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Abstract

The supply chain involves all the processes from the purchase order request to the delivery to the final customer,
however, there are factors such as the health crisis that make organizations vulnerable if they do not take full advantage
of their resources. Also, these changes cause the world to think seriously about the sustainability of manufacturing
and services considering the characteristic of resilience which is the ability to overcome difficult circumstances and
reverse logistics, which is related to strategic planning. However, they are also considered strategies that allow
companies to jointly face market volatility and changes in demand without affecting the organization's economic
barriers.
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1. Introduction

Health crises have a negative impact on the daily life of individuals, organizations, nations, due to labor and social
conditions, unemployment and low income, social insecurity, as well as poverty. It is precisely in these conditions that
companies need to organize themselves to make the most of their resources and avoid making their products more
expensive. One of the most representative costs associated with the companies is the logistics cost, which represents
up to 25% or more of the total cost of the product. (Mauleon, 2006). This cost is implicit in the supply chain processes,
which is defined as the design, planning, execution, control and monitoring of the activities that generate value in the
supply chain. (Association for supply Management, 1998). Cooper (1997) defines the supply chain as the integration
of business processes from end users to suppliers of products, services and information that add value for customers.
Tang (2011), indicates that these crises or disasters have revealed the vulnerability of supply chains, which in turn led
to studies that analyze supply disruption and perform supply chain risk analysis. Other authors mention that the
emergence of a new changing economic order has also made companies around the world think seriously about the
sustainability of manufacturing and services. Global markets and operations have led companies to review their
corporate, business, and functional strategies, in addition to focusing on outsourcing, virtual enterprise and supply
chain management (Ageron, Gunasekaran , & Spalanzani, 2011). Mariadoss indicate that supply chain management
should focus on the management of material, information, and capital flows, as well as cooperation between companies
along the supply chain, taking into account the objectives of the three dimensions of sustainable development, i.e.,
economic, environmental and social. In addition to the three dimensions, it is proposed that there are five pillars to be
sustainable, which are mentioned below: product design, technology selection, reversal of its operations, network
capacity, as well as the integration of operations with the environment and social factors (2016) (Tang & Zhou, 2012)
(Hagelaar & Van der Vost , 2002) (Ashby, Leat, & Hudson, 2012). Due to the above mentioned, it is necessary to
develop models to observe and predict the behavior of the supply chain over time, these models help specially to
calculate the impacts on supply chain performance disruptions under conditions of dependent changes in its
environment over time (Ivanov, 2020) .

© IEOM Society International 1192



Proceedings of the International Conference on Industrial Engineering and Operations Management
Monterrey, Mexico, November 3-5, 2021

1.1 Objective
The objective of this research is to determine which are the factors that influence the sustainability of resilient supply
chain in risk environments.

2. Literature Review

The supply chain involves all the processes from the purchase order request to the delivery to the final customer.
Because of this, it is necessary that the supply chain is a process that allows the continuous flow of these processes,
in other words it is necessary to manage the risks of interruption in the supply chain or seek the sustainability of the
supply chain.

When we talk about risk environments, we refer to extending and surpassing the traditional. In the past, supply chains
had a linear customer-supplier relationship, which should have been left in the past to lead to a new supply chain
dynamic at a global level (McWilliams, 2006) . This dynamic is related to that mentioned by Goll (2004), who
indicates that sustainable supply chains must have environmental dynamism, which refers to the degree of
unpredictable change or instability in the external environment. This dynamism can be analyzed by Wehde (2019),
which indicates that decentralizing the supply chain to be able to maintain production in case any plant or physical
resource is blocked by national legislation.

Aven (2017), indicate that to manage risk a supply chain must have a characteristic called resilience, which deals with
the ability of the system to maintain or restore its functionality and performance after a significant change in the
conditions of the system and its environment. In addition to managing risks, supply chain sustainability (Prima Dania,
Xing, & Amer, 2019) suggests that supply chain sustainability is based on the triple bottom line of economic,
environmental and social aspects. Economic aspects have the function of creating a better business environment by
providing optimal benefits to all stakeholders in the system. Environmental aspects talk about generating a reverse
supply chain which consists of used products being returned to the manufacturers for value-added operations, either
by direct channel or by separate reverse channel. In other words, it is a reverse flow from consumers to producers and
the creation of a reverse supply chain has a positive effect on both the environment and the economy (Chakraborty,
2018), and social aspects within which we can mention health, safety, as well as the laws of the communities where
the supply chain is developed. Within this sustainability, the supply chain is expected to work in cooperation with
external participants to increase profits through collaborative synergy (Wilhelm, 2011). Seeking horizontal, vertical
and diagonal linkages, which refers to balancing the cooperation between the supplier and the customer in the different
processes of the organization (Pathak, 2014) (Sloane, 2013) (Carter, 2002) and (Chen, 2017) indicates that the
partnership process in which no less than two independent parties work hand in hand to design and execute the supply
chain operations to improve the performance among the supply chain participants.

Min (1997), Walton (1998) indicate that supply chains must have sustainability strategies in place, which are described
as ranging from compliance with legislation to holistic sustainability concepts involving employees, customers, and
suppliers. Recent research indicates that the management of supply sustainability aims to integrate the environment,
strategic and social issues involved in it, in order to ensure and improve corporate reputation, as well as the regulation
of risks, therefore they must have risk-oriented strategies, which are formulated through defensive objectives, such as
risk reduction or obtaining a good reputation, and opportunity-oriented strategies consider customers as the main
drivers to drive the development of innovation and supplier development (Harms, Hansen, & Schaltegger, 2012).

About to the subject of this research, factors determining resilient supply chain during health crises, the authors have
recently indicated that among the factors affecting a supply chain are the decrease in exports due to the generalized
deceleration of economic activity, as well as the closing of borders to reduce the proliferation of the virus (Organizacion
Mundial del Comercio (OMC), 2020) . Global supply chain systems and their adjusted JIT practices, this factor refers to
monitor how the supply chain and production systems are reconstituted during the coming months and if the supply
trend continues to be globally or locally; counterpointing this point is to manage inventories are larger supplies even
when there is no immediate need (Polanyi, 1944) (Mazier, 1999) (Parker, 2013).

Other research related to the topic of supply chain survival indicates that research technologies related to the supply
chain are of vital importance because having visible inventory information enables companies to jointly face market
volatility and changes in customer demand, as well as formal contracts with participants in the supply chain, these
contracts define expected behaviors, rules and procedures related to the buying and selling activities of products and
services in the supply chain, and also allow foreseeing risks and transaction costs that may arise from inter-
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organizational interactions and relationships, as well as defining solutions to avoid unpredictable outcomes.
Intellectual and operational alignment allows the establishment of strategic plans to better manage the organization's
resources (Chi, Huang, & George, 2019). Several authors propose that in order to develop models that support in crisis
environments, it is in addition to the factors already mentioned to have a data analysis, also known as big data, this
term is used to describe a mass of data that grows exponentially and is closely related to data exploration, which is a
fundamental technique for understanding and exploiting big data and then taking it to advanced analytics to generate
statistical combinations that allow decisions to be made based on historical data as well as predictions of the same
data, resulting in supply chain planning (E. Hofman, 2017). The model proposed in this research is presented in Figure
1.

Reverse Logistics

Econotnic Barriers related
with the Supply Chain

Strategies of the Supply Resilient Supply Chain

Chain

Collaboration between the
participants of the Supply
Chain

Data mining for decision
making

Figure 1. Model Proposed in the research

According to the established model the first variable that makes up it is the resilience in the supply chain which
according (Ardila, Romero , & Gonzalez , 2014) to the design of robust supply networks must contemplate scenarios
that describe uncertain parameters that can be discrete, where each scenario provides a detailed description of the
parameters and their respective probability of occurrence or may be uncertain parameters that can be continuous ,
where each parameter is represented by a range of values that it can take and is possibly described by a probability
distribution. Other authors argue that in order to design resilient supply chains it is necessary to create risk mitigation
strategies in the supply chain, which indicates that the variable that affects the resilience of organizations is the location
of the organization, because of this the author mentions the following techniques for selecting the location of the
company, these are mentioned below: stochastic location, minimax location models and p-robust models (Snyder,
2003). Strategically, resilience in the supply chain can have the following dimensions: organizational resilience, which
indicates the level of flexibility, improvisation and ability to adapt to any type of influence from the environment,
static resilience, which is the chain's ability to absorb the impact of a disruptive event, dynamic resilience, which is
the speed with which the system manages to recover from a severe crash and then reach a desired state (Rose , 2007).

In addition to the above, there are current approaches to measuring business resilience, this refers to emerging
properties, which must be conceived as a dynamically evolving feature of systems (Haimes, Crowther, & Horowitz, 2008)
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organizations must have a vision, where they show the vulnerability map to categorize the probability of occurrence
of potential threats in an organization, within which they must also measure recovery time, recovery level, and level
of vulnerability to disruptions (Westrum, 2006). Other authors added to the above-mentioned metrics, the company's
competitive position, as well as the commitment and responsibility of the supply chain (Y. & Rice Jr., 2005) Empirical
studies conducted on resilience in supply chains using linear approximation models, have shown that the resiliency
triangle measures system performance loss and recovery time in order to calculate the average performance of the
latter, from the occurrence of the disruptive event to its complete recovery (Xu, X, & Zhao, 2014).

Another factor associated with Supply Chain sustainability is reverse logistics, which is related to strategic planning.
This relationship indicates that it is necessary to measure performance through economic-financial results, such as
profitability or the achievement of superior performance. In addition, research indicates that it is necessary to measure
performance through the variables of efficiency, quality, innovation, and response to stakeholders (Camison & Cruz,
2008). Reverse logistics as a competitive capacity is mainly concerned with environmental concerns, which is the
consumer's attitude towards the environmental impact of the waste generated by some goods, the level of customer
service, which refers to the after-sales service to the customer, that includes returning the product to the intermediary
or producer, and finally the reduction of costs, which is derived from the return of used products and their processing
or subsequent sale in secondary markets. These three are a determining factor in the sustainability of companies.

Other authors state that supply chains present economic barriers, which affect their performance, these barriers can be
classified as sustainable barriers, these barriers indicate that all organizations must be agile, adaptable and capable of
aligning themselves to the changing environment, environmental barriers, these indicate that organizations must have
a systematic approach to the market and to the analysis of the factors affecting competition; commercial barriers, these
indicate that supply chains must focus on import and export product policies, environmental rules, among others, and
structural barriers, which emphasize the study of demand (LEE, 2004) (CHRISTOPHER, 1999) (Agnese, 2016)
(Marqués, 2010).

Supply chains, as already mentioned, must have strategies. According to research, these can be just in time strategy,
where each order already has a customer who has requested it and backwards a supplier who has provided a component
for its assortment, stock strategy, refers to the processes associated with the activities of ordering, delivering, receiving
and transferring raw materials, products and/or services per order or per project, the risk management strategy, refers
to the analysis of the failure modes of the system once it has been affected by a disruptive event. Finally, the
collaboration strategy, which refers to benchmarking with other organizations to complement the risk strategy
(KELLE, 1998) (SCOR., 2012) (Sheffi, 2007) (M. Holweg, 2005).

Data is present in all processes of the supply chain, these data become indicators that can help decision making within
the value chain of all organizations. Indicators such as customer retention level, can be obtained with the incorporation
of Data Mining techniques, where it is possible to anticipate which group of users are most at risk of being lost in the
coming days, weeks, or months. It is also possible through this technique to determine those with whom the purchasing
relationship with the company is cooling, this will allow us to propose specific and focused strategies for the retention
and motivation of value chain participants. Similarly, in the last stage of the value chain, data mining has provided
support in the detection of behavioral patterns of fraudulent or suspicious transactions, among the main techniques
that support the determination of these behaviors are neural networks, due to their high level of accuracy in prediction
and robustness to noise in the data.

The implementation of data mining techniques contributes to product innovation due to the information collected in
the databases of the characteristics and behavior of the last stage in the supply chain, with the objective of taking ideas
not thought of at the beginning of the value chain. In conclusion, data mining becomes a strategic tool that raises the
levels of competition in the changing world of business. Effective decision making depends on the speed with which
information obtained within the value chain processes is identified and analyzed ( Marcano Aular & Talavera Pereira,
2007). Finally, for a value chain to be sustainable in these times of change it is necessary that the collaboration between
value chain participants is strong and collaborative, where information can flow for decision making as mentioned
above. Strategic alliances are long-term relationships between companies, in which two members share resources,
knowledge and capabilities with the objective of improving the position of each member, these organizations are based
on cooperation agreements with other organizations in response to disruptive changes in the environment. Generally,
this integration is usually virtual because they use information technology for the exchange of information so that their
interfaces are synchronized, and decisions are made (Montoya Torres & Ortiz Vargas, 2011). Within these
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relationships we can find: The relationship with suppliers, which can be measured with percentage of on-time
deliveries from suppliers, time, percentage of defects in purchased services and materials, relationship with
manufacturers, percentage of delivery from manufacturers and finished product inventory levels. Relations with
distributors, percentage of incomplete orders shipped, percentage of orders shipped on time, order fulfillment times,
percentage of spoiled services or returned items. Relationship with customers, level of customer satisfaction. As
mentioned, in every process of the value chain there is a flow of information and information systems that support the
aforementioned relationships, among which we can mention Vendor Managed Inventory, which consists of the
supplier managing the retailer's inventory and the retailer deciding when and how to replenish it, by transmitting the
information via EDI. Collaborative Planning and forecasting replenishment, which is a web-based, customer-supplier
collaborative practice that aims to coordinate the various activities including purchasing and production planning,
demand forecasting and inventory replenishment among supply chain partners. Finally, it is important to mention that
these alliances can include strategies for the transportation and distribution of products to reduce costs within the value
chain ( Balza Franco, Paternina Arboleda, & Cardona Arbelaez, 2019).

Taking the model in Figure 1, the following hypotheses are proposed:

HI. Reverse logistics has an impact on the sustainability of resilient supply chains.

H2. The Economic Barriers related with the Supply Chain have an impact on the sustainability of resilient supply
chains.

H3. The Strategies of the Supply Chain have an impact on the sustainability of resilient supply chains.

H4. The Collaboration between the participants of the Supply Chain has an impact on the sustainability of resilient
supply chains.

HS. The Data mining for decision making has an impact on the sustainability of resilient supply chains.

3. Methods

The type of research for this study is quantitative, exploratory, descriptive, correlational, explanatory and causal.
Therefore, it is exploratory because the objective is to examine a little studied topic; descriptive because the
environment is analyzed of the study subject, not experimental this because the variables are not manipulated;
correlational since it measures the relationship between two or more variables; and explanatory as it explains the
situation between the variable of the model to be presented.

As a technique for obtaining data, the survey was used, which consisted of two sections, the first section had the
objective of collecting information from the study subject.

Large companies dedicated to the manufacture of auto parts were selected as study subjects. In the present
investigation, the population of large companies was obtained from the statistical data from the National Statistical
Directory of Economic Units that is located on the INEGI website (Directorio Estadistico Nacional de Unidades
Economicas , 2018)The study population that was selected was activity 3363, which is the manufacture of auto parts
for motor vehicles. Hence we proceeded to filter these large companies that are located in Nuevo Leén, Mexico and
the results show 71 economic units. Of which, the decision was made to eliminate those economic units that did not
have a warehouse and were only the corporate offices of the organization and as a result a total of 47 units were
obtained economic as study population. After determining the study subject, the sample was obtained, this was
calculated with 95% confidence, which indicates that we have an error 5%. When applying the equation, it was
obtained that the sample to be used in the present investigation would be: 31 large companies of Manufacture of auto
parts for motor vehicles that are distributed in the state of Nuevo Leon.

The type of sample was non-probabilistic since that the companies to which the measuring instrument was sent were
selected and evaluated.

For the identification of the independent variables that affect the dependent variables, the use of multiple linear
regression was considered.

4. Data Collection

Initially the measuring instrument was applied to a pilot sample which resulted in the second section having a
decrease of 29 questions to 26 questions; This reduction was a result of the calculation of the Cronbach alpha of
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each of the variables. The objective of using Cronbach alpha is to test reliability, which refers to the degree to which
its repeated application to the same individual or object produces equal results (Hernandez , 2018).

According to (Oviedo, 2005) in order for Cron Bach’s alpha coefficients to be acceptable they must be between . 70
and . 90, where the . 70 is the minimum acceptable value, the . 80 is good and the . 90 is excellent. Table 1 shows that
the variable "X1" Collaboration between supply chain participants" obtained a coefficient of . 820 , this removing the
item C21 and considering the items C18,C18 and C20, the variable "X2" Strategies focused on improving supply
chain management with a coefficient of . 806 without removing any item from the measuring instrument, the Variable
"X3" name Reverse Logistics obtained a coefficient of . 856 removing item I8, the variable "X4" Supply chains
barriers obtained a coefficient of . 742, this variable obtained the minimum acceptable to be considered in the model,
on the other hand the variable "X5" Data mining obtained a coefficient of . 892, as long as item M28 is removed, and
the dependent variable "Y 1" Resilient supply chains obtained a coefficient of . 895, without removing any variable

Table 1. Alpha Cronbach Results

Alpha Items removed
Variable Variable Name Items considered
Cronbach from the total
Collaboration between supply chain
X1 0.820 C21 C18, C19, C20
participants
Strategies focused on improving suppl E13, E14,E15, El6,
X2 £ ) P & SupPy 0.806 -
chain management E17
X3 Reverse Logistics 0.856 I8 19,110,111, 112
X4 Supply chain barriers 742 - B22, B23, B24, B25
X5 Data Mining 0.892 M28 M26, M27, M29
R1,R2,R3, R4, RS,
Y1 Resilient supply chains 0.895 -
R6, R7

Subsequently, the measuring instrument was applied to the complete sample (31 large companies + 6 extras that were
achieved). From this application it was found that at least 54% of the respondents are women and 46% are men as can
be seen in Figure 2. 100% of the respondents have literature and their ages range from 24 to 42 years old.

Sex of the Respondents

| T

46% Femenino
° 54% .
Masculino

Figure 2. Sex of the Respondents

5. Results and Discussion

For the fulfillment of the objective, the multiple linear regression was used, which when applied to the collected data
showed as a result the data of Table 2. Modell indicates that the only independent variable that affects the dependent
variable is barrier of Supply Chain; Also model 2 indicates that the dependent variables that are indexed in the
independent are 2. From this table, in addition to what has already been mentioned, it can be noted that model 2 is the
one that represents the research problem in a more representative way. On the other hand, the Durbin Watson statistic
is presented, which indicates that there is no autocorrelation.
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Table 2. Statitiscal Results Models

Modelo R Rsquare Durbin Watson
1 0.787 0.639
2 0.857 0.735 2217

The independence of the variables is reflected in the Analysis of variance (ANOVA), who compares the means of
each variable, therefore, this can be observed in Table 3, where both models meet this parameter of regression.

Table 3 ANOVA

ANOVA®
Sum of
Model Squares df Mean Square F Sig.
1 Regression 8.836 1 8.836 35.774 000°
Residual 5.434 22 247
Total 14.270 23
g Regression 10.489 2 5.245 29.133 000°
Residual 3.780 21 .180
Total 14.270 23

a. Dependent Variable: Resilent supply chains
b. Predictors: (Constant), Supply chain barriers
c. Predictors: (Constant), Supply chain barriers, Strategies focused on improving supply chain

The significance test of the Student-T variables can be seen in table 4. It can be seen that model 1 only accepts that
supply chain barriers, while the second model indicates that supply chain barriers and supply chain improvement
strategies are significant in the model proposed. In model 1 the variable supply chain barriers has a beta coefficient.
584, while in model 2, the variable supply chain barriers have a beta of . 478 and the variable strategies focused on
improving supply chain management has a value of . 307. The second model has a greater impact on the research
problem by representing it a . 785. In the same way in Table 4 we can observe the collinearity statistic, which to
indicate that there is no collinearity must be below 15, as can be observed there is no collinearity in the second model.

Table 4. T students

Coefficients®

Standardized
Unstandardized Coefficients Coefficients Collinearity Statistics
Model B Std. Error Beta t Sig. Tolerance VIF
" (Constant) 026 101 260 798
Supply chain 584 098 787 5.981 .000 1,000 1.000
barriers
2 (Constant) .007 .087 .082 936
Supply chain A78 .090 644 5.287 .000 850 1.176
barriers
Strategies
focused on
improving .307 101 .369 3.031 .006 .850 1.176
supply chain
management

a. Dependent Variable: Resilent supply chains

On the other hand, the variables Reverse Logistics, Collaboration between the participants of the supply chain and
Data mining for decision making were not significant in the context of this research.
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To test the normality of the data, the graphical representation was used, making use of the histogram, which allowed
observing that the model follows a normal distribution, this can be observed in Figure 3.

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: Resilent supply chains
1.0

ey L

0.8
0.6

0.4+

Expected Cum Prob
o

o0

0.2

0o T T T T
oo 02 04 08 o8 1.0

Observed Cum Prob

Figure 3 Normal Distribution Graph

6. Conclusion

The pandemic (COVID-19) has shown that Supply Chains are exposed to be affected if they do not have a plan to
react to the effects coming from the external market. In this study, a literature analysis was carried out in which the
variables that according to the literature have an impact on the formation of resilient supply chains in other parts of
the world were considered, as could be observed in the theoretical framework. The variables considered were the
following: reverse logistics, economic barriers, supply chain strategies, collaboration between supply chain
participants, and finally, data available for decision making. The study was applied to the automotive industry, as it
contributes a large percentage of the country's exports and imports. The measurement instrument used was a survey
containing items for the evaluation of the independent and dependent variables, the result of the application of this
yielded two models, considering that the one with the greatest impact is the second one with an R2 of .857, which
indicates that this model represents 85.7 the research problem. Regarding the statistical results of the independent
variables of this research problem, the independent variables that were found to be significant are the economic
barriers, as well as the strategies focused on the supply chain with betas of .478 and. 307 respectively; these results
indicate that the organizations in this line of business in the state of Nuevo Leon consider that to be resilient they
should focus their actions on having a supply chain strategy; the organizations consider that the actions taken by
governments directly affect their processes, and mention that in this area they have no control; in the case of supply
chain strategies, the questions that had high results were planning in the selection of suppliers, planning objectives
and having a strategy focused on risk management. The results of this research indicate that the organizations in the
study do not consider reverse logistics, supply chain collaboration and data analytics to have an impact on the
formation of resilient supply chains. Despite this, it is recommended that the non-significant variables be explored
further in future and larger scale studies. It is worth noting that this research proposes that organizations focus their
supply chain strategies on exploring the risks they are exposed to considering their geographical location and the
relationship of the consequences of having suppliers or their customers in other locations where there are borders
between countries.
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