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Abstract

The COVID 19 pandemic consistently impacted Supply Chains (SCs), involving the agri-food
sector. Compared to other SCs, agri-food SCs have not suffered complete interruptions, but the
effect of various exogenous and endogenous phenomena has impacted all the actors in the chains.
Within the agri-food SC, wholesalers play a strategic role influencing the performance and service
level of a large number of players. Despite their importance, there has been no in-depth analysis
of the effect of the pandemic on wholesalers. The paper fills this gap by proposing a framework to
guide wholesaler during a severe disruption event. The MARLIN framework (fraMework
wArehouse ResiLience dlstruptioN ) starts from a collection of the principal warehouse KPIs and
from the identification through a literature analysis of the most significant factors and indicators
on the pandemic disruption. The proposed framework supports wholesalers in identifying the most
critical warehouse areas and defining interventions to mitigate the effects of future phases of the
disruption. The framework has been tested on a case study involving an Italian wholesaler’s
warehouse located in central Italy. The results obtained have demonstrated the effectiveness of the
framework by highlighting aspects that are difficult to identify in an emergency situation.
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1. Introduction

The COVID 19 pandemic consistently impacted multiple economic sectors, involving the agri-
food sector. Agri-food supply chain is considered prime goods provider and, for this reason, during
the pandemic the Institutions tried to guarantee its normal course. Despite the restrictions, most of
the companies operating in these sectors were able to continue to operate. However, endogenous,
and exogenous factors still generated negative effects, such as interruptions and slowdowns.

Globally, in the wholesale distribution stages, 75% of companies reported SC disruptions due to
restrictions imposed in transportation (Grida et al., 2020; Tanaka & Guo, 2020; Telukdarie et al.,
2020), including border closures and other restrictive measures. The wholesale distribution sector
has four major sub-segments: healthcare, industrial, high technology, and food services. The
pandemic has affected all sub-segments, some more than others and each slightly differently (Aday
& Aday, 2020; Mahajan & Tomar, 2021) due to disruptions in transportation networks, wholesale
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market closures, financial constraints, market uncertainty, unavailability of personnel, closure of
distributor retail space, shortages of heavy vehicles, and manpower required to load and unload
goods from the warehouse to the wholesale market and subsequent points of sale (Altig et al.,
2020; Khan et al., 2021; Ramasamy, 2020). Distribution represents a critical link in the food
industry, depending heavily on obtaining raw materials from suppliers and ensuring the continuity
of the flow of food from producers to end users. This sector relies heavily on the sales force and
transportation services. Both have been severely affected by the stringent measures imposed by
governments (Goddard, 2020). Moreover, the retail market closures have further challenged the
final node of the SC. Social distancing and blocking measures have affected many retailers with
physical stores, leading to a decrease in total sales worldwide, although the share of e-commerce
retail sales has increased (Khan et al., 2021). Changes in consumption have also impacted the
normal functioning of the SC, including marketing and distribution sectors. Gupta et al. (2021)
highlight the critical role of order timing and pricing strategies for wholesale suppliers in a
disorderly condition related to supply disruptions. A relationship between the quantity of orders,
related to the disrupted supplier, and price leadership, emerged. Namely, this quantity tends to
increase when the non-disrupted supplier is the leader. Moreover, the non-disrupted supplier can
always charge the higher wholesale price if a disruption occurs before orders are received. Such
insights can help operations managers to properly design ordering and risk mitigation strategies
and redesign supply contracts in the event of supply disruptions. The pandemic consequences
proved to be quite critical also because of the interrelationships among different members of the
SC. Based on the definitions reported in the literature by Shu et al. (2014), pandemic has the
potential of highly disruptive events, reflecting the improvisation, destruction, urgency,
complexity, and diffusivity characteristics, resulting in the so-called ripple effect consequences
(Price et al., 2017). Therefore, because such events are difficult to effectively predict and prevent,
it is critical to know how to respond in a focused and rapid manner, due to the short-time response
required for the above-mentioned reasons. In the current pandemic case, response to the event and
consequent performances are key factors to ensure an adequate industry reaction and to mitigate a
disruption phenomenon.

To date, there are no in-depth studies that address the issue of pandemic-related effects in
wholesale warehouses. The following paper present a new framework to measure these effects,
identify problem areas and where to intervene to mitigate future disruption effects starting from
changes and effects on agri-food supply chain related to the pandemic. Especially, investigates the
pandemic effects of an Italian wholesaler warehouse located in the central Italy. The research paper
presents a new framework with a twofold objective reflecting the following Research Questions
(RQ): i) how the effects of the pandemic can be measured in a wholesale warehouse? ii) How can
problem areas be identified for action to mitigate the effects of future disruption?

Therefore, the framework and its application to a real case is presented in the following sections.

2. Effects on agri-food supply chain

In all the production, processing and marketing phases, shortages in the labor force were found,
due to absenteeism of seasonal foreign labor in the countryside and in industry, especially in highly
human concentrated ones, e.g. meat industries (Petetin, 2020; Priyadarshini & Abhilash, 2021;
Tougeron & Hance, 2021). This situation resulted in a lack of products availability - ranging from



raw materials to final goods - hindered all the more by constraints imposed on the international
trade of goods both in import and export (Palouj et al., 2021; Priyadarshini & Abhilash, 2021).
Pandemic also generated a widespread reduction in production levels, sometimes forcibly
suspended or temporarily halted in many production facilities (Lacombe et al., 2021; Rozaki, 2020;
Sharma et al., 2020). Pandemic also impacts on maritime, rail, and land transport networks related
to food distribution (Loske, 2020). On the other hand, an input shortage, either in labor or
transportation, generates negative knock-on effects, since an input in the SC production process
constitutes an output of the previous process (Khan et al., 2021). As well, general government-
imposed lockdowns have disrupted the employment of many citizens and consequently led to a
general decrease in consumer income (Kumar et al., 2021; Kumaran et al., 2021). Furthermore,
the security risk associated with theft and crime posed a serious threat to retailers (Felson et al.,
2020). On the consumption side, a clearly visible shock was generated by changes in food
behaviors and purchases (Abiral & Atalan-Helicke, 2020; Attwood & Hajat, 2020). Points of sale
also experienced a decrease in end-product availability (Min et al., 2020; Pu & Zhong, 2020). End-
consumer demand has grown in points of sale other than restaurants due to the interruption of
HoReCa (Hotellerie Restaurant Café) channels. Also a growing trend in the demand for
preservable products and the penalization of highly perishable products emerged (Tougeron &
Hance, 2021; Wang et al., 2020; A. Weersink et al., 2021), such as consumption frequency change
(Tougeron & Hance, 2021; Wang et al., 2020). So, the food insecurity phenomenon increased in
two main perspectives: on one hand, the perceived lack of basic necessities, for the wealthier
countries, which resulted in an irrational and immoderate purchase (Deaton & Deaton, 2020); on
the other hand, a real food shortage in countries where already before the pandemic the nutritional
level of the population was not fair and adequate (Akseer et al., 2020; Khan et al., 2021; Laborde
et al., 2021). The persistence of the pandemic may have more permanent consequences on
consumer purchasing channels and, consequently, retailers must adapt to this mutation, for
example by favouring a multi-channel, physical and online marketing distribution strategy
(Goddard, 2020). Afterall, the pandemic phenomenon has significantly impacted all production,
processing, retail, distribution, and consumption activities.

3. MARLIN framework (fraMework wArehouse ResiLience dIstruptioN)

A literature analysis shows that the topic of the negative effects experienced during the pandemic
in the food SC is widely discussed among scholars. All levels and sectors of the SC have been
affected by this disruptive event, generating secondary chain effects on the entire system. Despite
this, to date there is no in-depth research focused on the wholesale warehouse sector.

Therefore, a new framework was developed for the representation and analysis of a disruption in
a warehouse. MARLIN framework aims to support SC stakeholders in: identifying areas in which
more significant concerns were encountered and defining interventions to mitigate the effects of
future pandemic disruption or future phases of the current pandemic. MARLIN integrates different
theories and pandemic related research providing to warehouse stakeholders with a deeper
understanding of the strengths and weaknesses of their system. The research process — sketched in
Figure 1 — began with an analysis of the major impact areas within a large retail warehouse (Phase
one). In the following phase two, the emergency areas were identified by selecting through a



literature review both the most significant factors and indicators of a disruption and the obligations
and limitations that impacted the management of the warehouses during the pandemic. In phase
three, to quantitatively assess the state of the system, all key performance indicators related to
warehouse management were collected. Finally, during phase 4 the authors conceptualized the
iterative steps to be followed in order to apply consistently the MARLIN framework to any food
warehouse, as indeed was done for validation purposes.

Phase 1 Phase 2 Phase 3 Phase 4
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Figure 1. The research process put in place to build the fraMework wArehouse ResiLience dlstruptioN, a.k.a.
MARLIN; The final iterative schema to be used is depicted in Figure 2.

This section firstly presents the generic building steps of the conceptual framework, then it shows
the specific framework items, providing an in-depth description of their inter-relationships. The
account of a real case application has been provided later in the article.

3.1. Impact areas
In defining the main activities and areas of a distribution center (DC) for the development of the
framework, the classification of activities proposed by (Frazelle, 2001) and the description of a
basic layout of a warehouse by (Staudt et al., 2014) were taken into consideration. Receiving, put
away, storage, picking, and shipping are all examples of warehouse activities (Frazelle, 2001)
which can be linked to specific warehouse areas (Kusrini et al., 2018). Receiving is a process that
entails assigning vehicles to docks, as well as the planning and execution of unloading activities.



These activities are carried out on the warehouse reception and unloading area. Put away is the
process of storing a purchased commodity or material in a warehouse. These activities refer to the
operations that operators perform to store products unloaded from supplier trucks in the
appropriate warehouse locations. This activity entails material handling and quality assurance.
Order picking is the process of preparing an order. It is considered as warehouses' primary and
labor-intensive activity and it is carried out in the picking area. Finally, shipping is the process of
scheduling and allocating trucks to order docks, packaging after picking, and truck loading.

3.2. Emergency areas

Governmental obligations e limitations represent factors that directly or indirectly affected the
warehouse management.

The main policy decisions pursued by most of the countries affected by the pandemic were the
suspension of certain commercial activities in international and national areas, tourist activities,
religious rituals, internal transport services and high-speed rail, maritime traffic, the closure of
shopping centers, stores, bars and discos, the postponement of studies in schools and universities,
the reduction of the employment rate in some government determined jobs and the conversion of
the work system to home-based remote work (Grida et al., 2020). At the national level, the most
significant restrictions introduced with respect to the case study can be summarized in the
following (Governo Italiano Presidenza del Consiglio dei Ministri, 2021):

- Suspension of commercial activities, including establishments for the purchase of essential
goods;

- Suspension of the retail activities, apart from the alimentary kinds and of first necessity,
both in the commercial exercises of neighborhood and in the medium and large
distribution;

- Suspension of catering services (including bars, pubs, restaurants, ice cream parlors, pastry
shops), except for canteens and continuous catering on a contractual basis, which guarantee
the interpersonal one-meter safety distance.

- License to operate for home delivery services in compliance with health and hygiene
regulations for both packaging and transport.

- License to operate for food and beverage businesses located in the service and refueling
areas along the road and freeway network and inside railway, airport, lake, and hospital
stations guaranteeing a one-meter interpersonal safety distance.

Considering together these governmental restrictions and the main effects on agri-food supply
chain emerged in literature, warehouse management must ensure an effective response, acting on
some levers of intervention depending on the case study in analysis.

Demand

Pandemic changed the end customers demand in terms of volumes, since the uncontrolled
purchases for certain product categories, a phenomenon known as panic buying emerged (Coluccia
etal., 2021; Deaton & Deaton, 2020; Hobbs, 2020). Demand changes in terms of types of products,



as a growing trend in the demand for preservable products and the penalization of highly perishable
products, replacing them with those with longer shelf life arises (Coluccia et al., 2021; A. Weersink
et al., 2021; White et al., 2021). Moreover, the closure of commercial activities, e.g., bars and
restaurants, switched the final demand destined to HoReCa channels to other sales and distribution
channels, including supermarkets, home delivery and online channels (Love et al., 2021). Within
a few days, the most of total food expenses, previously spread across multiple distribution
channels, shifted entirely to retail, resulting in significant consequences for all retailers (Koncar et
al., 2021; Skawinska & Zalewski, 2021). As a result, the demand at the wholesale warehouses
changed.

Space

- Required space for products
Wholesale warehouses quickly had to address the pandemic to ensure faster pickup of goods
subject to frequent demand and more space for goods subject to higher demand in terms of
quantity. Pandemic effects show a consumption frequency changes because of demand for
exported products decrease, growing trend in the demand for local ones (Bucak & Yigit, 2021;
Coluccia et al., 2021; Janssen et al., 2021). Furthermore, preservable products and highly
perishable products were mainly replaced with those with longer shelf life (Coluccia et al., 2021;
Tougeron & Hance, 2021; Alfons Weersink et al., 2021). Also uncontrolled purchases for certain
product categories, as basic food products, emerged (Tougeron & Hance, 2021; A. Weersink et al.,
2021). This required a warehouse’s re-organization of goods in terms of spatial arrangement and
space reserved for individual goods.

- Required space for people
Work activities not suspended needed to ensure social distancing, as also clear in the governmental
restrictions (Governo Italiano Presidenza del Consiglio dei Ministri, 2021). Social distancing and
blocking measures have affected many retailers with physical stores, including wholesalers,
leading to a decrease in total number of workers (Khan et al., 2021).

Number of people

- Number of available workers (unskilled and skilled jobs)
Absenteeism of labor in industry and in skilled labor (e.g., in transportation activities requiring
skilled driving, in port and international trade activities, in supporting production activities such
as quality inspections, veterinary services, livestock feed supply and equipment maintenance
services), emerged (Nakat & Bou-Mitri, 2021; Thilmany et al., 2021; Tougeron & Hance, 2021).
This phenomenon can be traced back both to illness and to difficulty in reaching the workplace
because of transportation restrictions imposed, including border closures and other restrictive
measures (Governo Italiano Presidenza del Consiglio dei Ministri, 2021; Grida et al., 2020; Tanaka
& Guo, 2020; Telukdarie et al., 2020) which led to labor issues for wholesalers.

- Number of PPEs available for workers
Work activities not suspended needed to ensure the presence of PPE such as masks and gloves



(Governo lItaliano Presidenza del Consiglio dei Ministri, 2021). If not present, companies,
including wholesalers, were forced to limit the number of workers to the one protected.

Input supply

A limited availability of resources and inputs both in terms of physical production inputs and
human resources emerged (Nordhagen et al., 2021; Thapa Magar et al., 2021). This caused
increased costs for producers, e.g., increases in transportation costs and input prices (Nchanji &
Lutomia, 2021; Reardon et al., 2020; Van Hoyweghen et al., 2021) and resulted in a lack of
products availability - ranging from raw materials to final goods - hindered all the more by
constraints imposed on the international trade of goods both in import and export (Siche, 2020;
Surni et al., 2020; Wannaprasert & Choenkwan, 2021). The inputs availability was also related do
the widespread reduction of production levels, sometimes forcibly suspended or temporarily halted
in many production facilities (Lacombe et al., 2021; Sharma et al., 2020).

On the other hand, an input shortage, either in labor or transportation, generates negative knock-
on effects, since an input in the SC production process constitutes an output of the previous process
(Khan et al., 2021). Therefore, wholesalers experienced, as an example, both the absence of sale
products and packaging materials.

3.3. Assessment factors
The strategic role that a DC plays along the SC and the progressive increase in the complexity of
the logistics network have made the analysis and monitoring of warehouse performance
increasingly important, with the aim of both supporting the decisions of the management areas and
developing a benchmarking process within the reference sector.
In order to develop a company's strategy and assess its management effectiveness, it is necessary
to introduce and define a set of KPIs (Key Performance Indicators) that measure the progress and
performance levels for the achievement of corporate objectives. Since deployment is a process that
requires a large number of participants and activities, it is necessary to control and manage the
totality of the planned activities, as well as all factors that directly or indirectly affect the plant's
performance levels. These factors can be internal, depending on the equipment, layout or personnel
involved, or external, depending on the actors in the SC (Tompkins & Smith, 1998). In order to
monitor their own performance, but also to achieve cost savings and increase DC efficiency,
companies define, measure and monitor KPIs (Singh et al., 2020).
Several scholars have looked into warehouse performance evaluation in various methods
(Voronova & Berezhnaya, 2020). Each study focuses on a particular set of goals, metrics, and
warehousing systems. For this framework the authors through an analysis of the literature have
identified the most relevant indicators for assessing the impact of a pandemic disruption and
indicating a potential intervention area. The identified KPIs were then classified by adapting
Frazelle’s model (Frazelle, 2001) that associates KPIs with warehouse activities. Identified
warehouse KPIs collected are shown in Figure 1.



Warehouse KPlIs
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Table 1: Warehouse KPlIs.




3.4. Framework and method development
The framework shown in Figure 2 — MARLINFigure 2 is applied in 6 steps: 1) Selection of
measurable KPIs; 2) Critical KPIs identification; 3) Analysis of relationships between critical KPIs
and emergency areas; 4) Intervention measures identification; 5) Qualitative evaluation of
relationships between measures and other KPIs; 6) Update time frame of analysis. We describe
each step briefly and then present an application example in the next section.
Step 1: Selection of measurable KPIs. In this step the team will have to consider the list of KPIs
available for warehouse management and evaluate which ones can be measured. In this phase it is
necessary to understand which data are available and usable for the purposes of the analysis.
Step 2: Critical KPIs identification. In this step, the team identifies critical KPIs and compare them
to the organization's target values.
Step 3: Analysis of relationships between critical KPIs and emergency areas. To mitigate
disruption effects, it is valuable to identify any correlations between critical kpi and emergency
areas. For each of the correlations identified, it is suggested to specify their nature: how are the
two dimensions related? Is the correlation positive or negative?
Step 4: Intervention measures identification and qualitative evaluation of relationships between
intervention measures and other KPIs. In this step, the team identifies the intervention measures
to be implemented to mitigate disruption effects. In this step, it is also required to verify whether
a chosen intervention could negatively affect other KPIs.
Step 5: Update time frame of analysis. Once the interventions are defined, a subsequent time frame
is identified in which the analysis can be repeated and the KPIs monitored against the interventions.
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Figure 2 — MARLIN



4. Framework application

Case study data were collected in a DC located in central Italy and owned by one of the main
companies in the sector. The DC manages the logistic flows of over 800 suppliers, 500 customers
and the goods taken into analysis are 17000. The area occupied by the warehouse can be divided
into three distinct zones: 1) Reception and Unloading Area; 2) Inventory & Picking Area; 3) Order
preparation and Shipping Area. While the framework can result in extensive analyses, an abridged
example is summarized in this paragraphs following the aforementioned steps of analysis.

Step 1: Among the 32 KPIs listed in the framework in this DC, it was possible to monitor 17 of
them

Step 2: KPIs were calculated for the first time frame. The time frame of analysis considers data
from one month of disruption: a snapshot of the warehouse at the end of the first month of national
lockdown (March 9 - April 9, 2020). Seventeen KPIs were calculated and compared to threshold
values given by the organization. The following indicators were found to be critical: waiting time;
stock-out index; handling index; pick rate per operator.

Step 3: For the purposes of this example, we report the analysis performed on the critical KPI:
operator pick rate. During the first month of lockdown, the number of operators was reduced (due
to quarantines and limitations on the number of people per m?) and product demand increased,
worsening pick rate values. We have therefore identified three correlated factors for this KPI:
demand, people and space.

Step 4: In discussion with the warehouse logistics team, levers were identified to act on pick rate

value. In particular, the choice was made to increase the total number of operators and to increase
the working hours of the DC. This allowed operators to be spread out over multiple shifts and
reduce the number of people per m2. The step was concluded by verifying with the team if the
chosen interventions could have negatively affected other KPIs.

Step 5: Once the analysis was completed, the organization implemented intervention measures and
defined another time frame in which to repeat the evaluation.

Interestingly, the organization repeated the analysis one month after the end of the first lockdown
(June 11 - July 11, 2020) reporting an improvement in the operator pick rate. It was noted that the
longer hours and less clutter in the aisles by operators, made the conduct of operations smoother
and improved the pick rate.

5. Conclusion and future research

The developed framework allows a systematic assessment of the impacts of the covid-19 pandemic
in a warehouse offering organizations a tool to measure the effects of disruption and identify areas
of intervention. It is theoretically grounded on three key concepts: impact areas, emergency areas,
warehouse management KPIs.

The way the framework is designed, especially concerning the contents of the emergency areas,
makes it ready-to-use only for assessing issues related to the current pandemic. The contents
emerge directly from contextual events and cannot be generalized. However, excluding the
emergency area components, the structure of the framework and the other areas components can
be easily adapted to other emergency scenarios.



Overall, the framework is intended to help managers in guiding the decision-making process
during an emergency; make logistics team meetings more agile; and optimize resources by quickly
identifying critical system indicators.

In addition, the study investigates an under-explored aspect of the literature by bringing together
specific studies on multiple pandemic effects. Finally, the framework provides researchers with an
approach that can be readdressed, through further study, to other SC echelons or disruptions.
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