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ABSTRACT

The uncertainty in the current business environment is driven by events such as economic crises,
climate change, global terrorism, shortage of resources and so on. This causes traditional supply chain
operations models to become obsolete and not able to ensure the sustainability and competitiveness
of the organizations. In this context, resilience is defined as the ability of a company/ community/
environment/ people to recover after it has been exposed to an important disturbing event, for instance,
a natural disaster as a hurricane hitting the main suppliers, thus creating lack of raw materials in pro-
duction lines. This article tackles how the assessment of the supply chain resilience, considering this
capacity, enables one to be better prepared for an unstable risky environment and the post disaster
consequences. We propose a model based on three categories of indicators; the first one is related to
achieving an organizational resilience (to assess by results of responsiveness, flexibility and effective-
ness), the second one is related to attaining business resilience (to assess by cash-to-cash, days of
inventory, days of receivables and days of payables), and the third one is related to having a labour
resilience (to assess by labour capabilities to overcome vulnerable living conditions). Two Peruvian
supply chain companies (which belong to the food and pharmaceutical sectors) have been studied by
using the model; the main results allow concluding that they have a low resilience level, because of
their current three-category indicator results.
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1 INTRODUCTION

Currently, business is exposed to a variety of risks which generate disorientation in decision
making — it is called “The New World Disorder” [1]. This environment had undergone suc-
cessive economic crises such as; Argentina (1991), Brazil (1994), Thailand and Korea (1997),
Russia (1998) and recently, the United States of America (2010) and Europe (2011). Today,
supply chains are more exposed to disruptions than before. Resilience is a determining factor
for business management, ensuring agility, strength, flexibility, adaptability, responsiveness,
visibility and reliability in companies, as Peter Drucker predicted, “... change is the norm”
[2]. The references [3, 4] shown that people, environment and society (local or global) cur-
rently influence each other in a way that is unknown in magnitude, testing their ability to
adapt to traditional structures and organizations. That is why resilience is necessary in the
actual supply chains — more adaptable operations are required. This article proposes a model
to assess the supply chain resilience, being in this way consistent, through its measurement,
with the growth of contemporary supply chain challenges [5].

The article is arranged as follows: first, it explains the background and frame of resilience
and the supply chain, the chapter four introduces the assessment model to measure the resil-
ience capacity in the supply chain, the next chapter presents the methodology used in the
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paper, the chapter six sets forth two application cases. Finally, the main conclusions and
future works are remarked.

2 BACKGROUND
Resilient research into operation studies has caught the attention of researchers. In Scopus,
27 articles are recorded in 2,000 with the words “resilient management”, while in 2014, the
record shows 365 articles (analysis made on February 11, 2015).

Nowadays, the number of disruptions which business is exposed is high, and it is through
resilience that it attains a state of permanent readiness, allowing to have time for addressing
those extreme situations, disruptions or impacts [6]. A resilient company is well organized to
cope better with conditions of uncertainty, risk, vulnerability and exposure coming from
hostile market conditions and failures in market conditions, lack of critical raw materials,
new pandemics, global financial crises, attacks to information systems, etc. A multitude of
events from which its speed, novelty, magnitude or complexity are current out of range pro-
tocols, management techniques and traditional organizations’ response systems.

References [7-12] studied the supply chain performance into disruptive events (natural or
man-made origin; fires, earthquakes, floods, intentional attacks, etc.); the authors found that
their operations design which face them were not performed. Chopra [11] proposes an exten-
sive risky driver list which threatens the supply chain. On the other hand, Grossi and
Kunreuther [13] and Banks [14] studied the impact of catastrophic events where geographi-
cally supply chains are dispersed, causing that their supply chains cannot be restored swiftly
and reactively: For instance, the strongest earthquake recorded in Japan 9.0 M, on 11 March
2011, not only had a major impact on the global automotive industry, but also many elec-
tronic components made in Japan which are used by different companies around the world,
had shortages and stoppages in assembly lines, such as mobile phones, refrigeration equip-
ment, control devices (steel and chemical industries) and so forth [15-17].

3 SUPPLY CHAIN RESILIENCE
The origin of the term resilience comes from materials science, and describes the ability of a
material to recover its initial state. In psychoanalysis, it is defined as “the ability to withstand
a trauma and rebuild after it”. This meaning has spread to various domains and sciences such
as geography, management, economy and others [18]. Zsidisin defines resilience as the abil-
ity of a system to keep functioning despite a large disturbance or the ability to recover its
operating status after a state of greater disorder [19].

Bennasar says that in resilience two notions coexist, the first one is about the resistance
(namely, withstanding the shock) and the second one is about persistence (continuing on a
slightly altered state), both must take into account to analyze companies with resilient perfor-
mance [6]. Although the notion of resilience is identified by a state after the disturbance, the
mechanisms and elements that gave origin and piloted the performance level of this capacity,
are present long before the presence of the disturbing event. Inspired by Helferich [9], these
elements are classified in: (i) resilience in input logistics, (ii) resilience in processes logistics,
and (iii) resilience in output logistics.

3.1 Resilience in input logistics: resistance

Knowing disruptive events may affect input logistics, resilience capacity shall express actions
such as: (i) increasing anticipation capacity, (ii) improving and making more reliable
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monitoring, (iii) reducing the exposure, (iv) fortifying against strikes, (v) planning the means
of protection and preservation and (iv) improving the system capacity against disruptions.

3.2 Resilience in processes logistics: continuity

In the field of manufacturing processes, resilience is often expressed by the flexibility, redun-
dancy, control and response differential fill-rates and multi-sourcing, everything here is
implicit to business continuity [20].

3.3 Resilience in output logistics: persistence

For outbound logistics, among other issues, the supply chain should take action to be capable
of: (i) increasing the capacity to detect, adapt and react efficiently against disruption,
(ii) increasing the capacity to organize and optimize the response and quickly resume nomi-
nal operation status, etc.).

In conclusion, as reference CLSCM [21] remarks, “...dealing with supply chain vulnera-
bility requires a change management approach. Such an approach recognizes that the right
philosophy for tackling supply chain vulnerability depends on culture, structure and business
drivers dominant in an industry sector.”

4 PROPOSITION

In order to assess resilience capacity in the supply chain, here is proposed a measurement
model which is shown in Figure 1. It is based on three categories of indicators; (i) the first one
is related to having a Labour Resilience (to assess by labour capabilities to overcome vulner-
able living conditions), (ii) the second one aims to achieve an Organizational Resilience (to
assess by the results of responsiveness, flexibility and effectiveness), and (ii) the third one,
seeks to attain a Business Resilience (cash-to-cash, days of inventory, days of receivables and
days of payables).

In reference Kirby [22] - it is mentioned that an unstable and uncertain business environ-
ment, generated post disturbing events, requires an operational management based on attaining
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Figure 1: Resilience measurement model.
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aresilient organization. In possible future scenarios, post disruptive events are better managed,
considering an early configuration, flexible and adapted to new estimated conditions [23, 24].

4.1 Labour resilience

A study about risk and exposition to natural disasters [20, 23] allows to deduce that an impor-
tant level of resilience is achieved having a mature well-being labour. References UNDP
[25]; D’Ercole [26]; D’Ercole [27]; Alinovi [28], allow to identify generic factors which
characterize population resilience to disasters (see Table 1). Reference Kang-Yao [29] men-
tions resilience development mainly needs an intra- and inter-organizational capitalization

that may feed all actions and improvement of the system to anticipate future hazards.

Table 1: Indicators to assess resilience labour.

Board  Group

Measurements

Income and
feeding

Access to basic
services

Social rewards

Labour

Assets

Adaptation
capacity

Stability

Average per-capita income ($)
Average per-capita expenditure ($)
Score on family food security

Score on the diversity and feeding frequency.
Caloric diet intake (Kcal/person/day)
Physical access to health services
Score on health services quality.
Education system quality.

Security perception

Restrictions on mobility and transport.
Water, electricity and phone networks.

Amount of cash for day care per-capita
Evaluating quality of assistance
Assistance work

Frequency of assistance

General opinion on assistance objectives.

Number of rooms per house

Family equipment index (TV, car, etc...)

Tropical Livestock Unit (TLU) equivalent to 250 KG
Land property (in hectares)

Resources diversity for obtaining income.
Education level (family average).
Employment ratio

Different strategies for social involvement.
Food consumption ratio

Number of unemployed members in the family.
% Change in income

% Change in expediture

% Change in savings

Financial dependence.

Education system stability.
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4.2 Organizational resilience

Academic literature about supply chain under disruptive events considers agility as a previ-
ous state in the process for developing a supply chain resilience capacity in organizations.
Charles says that while agility is being able to deal with and take advantage of uncertainty,
volatility and adaptability (short and medium term), resilience aims to mitigate identifiable
risks and ensure continuity in the firm’s business (long term) [30]. Furthermore, authors pro-
pose that can assess organizational supply chain resilience, using a supply chain agility
assessment model widely developed in [30, 31], summary indicators are shown in Table 2.
Below are presented the indicators proposed by previous authors mentioned in a model
adapted to assess the supply chain resilience.

4.3 Business resilience

Farris II says “supply chain management is being heralded as a value driver because it has
such a wide-ranging effect on business success or failure...being the cash-to-cash metric a
useful measure from both an accounting and the supply chain management perspective” [37].
Citing Aberdeen-Group (2006) and Tibben-Lembke & Rogers (20006), are agree in Randall
[38], that adopting a supply chain financial management perspective has the potential to
increase profit, reduce risk and improve competitiveness. Stevens mentions the nature and
configuration of the (supply chain) asset base, the balance of fixed assets to current assets, the
profile of inventory and the cash, all influence the resilience of the supply chain and influence
a firm’s ability to mitigate risk [39].

Table 2: Indicators to assess organization resilience model [31].

Group Measurement  Definitions Reference
Flexibility Volume “Ability to change the level of De Toni [32];
aggregated output.” Slack [33]
Delivery “Ability to change planned or

assumed delivery dates.”
Mix products “Ability to change the range
of products made or delivered
within a given time period.”
Products “Ability to introduce novel prod-
ucts, or to modify existing ones.”

Responsiveness Reactivity “Ability to evaluate and take Golden [34]
needs into account quickly.” Golden [34];
Speed “Ability to cover needs quickly.” Vernon [35]

Visibility “Ability to know the identity,

location and status of entities
transiting the supply chain,...”

Effectiveness Reliability “Ability to deliver the correct SCC [36]
product, to the correct place, at
the correct time, ...”
Exhaustivity “Ability to realize the goals.”
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Table 3: Indicators to assess business resilience.

Measurements Definitions Reference
Cash-to-cash The average days required to turn a dollar Randall [38];
invested in raw materials into a dollar collected Stewart [40]

from a customer
Days of Inventory Inventories held at the firm Randall [38]

Days of receivables  Accounts receivable by having customers’
payments

Days of payables Accounts payables to suppliers

On the other hand, a resilience company is a function of its competitive position and the
responsiveness of its supply chain [12]. In conclusion, all the following indicators are
proposed to achieve a board control to attain business resilience.

5 METHODOLOGY

The research methodology is qualitative and exploratory through case studies. According to
reference Yin [41] — the case study allows, among other purposes, to answer questions about the
features and functionality of the phenomenon under study. Thus, this particular research addresses
the issue of measuring the three categories of the resilience of the supply chain presented above.

The main proposition of the research is that the categories listed in the model provide rel-
evant information to understand the degree of resilience of a company in a supply chain.
Therefore, it is proposed that the company is the basic unit for measuring resilience through-
out the supply chain. In this respect, there have been studied two companies located in Lima
from different sectors that are important in their supply chains. The aim is to gather evidence
of the barriers and facilitators presented for the measurement of these categories, according
to the research model. Like a photograph, these evaluations represent the companies’ current
resilience status. To know their capacity in progress along the supply chain they belong to,
they must be tracked over time under sustainable supply chain risk management strategies on
how the resilience develops. This allows determining the complete profile of performance in
terms of their supply chain resilience.

6 APPLICATION CASE

In this section, we present two application cases to illustrate the benefits of our contribution.
In the first case, it is performed in a Peruvian manufacturing and sales company, with three
divisions: pharmaceutical, care and health products (PC). It also trades laboratory equipment.
The second one is the largest food processing company in Peru (FP), with distribution in
more than 23 countries, and manufacturing in several Latin American countries such as
Argentina, Brazil, Chile, Colombia, Ecuador and Peru. It runs over 125 leading consumer
good brands; biscuits, noodles, oil, animal food, etc.

6.1 Labour resilience
Interviews were conducted to PC’s Supply Chain and Quality Assurance Management staff.

Results show PC’s poor working conditions compared to the open Peruvian national govern-
mental database in sites that have been used to get indicators [42-50], see Table 4.
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Table 4: Pharmaceutical labour resilience case results.

Group Measurements Company Peru
Income and feeding  Average per-capita income ($) 2,145 6,551
Average per-capita expenditure ($) 1,054 6,712
Access to basic Water (% population) 100 86
services Electricity (% population) 97 91
Social rewards Amount of cash for day to care 180 354
Assets Number of people per car 4 14
Adaptation capacity  Education level (family average) 7.45 9.80
Stability Number of unemployed per family. 8.5 39
% Change in income 2.0 4.0
% Change in expenditure 6.5 8.0
% Change in savings 1.4 5.0

Table 5: Pharmaceutical organizational resilience case results.

Indicators Scores Total Resilience level
Effectiveness
Completeness 3
S 3 Level 1
Reliability
Flexibility
Volume flexibility 2
Dejhvery. ﬁ.e).ublhty 2 7 Level 1
Mix flexibility 3
Product flexibility 0
Responsiveness
Speed 1 Level 1
Reactivity 3 7 Level 1
Visibility 3 Level 3
Resilience level Level 2

6.2 Organizational resilience

The resilience level reached by PC was type 2 (maximum resilience level is 5).The calcula-
tion of the indicators is widely explained by Charles [30], see Table 5.

6.3 Business resilience
This part was carried out in FP through interviews and reviewing company’s secondary source

materials such as The Statement of Financial Position and The Income Statement Reports
from 2013 and 2014, published by the Lima Stock Exchange [51, 52]. The results show that
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Table 6: Food business resilience case result.

Food manufacturer

Measurements 2014 2013 competitor
Cash-to-cash 64.21 74.06 103.56
Days of inventory 78.85 68.07 99.00
Days of receivables 56.80 59.48 76.00
Days of payables 71.44 53.49 62.47

company’s performance on business uncertainties and disturbances will be better managed,
even if compared with its competition, which coincides with the general opinion of those
interviewed (see Table 6). The calculations of indicators are widely explained in reference
Randall [38].

7 CONCLUSIONS AND FUTURE WORKS

The assessment models proposed to measure the supply chain resilience are based on an
extensive literature review on case study research, expert opinion and field study on organi-
zations and communities exposed to crisis. The proposal has been broken down into three
main categories of factors on assessment, organizational, business and labour resilience per-
formance. They are applied to each company that belongs to a supply chain; the results shall
give a good idea about the resilience capacity, which will finally allow deducing its capacity
to manage disruptive crises in a current uncertain business environment. In the analyses of
both cases, the sole supply chain leader has been examined; the integral results on indicator
categories showed poor resilience performance.

Regarding this work, the next steps will consist in designing a sectorial model that can use
such approach to determine the proper resilience measures which frame are adequate to some
industrial or commercial sectors. A new model version will also try to reach a specific goal in
terms of a sensibility analysis on indicators by categories.
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