers.

H.. Responsive supply chain strategy has a direct and
positive effect on Collaboration with suppliers.

Hs. Responsive supply chain strategy has a direct and
positive effect on Advanced manufacturing technology.

Ha. Information sharing with customers has a direct and
positive effect on Collaboration with suppliers.

Hs. Collaboration with suppliers has a direct and positive
effect on Advanced manufacturing technology.

He. Information sharing with customers has a direct and
positive effect on Pull production.

H. Collaboration with suppliers has a direct and positive
effect on Pull production.

Hs. Advanced manufacturing technology has a direct and
positive effect on Pull production.

Ho. Pull production has a direct and positive effect on
Responsiveness to market.

These hypotheses or relationships are illustrated in
Figure 1 using the acronyms that were defined before.

Figure 1. Proposed model

In order to validate and compare the model in different
scenarios and time, the following steps were analyzed.

Survey design. Information is required for the SEM
validation as well as to compare the models; the
International Manufacturing Strategy Survey (IMSS)
reported by (Roh et al., 2014) was used. The IMSS is
adapted to the Mexican geographical context using three
experts to review it; a copy is shown in (Roh et al., 2014),
where each item integrating the six latent variables are
listed and presented in the descriptive report.

Survey application. The IMSS is applied to Mexican
maquiladora companies that belonged to the
manufacturing sector from July to August 2018, which
must be asnwered using a five-points Likert scale, where
1 indicates that the task is not done or not important,
while 5 indicates that the task is always done or very
important. Also, intermediate values, such as 2,3, and 4
are used for less important, kind of important, and
important, respectively (Vonglao, 2017).
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In the same way, an appointment is arranged with
managers and engineers related to the supply chain, then
a personal interview is done. If an interview is canceled
three times, that case is not considered in the research.

Data registration and debugging. A database is created
in the SPSS 24 ® software, which is widely used for data
description as it is easy to work with (IBM, 2019).
However, before registering the data from the survey,
missing values are identified and replaced by the median,
because a Likert scale is being used (lacobucci et al.,
2015). Also, outliers are identified by standardizing
every item, where values over 4 are replaced by the
median (Hoffman, 2019). Finally, uncommitted
respondents are identified by estimating the standard
deviation for every case or survey; if that value is under
0.5, it is not integrated in the analysis.

Description of the sample. The IMSS has a demographic
section that is aimed to collect data from the participants,
where some crosstabs are used to analyze the sample
integration, such as gender, years of experience,
industrial subsector, gender, among others.

Validation of latent variables. The latent variables in the
model from Figure 1 are integrated by items, where Table
1 portrays the validation indexes that are used before they
are integrated in the model (Kock, 2018):

Table 1. Validation indexes for latent variables

Index Measuring Best if
. Parametric
R2 and Adj. R2 predictive validity ~0.2
Composite reliability
index (CRI) and internal anq _ ~0.7
Cronbach’s Alpha content validity ’
(CAI
Average variance Cor_w_ergent ~0.5
extracted (AVE) validity ’
variance inflation factor collinearity =5
(VIF)
Non-parametric
Q2 oredictive validity | X

Significantly, it is essential to mention, that some
validation indexes can be obtained in an iterative way,
because sometimes by eliminating some items, they can
be performed in a better way. Also, latent variables that
fulfill the validity index are integrated in the SEM
(Midiala et al., 2016).

Structural equation model

Before interpreting the SEM, some efficiency indexes
are calculated, which are presented in Table 2 (Kock,
2019).

Table 2. Efficiency indexes for the SEM

Index Measuring Best if
Average path coefficient | Predictive
(APC) validity p<0.05




Average R-squared Predictive

(ARS) validity p<0.05

Average adjusted R- Predictive

squared (AARS) validity p<0.05

Average block VIF

(AVIF) Collinearity <5

Average full collinearity

VIF (AFVIF) Collinearity <5
Data fit to

Tenenhaus GoF (GoF) model >(.36

Likewise, three types of effects are calculated in the
SEM: the direct effects between the LV that represent the
proposed hypotheses in Figure 1, the indirect effects that
occur by moderating variables, which require two or
more segments, and the total effects (sum of the direct
and indirect effects)(Garcia-Alcaraz et al., 2015;
Villanueva-Ponce et al., 2015). Especially, for the direct
effects, the size effect (SE) is calculated in each
dependent variable, which is defined as the variance
explained by independent latent variables, and the sum
of the SE in a latent variable is the R? value (Schubring
et al., 2016).

Furthermore, the SEM is evaluated through the partial
least square technique integrated in the WarpPLS v.6®
software, which is widely recommended for small
samples with ordinal scale answers, as in this study
(Kock, 2019).

3. RESULTS

After 3 months of applying the survey, 254 valid
responses were obtained, where 68 correspond to
women, while 168 to men. Further paragraphs and
subsections are describing the main findings.

3.1 Description of the sample

Table 3 describes the sample, where it is observed that
most respondents were engineers with 111 responses,
followed by technicians with 80 responses. Also, the
higher category in vyears of experience are the
respondents with 2-5; this indicates that the data comes
from reliable and committed participants.

Table 3. Years of experience and job position

. Job position
Years of experience MITE Is 1T Total
0-<1 0| 11| 219 32
1-<2 8| 27| 2|17 54
2-<5 7] 38|14|24 83
5-<10 9| 19| 9f 9 46
>10 41 16| 8|11 39
Total 281111|35|80| 254

M= Manager; E=Engineer; S=Supervisor; T=Technician
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Table 4 portrays the industrial sector as well as gender.
Specifically, it is observed that 169 respondents were
male, whereas 85 were female. Also, it is observed that
the automotive sector was the most surveyed, followed
by electric fabricants.

Table 4. Industrial sector and gender

Industrial sector Gender Total
Female | Male

Automotive 46 109 | 155
Electric 8 21 29
Medical 12 14 26
Machinery 8 10 18
Electronics 6 7 13
Aeronautics 2 5 7
Logistics 3 3 6
Total 85 169 | 254

3.2 Descriptive analysis of the items

Table 5 illustrates the descriptive analysis for the items
in each latent variable, indicating the median and the
interquartile range. It is observed that every item has a
value over three but under four, indicating that they are
relevant in the responsiveness to market.

Table 5. Latent variables/items analysis

Latent variable/items | Median | RI
Responsive supply chain strategy

Wider product range 3.84| 1.58
Offer new products frequently 3.72| 1.7
Offer more innovative products 3.94| 1.64
Information sharing with customers

Data analysis, audit, and reporting 3.92| 1.67
Access to catalogues 3.7] 1.66
Order management and tracking 3.83] 1.66
Content and knowledge 376 158
management

Collaboration support services 3.92| 1.57
Collaboration with suppliers

The material inventory can be

managed or held through a website 3.52| 1.84
by suppliers

Collaboratl\_/e Planning, Forecasting, 373 17
and Replenishment

Ehysmal integration of the supplier 363| 1.96
into the plant

Advanced manufacturing technology

Automated parts loading/unloading) 3.74) 1.75
Automated guided vehicles, AGVs 3.31] 1.86
Automated storage-retrieval

systems, AS/RS ’ 3.5] 1.94
Pull production

Undertaking actions to implement

pull production_(e.g., rgducing 38l 16
batches, setup time, using Kanban ' '
systems, etc.) for the last 3 years




Planned effort to implement pull
roduction (e.g. reducing batches,

Eetup time, ﬁsi%g Kanba?l systems, 3.95| 1.66
etc.) within next the next 3 years

Responsiveness to market

Time to market 3.57| 1.61
Delivery speed 3.73] 1.71
Delivery dependability 3.92] 1.62
Manufacturing lead time 3.71| 16

3.3 Validation of latent variables

After debugging the dataset, Table 6 illustrates the results
for the LV validation process, where it is observed that
they comply with the expected values, because the R? and
adjusted R? are over 0.2, which confirms the predictive
validity, since the Composite reliability index and the
Cronbach’s alpha are over 0.7 that confirm the intern and
composite validity, AVE is over 0.5, which demonstrates
convergent validity, VIF is under 5, which indicates that
there is a collinearity absence, and finally, Q? is similar
to R?, which indicates that there is non parametric
predictive validity.

Table 6. Validation of latent variables

RSCE|ISC |CSU [AMT |PPR |RMA
R? 0.622]0.587[0.559( 0.58]0.689
Adj. R2 0.621]0.583[0.556 [ 0.575]0.688
CRI 0.93310.948]0.917)0.908 [ 0.953 ] 0.942
CAl 0.89310.931]0.864)0.846{0.901]0.918
AVE 0.82310.78410.787]0.768 | 0.91]0.802
VIF 3.009 | 3.754 | 3.224 ] 2.366 | 3.339 | 3.469
Q? 0.609[0.578]0.554 [ 0.57]0.675

According to these values, all latent variables can be
integrated in the SEM to be evaluated.

3.4 Structural equation model

Due that latent variables are adequate and fulfill the
validation process, they are integrated in the SEM. Table
7 indicates the model fit index and quality indexes before
its interpretation, whereas Figure 2 illustrates the
evaluated model.

Table 7. Model fit and quality indexes

Index Value Best if
APC 0.449 (p<0.001) p<0.05
ARS 0.607 (p<0.001) p<0.05
AARS 0.605 (p<0.001) p<0.05

AVIF 2.515 <5
AFVIF 3.194 <5
GoF 0.703 >0.36

According to those values, it is concluded that there is
enough predictive validity, because the p-value
associated to APC, ARS, and AARS is under 0.05; there
are no problems associated to collinearity, because the
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AVIF and AFVIF are under 5, and finally, it is concluded
that the data from the survey has an adequate fit to the
model, because the GoF is over 0.36. In fact, considering
findings in Table 7, the model is interpreted.

F-0.789
(=0.000)

(p=0.012)

Ri=0.560

Figurel. Evaluated model

3.5 Direct effect in SEM

Figure 1 presents the evaluated model, where for each
relationship there is a p value as well as a p-value for the
statistical significance test. Also, each dependent latent
variable indicates a value for R? as a measure for the
variance explained by independent latent variables. In
addition, direct effects allow to state conclusions about
the hypotheses proposed in Figure 1, where according to
the p-values, all the direct effects are statistically
significant, which conclusions are as follow:

Hi. There is enough statistical evidence to declare that
the Responsive supply chain strategy has a direct and
positive effect on Information sharing with Customers,
because when the first latent variable increases its
standard deviation in one unit, the second variable
increases in 0.789 units.

Ho. There is enough statistical evidence to declare that
the Responsive supply chain strategy has a direct and
positive effect on Collaboration with suppliers, because
when first latent variable increases its standard deviation
in one unit, the second variable increases in 0.277 units.

Hs. There is enough statistical evidence to declare that
the Responsive supply chain strategy has a direct and
positive effect on Advanced manufacturing technology,
because when the first latent variable increases its
standard deviation in one unit, the second variable
increases in 0.140 units.

Ha. There is enough statistical evidence to declare that
the Information sharing with customers has a direct and
positive effect on Collaboration with suppliers, because
when the first latent variable increases its standard
deviation in one unit, the second variable increases in
0.525 units.

Hs. There is enough statistical evidence to declare that
the Collaboration with suppliers has a direct and positive
effect on Advanced manufacturing technology, because
when the first latent variable increases its standard



deviation in one unit, the second variable increases in
0.643 units.

He. There is enough statistical evidence to declare that
the Information sharing with customers has a direct and
positive effect on Pull production, because when the first
latent variable increases its standard deviation in one
unit, the second variable increases in 0.489 units.

H-. There is enough statistical evidence to declare that
the Collaboration with suppliers has a direct and positive
effect on Pull production, because when the first latent
variable increases its standard deviation in one unit, the
second variable increases in 0.171 units.

Hs. There is enough statistical evidence to declare that
Advanced manufacturing technology has a direct and
positive effect on Pull production, because when first
latent variable increases its standard deviation in one
unit, the second variable increases in 0.175 units.

Ho. There is enough statistical evidence to declare that
the Pull production has a direct and positive effect on
Responsiveness to market, because when the first latent
variable increases its standard deviation in one unit, the
second variable increases in 0.833 units.

Specifically, Table 8 illustrates the direct effects
obtained in the model proposed by authors using data
from Mexican maquiladoras, where the direct effects
obtained by Roh et al. (2014) through manufacturing
companies around the world.

Table 8. Direct effects from both models

Hi | Hypotheses | Authors model | Roh et al. (2014)
Hi| RSCS—ISC 0.789 0.19
Hy | RSCS—CSU 0.277 0.23
Hs | RSCS—AMT 0.14 0.11
Hs| ISC—CSU 0.525 0.47
Hs | CSU—AMT 0.643 0.4
He | ISC—PPR 0.489 -0.06*
H;| CSU—PPR 0.171 0.35
Hg | AMT—PPR 0.175 0.21
Hg | PPR—RMA 0.833 0.24

According to data in Table 8, some differences are
observed. For instance, the relationship between RSCS
and ISC is different in both models, because in the
authors model that relationship is very high with
=0.789, while in Roh et al. (2014) is =0.19, which
represent an increment in 415.26%. Also, the
relationship between PPR and RMA is highly different,
because in the authors model it is indicated as p=0.833,
whereas in Roh et al. (2014) is only B=0.24, which
represent an increment in 347.08%. On one hand, the
relationship between 1SC and PPR in Roh et al. (2014) is
statistically not significant, but on the other hand, in the
authors model that relationships is significant. All other
values seem to be similar.
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3.6 Size effects

Table 9 shows the size effect for the R? decomposition in
its components. This analysis is relevant, since it helps to
identify the most critical relationships to explain a
dependent variable. For example, SCU is explained in
0.587 (58.7%) by RSCS in 0.194 and by ISC in 0.393,
which demonstrates that for CSU the most important
variable is ISC, because is bigger. Another clear example
is that PPR is explained in 0.580 by ISC in 0.358, by CSU
in 0.116 and by AMT in 0.106, which indicates that for
PPR the most essential variable is ISC, because it has the
highest size effect.

Table 9. Effect size decomposition

From 2
T0 IrscsTisc [csu [AMT | PPR | R
ISC 10.622 0.622
CsU [0.194]0.393 0.587
AMT | 0.083 0.477 0.560
PPR 0.3580.116 | 0.106 0.580
RMA 0.689 0.689

3.7 Sum of indirect effects in the authors model
Table 10 illustrates the indirect effect obtained in the
authors model, and unfortunately, Roh et al. (2014) did
not report this kind of relationships for a comparison.
Nevertheless, it is fundamental to report that the values
reported in the present research represent the sum of
indirect effects, containing indirect effects with 2, 3, 4,
and 5 segments. These relationships are important
because a direct relationship between RSCS, 1SC, CSU,
and AMT with RMA (the independent variable) is not
found, but this indirect effect allow to measure
dependency among variables. Also, according to the p-
value that is obtained, it is concluded that each indirect
effect is statistically significant.

Table 10. Sum of indirect effects
To From

RSCS | ISC CSU |AMT
CSU |0.414*
AMT | 0.445* | 0.338*
PPR |0.606*|0.149*|0.113%

RMA | 0.503* | 0.529* | 0.236* | 0.146*
* p<0.001 } p<0.005

3.8 Total effects

The sum of direct effects and the sum of indirect effects
is called total effects, which are illustrated in Table 11.
In fact, if two latent variables do not have indirect effects,
then the direct and total effect are the same. Specifically,
it is observed that the total effects are wide, and each
value is statistically significant based on the p-value
associated. In addition, it is relevant to mention that the
direct effect between PPR and RMA is the biggest, as
well as in the total effects’ category, indicating that it is
highest relationship.



Table 11. Total effect from the authors model
To From

RSCS |ISC CSU |AMT |PPR
ISC |0.789*
CSU |0.692* | 0.525*
AMT | 0.585* | 0.338* | 0.643*
PPR |0.606*|0.638*|0.284* | 0.175%

RMA | 0.503* | 0.529* | 0.236* | 0.146* | 0.833*
* p<0.001 § p=0.002

4. CONCLUSIONS

The direct effects between six latent variables analyzed
by Roh et al. (2014) in 20 countries have been correlated
to the Mexican maquiladora industry variables. Also, 9
relationships between the LV were compared in which
several similarities have been found in the relationships
between RSCS—CSU, RSCS—AMT, and AMT—PPR.
However, some differences were found in the
relationships  between  RSCS—ISC, ISC—CSU,
CSU—AMT, ISC—PPR, CSU—PPR, and PPR—RMA.

For instance, regarding the similarity between RSCS and
CSU, itis a result of the SC strategy that is still the same,
and companies are trying to have a wide production
range to fulfill the market demands, offer new or
modified products with a high innovative level.
Significantly, according to the SC management rules, a
supplier is always integrated in the manufacturer’s
production process. Likewise, the relationship between
RSCS and AMT is similar, because the production
technologies are still used in the same innovation level.

Moreover, regarding the differences in some
relationships; the direct effect between RSCS and ISC is
0.789 and 0.19, in the authors model and in Roh et al.
(2014) respectively, which may be due to information
systems for the information sharing with customers that
have evolved in the last five years. Also, it can be
because of the maquiladora industry nature, which is a
subsidiary company that is established in another
country, where it is depending completely on
headquarters in other countries, which are the main
customers for the maquiladora.

Finally, another significant difference between the
models is seen in the relationship between PPR and
RMA, which is because the maquiladoras only tend to
respond to the headquarters with the production that is
requested, therefore, only placed orders by their
customers are produced.

REFERENCES

Ayala, N.F., Paslauski, C.A., Ribeiro, J.L.D., Frank,
A.G., 2016. An Analysis of Buyer-supplier Integration
for Servitization Strategies. Procedia CIRP 47, 388-393.
https://doi.org/10.1016/j.procir.2016.03.075.

Birasnav, M., Bienstock, J., 2019. Supply chain
integration, advanced manufacturing technology, and
strategic leadership: An empirical study. Computers &

Proceedings of the 2019 MULTILOG Conference
Wellens and Zufiga Alcaraz Eds., FI-UNAM

Industrial Engineering 130, 142-157.
https://doi.org/10.1016/j.cie.2019.01.021.

Boiko, A., Shendryk, V., Boiko, O., 2019. Information
systems for supply chain management: uncertainties,
risks and cyber security. Procedia Computer Science
149, 65-70. https://doi.org/10.1016/j.procs.2019.01.108.
Bompard, E., Ma, Y., Napoli, R., Abrate, G., Ragazzi, E.,
2007. The impacts of price responsiveness on strategic
equilibrium in  competitive electricity —markets.
International Journal of Electrical Power & Energy
Systems 29(5), 397-407.
https://doi.org/10.1016/j.ijepes.2006.10.003.

Ciarniené, R., Vienazindiene, M., 2014. Agility and
Responsiveness Managing Fashion Supply Chain.
Procedia - Social and Behavioral Sciences 150, 1012-
1019. https://doi.org/10.1016/j.sbspro.2014.09.113.
Diaz-Reza, J., Garcia-Alcaraz, J.L., Gil-Ldépez, A.,
Blanco-Fernandez, J., Jimenez-Macias, E., 2019. Design,
process and commercial benefits gained from AMT.
Journal of Manufacturing Technology Management In
press. https://doi.org/10.1108/jmtm-03-2019-0113.
Fowler, JW., Kim, S.-H., Shunk, D.L., 2019. Design for
customer responsiveness: Decision support system for
push—pull supply chains with multiple demand
fulfillment points. Decision Support Systems 123,
113071. https://doi.org/10.1016/j.dss.2019.113071.
Galvan, O., Garcia, J., 2018. Analysis of the Historical
Development of the Magquiladora Export Industry in
Mexico [In Spanish] Revista DOXA 8(15 ), 135-152.
Garcia-Alcaraz, J.L., Prieto-Luevano, D.J., Maldonado-
Macias, A.A., Blanco-Fernandez, J., Jiménez-Macias, E.,
Moreno-Jiménez, J.M., 2015. Structural equation
modeling to identify the human resource value in the JIT
implementation: case maquiladora sector. International
Journal of Advanced Manufacturing Technology 77(5-
8), 1483-1497. https://doi.org/10.1007/s00170-014-
6561-5.

Guo, W., Tian, Q., Jiang, Z., Wang, H., 2018. A graph-
based cost model for supply chain reconfiguration.
Journal of Manufacturing Systems 48, 55-63.
https://doi.org/10.1016/j.jmsy.2018.04.015.

Hoffman, J.1.E., 2019. Chapter 9 - Outliers and Extreme
Values, in: Hoffman, J.1.E. (Ed.) Basic Biostatistics for
Medical and Biomedical Practitioners. Academic Press,
Boston, MA, USA, pp. 149-155.

Hum, S.-H., Parlar, M., Zhou, Y., 2018. Measurement
and optimization of responsiveness in supply chain
networks with queueing structures. European Journal of
Operational Research 264(1), 106-118.
https://doi.org/10.1016/j.ejor.2017.05.009.

lacobucci, D., Posavac, S.S., Kardes, F.R., Schneider,
M.J., Popovich, D.L., 2015. Toward a more nuanced
understanding of the statistical properties of a median
split. Journal of Consumer Psychology 25(4), 652-665.
https://doi.org/10.1016/j.jcps.2014.12.002.

IBM, 2019. IBM SPSS Statistics for Windows, 25.0 ed.
IBM Corporation Armonk, NY, USA.

INEGI, 2019. Monthly survey of manufacturing (EMIM)
[In Spanish].



https://doi.org/10.1016/j.procir.2016.03.075
https://doi.org/10.1016/j.cie.2019.01.021
https://doi.org/10.1016/j.procs.2019.01.108
https://doi.org/10.1016/j.ijepes.2006.10.003
https://doi.org/10.1016/j.sbspro.2014.09.113
https://doi.org/10.1108/jmtm-03-2019-0113
https://doi.org/10.1016/j.dss.2019.113071
https://doi.org/10.1007/s00170-014-6561-5
https://doi.org/10.1007/s00170-014-6561-5
https://doi.org/10.1016/j.jmsy.2018.04.015
https://doi.org/10.1016/j.ejor.2017.05.009
https://doi.org/10.1016/j.jcps.2014.12.002

http://www.inegi.org.mx/sistemas/bie/default.aspx?idse
rPadre=10400100. (Accessed 13/06/2016 2016).

Jorge Luis, G.-A., Emilio, J.-M., Arturo, R.-V., Liliana
Avelar, S., Aide Aracely, M.-M., 2019. Role of Human
Resources, Production Process, and Flexibility on
Commercial Benefits From AMT Investments, in:
Prasanta, S. (Ed.) Optimizing Current Strategies and
Applications in Industrial Engineering. IGI Global,
Hershey, PA, USA, pp. 51-81.

Kisperska-Moron, D., de Haan, J., 2011. Improving
supply chain performance to satisfy final customers:
“Leagile” experiences of a polish distributor.
International Journal of Production Economics 133(1),
127-134. http://dx.doi.org/10.1016/j.ijpe.2009.12.013.
Koc, T., Bozdag, E., 2009. The impact of AMT practices
on firm performance in manufacturing SMEs. Robotics
and Computer-Integrated Manufacturing 25(2), 303-313.
https://doi.org/10.1016/j.rcim.2007.12.004.

Kock, N., 2018. WarpPLS 6.0 User Manual. ScriptWarp
Systems, Laredo, TX, USA.

Kock, N., 2019. Factor-based structural equation
modeling with WarpPLS. Australasian Marketing
Journal (AMJ).
https://doi.org/10.1016/j.ausmj.2018.12.002.

Liu, Z., Li, K.W., Li, B.-Y., Huang, J., Tang, J., 2019.
Impact of product-design strategies on the operations of
a closed-loop supply chain. Transportation Research Part
E: Logistics and Transportation Review 124, 75-91.
https://doi.org/10.1016/j.tre.2019.02.007.

Midiala, O.V., Luis, G.A.J., Aracely, M.M.A., Valeria,
M.L., 2016. The impact of managerial commitment and
Kaizen benefits on companies. Journal of Manufacturing
Technology Management 27(5), 692-712.
doi:10.1108/JMTM-02-2016-0021.

Ortega-Jimenez, C.H., Garrido-Vega, P., Cruz Torres,
C.A., 2020. Achieving plant responsiveness from
reconfigurable technology: Intervening role of SCM.
International Journal of Production Economics 219, 195-
203. https://doi.org/10.1016/j.ijpe.2019.06.001.
Rivera-Camino, J., 2012. Corporate environmental
market responsiveness: A model of individual and
organizational drivers. Journal of Business Research
65(3), 402-411.
https://doi.org/10.1016/j.jbusres.2011.07.002.

Roh, J., Hong, P., Min, H., 2014. Implementation of a
responsive supply chain strategy in global complexity:
The case of manufacturing firms. International Journal of
Production Economics 147, 198-210.
https://doi.org/10.1016/].ijpe.2013.04.013.

Sardana, D., Terziovski, M., Gupta, N., 2016. The impact
of strategic alignment and responsiveness to market on
manufacturing firm's performance. International Journal
of Production Economics 177, 131-138.
https://doi.org/10.1016/].ijpe.2016.04.018.

Schubring, S., Lorscheid, 1., Meyer, M., Ringle, C.M.,
2016. The PLS agent: Predictive modeling with PLS-
SEM and agent-based simulation. Journal of Business
Research 69(10), 4604-4612.
https://doi.org/10.1016/].jbusres.2016.03.052.

Proceedings of the 2019 MULTILOG Conference
Wellens and Zufiga Alcaraz Eds., FI-UNAM

Shishodia, A., Verma, P., Dixit, V., 2019. Supplier
evaluation for resilient project driven supply chain.
Computers & Industrial Engineering 129, 465-478.
https://doi.org/10.1016/j.cie.2019.02.006.
Villanueva-Ponce, R., Garcia-Alcaraz, J.L., Cortes-
Robles, G., Romero-Gonzalez, J., Jiménez-Macias, E.,
Blanco-Fernandez, J., 2015. Impact of suppliers’ green
attributes in corporate image and financial profit: case
maquiladora industry. International Journal of Advanced
Manufacturing  Technology  80(5-8), 1277-1296.
10.1007/s00170-015-7082-6.

Vonglao, P., 2017. Application of fuzzy logic to improve
the Likert scale to measure latent variables. Kasetsart
Journal of Social Sciences 38(3), 337-344.
https://doi.org/10.1016/j.kjss.2017.01.002.

Wong, C.Y., Stentoft Arlbjern, J., Hvolby, H.-H.,
Johansen, J., 2006. Assessing responsiveness of a
volatile and seasonal supply chain: A case study.
International Journal of Production Economics 104(2),
709-721. https://doi.org/10.1016/j.ijpe.2004.12.021.
Wong, D.T.W., Ngai, EW.T., 2019. Critical review of
supply chain innovation research (1999-2016).
Industrial Marketing Management.
https://doi.org/10.1016/j.indmarman.2019.01.017.
Zhou, Y.-W., Guo, J., Zhou, W., 2018. Pricing/service
strategies for a dual-channel supply chain with free riding
and service-cost sharing. International Journal of
Production Economics 196, 198-210.
https://doi.org/10.1016/j.ijpe.2017.11.014.



http://www.inegi.org.mx/sistemas/bie/default.aspx?idserPadre=10400100
http://www.inegi.org.mx/sistemas/bie/default.aspx?idserPadre=10400100
http://dx.doi.org/10.1016/j.ijpe.2009.12.013
https://doi.org/10.1016/j.rcim.2007.12.004
https://doi.org/10.1016/j.ausmj.2018.12.002
https://doi.org/10.1016/j.tre.2019.02.007
https://doi.org/10.1016/j.ijpe.2019.06.001
https://doi.org/10.1016/j.jbusres.2011.07.002
https://doi.org/10.1016/j.ijpe.2013.04.013
https://doi.org/10.1016/j.ijpe.2016.04.018
https://doi.org/10.1016/j.jbusres.2016.03.052
https://doi.org/10.1016/j.cie.2019.02.006
https://doi.org/10.1016/j.kjss.2017.01.002
https://doi.org/10.1016/j.ijpe.2004.12.021
https://doi.org/10.1016/j.indmarman.2019.01.017
https://doi.org/10.1016/j.ijpe.2017.11.014

THE POST-DISASTER LOGISTICS IN MEXICO COMPARED TO THE REST OF THE
WORLD

Luis Reynaldo Mota Santiago®, Angélica Lozano®

@, ®) Instituto de Ingenieria, Universidad Nacional Autonoma de México, México

@LMotaS@iingen.unam.mx, ® ALozanoC@iingen.unam.mx

ABSTRACT

The main purpose in humanitarian logistics is relieving
the suffering of vulnerable people. Post-disaster logistics
focuses on the efficient management to respond to the
urgent needs from the affected people under emergency
conditions. In the event of a disaster, the national and
local civil protection structures and the international
response structures can respond to the society needs. The
objective of this paper is to present the situation of the
post-disaster logistics in Mexico compared to the rest of
the world. First, the post-disaster logistics is introduced,;
then, a description of the disaster management process is
presented, including the disaster management cycle, the
stakeholders in the relief operations and the international
agreements; later, disaster logistics activities in Mexico
and the rest of the world are explained, including official
provisions and processes for disaster response in Mexico
and other countries, and the international relief efforts of
some organizations engaged in disaster management
activities; and finally, a literature review on post-disaster
logistics models is presented, providing advances and
shortcomings.

Keywords: humanitarian logistics, disaster relief
operations, disaster preparation phase, disaster response
phase

1. INTRODUCTION

The logistics concept has evolved according to the
challenges it has faced at different times, from the
military art that studied the operations on the battlefield,
to the set of control techniques and the management of
flows of raw materials and products from the supply
sources to the consumption points (Antdn 1994).
Currently, important variations of logistics with different
scopes are studied; two of them are commercial logistics
and humanitarian logistics. Commercial logistics usually
deals with factors like a specific number of suppliers,
manufacturing sites, and predictable demand; all of them
are unknown factors for humanitarian logistics.
Humanitarian and commercial logistics have common
elements, such as planning and preparedness, design,
procurement, transportation, inventory, warehousing,
and distribution. All logistics operations must be
designed in such a way that they make arrive the right
goods to the right place and distribute them to the right
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people at the right time (Van Wassenhove 2006); but the
main purpose of humanitarian logistics is relieving the
suffering of vulnerable people (Thomas and Kopczak
2005).

The International Federation of Red Cross and Red
Crescent Societies (IFRC 2019) defines ‘disaster’ as a
sudden calamitous event that seriously disrupts the
functioning of a community or society and causes
human, material, and economic or environmental losses
that exceed the community’s or society’s ability to cope
using its own resources.

The world has experienced several disasters with
tremendous consequences, the humanitarian logistics
applied to disasters has received increasing interest from
researchers and practitioners just since 2004 when the
Indian Ocean tsunami happened (Kévacs and Spens
2007).

Disasters generate a massive demand for aid, including
food, medicines, shelter, water and other resources,
which makes logistics a critical element to carry out a
successful relief operation (Safeer, Anbuudayasankar,
Bulkumar and Ganesh 2014). Logistics is also the most
expensive part of any disaster relief (Van Wassenhove
2006). Post-disaster logistics focuses on the efficient
management to respond to the urgent needs from the
affected people under emergency conditions (Sheu
2007).

The challenges faced during the relief efforts need
improvements in the area of the humanitarian logistics
and supply chain management, hence the scientific
community has been developing models, methods and
techniques inspired by different disaster scenarios
(Gutjahr and Noltz 2016).

This paper is organized as follows: Section 2 presents the
main characteristics of the disaster management process,
including the disaster management cycle, the
stakeholders in the relief operations and the international
agreements; Section 3 provides an overview of the
disaster logistics activities carried out in México and a
group of selected countries, and the role of the
humanitarian international organizations; Section 4
offers a review on disaster logistics models, providing
advances and shortcomings; and the paper ends with
conclusions and future work.
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2. DISASTER MANAGEMENT PROCESS

The combination of hazards, vulnerability and inability
to reduce the potential negative consequences of a risk
results in a disaster (IFRC 2019). According to Van
Wassenhove (2006), a disaster can be natural or man-
made; according to their speed of onset, natural disasters
can be classified as ‘slow onset’ disasters such as drought
and famine, and ‘sudden onset’ disasters such as
earthquakes and tsunamis. The occurrence of some of
them are cyclical in nature such as hurricanes. Natural
disasters represent only 3% of disaster relief operations
(Van Wassenhove 2006).

2.1. The Disaster Management Cycle

Disaster relief efforts are characterized by considerable
complexity and uncertainty, in order to address and
implement better responses they need to be properly
managed (Tomasini and Van Wassenhove 2009); the
disaster management cycle is a process composed of
several stages, the most commonly accepted are the
following phases (Cozzolino 2012):

1. The mitigation phase: includes laws and
mechanisms to reduce social vulnerability,
mainly as a government responsibility.

2. The preparation phase: refers to operations that
occur during the period before the disaster
strikes. In this phase, the information and
communication technology systems, the bases
for collaboration and the physical network are
developed.

3. The response phase: operations that are
instantly implemented once a disaster strikes. In
this phase the first 24 to 72 hours after the
disaster are essential to help as many victims as
possible. This phase has two main objectives,
which can be seen as two sub-phases:

e The immediate-response subphase:
Time is crucial here. The emergency
plans of regional actors come to action
(Kovacs and Spens 2007).
Humanitarian organizations’ first step
is to send a first response team to
determine the population affected, the
level of damage, and what type of help
they need and what kind of material
are needed. This reaction should be
extremely fast (Agostinho 2013).

e Therestore sub-phase: The objective is
to restore in the shortest time the basic
services and delivery of goods to the
highest possible number of victims.

4. The reconstruction phase: operations in the
aftermath of a disaster. It involves
rehabilitation, and this phase aims to address the
problem from a long-term perspective.

This paper is mainly focused on the preparedness and
emergency response phases.
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2.2. Stakeholders in the relief operations

In the event of a disaster, humanitarian relief operation
management engages different kind of players, with their
own purposes, mandates, interests, culture, capacity and
logistics expertise (Balcik, Beamon, Krejci, Maramatsu
and Ramirez 2010).

Kovacs and Spens (2007) categorized the key players as
follows: governments, the military, aid agencies, donors,
non-governmental organizations, and private sector
companies.

Governments are the activators of humanitarian logistics
stream after a disaster strikes; they can authorize
operations and mobilize resources. Without the
authorization from the host government, no other player
can operate in the disaster zone, except the national aid
agencies and the military. Local governments are
responsible for putting into place protocols and act to
reduce the impact of disasters.

The military are a crucial actor since soldiers can provide
primary assistance due to their high planning and
logistics capabilities.

Aid agencies: are entities through which governments
can attend the suffering caused by disasters.

Donors provide the bulk of funding for major relief
activities. Donations can be in-cash and in-kind while
logistics operations are performed.

Non-governmental organizations (NGOs) include
different size organizations, some of them are temporary,
being created just to address one particular crisis.
Private sector companies can play one or more of the
following roles: as a donor by giving financial
contributions; as a collector by gathering financial means
from its customers, its employees and its suppliers to
fund aid operations; and as a provider by offering its
goods and services for free. Logistics service providers
are excellent partners of humanitarian organizations
through their logistics and supply chain management
core capabilities.

2.3. International Agreements

An important role in the humanitarian relief process can
be played by international collaboration agreements
subscribed by governments or aid agencies. They let to
put into place support protocols and take actions to assist
when a disaster strikes and local capability cannot cope
with the emergency.

One of the most important international agreement is the
Sendai Framework for Disaster Risk Reduction.
According to the United Nations Office to Disaster Risk
Reduction (UNDRR) (2019) the Sendai Framework is a
15-year, voluntary, non-binding agreement which
recognizes that the State has the main role to reduce
disaster risk, but that responsibility should be shared with
other stakeholders: local government, private sector and
other decision-makers. The framework outlines four
priorities for action to prevent new and reduce existing
disaster risks:

1. Understanding the disaster risk.
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2. Strengthening the disaster risk governance to
manage disaster risk.

3. Researching on disaster
resilience.

4. Enhancing disaster preparedness for effective
response, and to build back better in recovery,
rehabilitation and reconstruction.

reductions for

This agreement aims to achieve a substantial reduction of
disaster risk and losses in lives, livelihoods and health
and in the economic, physical, social, cultural and
environmental assets of  persons, businesses,
communities and countries (UNDRR 2019).

The Framework was adopted at the Third UN World
Conference on Disaster Risk Reduction in Sendai, Japan.

3. DISASTER LOGISTICS ACTIVITIES IN
MEXICO AND THE REST OF THE WORLD

In the event of a disaster, national and local civil
protection structures, and international response
structures can respond. Each country has developed
mechanisms and organizations, according to its
experience, responsible for preparing tasks, mitigation
risk, and providing assistance services to people, as a
way for responding to its society needs. When a major
disaster occurs, the local response capability is generally
exceeded, giving way to obtaining international aid.
Countries and donors who want to help look for ‘the best
way’ to do it, which can be sending goods such as
medicines, food, etc., or sending international search and
rescue teams. The first 24 to 72 hours after the disaster
are essential to help as many victims as possible.

A review of the official provisions and norms related to
post-disaster logistics in Mexico and other countries
(Japan, Chile, Spain and the United States) is presented
below. Also information about the operations in disaster
management and the role of the international
organizations engaged in disaster management activities,
are presented.

3.1. Official provisions and processes for disaster
response in Mexico and other countries
Each country focuses its efforts on the disasters that
frequently affect its territory, considering diverse actions
for each stage of the disaster management, led by a
national authority, and influenced by the sociocultural
characteristics of the population. The actions have
generally evolved according to its experience on
disasters.
Despite many disasters have happened in México, the
responsiveness from the government civil protection
agencies has evolved slowly. The civil protection
programs have arisen as a result of the disasters, and
some events have evidenced a lack of protection from the
government agencies to the affected population
(Cienfuegos 2011).
In order to respond to emergencies, the Mexican
government created the National Center for Disaster
Prevention (CENAPRED), after the 1985 earthquake in
Mexico City, with the support of the government of

Proceedings of the 2019 MULTILOG Conference
Wellens and Zufiga Alcaraz Eds., FI-UNAM

Japan and the Universidad Nacional Auténoma de
México. CENAPRED is a Technical - Scientific center
for disaster prevention responsible for conducting
research, monitoring disturbing phenomena and
spreading civil protection culture (CENAPRED 2018).
In 1986, the National Civil Protection System
(SINAPROC) was created, which laid the foundations
for coordinating efforts and gradually allowed the
creation of emergency response plans (Cienfuegos
2011).

The Mexican emergency response plans consider the
stages of civil protection, including actions of the
authorities in ascending hierarchical order, starting from
the community, the municipality, the state and the federal
government; each of them has its own plan according to
the main risks it faces (Jefatura de Gobierno 2014).
Annual human and material losses caused by natural
disasters have high costs for the country, so the National
Development Plan 2013-2018 establishes the need of
strengthen prevention actions to reduce risks (Gobierno
de la Republica 2014).

Preventive actions such as evacuation drills, technical
studies, outreach campaigns, and development, updating
and outreach of the risk atlases with different levels of
access to information, are included in the Law of the
Civil Protection System of Mexico City (Jefatura de
Gobierno 2014).

In Japan, Chile, Spain and the United States, the
emergency response plans are regionalized, established
according to the main risks they face, and the population
has a free access to them (BOSAI 2015, ONEMI 2019,
Talavera 2013, FEMA 2019).

An important element for the development of emergency
response plans is the risk atlas. In the United States the
main ones are the Flood Hazard Maps (FEMA 2019);
Chile has regional risk maps for different scenarios, end
evacuation maps which include routes and safe areas
(ONEMI 2019); in Japan, the risk maps are regional and
include the probabilities of occurrence of each
phenomenon (BOSAI 2015); and Spain has the national
map of civil protection risks (Talavera 2013).

The Regulation of the Law of the Civil Protection System
of Mexico City (Jefatura de Gobierno 2017) states the
need of hazard and risk atlas, which must include an
information system composed of georeferenced
databases, cartographic information of hazards,
vulnerability, and facilities exposed to risk, and risk
maps.

The National Civil Protection Program 2013-2018
identified a vulnerability in the available information.
The public policies must be based on the analysis of the
National Risk Atlas, however it usually is outdated and
its scale does not allow inquiries about the level of risks
in a specific area (Secretaria de Gobernacion 2014).

The early warning systems, coordinated by government
agencies, are important tools to inform population about
seismic, volcanic, meteorological and tsunami risks
(Secretaria de Gobernacion 2014).

When a large scale disaster strikes, the emergency must
be addressed; immediate actions will be carried out such
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as: identifying the type of risk and the affected area,
cordoning security perimeters, controlling access and
evacuation routes, orientating the population, opening
temporary shelters, coordinating of assistance services,
among others. If the capability of response is exceeded,
higher instances of government must be involved. Figure
1 shows the process of disaster relief operations in
Mexico.

Emergency

A first authority takes
cognizance, provides a initial
response and informs to Civil

Protection instances

\ 4

Poes it excedd
their response
apability?

Municipal authority of Civil
Protection assists the victims

Yes

A 4
State or Mexico City
authorities support the
municipal authorities on
assist the victims

Poes it excedd
their response
apability2

Yes

A 4
Federal authorities support
the state or Mexico City and
the municipal authorities to
assist the victims

Poes it excedd
their response
apability?

No

v Yes

Defs he rec@i
an offer of
intemational

aid?

The President can issue a call
for international aid

Accept / Reject
Humanitarian relief,

v No
The National Civil Protection
Council determines the
criteria for compliance with
intemational agreements as
well as relief modalities

Figure 1: Process of disaster relief operations, based on
Secretaria de Gobernacion (2018)

The national authorities responsible for dealing with
disasters are the following: SINAPROC in Mexico, the
Office of the Cabinet / Minister for Disaster
Management, in Japan; the DHS / FEMA, in the United
States; the National Emergency Office of the Ministry of
Interior (ONEMI), in Chile, and the National Civil
Protection System, in Spain.

The Regulation of the Law of the Civil Protection System
of Mexico City contemplates social and private
participation in victim assistance activities, through
voluntary groups, community brigades and accredited
third parties (Jefatura de Gobierno 2017).

The army must provide relief in the event of a disaster,
through DN Il — E Plan, which can be carried out
independently or jointly with other government agencies
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(SEDENA 2019). According to Cienfuegos (2011) this
Plan responds to earthquakes, hurricanes, floods and
fires, among others, through the deployment of
specialized personnel, logistics and supply activities, and
the coordination of air operations and damage
assessment.

As a preventive measure during the hurricane season,
engineering groups are deployed in Mexico City,
Monterrey, Guadalajara and Valladolid; each one has
personnel, material, tools, heavy machinery and a
communal kitchen (Cienfuegos 2011).

Marine Plan respond to a disaster similarly as DN IlI-E
Plan. Its action is focused on naval areas (coastal areas)
and Mexico City, but can provide support if required in
other regions (SEMAR 2019).

The National Civil Protection Program 2013-2018
(Secretaria de Gobernacién 2014) identifies three main
problems:

e The relationship with the organized civil society
has been neglected despite its great potential;
and the link of SINAPROC with national and
international organizations, research centers
and academic institutions has a limited
exchange of knowledge on civil protection and
risk management.

e The coordination in emergencies and disasters
is limited by SINAPROC; there is a lack of
records about the state of the national network
of community brigades and voluntary groups,
which difficult convene them in a situation of
need, wasting human resources.

o Historically, disaster relief has been left to the
army, minimizing the prevention and training
actions by the government agencies and society,
which implies a significant decrease in the
capacity to respond, duplication of excessive
efforts and expenses in reconstruction.

Some civil society organizations, which are not
necessarily linked to government sponsorship, provide
support in the event of disasters, both in search and
rescue activities and in the collection and transfer of food
to be distributed in the damaged areas. Mexican Red
Cross and team ‘topos’ are some examples.

Being one of the countries that faces many natural
disasters, Japan has become the reference country, with
a budget oriented towards research and prevention,
which seeks to develop innovative disaster management
systems, promote the conservation of the national
territory, improve weather forecasting technologies, and
update communication and information technologies for
disasters. One of the Japan’s mainstays is risk education,
so its citizens know the general disaster procedures. Its
emergency plans are specifically developed for the risks
of each region and are constantly reviewed (BOSAI
2015).

In Chile, prevention is the key for saving lives, so it
promotes the population educating for self-care through
the “Prepared Chile” program, which carries out actions
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such as the strengthening of the Emergency and Early
Warning System and the Civil Protection System.
ONEMI assumes that the Disaster Risk Management is a
process of continuous development, execution,
monitoring and assessment, so it implements an
‘Emergency Management System’ in order to ensure a
timely and effective response to emergencies (ONEMI
2019).

Spain has a structured Civil Protection System to deal
with the disaster phases. They have strengthened the
planning and emergency intervention; have standardized
the actors' knowledge by means of training circuits to the
personnel that acts in emergencies, for each specialty
(Talavera 2013).

In the United States, the National Response Framework
establishes a comprehensive, national and all-hazard
approach to incident response. Strategic and operational
planning prioritizes and identifies levels of performance
and capacity requirements; it provides the standard for
assessing capabilities and helps parties to know their
functions (DHS 2019).

The FEMA Risk Analysis Division applies engineering,
planning, and advanced technology to determine the
potential risks of a natural event. Mobile emergency
response provides support for telecommunications,
logistics and self-sustaining  operations through
detachments that can be implemented immediately
(FEMA 2019).

If an incident exceeds the ability of the Federal
Emergency Management Agency, the Ministry of
Homeland Security is authorized to activate the DHS
Surge Capacity Force (SCF) to increase the federal
disaster response. The SCF is composed of federal DHS
employees and other agencies to help support response
and recovery efforts. The program is administered by
FEMA (DHS 2019).

3.2. Role of the international organizations

The international organizations develop activities,
mainly in the preparedness and emergency response
stages. Their main task is to facilitate the support work to
national organizations by means the coordination of the
procurement and delivery of international aid.

When a disaster occurs, people ask for help first to their
own communities and governments and, secondly, to
neighbouring countries and regional/international
organizations. Three of the most important international
organizations engaged in disaster relief activities are the
following: United Nations, The International Federation
of Red Cross and Red Crescent Societies and The Sphere
Project.

United Nations (UN) is a multinational organization that
is made up of agencies, funds and programs that address
social problems; some of its entities play different roles
providing humanitarian assistance, including the United
Nations Development Program (UNDP), responsible for
natural disaster mitigation and preparedness operations,
and the World Food Program (WFP) (United Nations
2018).
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The Office for the Coordination of Humanitarian Affairs
(OCHA) is responsible for bringing humanitarian actors
to intervene in emergencies, for mobilizing and
coordinating effective humanitarian assistance and for
collaborating with national and international agents to
assist victims in case of catastrophe or emergency
(OCHA 2018).

The Central Emergency Response Fund (CERF),
managed by OCHA, allows humanitarian support of
victims and receives voluntary donations to finance
response actions worldwide. The UN Disaster Assistance
Assessment and Coordination (UNDAC) team aims to
provide reliable information and coordinate international
assistance. This team usually stays in the affected area
during the initial response phase up to three weeks in
natural disasters. The international disaster response
system consists of four components: personnel,
methodology, procedures and equipment (OCHA 2018).
The Search and Rescue Operations Advisory Group
(INSARAG) was created after the earthquakes in Mexico
in 1985 and in Armenia in 1988, by the Urban Search &
Rescue (USAR) teams. INSARAG contributes to the
implementation of the International Strategy for Disaster
Reduction (INSARAG 2015).

The international USAR teams act when the capacity of
response of the affected country is exceeded and the
national authorities accept the international relief; the
assistance provided is based on the needs of the affected
country and not on the availability of resources.
International assistance is the third level of humanitarian
assistance, which is requested for specialized tasks
(INSARAG 2015).

INSARAG (2015) recognizes in the response framework
of USAR teams that, search and rescue efforts start
immediately after a large-scale disaster occurs; rescue
efforts immediately begin by residents, complemented
by local emergency services and then by local rescue
teams, and continue by using of regional or national
resources. The USAR international teams respond after a
few days, following the official request for international
assistance from the affected government. Each higher
level of response considers an increase in rescue capacity
and overall capacity, but it has to be integrated and
support the already operating response. Work practices,
technical language and information must be common and
shared among all, in order to ensure the integration of the
different levels of response (INSARAG 2015).

The five USAR components must be covered:
administration, search, rescue, medical care and
logistics. Many countries, international organizations
and NGOs have prepared capacity that can be deployed
in a very short time to assist in disaster. A country or
organization may also decide to channel its support
through UN agencies or NGOs (INSARAG 2015).

The International Federation of Red Cross and Red
Crescent Societies (IFRC) groups 186 National Societies
and its main mission is to provide humanitarian aid
(Carrasco, Bara and Brunet 2011).

Two basic tools are required to provide disaster relief:
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e Emergency Assistance Fund: constituted by
‘preventive’ donations that allow the necessary
financial resources to activate the humanitarian
response.

e Emergency Response Units (ERU): they are a
modular system of rapid intervention in the
event of a disaster, which can be at the disaster
site within 72 hours.

Each ERU is prepared to act autonomously for at least
one month and can remain in the field for up to four
months. ERUs have well trained staff and previously
identify and group the necessary material resources
according to logistic criteria of rapid projection and
deployment on the ground (Carrasco, Bara and Brunet
2011).

There are different types of ERU, depending on their
activities in the field, which can be: basic health care,
water and sanitation, mass sanitation,
telecommunications, and logistics and distribution.
Carrasco, Bara and Brunet (2011) point out that in the
event of a disaster, the IFRC sends the Field Assessment
Coordination Team (FACT), i.e., disaster management
specialists deployed in the first 12 - 24 hours to the
affected area, to assess the most pressing needs: shelters,
water and sanitation, food and basic health care. The
information on the needs in the field is centralized in the
Relief Mobilization Table, which is sent to IFRC
headquarters in Geneva, from which a call to National
Societies and potential donors is launched.
Simultaneously, the FACT determines what type of ERU
is needed based on the magnitude of the disaster and its
evolution, the needs of the victims, the ability of the Red
Cross of the affected country, the lack of local resources
to adequately deal with the disaster and the available
resources from other agencies for the same event. Then
the National Societies report their availability, and the
final decision on the deployment is taken by the IFRC
that will determine what type of ERU will move and the
country responsible for the operation.

Once in the disaster place, the ERU contacts the National
Society affected and, as far as possible, welcomes local
volunteers to collaborate in its activities. The National
Society that sponsors the ERU funds the travel expenses
and salaries of the displaced specialized personnel, and
is responsible for constituting the group, its previous
training and ensuring that it has the required skills and
expertise (Carrasco, Bard and Brunet 2011).

The IFRC logistics network has three regional logistics
units (RLUs) to provide maximum global coverage,
which are strategically located in the following places:
Dubai, which covers Europe, the Middle East and Africa;
Kuala Lumpur, to serve Asia and Australia; and Panama
(the Pan-American Disaster Regional Unit), for the
Americas (Carrasco, Bara and Brunet 2011).
Pre-positioning inventory of humanitarian items at
strategical locations reduces lead time and obtains lower
transportation costs. The network with pre-positioned
inventories at regional locations allows to provide a
faster response by air in the early days after a disaster
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strikes, where speed is a critical factor (Carrasco, Bara
and Brunet 2011).

The Sphere Project Handbook is a collaborative effort
between hundreds of Non-Governmental Organizations
to stablish minimum humanitarian standards to be met in
relief. The Sphere Handbook also states that agencies
should provide aid impartially according to need but
makes no mention of specific procedures (Sphere 2018).
The implementation of the standards contained in the
handbook is a decision of each organization but is
generally considered as a reference by practitioners.

4. STATE OF THE ART ON MODELS FOR
POST-DISASTER LOGISTICS
Mexico has several opportunity areas in post-disaster
logistics. It is necessary to analyze whether certain
actions can be successful for future emergency events in
our country, taking account of the particularities of our
territory and idiosyncrasy.
Disaster operations management provides techniques to
prepare a community and reduce the severity of the
damage caused by disasters. Even though governments
and organizations use disaster management to try to
reduce disaster’s impacts, the decision-making process to
support an emergency response is not an easy process;
the unpredictability, magnitude, uncertainty and
complexity of these events make difficult to develop
efficient plans (Hoyos, Morales and Akhavan-
Tabatabaei 2015). The stakeholders need to consider
these issues and the available resources; humanitarian
decision makers often make non-optimal decisions due
to over-reliance on experience, over-confidence in their
own unaided decision-making abilities, and the use of
simple decision tools (Alem, Clark and Moreno 2016).
The resulting poor decisions have attracted considerable
research attention on disaster operations management,
wich is reflected on the increasing number of research
papers.
According to Altay and Green (2006) a better
understanding of the specific characteristics of the events
and their impact is still needed in order to develop
pertinent models.
Several literature reviews have been carried out on
mathematical models applied to Disaster and
Humanitarian Logistics  considering  different
approaches, as described below.
Caunhye, Nie and Pokharel (2012) separated the
activities on field into pre-disaster and post-disasters
operations, and classified the models into three main
groups: facility location, relief distribution and affected
people transportation, and other operations, including
model types, decisions objectives and constraints.
De la Torre, Dolinskaya and Smilowitz (2012) focused
on the Vehicles Routing Problem with different
variations for the distribution of life-saving commodities
to victims, classifying the models according to the
problem characteristics and objectives.
Safeer, Anbuudayasankar, Bulkumar and Ganesh (2014)
focused on objective functions and constraints for the
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following models: transportation of affected people and
relief distribution problems.

Hoyos, Morales and Akhavan-Tabatabaei (2015)
focused on operations research models with stochastic
component, applied to disaster operations management,
using different solution techniques.

Ozdamar and Ertem (2015) considered mathematical
models for the post-disaster phases of response and
recovery planning; they classified models in terms of
their  vehicle/network representations and their
functionality, providing details on objectives, constrains
and solution methods, and the use of information systems
for humanitarian logistics.

Gutjahr and Nolz (2016) focused on quantitative
decision-making approaches to humanitarian aid, using,
deterministic or under uncertainty, multi-criteria
optimization methods.

Boonmee, Arimura and Asada (2017) focused on the
Facility Location Problems for humanitarian logistics,
including deterministic, dynamic, stochastic and robust
problems. They reviewed data modeling type, disaster
type, decisions, objectives, constrains and solution
methods.

A review of the state of the art, allows to identify key
papers on post-disaster logistics, which are described
below.

Wohlgemuth, Oloruntoba and Clausen (2012) addressed
the Vehicle Routing Problem with dynamic Pick and
Collect Scheduling based on a dynamic optimization
model to avoid delays in the delivery of time-critical
relief goods and increase equipment utilization, thereby
saving lives and costs. A multi-stage mixed integer
formulation was proposed, which is able to operate under
variable demand and transport conditions, to find a set of
minimum travel time routes starting and ending at a
single depot and serving the demands of a range of
locations, minimizing the number of vehicles used. This
model considers a cluster strategy and a time dependent
travel time approach as a way to incorporate dynamic
changes. The model was tested in a business context of
forwarding agencies. The authors suggested further
research focused on the optimization of travel times and
location clusters,and the refinement and testing of
anticipation strategies for different travel times and
locations.

Osguven and Ozbay (2013) addressed the Stochastic
Inventory Control Problem to develop a realistic control
model to implement efficient pre and post-disaster plans.
A robust and efficient procurement system with an
adequate off-line planning strategy and a careful on-line
inventory management was proposed. The off-line model
was formulated as a multi-commodity stochastic
inventory management model in the context of
humanitarian logistics, based on the Hungarian Inventory
Control Model; a Normal distribution was considered for
representing the stochastic nature of the consumption and
delivery processes. The on-line strategy includes a real
time management of the activities, obtaining real-time
information through radio frequency devices, which was
formulated as a neural network trained with the off-line
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model information. The models were tested with
simulated data.

Charles, Lauras, Van Wassenhove and Dupont (2016)
addressed the Distribution Network Design Problem
based on a facility location model for humanitarian
organizations, to identify the optimum number and
location of warehouses on a regional scale to pre-
positioning humanitarian resources at a strategic level. A
mixed-integer linear programming formulation is
proposed to minimize costs (transportation costs, fixed
costs and variable costs). The model is based on
scenarios, which allows a reliably forecast of demand
using past data and future trends. As a future work, the
authors underlined a discussion with different
organizations to validate the results and applicability.
Alem, Clark and Moreno (2016) addressed the
Distribution Network Flow problem based on a two stage
stochastic network flow model under practical
assumptions (dynamic multi-period relief operations,
limited budgets, fleet sizing, etc.) to minimize the total
cost of the procurement of emergency aid during a
response and the prepositioning of emergency aid before
a disaster strikes, focused on predictable disasters. They
assumed that the location of relief centers and
warehouses are well located beforehand, and focused on
prepositioning, distribution and fleet decisions. Also,
they included a model extension that considers risk
management based on risk-aversion decisions. The
model was tested with scenarios based on floods and
landslides in Rio de Janeiro, Brazil. As a future work, the
authors underlined to analyze the impact of a
heterogeneous fleet, additional constrains and an
extension to multistage stochastic models.

Pradhananga, Mutlu, Pokharel, Holguin-Veras and Seth
(2016) addressed the Distribution Network Design
problem based on a three-echelon network model to
minimize the social cost (the sum of logistics cost and
deprivation cost). A scenario-based two-stages stochastic
programming formulation was proposed. Main
contributions of this paper are a three-tier network
structure with multiple supply point, a non-linear
deprivation cost function, and the flexibility in
purchasing and prepositioning decisions. The model was
tested assuming a single commodity and different
hurricane scenarios. The authors suggested further
research considering different transportation modes and
stablishing temporary distribution centers, in order to
reduce the deprivation cost and increase de effectiveness
of the distribution.

Das (2018) addressed the Facility Location Problem
based on a multi-objective network model to select
warehouse locations such that the maximum area is
covered at the minimum distribution cost. An integer
linear formulation is proposed to determine the location
of a set of local warehouses and one regional warehouse.
This model includes a hub-and-spoke network and,
unlike other models, allows the interaction between
different local warehouses to send and receive relief
items. The model was tested assuming uniform relief
demand and uniform distance between demand points,
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without considering weight factors in the objective
function or parameters subject to uncertainty. For
obtaining a robust model, the author suggested to
consider different scenarios and incorporate uncertainty
parameters.

Noham and Tzur (2018) addressed the Pre and Post-
disaster Humanitarian Supply Chain Design Problem
based on a two-echelon humanitarian supply chain of a
single product to provide, as quickly as possible the
greatest quantity of the supply that is stored in advance
at the major warehouses. A mixed integer programming
model is proposed to maximize the relief flow by time
unit. This model includes facility location and inventory
allocation decisions, and unlike other models, the
practitioner’s post-disaster decisions are included as a set
of humanitarian constrains. The model was tested with
randomly generated data as well as real data obtained
from the Geophysical Institute of Israel. To extend the
research, the authors suggested to relax the assumption
of a centralized decision-making process.

Some authors have underlined that many parameters are
unknown before a disaster, however the relief demand is
a key parameter in disaster preparedness. Seven
influencing factors of the relief demand have been
identified by Das (2018): disaster characteristics,
sociodemographic factors, emergency sheltering, ratio of
victims, perception of hazards, social bonds, and income.
Uncertainty is usually considered via scenario-based
models, but Charles, Lauras, Van Wassenhove and
Dupont (2016) consider that the research frequently use
fictitious scenarios and data to compensate for the lack
of realistic information, and underline that this approach
is no longer sufficient to validate whether decision
support systems can be successfully applied in the actual
context of disaster relief. A better option is when the
scenarios are defined by the country’s emergency
authorities, their evaluation is carried out by experts as
part of the strategic plan for disaster preparedness and is
updated as needed (Noham and Tzur 2018).

From the previously described papers, some features can
be useful to generate a realistic model. Wohlgemuth,
Oloruntoba and Clausen (2012) proposed a cluster
strategy and a time dependent travel time approach to
incorporate dynamic changes, which can be useful to
improve the distribution of aid. The difficulty is that a
good clusters generation requires a deep knowledge of
the problem.

Osguven and Ozbay (2013) used an adaptive model to
calculate the inventory level and proposed real-time
information to feed the model through radio frequency,
which allows to manage resources in a better way. Here
it is necessary to try different technologies in disaster
logistics environments.

Charles, Lauras, Van Wassenhove and Dupont (2016)
proposed a methodology to define scenarios to get a
reliably forecast of demand, using past disaster data and
future trends; certainly. More realistic scenarios allow to
obtain better solutions for the problems, however
generating them without the right information or without
a correct analysis can conduct to useless solutions.
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Alem, Clark and Moreno (2016) consider risk
management based on risk-averse decisions, which be
able to guarantee the availability of the necessary
products. The trouble is that having surplus in safety
stocks can generate other problems on the resources
management.

Pradhananga, Mutlu, Pokharel, Holguin-Veras and Seth
(2016) included a non-linear deprivation cost function
and the flexibility in the purchasing and prepositioning
decisions, which allows to obtain more realistic
solutions. They still must consider several commodities
in the model.

Das (2018) proposed a hub-and-spoke network and
allowed the interaction between different local
warehouses. The possibility of mobilizing resources
between the different warehouses could improve the
coverage and availability of resources, but requires
further analysis considering realistic scenarios.

Noham and Tzur (2018) included post-disaster decisions
through a set of humanitarian constrains, taking into
account the current logistics practice, which allows to
obtain results with a better acceptance among
practitioners. When a general consensus is not generated,
their proposal cannot be implemented.

5. CONCLUSIONS AND FUTURE WORK

Natural disasters generate considerable economic and
social effects in the population of different countries,
which has motivated the development of a series of
mechanisms and procedures to deal with them in a better
way. Two important stakeholders are the national and
local civil protection structures, responsible for preparing
tasks, mitigating risk, and providing assistance services
to people, as a way for responding to their society needs,
and the international humanitarian organizations, as
supporting elements when the capacity of the local
agencies is exceeded.

Recent natural large scale disasters have captured the
attention of the international scientific community,
which has generated contributions in two main areas: the
understanding and conceptualization of the problem, and
the generation of models to optimize the use of available
resources to improve the logistics.

Advanced countries on disaster management maintain
strong links among authorities, research institutions and
agencies in charge of emergencies; in Mexico needs to
strengthen these links in order to generate promising
advances.

Mexico has several opportunity areas in post-disaster
logistics. It is necessary to obtain realistic models and
solutions for post-disaster logistics, in order to improve
the response in future disasters.

Information is crucial, so it is needed better-quality
statistical information, updated risk atlases and free
access to the databases.

Scientific advances such as those outlined in this paper
can be useful to improve the logistics performance for
disasters, however in Mexico the post-disaster logistics
is more challenging due to the relationships among the
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stakeholders, the non-compliance with processes, and the
lack of information.

Future work is needed, a deeper research for the
development of models that allow us to consider the
particularities of our territory and the idiosyncrasies of
the population and agencies, in the process for obtaining
better integrated and coordinated preparedness and
response systems.
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ABSTRACT

Now researchers and experts pay special attention in
natural disasters because of the effects caused on areas
where these phenomena occur, therefore, they have
developed methodologies to assess the risk of these
events and to prevent people from them. These
methodologies have been developed in order to reduce
the impact of these events on people's health and
properties, the socio-economic activities of the
population and the environment. A natural event cannot
be avoided, but its effect can be reduced by carrying out
preventive activities and designing plans according to the
needs of the vulnerable population. Nowadays, a variety
of methodologies (qualitative, quantitative and hybrid)
have been developed to assess the risk of different natural
events, also how these events effect in humanitarian
logistics. The objective of this document is to show
literature about qualitative developments made to assess
the risk of natural disasters, focused on
hydrometeorological events in their prevention stage in
humanitarian logistics.

Keywords: Risk assessment, Qualitative methods,
Humanitarian logistics, Vulnerability

1. INTRODUCTION

For the development of this research it is important to
define some terms for a better understanding. Disaster is
"a serious disruption of the functioning of a society,
causing widespread human, material or environmental
losses that exceed the capacity of the affected society to
deal with them wusing only their own resources"
(Melching et al., 2006). People's concern about disasters
is related to human death and the economic cost, which
basically depends on the dangers and risk of the event.
The danger is "a threatening event, or the probability of
a potentially harmful phenomenon occurring within a
given period of time and area" (Navia et al., 2018;
Birkmann, 2006; Birkmann et al., 2013). The risk is
defined as “expected losses (of lives, injuries, material
damages and interrupted economic activity) due to a
particular danger to a given area and reference period”
(Melching et al., 2006; Smith et al., 2009); Vulnerability
"is the degree of loss (from 0 to 100 percent) resulting
from a potentially harmful phenomenon" (Melching et
al., 2006; Jha et al., 2012; Rashed et al., 2003b). The
hydrometeorological event is defined as "a hydrological
and meteorological phenomenon that implies a transfer
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of energy and water between the earth and the lower
atmosphere" (Chuan et al., 2018). These events include
floods, tropical storms and droughts. The main causes are
water, wind and climate change (Jayawardena, 2013). At
this point, it is important to specify the impact of an event
that can be measured taking into account the thresholds
of human effect (death or injury), economic loss and
environmental effect, then this event can be considered a
disaster.

Thomas (2003) defined “humanitarian logistics as the
process of planning, implementing and controlling in
efficiencies, the storage of goods and material, from the
point of origin to the disaster area, with the purpose of
alleviating the suffering of disaster’s victim”. For
Kopczak et al. (2005) Humanitarian Logistics is the
planning, execution and control of the efficient and
profitable flow and storage of material goods, as well as
related information from the point of origin to the point
of consumption, in order to alleviate the suffering of
vulnerable people, greater detail is found in Kovacs et al.
(2007, 2009); Altay et al. (2006); Pettit et al. (2005); Van
Wassenhove (2006); Lee et al. (2017); Thomas (2003);
Cottrill (2002); Nisha de Silva (2001); Pettit et al. (2009),
and Christopher et al. (2011) to mention a few works. In
relation to the issue of supply chain and humanitarian
logistics in disaster situations, McCormack et al. (2008)
argue that interruptions in the supply chain may be
caused by some elements within or outside the chain, in
addition to considering a three-phase approach to the
analysis of interruptions in the chain: i Risk
identification, 1. Risk assessment, and iii. Risk
mitigation. Sheffi (2005) proposes possible modes of
system failure once it is affected by a disruptive event:
supply failure, demand failure, transport failure,
installation failure, communication failure and violation
of the load systems, some other works on this subject
were found in the works written by Wagner et al. (2010),
Christopher et al. (2003) and Barnes et al. (2005).

Behl et al. (2018) show in their deep literature review that
the published papers using cases based on empirical
validation, simulations and mathematical modeling.
However, there are some fields, which have not had
relevant importance like using qualitative approach.

Shafiq et al. (2019). Developed a qualitative study where
they show that 94% of HO-LSCM (Humanitarian
Organizations Logistics and Supply Chain Management)
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studies are based on qualitative research with theoretical
frameworks, which have not been tested and HO
(Humanitarian Organizations) has their own policies and
procedures to operate in disaster situations. Therefore,
they propose, “standardization is required to streamline
the effectiveness and efficiency in logistics and supply
chain functions”.

Mora-Ochomogo et al. (2016) concluded that few
models include cultural or human resources matters as
qualitative factors, which define the success of the
supplies’ delivery in operative activities and those factors
give more reality to the models. Also, they focus their
work in Inventory Management during the disaster relief
and they describe some of the special conditions which
make it difficult to apply the classic inventory strategies,
such as: time is crucial, non-repetitive inventories, no
backlogging allowed, donations uncertainty, scarcity and
surplus of resources in certain time, prioritization of
goods needed according to the region, human resources
variability and availability in the place, supplier
development, expiration and obsolescence of the
products, warehouse location, political and cultural
matters. The objective of this document is to review some
literature about qualitative developments made to assess
the risk of hydrometeorological events in their stage of
prevention of humanitarian logistics.

In addition, Whiting et al. (2009) mentioned that HO-
LSCM operation cost could be around 25% more than a

similar business supply chain management operation. As
it was mentioned before by Mora-Ochomogo et al.
(2016), the reasons of the high cost are the complexity
and the factors involved on it such as: inherent
uncertainty, limited local use of technology, human
resource difficulties, and poor infrastructure (Antai et al.,
2015).

Shafiq et al. (2019) in their work show that the researches
about the HOLSC are mostly qualitative methodologies,
which means that the generation of theories and
frameworks, are used when particularly the information
is insufficient, or the study is new in the field. Also, in
their literature review from 73 studies reviewed, 68
studies were qualitative approach, only two studies
quantitative approach, and the rest used both approaches
(hybrid approach).

Behl et al. (2018) classified the publications found in
different data bases from 2005 to 2017, they considered
key words to select the papers and joined them in four
groups: 1. Optimization, Agility, Coordination,
Collaboration; ii. Humanitarian Logistics, Humanitarian
SCM, Humanitarian operations; iii. Risk, Resilience; iv.
Disaster preparedness, Disaster relief, Disaster
Management, Disaster relief operations. Figure 1 shows
the percentage of each group.

= Optimization, Agility, Coordination, Collaboration

= Humanitarian Logistics; Humanitarian SCM, Humanitarian operations

= Risk, Resilience

Disaster preparedness, Disaster relief, Disaster Management, Disaster relief operations

Figure 1. Source: Behl et al. (2018).
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The documents related to Risk assessment and Resilience
stage for a disaster have 18% of incidences, which proves
the gap of this subject compared with the other fields in
humanitarian logistics, also, it shows the opportunity area
for new research in these subjects. The information
presented in the last paragraph shows that developing new
qualitative and quantitative approaches in these fields may
help to the decision makers and the people to prevent the
catastrophic effects of a disaster.

2. QUALITATIVE ANALYSIS FOR THE
ASSESSMENT OF RISK

In the previous section it was defined risk by Melching et
al. (2006), Smith et al. (2009); however, risk measurement
depends on discipline, where it is assessed, in hazard
research, risk is equal to the product of two or three factors,
for example, Crichton (2002) describes the risk with three
elements where each element is independent: hazard,
exposure, and vulnerability. Other concepts consider the
risk as a product of hazard and vulnerability (Wisner et al.
2004). Wisner et al. (2004) and Cannon (2000) comment
that the risk in a specific area depends on their
socioeconomic, cultural, and other attributes.

According to Melching et al. (2006), Risk assessment can
be determined by the following steps: i) Estimation of the
hazard (location, frequency and severity); ii) Estimation of
the exposure (number of people, buildings, factories, etc.
exposed to the hazard); iii) Estimation of the vulnerability
of the elements at risk (expressed as percentage losses); iv)
Product of hazard, exposure and vulnerability.

The risk assessment is a wide field of research as it was
mentioned previously. Risk assessment in humanitarian
logistics has been studied for more thirty years, different
approaches have been developed to predict the risk
magnitude, to prevent the people and decrease the effects
of the events that they originate. This section describes
from a qualitative point of view some of the models
developed, because of vulnerability is considered in the
models and it is complex to determine due to lack of
information, however, some of these models have
quantitative approach too, but that approach will not be part
of this document.

Blaikie et al. (1994) and Wisner et al. (2004) developed a
theoretical framework, which serves to analyze exposure to
a natural hazard and vulnerability, this model is called
Pressure and Release (PAR) Model and Access Model.
This model gives details about how a disaster is recognized
according to the phenomenon’s effects, also it considers
relevant the causality of human vulnerability. Vulnerability
is created by different factor such as: economic,
demographic, and political process according to the access
that population has to the resources; dynamic pressures
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(social, economic, and political activities in the area);
specific locations (dangerous or out of law), deficiency
preparedness to the disasters, and low-salary level, in
general unsafe conditions for living. Wisner et al. (2004)
assume that if two forces interact then a disaster occurs, it
means vulnerability join forces with exposure. The risk is
measured according to the magnitude gave by vulnerability
level and exposure people amount in the area. However,
these forces are difficult to measure with exactitude, that is
why the model in this context is considered qualitative.

Davidson (1997) proposed a Disaster Risk Reduction
Model, where vulnerability is integrated as a central factor
to calculate the risk. In this model, Risk is calculated by the
product of hazard, exposure, vulnerability, and adjustment
capacity of the community. He proposes a framework to
determine the disaster of the specific area under the last
four factors as: 1.“hazard is the probability or severity of an
event”; ii. “exposure characterizes structure, population,
and economy”, iii. “vulnerability encompasses physical,
social, economic, and environmental aspects; and iv.
“capacity and mitigation measures include physical
planning, social capacity, economic capacity, and
management”. The objective is to determine the
community’s vulnerability to hazards, and help the actors
in the community take accurate actions for decreasing the
effects of a disasters.

Hewitt (1997) developed a Regions of Risk Model, where
he considers vulnerability is the result of various factors: i.
A hazard; ii. Vulnerability (features of a community or an
individual); iii. Risk does not depend on hazard or
vulnerability but they impact to the risk of hazard; iv.
People’s adjustment capacities to a dangerous
environmental, which depends on the social organization
of a community or individuals’ capacity to respond to an
extreme condition.

Hazards-of-Place (HOP) Model integrates biophysical and
social characteristics as a causal process of hazards which
considers vulnerability as the mixture of social
vulnerability and a biophysical condition (potential
exposure) in a specific area. Cutter et al. (2009) proposed
an extended version of HOP, the model is called the
disaster resilience of place (DROP) model, which was
developed for natural hazard study. These models try to
determine the vulnerability of a community or individuals
to environmental hazards (Dewan, 2013).

The United Nations International Strategy for Disaster
Reduction (UNISDR 2009a, 2009b) developed a
framework for disaster risk reduction, where vulnerability,
as in the previous models, is fundamental for determining
the risk of the community. UNISDR (2009a) defines
vulnerability by categories: physical, social, economic, and
environmental. The framework shows phases to apply
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disaster risk reduction techniques considering vulnerability
assessment, hazard identification, risk assessment, and the
prevention activities. However, the approach does not
explain the relation between vulnerability reduction and
reduction of risk. But the contribution of this work is how
the elements are involved to reduce the risk disaster. Figure
2 shows the relationship among the factors.
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Figure 2. Schematic representation of conceptual
framework. Source: Birkmann (2006).

Some conceptual models have been described until now,
which involve vulnerability as a key of factor to determine
the risk assessment for disasters in general. Below, some
approaches for hydro-meteorological events will be
describe where vulnerability is also considered an
important factor of the models.

The conceptual Source-Pathway-Receptor-Consequence-
Model (SPRC-Model) describes the flood risk. The
conceptual framework shows a causal chain beginning
from the meteorological and hydrological events in inland
or at coasts, which are the ‘sources’. The sources are
released generating floods which are called ‘pathways’.
The ‘receptors’ are the elements at risk by physical impacts
caused by the pathways, then it is possible to assess the
effects of the physical impacts as ‘consequences’. Schanze
et al. (2006) say that “the chain links ‘source’, ‘pathway’
and ‘receptor’ refer to the physical process, whereas the
assessment of the ‘(negative) consequence’ is a matter of
social values. After this description, factors are classified
to determine the flood risk: flood hazard is determined by
source’ and ‘pathway’; ‘receptor’, and ‘(negative)
consequence’, which defined the state of the vulnerability,
where ‘consequences’ are defined by material losses and
people capability to compensate the losses (Schanze et al.
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2006). The next step of conceptual model is a quantitative
approach to calculate the flood risk, which is not described
in this document. Figure 3 shows the conceptual
framework.

Source

e. g. rainfall, wind, wave

v

Pathway

e. g. river catchment and channel, coastal cell

v

Receptor

e. g. people, property, environment

v

(Negative) Consequence
e. g. loss of life, economic damage, pollution

Figure 3. Conceptual Source-Pathway-Receptor-
Consequence-Model (SPRC-Model). Source (Schanze et
al., 2006).

It is important to mention that according to Quevauviller
(2015) extreme hydrometeorological events can cause high
impacts when they happen together, but if they occur
independent their impacts may not be extreme. On the other
hand, high impacts may result not dangerous events if the
system exposure and vulnerability are high.

Eiser et al. (2012) present in their work a deep review about
how people perceive and interpret risks and choose their
actions based on their experiences and interpretations of the
natural hazards. They say that the context of natural hazard
considers vulnerability and social relationships. Also, they
consider that it is very important how as individuals and as
members of social networks interpret and react to the risk
base on their experiences and understandings. Authors
conclude that the literature is varied and extensive, but not
enough to decrease the risk.

Lechowska (2018) considers in her work that risk
perception is very important to assess of the perceived
probability of hazard and the perceived probability of the
consequences. Also, the issue of the underestimation of
flood risk by the society is because of the lack of
knowledge and information about the factors influencing in
the perception of it. The paper shows that authors give
different conclusions on features to determine the flood risk
perception but it is still not enough.
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The qualitative factors involved in the models, it is difficult
to assess the risk, however, those factor let to the models
are close to the reality, that is why researchers an experts
want to determine those factors. In works developed by
Greiving. (2006), Bloschl et al. (2013), Eckhardt et al.
(2019), Jonkman et al. (2008), Messner et al. (2006),
Zanuttigh et al. (2015), qualitative approaches are detailed
to assess the risk of hydrometeorological events.

3. CONCLUSIONS

This document is focused on literature review about
qualitative developments made to assess the risk of natural
disasters, mainly on hydrometeorological events in the
prevention stage of humanitarian logistics. However, some
of those models also involve quantitative approach as a
second step to assess the risk. Risk assessment has been
studied in the last decades from different perspective
according to research field, that is why the researches try to
find the factors which can describe close to reality, and
calculate the risk assessment to prevent the people. The
authors consider different factors in the models, some of
those factors are not easy to determine because of the lack
of information or the qualitative characteristics on them,
such as vulnerability, social relationship, risk perception,
risk interpretation, risk understanding, economic,
demographic, social, and political characteristics of the
area, etc., but some of the authors agree that the
vulnerability of the communities is a key to determine the
risk assessment.

In humanitarian logistics to assess the risk is a basic step to
plan strategies to help the people in areas that the disaster
affects the normal activities. Also, based on the information
presented by Behl et al. (2018), it is important developing
new qualitative and quantitative approaches in these fields
may help to the decision makers and the people to prevent
the catastrophic effects of a disaster.
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ABSTRACT

Environmental awareness is becoming a constant
worldwide and the manufacturing industry is no
exception so at this time more than a requirement, it has
become an obligation to have a green manufacturing
process focused on generating environmentally friendly
products.  Therefore, = manufacturing  industries
worldwide are working on transforming their traditional
manufacturing process to a green process, so this
research presents a series of attributes that help identify
and facilitate the steps to carry out the transformation of
such processes and also proves that having a green
process entails a series of social benefits, which are
important today for the final consumer. This is done
through a model of structural equations composed of four
latent variables; green attributes before the production
process, green attributes during the production process,
green attributes after the production process and social
benefits, variables that relate and validate each other. The
results in the execution of the model indicate that the four
variables are highly related and have a direct and positive
impact between them.

Keywords: Green process, green attributes, social
benefits, sustainability and suppliers.

1. INTRODUCTION

Social responsibility and pressure from customers,
government regulations, and other interested parties
(Cherrafi et al. 2018) have led organizations to consider
integrating environmental thinking as part of their
strategic business management (He, Luo, and Huang
2019) due to a growing concern for the environment, and
industrial manufacturers that have previously been an
important part of the growth of an economy and who are
the source of new customers, products, and
manufacturing processes have been forced to adopt this
green integration as an integral part in the design,
manufacturing, and distribution of their products (Rauch,
Dallasega, and Matt 2016).

Therefore, one of the most common ways to integrate this
green approach is to shift from traditional fabrication to
green manufacturing. It is claimed that this change will
drive growth, the economy, opportunities, social
responsibility, and sustainability for industrial
companies (Xie, Huo, and Zou 2019).
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Thus, green process (GP) of products is a philosophy that
seeks to improve the activities that involve the
manufacture of a certain product, incorporating
environmental attributes in the decisions associated with
the design, manufacture, distribution, and all aspects of
manufacturing a product, thus seeking to reduce the
environmental impact (Zhao et al. 2016).

This research aims to generate a structural equation
model (SEM) to determine the relationship between the
different green attributes that can be used when
determining whether a production process can be
considered green or not, since the relationship,
effectiveness and whether the use of attributes really
facilitates the transformation of a traditional
manufacturing process to a green one is unknown; It is
also intended to determine whether the use of such
attributes  entails some social benefit for the
Organization. SEM integrates four latent variables:
Green attributes before the production process
(GABPP), Green attributes during the production
process (GADPP), Green attributes after the production
process (GAAPP), and Social benefits (SB). The above
aim to quantitatively demonstrate the importance of
using green attributes in the industry today, to quickly
and easily assess whether it is green in a particular
production process and indicating how the use of
attributes can ensure social benefits in each organization.

2. LITERATURE REVIEW AND DEFINITION
OF HYPOTHESIS

Transforming a traditional manufacturing process is not
easy as companies do not know how to make that change
easily and at low cost.

Here we will talk about the use of a series of green
attributes, such as collaboration with green suppliers,
ecobusiness, clean production processes, use of green
technologies, recycling systems and eco-marketing,
among many others (Seth, Rehman, and Shrivastava
2018).

1.1 Green attributes before the production process
(GABPP)

The GABPP are those attributes that present in the

environmental procurement management such as: green

purchasing, ecological practices during purchasing

activities, selection of green suppliers and a sustainable
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consumption of resources and inputs, dos Santos, Godoy,
and Campos (2019); Alikhani, Torabi, and Altay (2019).
Therefore, the GP will be a means to subject
organizations in a process of green innovation and
achieve environmental, social and economic objectives
through it. Organizations that incorporate green practices
into their operations have the advantage of being first in
the market and therefore can offer higher prices for their
green products and also enter new local markets. (Gupta
and Barua 2017). Recent research indicates that
companies' competitive position and environmental
performance are greatly affected by green sourcing
practices and collaboration with green suppliers.
(Mendoza Fong et al. 2017).

It is also desired that for the GP to be successful it must
take into account the perspectives of the products,
processes and distribution. At the process level, the use
and conservation of natural resources should be
considered (Cherrafi et al. 2018), in terms of product and
distribution, an eco-business must be implemented that is
positively correlated with environmental performance
and the lower ecological impact of a GP process (Fang
and Zhang 2018).

1.2 Green attributes during the production process
(GADPP)
The GADPP are those attributes that are presented in the
environment of the GP system refers mainly to multiple
types of elements that make up the production system,
which can be engulfed in the use of green manufacturing
technology, the use of green manufacturing process and
the environmental impact on the use of resources Zhang
et al. (2019); Aboelmaged (2018).
However, the initial integration of the GABPPs is
important as they seek to implement a GP in a gradual
and more detailed way, as they will work from suppliers
to make a procurement of raw materials green (Mendoza-
Fong et al. 2019).
In addition to suppliers, the organization seeks to adopt
joint strategies for the simultaneous reduction of waste
emissions to the environment and the minimization of
damage to the environment, but with the condition of
whether and only if they develop new products in a GP
(Severo, Guimardes, and Dorion 2017).
Once the supplier is involved, the aim is to generate a
clean GP that generates products that consume a
minimum of material and energy, alternating input
materials, reducing unwanted outputs and converting
them into inputs for recycling (Das, Rukhsana, and
Chatterjee 2019). At the same time, tools such as the
Total Quality Management (TQM) philosophy, which
makes it easier to determine measures and management
plans to improve green product quality, reduce costs and
promote environmental productivity, will be used. (Li et
al. 2018). Based on the above, the first working
hypothesis is defined:
H1: Green attributes before the production process
(GABPP) have a direct and positive effect on green
attributes during the production process (GADPP), in a
GP.
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1.3 Green attributes after the production process
(GAAPP)
The GAAPP are those attributes that are based on the
structure of the system of ecological distribution and life
cycle of the product and will value aspects such as it;
design, logistics, service, recycling and reuse in the
delivery of the green product to an end customer and that
will be key areas of the industry and even more for the
GP, Adamson-Small et al. (2017); Zhu and He (2017).
However, as mentioned above, the involvement of
suppliers in the design and implementation of a GP
process is of high importance since the supplier and the
green procurement, denotes certain stages of the product
life cycle and manufacturing activities, in addition to
having a positive impact on market performance and
marketing of ecological products or eco-business.
(Dangelico, Pujari, and Pontrandolfo 2017). In the same
way, supplier involvement from the beginning of the GP
will help by minimizing or preferably eliminating the
negative effects of procurement operations and
improving environmental practices. (dos Santos, Godoy,
and Campos 2019). Based on the above, the second
working hypothesis is defined:
H2: Green attributes before the production process
(GABPP) have a direct and positive effect on green
attributes after the production process (GAAPP) in a GP.
Not only should we focus on the importance of
procurement and supplier, but also we have to consider
processes, distribution and reverse logistics, which is
also of utmost importance in the transformation of a
typical process to a GP, since in order to implement a
successful and functional GP requires certain
environmental attributes to improve the design of the
processes and product (Hong et al. 2017), attributes such
as; reducing and minimizing emissions and damage to
the environment, sustainable product and process
objectives (Liu, Zhu, and Seuring 2017), a recycling
system and, of course, ecological marketing that converts
consumers' ecological awareness into real purchasing
behavior, thus making it easier to monitor the product's
life cycle and reverse logistics. Based on the above, the
third working hypothesis is defined:
H3: Green attributes during the production process
(GADPP) have a direct and positive effect on green
attributes after the production process (GAAPP) in a GP.

1.4 Social Benefits (SB)

The focus on the development of green products applied
in the manufacturing industry will aim mainly at
reducing the environmental impacts of products (Singh
et al. 2018). However, it must not only consider the
environmental impact, but must be based on a threefold
end result that includes the environment, the economy,
and social responsibility (Li et al. 2017). Having green
manufacturing is essential for any organization that
wants to remain in force and having competitive
advantages over its rivals (Salem and Deif 2017).
Organizations must obtain environmental social benefits
as they play a crucial role in maintaining the brand,
image, their product; before their consumers and this is
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done through the creation of environmentally conscious
consumers who consume more and more green products
(Hong and Guo 2019).

At the same time, social benefits in organizations will
maximize the image of industrial production by
empowering public and government awareness (Gao,
Xiao, Wei, et al. 2018) that such a GP organization has a
green marketing that meets the needs of its customers and
consumers and minimizes damage to the environment.
Based on the above, the fourth working hypothesis is
defined:

H4: Green attributes after the production process
(GAAPP) have a direct and positive effect on the social
benefits (SB) obtained with GP.

Figure 1: Hypotheses

2. METHODOLOGY
Below is a brief description of the methodology carried
out in the development of this research work.

2.1 Literatura Review

At this point a search and review of the most recent and
highly related research on the implementation,
transformation or design of GM processes is carried out.
In order to find those attributes most used and important
and mentioned when assessing how green is a
manufacturing process, we also identified those social
benefits that most impact when having a GM process.
Table 1 shows the identified and categorized attributes
and benefits.

2.2 Survey development, implementation and

capture

Based on the review of developed literature, a
survey is designed, with the purpose of collecting
information from the industrial sector for the analysis and
validation of the proposed hypotheses. The survey
consists of two sections, the first section includes a series
of demographic questions, which serve to know specific
data such as; gender, industrial sector, branch of the
survey respondents' company. Section two consisted of
the items (questions) described in Table 1 and which
were assessed using a Likert scale where one meant;
never or not important and five always or very important.
The survey is applied in the Mexican manufacturing
industry bordering the United States of America and
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focused on personnel highly related and involved with
GM. The surveys achieved were captured in a database
built on the statistical software SPSS 24 ®, and widely
used in statistical analysis of large samples, where the
rows represent the answers to each of the questions and
the columns represent the survey questions.

Table 1: Items
GABPP (Yu, Yang, and Chang 2018;
Ghadimi, Dargi, and Heavey 2017;
Hamdan and Cheaitou 2017)
1. Environmental collaboration with
suppliers.
2. Eco-business models.
3. There are programs for the use and
conservation of natural resources.
4. Green procurement practices.
GADPP (Marimin et al. 2018; He et al.
2018; Saad, Nazzal, and Darras 2019;
Seth, Rehman, and Shrivastava 2018)
1. Reduction of emissions to the
environment.
2.There is a clean production process.
3. Damage to the environment is
minimized.
4. Use of TQM
GAAPP (Gao, Xiao, Cao, et al. 2018; He,
Luo, and Huang 2019; Sellitto et al.
2019)
1. Reverse logistics.
2. Recycling system.
3. Ecological marketing.
4. Product life cycle management.
SB (Severo, Guimaraes, and Dorion
2017; Hong and Guo 2019; Madani and
Rasti-Barzoki 2017)
1. Green image before society.
2. Better compliance with government
regulations.
3. Governmental and social recognition.
4. Enhanced acceptance of products by
society.

2.3 Statistical validation

The information obtained from the four variables has to
be validated and for which the following indices are used,
the Average Variance Extracted (AVE), to test the
convergent validity and where you want to obtain values
greater than 0.5. Also, the indexes R?, R? adjusted and Q2
are used, which test the predictive validity, the R? have a
parametric approach and the Q2 a non-parametric
approach. Likewise, the Cronbach Alpha and composite
reliability index are used to test internal reliability and
latent variables and to obtain values higher than 0.7, and
finally the Full collinearity VFI index is used to check
collinearity, where values lower than 5 are intended.
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2.4 Characterization of the sample

The sample is characterized with the purpose of
knowing important data of the participants of this
research, data such as the gender and department to
which these participants belong, with these two data the
tendency in the sample is identified.

2.5 Model execution

The model defined in Figure 1 is executed in WarpPLS
6.0 ® Software, specialized in structural equations and
based on minimum partial tables. The models of
structural equations are currently widely used in
environmental research as in the research developed by
Abu Seman et al. (2019); Wang et al. (2018). The
software uses different indices to validate the model, first
analyzes an Average path coefficient (APC), Average R-
squared (ARS) and Average adjusted R-squared (AARS)
indices that present a p value to determine their statistical
significance and it can be determined that the model has
sufficient predictive validity and that the dependence
between the latent variables analyzed there is an average
different from zero, since they are statistically significant
with a 95% confidence level.

Likewise, it checks that there is no collinearity between
the latent variables and it can be observed that the
Average block VIF index (AVIF) and the Average full
collinearity VIF index (AFVIF) must be below 3.3. And
finally, the Tenenhaus GoF index (GoF) and an
acceptable value higher than 0.36 are tested.

Finally, three types of effects will be measured: direct,
indirect and total. Direct effects are represented by
arrows that connect directly to two latent variables,
indirect effects are represented by routes with two
segments and total effects is the sum of the most indirect
direct effects.

Tests of statistical significance are done at a 95%
confidence level, testing the null hypothesis: Bi = 0,
versus the alternative hypothesis: i # 0.

3. RESULTS
The results based on the methodology defined above are
presented below.

3.1 Sample Characterization

With a 4-month application, a total of 559 questionnaire
responses were obtained, of which 369 were answered by
the male staff 369 (66.01%) and the other 190 (33.99%)
were answered by female staff. Of the total participants,
250 (44.72%) were answered by engineering and
production personnel, see Figure 2.
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0 100 200 300 400 500 600

Figure 2: Demographic data

3.2 Validation of latent variables

Table 2 presents the values obtained from each of the
latent variables presented in Figure 1, as well as each of
the indices that are part of the validation of the latent
variables presents values within the parameters defined
in the methodology, so it can be said that the latent
variables have convergent validity, parametric and non-
parametric predictive validity. In addition to internal
reliability and latent variables do not present problems of
collinearity.

Table 2: Validation rates
Coefficients | GABPP | GADPP | GAAPP| SB

R? 0.472 | 0.612 | 0.387
Adjusted R? 0471 610 | 0.386
Composite
Reliability 0.908 0.881 | 0.904 | 0.940
Cronbach’s | ) aer | 0820 | 0.858 | 0.915
Alpha
AVE 0.712 0.649 | 0.701 | 0.798
Full

Collinearity | 2.535 2.381 2.687 | 1.864
VIF
Q2 0.473 0.611 | 0.387

3.3 Final model

The results obtained from the execution of the model are
illustrated in Figure 3, where the arrows represent the
relationship between two latent variables, one can
observe a beta value (B) and a p value that is used for tests
of statistical significance at 95%. Likewise, a value of R?
can be observed in the dependent variables, which serves
to determine the amount of variance that is explained by
each independent variable.
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B =0.687 R?=0.387

{(p=<0.001)

B=0.622
(p<0.001)

R’=10.612

i =0.369
{p=0.001)

Figure 3: Final Model

In Table 3, the efficiency indices of the model can be
appreciated and it can be observed that based on what is
described in the methodology section, all the indices of
the model have sufficient statistical significance, a
predictive validity, there is no collinearity in it.

Table 3: Efficiency Rates
Average path coefficient (APC) =0.540 P<0.001
Average R-squared (ARS) =0.490, P<0.001
Average adjusted R-squared (AARS) =0.489,
P<0.001
Average block VIF (AVIF) =1.875, acceptable if
<=5, ideally <= 3.3
Average full collinearity VIF (AFVIF) =2.367,
acceptable if <=5, ideally <= 3.3
Tenenhaus GoF (GoF) =0.592, small >= 0.1,
medium >= 0.25, large >= 0.36

3.4 Direct effects

The assumptions are tested through the implementation
of the model, and the interpretation and significance of
each of the four assumptions defined in section two is
presented below.

Hi: There is enough statistical evidence to state that
Green attributes before the production process (GABPP)
have a direct and positive effect on Green attributes
during the production process (GADPP), because when
the first variable increases its standard deviation by one,
the second one increases by 0.687 units.

H,: There is enough statistical evidence to state that
Green attributes before the production process (GABPP)
have a direct and positive effect on Green attributes after
the production process (GAAPP), because when the first
variable increases by one its standard deviation, the
second increases by 0.482 units.

Hs: There is enough statistical evidence to state that
Green attributes during the production process
(GADPP) have a direct and positive effect on Green
attributes after the production process (GAAPP),
because when the first variable increases by one its
standard deviation, the second increases by 0.369 units.
Ha: There is enough statistical evidence to state that
Green attributes after the production process (GAAPP)
have a direct and positive effect on Social benefits (SB),
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because when the first variable increases by one its
standard deviation, the second increases by 0.622 units.

3.5 Sum of indirect and total effects

Table 4 shows the sum of indirect effects, which were
three and both in two segments. For example, the latent
variable GABPP has an indirect effect of two segments
on the latent variable GAAPP and this effect is 0.254
and is given through the mediating variable GADPP.

Table 4: Sum of Indirect Effects

From
To GABPP GADPP
0.254
GAAPP (P<0.001)
ES =0.186
0.458 0.230
BS (P<0.001) (P<0.001)
ES=0.268 | ES=0.142

The sum of total effects is presented in Table 5 and
represents the sum of direct effects and indirect effects,
where three are equal to the value p presented in Figure
3, indicating that these three effects do not have an
indirect effect.

And an example would be the total effect of GABPP on
the latent variable GADPP is 0.687, the same value as the
direct effect (B in Figure 3).

Table 5: Sum of total effects

Total Effects
From
To GABPP GADPP GAAPP
0.687
GADPP | (P<0.001)
ES =0.472
0.736 0.369
GAAPP | (P<0.001) (P<0.001)
ES=0.540 | ES=0.258
0.458 0.230 0.622
BS (P<0.001) (P<0.001) | (P<0.001)
ES=0.268 | ES=0.142 | ES=0.387

CONCLUSIONS

Based on the results obtained, it is concluded that
monitoring the transformation of a GP can be performed
using attributes before, during and after the
manufacturing process, as it is a fast, effective and simple
way, which also ensures the achievement of social
benefits, such as acceptance by customers and society in
general.

First of all, it can be noted that GABPP are
transcendental and of utmost importance in order to have
GADPP and this is verified through the H1, in addition
to the fact that Yu, Yang, and Chang (2018); Mendoza-
Fong et al. (2019) denote the importance of the
involvement of suppliers from the beginning of a GP
because in order to have a successful GP from the
beginning, it is necessary to involve the person
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responsible for the supply of green raw materials to the
process, in order to have green product outputs.

It is also possible to mention that in order to have a
GAAPP you have to previously have GABPP and
GADPP and this is verified through the H; and Hs, due
to the fact that nowadays it is not viable to have a green
provisioning a GP and not have a green distribution.
(Rehman, Seth, and Shrivastava 2016), reverse logistics
and of course a recognition of the brand and the product
as green because when integrating environmental
awareness to a GP it necessarily involves all processes
and participants in the successful satisfaction of our
green consumers and further reduce the environmental
impact of products and processes in the course. Already
having a GP before, during and after it, it is important to
note that this GP has benefits, economic, processes and
quality, but also having GP guarantees social benefits
and these are verified with the H4, because already
having an environmental collaboration with suppliers, a
clean production, an eco-business and an ecological
marketing, your product will have a social acceptance,
government and an image that catalogues it as a green
product and friendly to the environment, leading to better
acceptance and consumption of it. (Zhang et al. 2019).
Finally, it can be concluded that green innovation in
manufacturing processes tends to be effective and
possible to implement using attributes, and that more
benefit can be obtained than in other ecological practices.
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1. INTRODUCTION

A supply chain (SC) is a network of organizations that
participate through several connections in different type
of processes and activities that generate values known as
products and services delivered to a final consumer
(Christopher, 2016). There are several functions
performed in the SC, such as the acquisition of raw
materials, the transformation of materials into semi-
finished and finished products, as well as their
distribution to final customers (Novais, Maqueira, &
Ortiz-Bas, 2019). The information sharing (IS) is
required to integrate the SC, because in order to achieve
its efficiency, it is expected that the SC members work
together in the material management, information and
financial flow (Bian, Shang, & Zhang, 2016). Also, the
practice of making strategic and operational information
available to other partners in the SC depends on the IS,
which is considered a fundamental way to promote
collaboration or optimize the performance of the entire
SC (Dominguez, Cannella, & Framinan, 2014).

Furthermore, the collaboration in the SC denotes two or
more independent companies that are organized together
to design and structure the operations of the SC (Cao &
Zhang, 2011). Particularly, companies that work
collaboratively may obtain  greater  resources,
recognition, and rewards when they face competition due
to limited resources (Liao, Hu, & Ding, 2017). It may
also produce benefits for its members, for example,
reducing risks, accessing complementary resources, and
reducing exchange costs (Narayanan, Narasimhan, &
Schoenherr, 2015). The collaboration of the SC can
present two different relationships: (1) vertical, which is
between a supplier and a customer, whereas (2) the
horizontal is between companies from the same level;
even among competitors (Raweewan & Ferrell, 2018). In
addition, with congruent objectives, both suppliers and
customers are intrinsically motivated to adopt
cooperative  behaviors, such as  constructive
communication, mutual support, adaptation, as well as a
high level of commitment (Jap & Anderson, 2003).

The principal goal for a SC is to improve its performance
and fulfill the customer expectations, therefore, measures
and performance metrics are needed to value its

effectiveness and efficiency (Reddy. K, Rao. A, & L,
2019). In fact, performance measurement can be defined
as the process of quantitatively and/or qualitatively
evaluating the effectiveness and efficiency of a business
activity or processes (Reddy. K et al., 2019). Specially,
this type of performance is affected by partners and
information sharing that is defined as the practice of
making strategic and operational information available to
other SC partners, which is considered as an essential
way to promote collaboration and consequently,
optimize performance (Dominguez et al., 2014). The
general benefits from evaluating performance include
evaluating and monitoring progress, highlighting
achievements, improving understanding of key
processes, identifying potential problems, and providing
information on possible improvement tasks in the future,
among others (Ahi & Searcy, 2015).

Moreover, in the literature review, structural equation
models in which the SC performance is measured can be
found. For instance, it is measured by the effect of
national and international logistics policies (Avelar-
Sosa, Garcia-Alcaraz, Vergara-Villegas, Maldonado-
Macias, & Alor-Hernandez, 2015), where Reddy. K et al.
(2019) report a literature review associated to the mean
metrics. In Q. Zhang and Cao (2018), a second-order
structural equation model (SEM) is presented in which
the variables for information sharing, Goal Congruence
and Decision synchroare grouped into a variable called
collective and inter-organizational systems. The results
showed when there is a lack of collaborative culture,
collaboration in the SC is likely to decrease, and the
collaborative advantage will adversely be affected. In
addition, the collaborative culture helps companies
overwhelmingly overcome the benefits of individual
companies. Cao and Zhang (2011), measure the
relationship that these same variables have between the
competitive advantage, as well as between the
performance of companies; with a moderating variable
(company size), this, through a second order SEM. The
results indicate that collaboration in the SC improves the
collaborative advantage, which has a final influence on
the performance of the company, where the collaborative
advantage is an intermediate variable that allows SC
partners to achieve synergies and create superior
performance. Liao et al. (2017) analyzed the relationship
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of the collaborative innovation in the SC between the
capabilities of the SC, the competitive advantage, and the
performance of the SC in Taiwan industries, which was
done through a SEM, where the results showed that the
relationships between the innovation of value from the
collaboration of the SC, the capacity of the SC, and the
competitive advantage can have a positive impact on
each other, as well as that the capacity of the SC is a
complete mediator. In addition, SC levels have some
moderating effects on these relationships. Y. Li (2014)
reports a model in which the effects of social resources
on promoting the practice of sharing information were
examined, therefore, improving the company’s
performance. The relationships were analyzed through a
SEM, where statistical results reveal that each dimension
of the social capital has different type of effects on the
information sharing as well as performance; relational
capital and cognitive capital have significant positive
influences on the information sharing.

However, the principal problem is that the effect of Goal
Congruence, Decision synchro, and Information Sharing
on the Supply Chain Performance in the maquiladora
industry of northern Mexico has not been measured. In
that sense, the objective of this research is to measure the
effect that three independent latent variables (Goal
Congruence, Information Sharing, and Decision
synchro) have on the Supply Chain Performance in the
maquiladora industry sector of northern Mexico. In order
to carry on this task, a model is proposed which is
presented in Figure 1, where six hypotheses are
established; each one is represented by an arrow. Figure
1 also shows the results of the model that is already
evaluated.

Finally, the rest of the article is distributed as follows: in
section 1, the latent variables are presented, where the six
hypotheses are proposed, in section 2 the methodology is
described, section 3 presents the results obtained, while
section 4 describes the conclusions and industrial
implications.

2. LITERATURE REVIEW AND HYPOTHESES
2.1 Goal congruence

Goal congruence is the degree to which the associated
companies jointly participate in the achievement of an
objective (Samaddar, Nargundkar, & Daley, 2006).
Collaboration is working with other members to
accomplish tasks and achieve shared goals. Specially, it
is a recursive process, in which two or more people or
organizations work together: more than simply the
intersection of goals in common, as it has been seen in
cooperative enterprises, but as a deep and collective
determination to achieve a common goal (Liao et al.,
2017). Itis the process where the company acknowledges
if its own objectives are achieved by accomplishing the
objectives of the SC, also it indicates the degree of
agreement of objectives between the partners from the
SC (Q. Zhang & Cao, 2018). In the spirit of true
congruence of objectives, companies believe that, in case
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of disparity, their objectives can be achieved as a direct
result of working towards the objectives of the SC (Q.
Zhang & Cao, 2018). That is why, the Goal congruence
variable is evaluated with the following items:

e The firm and supply chain partners have an
agreement on the supply chain goals.

e The firm and supply chain partners have an
agreement on the importance of collaboration
across the supply chain.

e The firm and supply chain partners have an
agreement on the importance of improvements
that benefit the supply chain.

e The firm and supply chain partners agree that
the firm goals can be achieved through working
toward the supply chain goals.

e The firm and supply chain partners jointly
design collaboration and implementation plans
to achieve the supply chain goals.

2.2 Information sharing

As a matter of fact, the success of any product depends
on the attitude of customers towards that product; it is
important that companies achieve customer satisfaction
by having efficient and effective supply chains
(Ramanathan, 2014). This may be possible through
collaboration between SC partners. In addition,
companies collaborate by working on mutual goals,
developing processes or products together, sharing the
cost of investments, mitigating risks, or sharing
information (de Leeuw, 2009). There are many types of
information that can be shared in an SC, such as
production and transportation cost, demands, and orders.
In general, the more information available, the greater the
space for negotiation and cooperation (Huang, Hung, &
Ho, 2017), the deeper the level of information sharing,
the greater the benefits, risks, and costs that can also be
associated (G. Li, 2005). The information sharing is not
only considered positive, because revealing too much
information will reduce relational rents by empowering
customers and allowing them to reduce supplier margins
or exclude some of their SC providers altogether (Wang,
Pfohl, Berbner, & Keck, 2016). Similarly, IS can also be
used by suppliers to get more power over their customers
in order to achieve an advanced position in the SC (Wang
et al., 2016). Therefore, in the present paper the
following items are included to evaluate the Information
sharing variable:

e The firm and supply chain partners exchange
relevant information.

e The firm and supply chain partners exchange
timely information.

e The firm and supply chain partners exchange
accurate information.

e The firm and supply chain partners exchange
complete information.
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e The firm and supply chain partners exchange
confidential information.

e There is an exchange of information between
the supply chain department and another
department.

Likewise, in situations where there is congruence of
objectives, companies will share strategic information to
achieve mutually beneficial objectives, since exchange
routines of knowledge are a source of competitive
advantage (Dyer & Singh, 1998). In the absence of
common goals, companies will not have any incentive to
participate in the inter-organizational information
sharing (Samaddar et al.,, 2006). The effective
information sharing can strengthen cooperation and
alleviate conflicts of objectives. In terms of supplier
selection, purchasing companies should not only
consider the cost, quality, and delivery time, but also
make an effort to understand the corporation objectives
and the supplier reliability, since the conflicts of
dysfunctional objectives and the opportunistic behavior
diminishes the willingness to share information, as well
as compromise the longevity of relationships (Wang et
al., 2016). Therefore, in order to measure the relationship
that Goal congruence has on Information sharing, the
following hypothesis is proposed:

Hi: Goal congruence has a direct and positive effect on
Information Sharing.

2.3 Decision synchronization

Synchronization of decisions refers to the process by in
which SC partners organize decisions in planning and
operations that optimize the benefits of SC (Q. Zhang &
Cao, 2018). There are several key management decisions
about the SC, for example, strategy planning, demand
management, production scheduling, purchasing,
inventory replenishment, order placement, order
delivery, and distribution management (Q. Zhang & Cao,
2018). Planning decisions are required to determine the
most efficient and effective way to use the company’s
resources to achieve a specific set of objectives (Cao &
Zhang, 2011). Also, planning together is used to align the
collaborative partner and to make operational decisions,
including replenishment of inventory, order placement,
and delivery of orders (Cao & Zhang, 2011). In this
paper, the following items are used to evaluate the
Decision synchro variable;

e The firm and supply chain partners jointly plan
promotional events.

e The firm and supply chain partners jointly
develop demand forecasts.

e The firm and supply chain partners jointly
manage inventory.

e The firm and supply chain partners jointly plan
product assortment.

e The firm and supply chain partners jointly work
on solutions for the company.
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Furthermore, goal congruence on inter-organizational
cooperation is often framed as a facilitator for the
creation of value for organizations involved in the
relationship (Barringer & Harrison, 2000). The concept
of congruence presents the notion that collaboration in
the SC needs a certain degree of understanding, as well
as a mutual agreement between certain attributes, values,
beliefs, and business practices of the organization (Cao
& Zhang, 2013). In a successful inter-organizational
collaboration, individuals invest resources to create
bonds that transcend individual exchanges by creating a
network of collective bonds (Cuevas, Julkunen, &
Gabrielsson, 2015).

In addition, working along in the decision-making
process with SC partners is necessary for intra-
organizational operations, as well as for the development
of long-term plans, for example, a company and its SC
partners could take decisions together on demand
forecasting to establish and jointly share common
objectives throughout the SC (Pradabwong, Braziotis,
Pawar, & Tannock, 2015). Therefore, the following
hypothesis can be proposed:

Hz: Goal Congruence has a direct and positive effect on
Decision Synchro.

In the same way, collaborative relationships transform
the way of doing business in an SC; companies have
evolved from cooperation (information sharing to
improve internal business processes) to collaboration
(execution of some business processes to improve profits
and reduce costs together) (Rodriguez Rodriguez, 2008).
Also, the information that members of a SC
spontaneously exchange through their normal daily
collaborative relationships could work as a platform, in
order to develop a deeper insight into the type of CS that
the innovation process requires (Liao et al., 2017). In
other words, the amount of information provided by a SC
can be inferred through collaborative relationships to
improve the effectiveness of the SC capacity (Liao et al.,
2017).

In general, information can be shared horizontally (to the
information sharing between competitors at the same
level) and/or vertically (indicates that SC partners at
different levels share information with each other), in
addition, a combination of vertical and horizontal
information sharing can effectively increase the SC
performance as partners strive to increase the profits of
the entire SC (Wei, Zhao, & Hou, 2019). In that sense,
the following hypothesis can be established:

Hs: Information Sharing has a direct and positive effect
on the Decision Synchro.
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2.4 Supply chain performance

The SC performance is considered as the ability of the
chain to deliver products in the right place, at an agreed
time, with the best possible logistics costs (H. Zhang &
Okoroafo, 2015). In other words, it is the ability that any
SC has to understand the customer needs, which are
associated with the product availability, timely
deliveries, and adequate inventory levels (Avelar-Sosa,
Garcia-Alcaraz, &  Maldonado-Macias,  2019).
Nowadays, the competitive business environment, the
SC performance is one of the most critical problems in
several industries, the measurement of the SC
performance is essential for the efficient SC management
(Balfagih, Nopiah, Saibani, & Al-Nory, 2016). There are
two ways to measure the SC performance; (1) in terms of
the level of customer satisfaction and (2) for the incurred
costs (Lihong, 2012). In fact, evaluating the SC
performance is a complex task, partly, because it is a
cross-cutting process that involves several actors that
cooperate to achieve logistical and strategic objectives,
where these type of evaluations become particularly
relevant in situations where supply chains are considered
a crucial factor or a key to achieve success (Lihong,
2012). The performance function must be carefully
chosen to take an appropriate decision on how to
organize the supply chain, therefore, it will be more
flexible and reliable (Martinez, Lizarraga, Cavazos,
Salais, & Saucedo, 2018).

The Supply chain performance variable is evaluated by
the following items:

e Deliveries to customers are completed and on
time.

e  Customers are completely satisfied, there are no
complains.

e  SC performances are continuously improving.

The cycle time from suppliers to the customer

delivery is low.

It is focused on cost reduction.

The SC performance allows the financial flow.

The SC is visible.

Level of product customization.

SC synergy.

The Goal congruence among the members of the SC is
the extent to which the members of the SC perceive that
their own objectives are accomplished along with the
fulfillment of the SC objectives (Cao & Zhang, 2013).
Specifically, companies that collaborate with their
customers and suppliers can generate several benefits,
including the reduction of creating new products as well
as manufacturing times (Christopher, 2005). Similarly,
companies and their SC members who work
collaboratively in opening communication and sharing
resources, risks, and rewards should enjoy the mutual
benefits (Pradabwong et al., 2015). Therefore, building
relationships between companies instead of working
individually can lead to a competitive advantage,
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resulting in an improvement in the organizational
performance (Cao & Zhang, 2011). In that sense, the
following hypothesis can be proposed:

Ha: Goal Congruence has a direct and positive effect on
the Supply Chain Performance.

Moreover, information sharing generates benefits for
companies, such as reducing inventories and costs, better
monitoring and optimized capacity utilization (Lotfi,
Mukhtar, Sahran, & Zadeh, 2013), higher sales and a
better understanding of demand (Kaipia, 2006). In
addition, IS also includes performance criteria, such as
production quality data, early completion date, and
production capacities among partners (G. Li, 2005). IS
helps reduce the whip effect in exchanging information
with the client, it also helps reduce delivery times
(Pamulety & Pillai, 2011). In that sense, the following
hypothesis can be presented:

Hs: Information Sharing has a direct and positive effect
on the Supply Chain Performance.

As it was previously mentioned, synchronization of
decisions is defined as the process in which the SC
partners coordinate activities in the planning and
operations of the SC to optimize the benefits from the SC
(Simatupang & Sridharan, 2005). Among these
activities, working together in the development of
demand forecasts, inventory management, solutions,
among others is required. Consequently, forecasting and
demand planning are essential factors for the successful
implementation of a SC management strategy;
collaborative forecasting is a way in which the entire SC
participates in demand decisions that will boost its
activity (Helms Marilyn, 2000). A better forecast helps
to increase supplier deliver rates, improve stock levels,
and reduce reserve stock (Rodriguez Rodriguez, 2008).
Participation in the forecasting process requires the
dependence of the SC partners to provide detailed,
accurate, and timely information on demand (Rodriguez
Rodriguez, 2008). The level of precision and efficiency
where this type of demand communicates throughout the
chain is directly connected to the levels of inventory and
customer service (Helms Marilyn, 2000). In the same
way, SC members must decide the quantity of products
and type of products to be supplied or delivered to
customers. In that sense, Umpfenbach, Dalkiran,
Chinnam, and Murat (2018) define assortment as the set
of products that a manufacturer builds and offers to its
customers. The objective of assortment planning is to
identify a type of assortment that maximizes sales, profits
or gross margin while satisfying numerous limitations,
including budget, shelf space, and capacity (Ko6k, Fisher,
& Vaidyanathan, 2009). Therefore, the following
hypothesis can be presented:

He: Decision synchro has a direct and positive effect on
the Supply Chain Performance.

The hypotheses proposed are shown in Figure 1.
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Figure 1. Proposed model

3. METHODOLOGY

In order to carry out this research, some activities were
performed as it is described below:

As a first step, a questionnaire is done based on a
literature review that was carried out in different
databases such as: Sciencedirect, springer, scopus
searching for relevant supply chain information about the
latent variables in the model. In fact, within that literature
review, a questionnaire prepared by Cao and Zhang
(2011) was found to assess the impact of the supply chain
collaboration on the competitive advantage as well as the
companies’ performance, which was used to conduct this
research. In the same way, an independent variable called
supply chain performance was created with 9 items that
were obtained from the literature review. As a second
step, the questionnaire was applied in the maquiladora
industry of northern Mexico, specifically in Ciudad
Juarez. In addition, it was applied through face-to-face
interviews with each of the participant; they were
selected by stratification.

Furthermore, the third step is to input the information and
create a database in SPSS 21® to debug it, which is done
by calculating the standard deviation of each of the
questionnaires to identify uncommitted participants; if
the value is under 0.5, the questionnaire is not considered
(Adhikary, 2016; Arnab, 2017). Next, the missing data is
identified (Leys, Ley, Klein, Bernard, & Licata, 2013),
and if the total is over 10% of the data, the questionnaire
is eliminated, otherwise, the missing values are replaced
by the median (Hair, Black, Babin, & Anderson, 2010).
Finally, extreme values are identified by standardizing
the items; if the absolute value is more than four
(Schubert, Zimek, & Kriegel, 2014; Wu et al., 2013), it
is replaced by the median. As a fourth step, the validation
of the questionnaire is done, where the following indexes
are used (Ned Kock, 2019): R? Adjusted R? Q2
Cronbach's alpha index and the composite reliability
index, the average variance extracted (AVE), and the
variance inflation factor (VIF).
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In the same way, once the variables of the questionnaire
are validated, they are integrated to the structural
equation model (SEM), which is executed in the
WarpPLS 6.0® software. Before interpreting the results
of the model, its efficiency indexes are analyzed, where
a 95% confidence level is used for its estimation. The
indexes are the following (N. Kock, 2018): average path
coefficient (APC), Average R-Squared (ARS) with a
95% hypothesis test, Adjusted Average R Squared
(AARS), variance inflation factor (VIF) Average block
variance inflation factor (AFVIF) with acceptable values
under 5, and Goodness of Fit (GoF) with acceptable
values over 0.36. Once the model is validated, the
analysis of the effects involved in the model is proceed;
these are the direct, indirect, and total effects.

4. RESULTS
The results obtained from this research are presented
below.

4.1 Descriptive analysis of the sample

From the application of the questionnaires, a sample of
143 answers was obtained, which is divided into the
different industrial sectors (automotive, electrical,
among others).

4.2 Validation of latent variables

Table 1 portrays each of the validation indexes of each
latent variable. It is observed that there is enough
predictive validity from a parametric point of view, since
the R-squared and Adjusted R-squared indexes are over
0.5, in the same way, there is enough reliability, both
compound and internal consistency, since, for each of the
variables, the composite reliability and Cronbach Alpha
indexes are more than 0.7. Similarly, there are no
collinearity problems, since the VIF index is under 3.3 in
all variables. Finally, there is enough non-parametric
predictive validity, since the Q-squared values are
greater than 0.5 and similar to the R-squared. Therefore,
it is concluded that the relevant relationships can be
described along with the latent variables that are shown
in the model.

Table 1. Validation of latent variables

SC Information Goal Decision

Performance  sharing  congruence synchro
R-squared 0.585 0.592 0.566
Adj. R- 0.576 0.589 0.559
squared
Composite 0.922 0.920 0.890 0.910
reliability
Cronbach 0.904 0.895 0.834 0.877
Alpha
Avg. Var. 0.567 0.658 0.669 0.670
Extrac.
Full collin.
VIF 2.339 2.631 3.244 2.379
Q-squared 0.591 0.593 0.567

4.3 Structural equation model.
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Table 2 shows the model fit and quality indexes, based
on the results from the APC, ARS, and AARS indexes,
which value is P < 0.001, where is concluded that the
model has enough predictive validity. According to the
values under 3.3 from the AVIF and AFVIF indexes, it
is concluded that the model is free of collinearity
problems between variables. Finally, according to the
GoF = 0.610, it is concluded that the model has an
appropriate fit. Therefore, the relevant assertions
regarding the direct, indirect, and total effects can be
established.

Table 2. Model fit and quality index

Index Value P-value
Average path coefficient (APC) 0.400 p<0.001
Average R-squared (ARS) 0.581 p<0.001
Average adjusted R-squared (AARS) 0.575 p<0.001
Average block VIF (AVIF) 2.624

Average full collinearity VIF (AFVIF) 2.648
Tenenhaus GoF (GoF) 0.610

4.3.1 Direct effects

Figure 2 shows the model evaluated, within the Figure 3
different values can be observed on the arrow, the B
value, which is the direct effect that occurs between two
latent variables, the p-value, which shows the statistical
validity of that direct relationship between the two
variables, and finally, the R? value is shown, which is the
participation of the wvariance explained by the
independent variable. In addition, below the independent
variable, the total of R? is presented, which is the sum of
all the shares of the independent variables on the
dependent variable. In Figure 2 five of the six hypotheses
proposed are statistically significant, since their p-value
is under the significance level of 0.05; the value at which
the hypotheses were proposed. It can be concluded that,
for example, in Hy, the Goal congruence variable has a
direct and positive effect on the Information sharing with
a value of B = 0.769, since when the Goal congruence
increases its standard deviation in one unit the
Information sharing increases in 0.769 units. Likewise,
the Goal congruence explains in a R? = 0.592 of the
Information sharing variance. The same applies to the
other four hypotheses. However, the Hs hypothesis is not
statistically significant, since the p-value is more than
0.05, which is marked with an arrow with a dotted red
line.
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sharing

R?=0.592
Figure 2: Evaluated model

4.3.2 Indirect effects

Table 3 presents the indirect effects between the latent
variables, as it was previously mentioned, the indirect
effects occur between two variables through one or more
mediating variables. For instance, there is a direct effect
from the Goal congruence variable on the SC
performance, but there are also two indirect effects from
two arrow segments, as well as an indirect effect from
three arrow segments that has a value of f = 0.303, which
represents a size effect (SE) = 0.219, in other words, it
represents the value of the variance explained indirectly.
Similarly, in the Information sharing variable on the SC
performance, there is an indirect effect through the
Decision synchro variable with a value of p = 0.113, and
a SE = 0.073, in this case, the indirect effect between
these two variables is statistically significant, that is,
Information sharing has a relationship with the SC
performance, only that, in this model, it is shown
through the Decision synchro variable. It is important to
mention that the p-value is also mentioned in Table 3 for
each of the indirect effects, which indicates that the three
indirect effects presented in the model are statistically
significant.

Table 3. Indirect effects

From To Beta SE P-value
Goal Decision 0.275 0.197 p<0.001
Congruence synchro

Goal Supply Chain
Congruence  Performance
Information ~ Supply Chain

Sharing Performance

0.303 0.219 p<0.001

0.113 0.073 p=0.026

4.3.3 Total effects

Finally, Table 4 illustrates the total effects that are
presented in the model from Figure 2. It is observed that
the effects with the highest value are those provided by
the Goal congruence variable on the three dependent
variables: Information sharing (p = 0.769, SE = 0.592 ),
SC performance (B = 0.179, ES = 0.520), and Decision
synchro (B = 716, SE = 0.513), which makes it the most
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fundamental variable in the model, since it is the one that
contributes the most directly to the variance.

Table 4. Total effects

From To Beta SE P-value
Goal Infor_matlon 0769 0592 p<0.001
Congruence  Sharing
Goal Decision 0.716 0513 p<0.001
Congruence  synchro
Goal SC 0719 0520 p<0.001
Congruence Performance
Infor.matlon Decision 0.357 0249 p<0.001
Sharing synchro
Information  Supply Chain 15 437 p=0.004
Sharing Performance
Decision Supply Chain

0317 0.220 p<0.001
synchro Performance

6. CONCLUSIONS

According to the results obtained, it can be concluded
that the SC performance is directly affected in a positive
way by the Goal Congruence, since there must be an
agreement on the objectives as well as on the importance
of collaboration. Also, the importance of improvements
by the company and partners, it is essential, since plans
are designed together by the company and partners. In
the same way, a synchronization of decision makers
among partners is important, in order to take decisions
together such as, the planning of promotional events,
making the demanding of forecasts, managing the
inventory and variety of products, as well as work
together on possible solutions.

Additionally, the Information sharing does not have a
direct effect on the SC performance, but it is a crucial
activity in performance, since information must be
shared among partners to take decisions together, as well
as guarantee that the performance is positively affected.
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1. ABSTRACT

The E-commerce channel in the retail market represents
transcendental challenges in the strategy logistics
placement, to manage through the supply chain, products
in a short time, with a low cost, and a rich mix of value
for the costumer. Structural growth in terms of markets
and digital infrastructure grows vertiginously. In
Mexico, costumers are aware of their omnichannel, with
more than 20% annual growth in digital sales and 90%
smartphone penetration (Rodriguez, M 2017). Mexico is
emerging as one of the fastest growing countries in the
region in online retail sales (Emarketer, 2018). Given
that the market is committed to more digital purchases
through e-commerce channels, the wine and alcoholic
beverages industry begins the path towards digital sales
platforms, which stimulates research and analysis into
new models and logistics strategies in these channels. A
strategy development project for forecasts, inventories
and transport in the e-commerce channel was carried out
in a leading company of alcoholic beverages and wines
in Mexico City, with the robustness that Mexico City can
involve in distribution and routing issues. The company
has a recent e-commerce channel, which did not have a
logistic control strategy, therefore, a sales forecast was
carried out, an inventory system and a transport system
were created with information of sales data for 2016,
2017 and 2018 of various products marketed by the
company in the e-commerce channel, that were eligible.
First it was carried out was a seasonal adjustment so that
through this an optimal forecast was made with the
seasonal factor and with the use of dynamic tables. Then
a warehouse system was made using the EOQ model,
they were used in pivot tables and data segmentation. At
the end, a transport route was made taking an average of
the location of the stores in municipalities. With these
averages, a saving method was used to see that two vans
are needed to distribute everything. Based on the
analyzed data, it was possible to build a feasible proposal
that seeks to minimize current logistics costs, and that
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will allow the company to have greater competitive
advantages.

Keywords: Logistics, efficiency, E-commerce, forecast
model, transportation strategy.

2. INTRODUCTION

In today's markets, where the optimal cost of the product,
customer service and the speed of delivery thereof, play
an extrapolated extended role in the manufacturing and
services industry, logistics strategies act as vital tools in
efficiency indicators , and in the strategic and tactical
processes of the companies, accelerating the growth
towards new markets, and allowing to explore alliances
and future growth in e-markets with support in the e-
commerce, which allows to help to scale up to modern
business structures (joong -kun cho et al. 2008), impact
logistics services and boost the transaction channel
(steinfield and whitten 1999; swaminathan et al. 1999;
Hoffman et al. 1995).

The logistics chains of all sectors present incremental
challenges in the construction of these strategies; a
supply chain with a hectic competitive market is the
alcoholic beverage market. Within the best-performing
global alcoholic beverage markets, Mexico has a high
growth in the world, due to a combination of legally
drinking-age populations and healthy economies, which
are expected to continue for the next 5 years. After India,
Mexico expects a market leadership of 4.5% (IWSR,
Drinks market analysis, 2009), and with the
empowerment of E-commerce in the retail market in
these emerging markets, transcendental challenges are
expected in the placement strategy of products in a short
time, as well as logistics strategies for generating
inventories and reliable forecasts, which allow
developing strong strategies of e-commerce strategys,
rather than simple sales routes (Euromonitor 2018).
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The company's challenge is that E-commerce represents
its sales channel in which it ventured most recently. The
company has many years of experience in both wholesale
and retail sales. However, they had few experience in e-
commerce sales, much less has developed a logistics
control strategy. A model totally focused on this sales e-
channel must be proposed.

With all the particular characteristics, it has, the objective
of this paper is to develop a conceptual and practical
logistic model of forecasts, inventory management and
transport strategy in the E-commerce market under the
use of real company data, which allows recognizing the
importance of logistics strategies in the current e-
competitive environments, distinguishing the relevance
of undertaking more effective relationship strategies
between customers and supply chain, as part of the
development of highly changing and sustainable
systems, such as inventory management and forecasting
processes, in emerging chains of e-commerce.

The model has been built for the year 2019 in three
phases: in the first phase, it was analyzed through tools
such as linear regression, single and double exponential
smoothing, and mobile forecasts, traceability and data
mobility patterns from three previous years In order to
determine the forecast method that suits the behavior of
the data. In order to prepare the forecast, the behavior of
the data of products sold was analyzed, considering the
subunits per unit sold. Since the variation of data is show
to be high under linear regression methods, the seasonal
factor method was used when noticing the fluctuations.
With this, it was also possible to obtain, through dynamic
tables, non-seasonal demand, and with the help of a
linear regression, generate the 12-month forecast, under
verification through DAM and MAPE, which gave low
values on the possible error of the forecast.

In the second phase, the inventory model was developed
under the EOQ model, based on the demand for products
from the previous year, to obtain the optimal order
quantity for the next re-order, minimizing costs for
product maintenance. With phases 1 and 2 optimized,
phase three of establishing the optimal transport model
was carried out, using the center of gravity method,
obtaining the locations by coordinates of the delivery
points by municipalities, and using the average volume
values of sales, thus generating a database with distances
and route savings, considering multimodal transport
restrictions such as vehicle capacities, and cargo volume.

If a forecasting and transportation strategy is complicated
for sales data from off-line channels, for sales data from
an emerging channel such as e-commerce, it can become
even more challenging. Because there is few evidences
of general rules or models of behavior, and therefore the
significant opportunities for developing models and
strategies in this channel are still being studied.
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3. MATERIALS AND METHODS

Sales data for 2016, 2017 and 2018 of various products
marketed by the company in the e-commerce channel,
were eligible. It was considered by strategy to analyze
the database of historical sales information, by several
quantitative methods of time series. It started from the
base tools of moving averages and exponential
smoothing, even more complex methods of
decomposition with linear regression, by least squares.
The process of choosing the method was taken by
evaluating, on the one hand, the error that each forecast
produced through the calculation of its mean absolute
deviation (DAM) and the percentage of average absolute
error (MAPE). On the other hand, decomposing the time
series into its seasonal factors. It is relevant to note that
the analysis of these projections was done by grouping
by category or product families, since the behavior of an
individual article is random, even if the group has stable
characteristics.

With respect to the inventory management strategy,
based on the information provided on annual costs per
inventory maintenance SKU, and the estimation of the
cost that this sales channel implies issuing a new
inventory supply order, developed with the help of
spreadsheets, a template that for each SKU yields both
the economic order quantity (EOQ) and the reorder point
at which said order must be issued with a service level of
95%. This template yields relevant data for inventory
management, such as the calculation of annual average
stock per SKU, and the optimal number of orders for said
SKU that must be made during the year.

Finally, in the transportation strategy, the design of an
optimal route for the distribution of products in Mexico
City is resolved, applying the savings method, since it is
a method that allows the necessary restrictions to be
included, as it is in this case the capacity of the selected
vehicle, in addition to throwing a solution quite close to
the optimal one. It should be noted that, for the estimation
of the savings, the coordinates of the average points of
location of each of the municipalities were used as a
reference, and the average volume per municipality to be
filled, obtaining with this data the efficiency of the
capacity of load and the maximum distance traveled.

4. RESULTS AND DISCUSSION

3.1. Forecast

To prepare the forecast, it is decided to use the data of
products sold (table 1) considering the subunits per unit
sold and the sub-units sold separately, as well as
considering the behavior of sales within each year 2016,
2017 and 2018 (table 2). It was decided to create a
dynamic table for the analysis of sales by month and
year, in addition to having used data segmentation to
evaluate the sales of type of products. In this way, it is
easily possible to take the sales data in the table and only
be able to do the seasonal factor with a product and
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change the data in the table and change the forecast data
depending on the product.

Using the monthly summed sales of the years 2017 and
2018, the average, seasonal factor can be obtained later,
so that the monthly demand can be non-seasonally
adjusted, then the slope and secant of the line is
calculated to create the forecast with a simple linear
regression of the next 12 months (which would be the
year 2019), finally the values obtained are multiplied by
the seasonal factor and generate the forecast. It was
determined that it was the best method through the DAM
and MAPE, both giving rather low values on the possible
error in the forecast.

Table 1: Performance of sales in the years 2016, 2017
and 2018 of the cognac products

Year
Sales MONTH 2016 2017 2018
1 - 20 53
2 1 5 38
3 - 10 19
4 - 8 23
5 5 12 41
6 4 82 105
7 4 12 49
8 5 15 17
9 3 21 32
10 4 28 47
11 27 105 117
12 35 56 134
Units

Table 2: Forecast of the 12 months of the year 2019 of
the cognac product in the "Forecast" column. Reference.
Table created by the project, based on the data provided
by the company

Slope 2.94
Intercept 7.01

DAM 12.54

MAPE 1.30%

Comparative graph between pastyears and the
monthly forecast 2019

u 250

n 200
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¢ 150 2018
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Figure 1: Comparative graph of sales for 2017, 2018 vs
sales forecast for the 2019 months of the cognac product.

3.2. Inventory

Was selected the EOQ method to determine that the point
at which the costs for ordering a product and the costs for
keeping it in inventory are the same. This method takes
into account the demand of 2018, the cost of maintaining
the inventory, the cost of ordering the product. By
considering these factors, the optimum quantity of the
order for the next re-order is obtained as a result,
minimizing the costs for product maintenance (table 3 y
4).

Table 3: Product sold of the product wky J. walker red

Month Liner Regression Forecast
25 80.41 67.15
26 83.35 41.00
27 86.28 28.62
28 89.22 31.64
29 92.15 55.87
30 95.09 203.41
31 98.03 68.40
32 100.96 36.96
33 103.90 62.99
34 106.83 91.66
35 109.77 278.77
36 112.71 244.97

Total 1211.44
DAM: Maintenance Analysis Data

Sum of Total Sales Storage Cost (%)
per Product
0.2
Month 126.03  171.66
1 182 2 10
2 15 2 2
3 179 1 8
4 15 269 46
5 39 40 66
6 266 53 338
7 192 254 21
8 414 5 15
9 365 1 44
10 593 16 114
11 634 243 414
12 459 31 233
Total General 3353 917 1311
Units

MAPE: Mean Absolute Percentage Error Reference
Table created by the project, based on the data provided
by the company
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Table 4: Product calculations wky J. walker red.
Reference Table created by the project, based on the data

provided by the company

Standard deviation 205.50
Level of service 0.95
4 1.64
B (Security Inventory) 338.02
Average Inventory 617.44
Level of service 1.00 Units
Final average Inventory 426.75
Anual Cost of Inventory 85.35
Maintenance
Orders ina Year 19.00
Annual Cost of Order 2248.84
Oder Cost (%) $118.36
Storage Cost (H) $25.21
EOQ 177.45

Z = Number of standard deviations for a specific service

probability. EOQ = Economic order quantity

Reordering Graph

“w o — 3
B

0 10 20 30 40 50 60 70 &0

Days

Figure 2: Product reorder graphic wky J. walker red

3.3. Transport

Was decided that first we must obtain the locations by
coordinates of the delivery points by municipalities, then
each one is calculated the average of coordinates to be
able to use it as references of coordinates by
municipalities. As for the quantities, how many places
are reached per municipality, the company is multiplied
by an average of its volume and multiplied by the number
of points per municipality and, therefore, the quantities
are obtained.
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Having the board with the coordinates and quantities per
municipality plus the coordinates of the ecommerce, it is
possible to make a table of distances and route savings,
the restrictions are placed according to the capabilities of
the vehicle FORD LOBO 2019 whose maximum
distance is 627 km (density and the weight of the alcohol
that influences gasoline was not counted) and a
maximum volume of 13,730,067 cm®.

It began to observe with the formula of maximizing
which is the route with the most savings in distances and
it showed that the route with the most savings would be
from Ecommerce - Alvaro Obregén - La Magdalena
Contreras - Ecommerce (figure 1), it’s noticed that is still
lacked as 10,000,000 cm3 to reach a capacity limit and
much more for the distance, so possible routes were
added to reach the limit of the restriction that was a van
from the Ecommerce - Alvaro Obregén - La Magdalena
Contreras - Tlalpan - Benito Juarez - Miguel Hidalgo -
Iztacalco - E-commerce (figure 2) because there the
capacity was reached and with 722,243 cm3 left over.
Because of this, it’s necessary to use a second truck and
began to see which was the most cost-saving route of an
unresolved route and it could be observed that it was
Ecommerce - Azcapotzalco - Cuauhtémoc - Ecommerce,
but as with the one truck, it can still be added more routes
for the truck to reach more locals and be able to complete
the routes adding the missing ones and the route of the
truck two was Ecommerce - Azcapotzalco - Cuauhtémoc
- Tlahuac - Xochimilco - Milpa Alta - Ecommerce.

In the end it was achieved an efficiency of 69% in terms
of capacity and 1% in maximum distance, since it could
never take advantage of the entire journey that the truck
can make, because it reaches a distance of 627.2 km and
as efficiency it was very low even so counting the
weights or any other factor, can not go up so much.
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Figure 3: The route for the first van that goes from the

Ecommerce - Alvaro Obregon - La Magdalena Contreras

- Tlalpan - Benito Juarez - Miguel Hidalgo - Iztacalco -

E-commerce
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Figure 4: The route for the second van that goes from
Ecommerce - Alvaro Obreg6n - La Magdalena Contreras
- Tlalpan - Benito Juérez - Miguel Hidalgo - Iztacalco -
E-commerce.

5. CONCLUSION

If a forecasting and transportation strategy is complicated
for sales data from traditional channels, for sales data
from an emerging channel such as e-commerce it can
become even more challenging.

It was possible to fulfill all the main objective, since it
was possible to generate a good forecasting system with
dynamic tables and graphs that makes it more didactic
and where it can shows that sales are more stable since
2017 (Ecommerce helped), it was possible to generate an
inventory system for any product in an easy way and
make a transport route with an efficiency above 50% in
terms of the capacity it can have. In the end, a program
has been generated that allows forecasting and inventory,
in an easy way with the help of the Excel program.

The e-commerce channel for the company is relatively
recent, so there is currently no proven model. The
behavior analyzed reflects an exponential growth in the
demand for products through this channel.

It is a comprehensive strategy that includes sales
projects, inventory management and route optimization
(at least locally). Based on the data analyzed, a feasible
proposal can be built that seeks to minimize current
logistics costs, and that allow the company to have
greater competitive advantages for the satisfaction of this
increasingly growing and demanding environment.
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ABSTRACT

The metro system from Mexico City has previously
been analyzed, but only by parts, specific case studies to
some stations (transfer, transit or terminals) or metro
lines (individually) and not to the entire system as such.
This study is important since it will give us information
about the system that is not yet known, it will help us to
correctly identify risks to minimize them, as well as
delays in the lines, make improvements to the system,
have an adequate planning, establish different policies
to improve and satisfy the system needs. Tools such as
simulation will be used to create scenarios and search
for alternatives for improvement in the system. This
paper uses different techniques such as Complex
Networks Methodology, Statistics and Simulation.

Keywords: transport system, Complex Networks
1. INTRODUCTION

The Mexico City Metro, also known as Metro de la
Ciudad de México, is the second largest metro system in
America. The subway authority Sistema de Transporte
Colectivo (STC) operates the metro with funding
support from Mexico's federal district (DF), the
Transport and Communications Ministry (SCT) and the
Mexico City government.

The system comprises 12 lines that span 225 km and
cover 195 stations (115 underground, 55 at-grade and 25
elevated) with 48 transfer stations which are distributed
within Mexico City and part of the State of Mexico.

The Metro of Mexico City has a total of 384 convoys,
of which 285 are in operation and 99 out of service for
the following reasons: 33 for lack of spare parts, 20 for
being in reserve, 17 for maintenance, 15 by general
review, 7 by revision of breakdowns, 5 by work of
modernization, and one more by special works and
another by reprofiling of wheels.
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Figure 1 México City Metro System

2. PROBLEM

There are not easy solutions for Mexico City’s
congestion nightmare. Now the largest city in North
America, Mexico City’s metro area population is nearly
double the size of the Los Angeles metro area. Mexico
City saw its population grow from 13 million in 1980 to
nearly 22 million in 2019. Population growth and urban
sprawl are creating problems. Residents and visitors
alike can see firsthand that Mexico City is the world’s
most congested city and it is worst at rush hours.

People in Mexico City rely heavily on cars for
commuting. There are nearly 5 million vehicles
registered in Mexico City and another 5.1 million
registered in the surrounding state of Estado de Mexico.
Many residents also drive cars in Mexico City that are
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registered in other states. Residents have also registered
nearly 350,000 motorcycles. The resulting traffic, at
times, can be infuriating. On average, residents of
Mexico’s capital city spend 227 hours stuck in traffic.
Even non-drivers feel the effects of the traffic in the
form of air pollution.

The government has proposed measures to further
restrict car use, but without major new investments in
public transportation infrastructure and public security,
these restrictions may just push commuters to use Uber
or taxis during restricted days. Mexico City currently
operates a rapid transit bus system (Metrobus) with
dedicated lanes that runs along Insurgentes Avenue and
other principal avenues. The city also runs an expansive
subway system that runs 285 trains over nearly 225 km.
But with an estimated 5.5 million passengers on a
system designed to accommodate 4.5 million
passengers, Mexico City’s subway is one of the world’s
most crowded. One study found it as the second most
congested subway system in the world just behind New
Delhi, India, with up to six passengers crammed into
every square meter of train during rush hours. Both the
Metrobus and Metro are oversaturated and unappealing
options during commuting hours. These systems simply
do not have the capacity to move the city’s full
population of commuters and are disconnected from
many peripheral neighborhoods.

The subway system has its main problems due to factors
such as the elements” wear of the gear change, which
has been caused by natural wear, cracks or fractures in
lines with greater age, as well as lack of lubrication in
rails and settlements differentials caused by the
settlements of the subsoil of the city.

The Metro reported different problems: Technical,
Operational, Social and Financial problems. The
technical problems are those related to the operation of
the network such as the control system, braking system,
door opening system, capacity of the wagons, lack of
spare parts, among others, most of these problems are
due to lack of maintenance. Other problems are found in
the operation of the system, which are those related to
the rules and policies with which the Metro operates,
such as the number of trains operating per schedule,
action policies within the platforms, such as safety
measures, evacuation, action measures in case of
mishaps such as earthquakes, fires, terrorist attacks,
among others. Another type of problem is the social
problem, which is associated with people such as the
flow of passengers, crowds, violence inside and outside
the wagons, street vendors, among others. Finally, we
find the financial or budgetary problems, since the
Metro does not have enough money to maintain, buy
spare parts of trains, rehabilitation of trains that are out
of circulation or put in circulation new trains.

Therefore, the next questions are made: which are the
most likely failure stations? how will faults propagate to
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other lines? How is the network connectivity? which are
the alternative routes in case of failures?

So, we will focus this analysis with Complex Networks
to identify the stations that have the most important
problems and its vulnerability, and we will create
different scenarios from which we will have the
simulation of the whole system and how it works with
the different scenarios.

3. METHODOLOGY
For the methodology we will follow the next steps.

C DATA >
STATISTICAL
ANALYSIS

CREATE NETWORK

ANALYZE
COMPLEX
NETWORK

TIME SERIES ANALYSIS

l
( smoumon )

Figure 2 Steps Methodology

For this study we focused on the analysis of the metro
as a whole system, to identify it as a first approach.

1. Data Acquisition
This step is maybe one of the most difficult steps
because we need to look up for all the data that are
relevant for the study.

2. Statistical Analysis
So, with this information the second step was to analyze
the data with basic statistical techniques.
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3. Network Creation
We can create the network in different ways, the most
common is with the adjacency matrix. An adjacency
matrix is a square matrix used to represent a finite graph
or network.

4. Analysis of Complex Network

Once the network is obtained, we used the methodology
of complex networks, specially to analyze the topology
or structure of the networks, for example, the clustering,
the closeness, betweenness, assortativity, and more
metrics of complex networks. Also, we can have the
degree distribution of the networks and a good approach
of the network’s behavior. With all the metrics and the
degree distribution we can classify the networks into
one of the different networks model (Random
Networks, Small World Networks and Scale-free
Networks).

5. Time Series Analysis

The fifth step consists in translate the information to
time series, so we did a decomposition of time series
into the three components series (Seasonal, Trend and
Random), we obtained the ACF (Auto Correlation
Function), PACF (Partial Auto Correlation Function). In
this step we also can create time series models like
ARIMA (Autoregressive Integrated Moving Average)
models to do some forecast of the data.

6. Simulation
For the simulation process we will build different
scenarios of the network to analyze the different
structures and the vulnerability, so we can compare
which network is better. We can have different scenarios
for example what happens if we delete one node or an
edge.

4. RESULTS

For the statistical analysis, we used the R software,
which is an open source programming language and
software environment for statistical computing and
graphics. For this work, we used specific R software
packages, such as, igraph, networks, tkrplot, sand, sna,
forecast, TimeSeries, TSA and others. Software allows
us to generate graphs/networks, compute different
network metrics like clustering or transitivity, different
centrality metrics, plot networks, create mathematical
models, forecast data and more functions. Also, we used
a Bl (Business Intelligence) software that allow us to
have some data preparation just like an ETL (Extract,
Transform, Load) process and to create reports and
visualization of our data.

According to the methodology, at the first step we have
the data of the number of passengers by station and
trimester: from the first trimester from 2011 to the first
trimester of 2019.

Computing basic statistics: First, we analyze the number
of passengers per ling, to have the ranking of the lines
with more passengers.

Table 1 Number of Passengers per Line

Line Passengers %
Line 2 2,399,777,835 17.87%
Line 1 2,128,428,724 15.85%
Line 3 1,944,304,705 14.47%
Line B 1,313,948,094 9.78%
Line 8 1,129,922,146 8.41%
Line 9 952,297,672 7.09%
Line 5 882,986,511 6.57%
Line 7 828,596,887 6.17%
Line A 794,763,580 5.92%
Line 12 592,338,103 4.41%
Line 4 249,863,002 1.86%
Line 6 215,006,325 1.60%

Total 13,432,233,584 100.00%

Then, we analyze the number of passengers per station
to also have a ranking of the station with the highest
numbers of passengers.

Table 2 Top 10 Number of Passengers per Station

Line Station Passengers
Line 3 Indios Verdes 345,139,908
Line 2 Cuatro Caminos 344,277,759
Line A Pantitlan A 300,460,361
Line 5 Pantitlan 5 267,067,692
Line 8 Constitucion de 1917 | 259,450,656
Line 2 Tasquefia 259,221,934
Line 9 Pantitlan 9 254,180,021
Line 1 Observatorio 218,684,664
Line 3 Universidad 217,461,690
Line 2 Zocalo 204,023,284

From table 2 we can see that the station Indios Verdes is
the most crowded, but we also can notice that Pantitlan
is a hub so, the cumulative number of passengers is
higher than at Indios Verdes. This is important because
this means that we need to have special attention in this
station.

We continue with the methodology and we need to
create a network. So, we have the structure of the metro
system, characterize these data as an adjacency matrix.
In this case, the nodes represent the stations and the
edges represent the connections through the line. The
next figure shows the structure of the system as a
complex network.
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Figure 3 Metro Complex Network

Now, we have the system characterized as a complex
network so now we can compute the different complex
networks metrics to study the topological structure of
our network.

Table 3 Complex network metrics

Results Total
Nodes 195
Edges 220
Max. Degree 4
Min. Degree 1
Mean Degree 2.25641
Diameter 39
Mean Distance 12.94618
Cliques 4
Density 0.011631
Assortativity 0.245905
Global Clustering 0.056962
Mean Local Clustering 0.017304
Closeness Centrality 0.059484
Degree Centrality 0.008988
Betweenness Centrality 0.144816

The minimum degree corresponds to 1 and it makes
sense because they are the terminal stations, the
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maximum degree is 4 that corresponds to stations like
Pantitlan, meanwhile the average grade is 2.25, which
tells us that there are very few stations that are transfer.

On the other hand, the density is important, it tells how
connected the network is, the real systems modeled with
networks, in general, are not very dense, due to the cost
of the links. The network has a density of 0.011 which
indicates that the connectivity within the network is very
low and poor.

Another metric that we use in this analysis is the mean
distance, which is the average of the distances between
all pair of nodes, so we expect that the networks have a
low average distance, which has to do with the small
world property, but in this case we have a mean distance
of 12.94 that is quit high in comparison with the number
of nodes and edges.

In addition to the metrics that are listed above, we are
interested in studying the topology of the network so
clustering is important and, we start with the global
clustering, it means what the tendency of the network is
to form triangles or to be transitive, so, the global
clustering is very low (it is 0.056), so it has a low
tendency to form triangles. While, if we look at the mean
local clustering, it is very similar to the global clustering
but in this case, it is lower (0.017) so we can say that
there is no tendency to form small groups, that is, they
remain in the whole group.

On the other hand, the betweenness centrality, helps us
to identify how important a node is within a network,
computing how many short paths pass through the node
in question, so we compute the average of the
intermediate centrality of each case and we obtained a
value of 0.144, the network has a very low betweenness
centrality. The closeness centrality focuses on
computing the shortest paths of each node to all other
nodes in the network, we have that the closeness is
relatively high. If we talk about the correlation of nodes,
we have the coefficient of assortativity that gives us
values between -1 and 1, therefore we can say if a
network is assortative or dissortative, so, our network
has a value of 0.24 with this we can say that it is
assortative.
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We can observe that the distribution of degree seems to
be binomial.

With all these results we can analyze and compare the
behavior of the different stations and lines, in addition,
we could analyze the topology of the whole system,
which concludes the type of network model is and what
specific characteristics and properties they share.

The next step is to perform the time series analysis, so
first we organize and sort our date by the date (the most
recent date and the end). Then we plot our time series
just as the example of figure 5, where we plot the 12
lines as a time series.

Passengers per line

Figure 5 Time Series Passengers per Line

We can see that there are some lines that have the same
behavior; for example, the lines 1, 2 and 3, and we can
make clusters with the lines that have the same patterns.
We have a strange behavior in the line 12 because it was
open by the end of October 2012 then the part of the line
was close due to technical problems.
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On figure 6 we have the time series of all the passengers
and the next step is to analyze the time series.

We use the time series decomposition that is a
mathematical procedure that transforms a time series
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into a multiple different time series. The original time
series is often split into 3 component series:

e Seasonal: patterns that repeat with a fixed
period.

e Trend: The underlaying trend of the metrics.

e Random: also call “noise”, “irregular” or
“remainder”, this is the residuals of the original
time series after the seasonal and trend series
are removed.

Decomposition of additive time series
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Figure 7 Decomposition Total Passengers Metro

To continue with our analysis, we use the ACF (Auto-
Correlation  Function) that gives values of
autocorrelation of any series with its lagged values. We
plot these values along with the confidence. We have an
ACF plot. In simple terms, it describes how well the
present value of the series is related with its past values.
A time series can have components like trend,
seasonality, cyclic and residual. ACF considers all these
components while finding correlations hence it’s a
complete auto-correlation plot.

ACF Total Passengers Metro
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We also used the PACF (Partial Auto-Correlation
Function). Basically, instead of finding correlations of

present with lags like ACF, it finds correlation of the
residuals (which remains after removing the effects
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which are already explained by the earlier lag(s)) with

the next lag value hence ‘partial’ and not ‘complete’ as

we remove already found variations before we find the rSeg 58,8

next correlation. So, if there is any hidden information Fo_ g TeviZne P

in the residual which can be modeled by the next lag, we

might get a good correlation and we will keep that next v &3

lag as a feature while modeling. Remember while " g o TP
modeling we do not want to keep too many features Y : .
which are correlated as that can create multicollinearity ' P U/
issues. Hence, we need to retain only the relevant o Bhtiewen 7 e
features. B
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The ACF and PACEF plots are more common used to Sq? e X P
obtain the values of p and g to feed into the ARIMA = et TP
model. e \ 0%% o e 9

All these analyses are important because it show us - o=k 2 e g P G
which are the patterns, seasonality and trend that the &= & N\ e o ,
passengers follow throughout the time. ) C e S oo
®
o]

For the simulation scenarios two even more scenarios P - » | S,
were proposed and were constructed depending on the ® s \'a. T e
problem that the network has to face. The first scenario Yl 600 .0
is when we delete Pantitlan (the four stations of the lines

1,5,9, A and it’s connections) station that is one of the & s "
most important because of the number of passengers and 9.0 e
the connections. The second scenario is when we delete i .
the station with the lowest number of passengers that in Figure 11 Scenario 2

this case is Tlaltenco. . . . .
On the scenario 1 there is a community (all the line A)

that is completely disconnected from the whole system
and in the case of the scenario 2 we only delete one
station and this station is the last one of the line 12 so
the only problem here is that the terminal station
Tlahuac is completely disconnected from the system.

According with the methodology, we compute the
different complex network metrics for both scenarios
and then we analyze and compare the results with the
original network.

Proceedings of the 2019 MULTILOG Conference

Wellens and Zufiga Alcaraz Eds., FI-UNAM 56



Table 4 Results Scenarios

Results Total Scenario 1 Scenario 2
Nodes 195 191 194
Edges 220 212 218
Max. Degree 4 4 4
Min. Degree 1 1 0
Mean 225641 | 2.219895 2.268041
Degree

Diameter 39 39 37
Mean 12.94618 | 28.40568 14.30458
Distance

Cliques 4 3 4
Density | 0.011631 | 0.01168366 | 0.01175151
Assortativity | 0.245905 | 0.1842668 0.24273
Global 1 he6962 | 0.02006689 | 0.05538462
Clustering

Mean Local | 4 12504 | 000571429 | 0.01657459
Clustering

Closeness | ) hoo484 | 002111135 | 0.05236912
Centrality

Degree | 5 008oss | 0.00936897 | 0.00897388
Centrality
Betweenness | 111816 | 01533715 | 0.1566145
Centrality

Comparing the three-network metrics, we find that the
maximum degree is the same but the minimum degree
on the scenario 2 is 0 because we delete the node that is
the only connection with the terminal Tlahuac, so
Tlahuac had 1 degree and when we delete Tlaltenco,
Tlahuac remains alone. The mean degree is almost the
same, in the case of the diameter on the scenario 2 there
is a difference of 2 nodes so is a smaller size, but where
we find the greatest difference is on the mean distance
because on the scenario 1 it increases a lot so this tell us
that Pantitlan station is important in our system and if
we delete this station our connectivity decrease so we
cannot remove or change this station. On the other hand,
the centrality metrics does not change so much, so the
scenarios remain with almost the same characteristics of
the original network.

We also plot the degree distribution of the scenarios 1
and 2.
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Both plots follow a binomial distribution just like the
original network.

5. CONCLUSIONS

From the simulation scenarios we can conclude that if
we delete a node (station) that is one of the more
crowded stations or if it is one of the stations with
important connections like transfer stations our network
will suffer a big disruption, so the network will lose
connectivity, robustness and efficiency and we will have
bottlenecks in some lines or stations. In the case we
delete a node (stations) that is not so important when we
talk about the number of passenger and its connection
with other stations or lines, if we delete this station will
not have a great impact because the network will
continue working also not as with the connectivity,
efficiency and robustness as the original one but not as
bad as if we delete an important node.

We conclude that the degree distribution of the network
follows a Binomial Distribution, and in this case the
network follows a Random Network Model because of
the binomial distribution on the degree, The mean
distance is high (tends to p ~ log N), the clustering is low
(tends to k/N), where k is the average degree of the
nodes.

In random networks, the neighbors of a certain node are
chosen at random, so there is no correlation between the
degree of neighboring nodes. Finally, these networks are
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more robust to targeted attacks, but at the same time they
are vulnerable to internal errors.

After the time series analysis, we concluded that there is
no evidence of a growing trend in the number of
passengers and we could find some patterns in the
seasonal cycles. It is difficult to find the behavior
patterns in a macro level. Then, for the next steps, we
will do the same analysis but in a medium and micro
levels.

We will use the same methodology on the stations and
lines that are more crowded to find and implement real
solutions for this complex system. Also, the simulation
will help us to create different scenarios to improve the
way the metro works. In a future work we will focus on
the application of the methodology that we proposed
and on the implementation of a simulation-optimization
solution to improve the efficiency of the metro system.
Also for future work, it would be important to analyze
the Plan Maestro del Metro for 2018-2030 because there
are proposed different actions to improve the metro
system such as new lines, extend actual lines and a
maintenance program can be simulated and compared
them with the actual network, and we can also propose
different actions to improve the metro service.

REFERENCES

Banks J., Handbook of Simulation. Principles,
Methodology, Advances, Applications, and Practice,
John Wiley & Sons, Inc. pp. 15 - 18. (1998).

Caldarelli G., Catanzaro M., Networks: A Very Short
Introduction, Oxford University Press, Oxford. (2012).

Camille Roth, S. M. Evolution of subway networks.
Physics-soc, 1-11. (2012).

Cats, O. Topological evolution of a metropolitan rail
transport network: The case of Stockholm. Journal of
Transport Geography, 62, 172-183. (2017).

Chopra, S., Dillon, T., Billec, M., & Khanna, V. A
network-based framework for assessing
infrastructure resilience: a case study of the London
metro system. Journal of the Royal Society Interface,
1-11. Retrieved from
http://rsif.royalsocietypublishing.org/content/13/118/20
160113. (2016).

Dalgaard P., Introductory Statistics with R. Springer.
(2008).

Derrible S., Network Centrality of Metro Systems,
PLoS ONE 7(7): e40575.
doi:10.1371/journal.pone.0040575, (2012).

Derrible, S., & Kennedy, C. Network Analysis of
World Subway Systems Using Updated Graph

Proceedings of the 2019 MULTILOG Conference
Wellens and Zuriga Alcaraz Eds., FI-UNAM

Theory. Transportation Research Record: Journal of the
Transportation Research Board , 3(2112), 17-25.
(2009).

Derrible, S., & Kennedy, C. Characterizing metro
networks: state, form and structure. Transportation,
37(2), 275-297. (2010).

Ding, R., Ujang, N., Hamid, H., & Wu, J. Complex
Network Theory Applied to the Growth of Kuala
Lumpur’s Public Urban Rail Transit Network.
PLOS one, 10(10), 1-22. (2015).

Drozdowski M., Kowalski D., Mizgajski J., Mokwa D.,
Pawlak G., Mind the gap: a heuristic study of
subway tours, J Heuristics 20:561-587, (2014).

Figueras J., Modelos de Simulacién usando simio y
redes de Petri, Universidad Nacional Auténoma de
México. pag. 2. (2013).

M. Mujica-Mota, & I. Flores-de-la-Mota, Applied
Simulation and Optimization (Vol. 2, pp. 43-79).
Ciudad de México: Springer. (2017).

Flores-De La Mota, |, Hernandez-Gonzélez, S.
Applying complex network theory to the analysis of
metro networks (1969 — 2018). Print, Articulo en
revision. (2018).

Fortin P., Morency C., Trépanier M., Innovative GTFS
Data Application for Transit Network Analysis
Using a Graph-Oriented Method, Journal of Public
Transportation, Vol. 19, No. 4, (2016).

Gallotti R., Porter M. A., Barthelemy M., Lost in
transportation: Information measures and cognitive
limits in multilayer navigation. Science Advances 2,
€1500445, (2016).

Gattusso, D., & Miriello, E. Compared Analysis of
Metro Networks Supported by Graph Theory.
Networks ans Spatial Economics, 5(4), 395-414. (2005).

Guerra E., Mexico City’s suburban land use and
transit connection: The effects of the Line B Metro
expansion, Transport Policy 32, 105-114, (2014).

Haznagy A., Fi ., London A., Németh T., Complex
network analysis of public transportation networks:
a comprehensive study, Models and Technologies for
Intelligent Transportation Systems (MT-ITS) 3-5. Junio
2015. Budapest, Hungary, (2015).

Kim H., Song Y., Examining Accessibility and
Reliability in the Evolution of Subway Systems,
Journal of Public Transportation, Vol. 18, No. 3, (2015).

58



Lara, F., Teoria, métodos y modelos de la
complejidad social 1. Seminario de Investigacion,
CCADET.

Lara, F., Metodologia para la planeacién de sistemas:
un enfoque prospectivo, Direccion General de
Planeacion, Evaluacién y Proyectos Académicos,
UNAM. México. (1990).

Latora V., Marchiori M., Is the Boston subway a
small-world network?, Physica A 314, 109 — 113,
(2002).

Leskovec, J., Kleinberg, J., & Faloutsos, C. Graph
Evolution: Densification and Shrinking Diameters.
ACM Transactions on Knowledge Discovery from
Data, 1(1), 1-41. (2007).

Louf R., Roth C., Barthelemy M., Scaling in
Transportation Networks, PLoS ONE 9(7): 102007,
(2014).

Mood A., Introduction to the Theory of Statistics.
McGraw-Hill. (1974).

Negroe, G., Papel de la planeacion en el proceso de
conduccion, Universidad Nacional Auténoma de
México. pp 10. (1980).

Newman M.E.J., Networks: An Introduction, Oxford
University Press, Oxford. (2010).

Purdy, G., 1SO 31000:2009 Setting a New Standard
for Risk Management, Society for Risk Analysis, Vol.
30. No. 6, pags. 881-886. (2010).

Shiau T-A., Lee C-H., Measuring Network-Based
Public Transit Performance Using Fuzzy Measures
and Fuzzy Integrals, Sustainability 9, 695, (2017).

Shirai Reyna O. S., Flores de la Mota I. Complex
network analysis: Mexico’s City metro system,
Proceedings of the European Modeling and Simulation
Symposium 2019 Lishoa, Portugal, ISBN 978-88-
85741-25-6, (2019).

Stoilova S., Stoev V., An Application of the Graph
Theory Which Examines the Metro Networks,
Transport Problems VVolume 10, Issue 2, (2015).

Sun L., Huang Y., Chen Y., Yaob L., Vulne