
Int. J. Production Economics 262 (2023) 108915

Available online 20 May 2023
0925-5273/© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

How did COVID-19 affect logistics and supply chain processes? Immediate, 
short and medium-term evidence from some industrial fields of Italy 

Marta Rinaldi a, Eleonora Bottani b,* 

a Department of Engineering, University of Campania “Luigi Vanvitelli”, via Roma 29, 81031, Aversa, Italy 
b Department of Engineering and Architecture, University of Parma, viale delle Scienze 181/A, 43124, Parma, Italy   

A R T I C L E  I N F O   

Keywords: 
Covid-19 
Logistics 
Empirical study 
Questionnaire survey 
Italy 
Cross-sectorial study 

A B S T R A C T   

This paper provides empirical evidence on the impact of the Covid-19 pandemic on logistics and supply chain 
processes of five industrial sectors of Italy, namely food & beverage, machine manufacturing, metal mechanical 
industry, logistics & transport, and textile & fashion. A questionnaire survey, with 82 useful responses, was 
conducted to investigate various effects of Covid-19 on these businesses, such as the volumes handled and the 
service performance in the immediate-, short- and medium-term, the countermeasures implemented by com-
panies and the future decision-making strategies. The period of analysis spans from January 2020 to June 2021. 
Results show that the impact of Covid-19 on volumes and service performance varied across the sectors: the food 
& beverage and logistics & transport were poorly affected by the pandemic and experienced a general increase in 
the demand and volumes, while mechanical or textile & fashion industries were mostly affected by a decrease in 
demand. The positive/negative impacts were particularly evident at the beginning of the pandemics, but, 
depending on the sector, the effects could cease quite quickly or last in the short-term. The countermeasures 
adopted against the Covid-19 emergency differ again across sectors; in general, industry fields that were 
particularly impacted by the pandemic emergency have applied more countermeasures. Typical strategies for 
risk management (e.g., the diversification in transport modes or the stock increase) turned out to be applied as 
immediate countermeasures or in plan for the future in few industries only. Differences across sectors were also 
observed about the sourcing strategies already in use, implemented to counteract the pandemics or expected to 
be maintained in time. Empirical outcomes offered are expected to help researchers gain a deep understanding of 
Covid-19 related phenomena, thus inspiring further research activities.   

1. Introduction 

The Covid-19 pandemic has changed the global economy by 
increasing the uncertainty of all the markets, sectors, and businesses, 
and largely disrupting supply chains (SCs) and logistics systems 
worldwide. 

Pandemic is a special case of disruption, characterized by long-term 
persistence, global propagation, and high unpredictability (Ivanov, 
2020). The duration of the outbreak is crucial for companies which must 
react during the pandemic and face both short and long-term impacts 
(Baghersad and Zobel, 2021). In addition, disruptions usually affect one 
supply side, while pandemic impacts on both supply and demand dy-
namics (Kwon, 2020). This new aspect complicates the management of 
the ripple effect and leads to both forward and backward disruptive 
propagation (Ivanov and Dolgui, 2021). Furthermore, the three 

Covid-19 waves, which occurred before the distribution of the vaccine, 
have forced many countries to rapidly change restriction and obligation 
measures in different periods, and many companies to adopt practical 
actions and adapt their business to quickly face the new challenges 
(Rothengatter et al., 2021). All these differences from the other dis-
ruptions make the study of the impact of the Covid-19 pandemic a 
promising area of research. 

Since the beginning of 2020, studies have been conducted on the 
effects of the pandemic on SCs, logistics systems and operations man-
agement worldwide, and different strategies and mitigation measures 
have been explored (Ivanov, 2021a). Researchers have presented early 
analyses, whose aim was to provide an initial or general overview of the 
Covid-19 impact on SCs or logistics systems (e.g., Umaña-Hermosilla 
et al., 2020). Some of these studies have been in empirical form, such as 
interviews to capture the general aspects on the new phenomenon 
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(Remko, 2020), surveys to investigate the role of SC risk management to 
mitigate the effects of the disruption (El Baz and Ruel, 2021; Sharma 
et al., 2022a), or case studies (Hohenstein, 2022; Butt, 2021; Rinaldi 
et al., 2021). Nonetheless, authors in general agree that empirical 
research on Covid-19 is still limited (Ivanov, 2020; El Baz and Ruel, 
2021; Hohenstein, 2022) and additional investigations are needed to 
clarify the impact of the pandemic on SCs, in terms of how (and to what 
extent) companies have been affected by the Covid-19 crisis, and how to 
learn from this kind of exogenous disturbances (Dolgui & Ivanov, 2021; 
Ivanov and Dolgui, 2021), with the ultimate goal to delineate strategies 
for enhancing SC robustness and resilience and be more prompt in the 
future. Chowdhury et al. (2021) have expressively noted that the lack of 
empirical studies also limits the generalizability of the findings available 
in literature. 

To date, literature has analyzed the adaptive behaviours of SCs 
during the pandemic, while few researchers have examined the after- 
shock risks and the pandemic’s effects in the post-emergency period 
(Ivanov, 2021b), or its medium- and long-term effects (Zhao and Chen, 
2022), which instead must be explored further (Pujawan and Bah, 
2022). Studies on the effects of Covid-19 in different time horizons, with 
a focus on the short-, medium- and long-term are therefore needed 
(Montoya-Torres et al., 2021; Ardolino et al., 2022). 

In addition, despite the pandemic has strongly affected the flow of 
materials because of unexpected restrictions and interruptions, a 
research gap still exists about the impacts of Covid-19 on logistics and SC 
processes (Queiroz et al., 2022), intended as the set of processes relating 
to the management of inventory, service level, materials flow, ware-
housing, transport and relating information (Christopher, 1987). As a 
matter of fact, what has received significant attention are actually 
“humanitarian” logistics activities, which have been extensively studied 
in literature (Chiappetta Jabbour et al., 2019; Queiroz et al., 2022); 
however, analysing the impact of Covid-19 on (“industrial”) logistics 
and SC processes needs a different perspective and should be extended 
(Xu et al., 2021). 

As a further point, it is well acknowledged that the Covid-19 
outbreak caused a global economic catastrophe, with severe conse-
quences on every type of SC and every sector across the globe. However, 
it is also evident that there have been differences in the level of severity 
of impact, the duration of the effect and the extent of recovery across the 
sectors (Xu et al., 2020; De Vet et al., 2021). Al-Hyari (2020) has sug-
gested the tourism, trade, health, manufacturing, education, and trans-
portation as the sectors most severely affected by the Covid-19 
pandemic. However, differences between sectors have been less dis-
cussed in the available literature, as well as the medium- and long-term 
strategies of related companies in response to the impact observed; these 
aspects are relevant for developing knowledge on how to build more 
resilient systems in the future (Queiroz et al., 2022). 

This paper merges the research gaps mentioned above and tries to 
enrich the literature in various ways. First, it contributes to the (still 
limited) empirical debate about the impact of the Covid-19 pandemic on 
logistics and SC processes. Second, the specific facet of this study is its 
multi-sectorial perspective, which is expected to highlight the differ-
ences or similarities in the impact across various industry fields. As such, 
this cross-sectoral study is among the first works that provide present 
and future insights on the impact of the Covid-19 pandemic on logistics 
and SC processes in different businesses. A questionnaire has been 
designed to this end and a survey was conducted involving companies 
from five main industrial sectors of Italy. Third, the horizon of analysis 
set in this study covers the three Covid-19 pandemic waves, to investi-
gate the changes in the companies’ behavior as the pandemic pro-
gressed, as well as its modified effects in time. Overall, the study aims at 
answering the following research questions (RQs): 

RQ1. What are the effects of the Covid-19 pandemic (in the immedi-
ate- and short-term) on logistics and supply chain processes across 
different industry fields? 

RQ2. What countermeasures have been implemented by the different 
industry fields? What decision-making strategies will be maintained in 
the medium-term to improve the post-pandemic business? 

The contribution of this paper can also inspire further research since 
it offers reliable and real data useful for developing quantitative models 
which need a deep understanding of the involved phenomena and its 
stages before modelling the system (Rinaldi et al., 2022; Bottani et al., 
2022b). 

The rest of the paper is structured as follows. The next section first 
reviews the available empirical literature about Covid-19 and SCs, then 
provides the theoretical background for the two RQs of the study. Sec-
tion 3 details the research methodology, Section 4 presents the results of 
the survey, and Section 5 discusses the key findings for answering the 
RQs, showing the theoretical/practical contributions, and suggesting 
future research directions. Section 6 delineates the limitations of the 
study, summarises and concludes. 

2. Literature analysis 

2.1. SCs and COVID-19: empirical studies 

In recent years, empirical studies have been conducted to explore the 
impact of the pandemic on SCs (Taqi et al., 2020). These studies take 
different perspectives in terms of the specific facet of the Covid-19 
impact they explore, of the supply chain player analyzed (e.g., focal 
companies, suppliers, logistic service providers or citizens), the indus-
trial sector(s) targeted for the analysis, as well as the research method-
ology (case study/interviews vs. questionnaire surveys). 

Among the first studies, Al-Hyari (2020) has investigated the effects 
of the Covid-19 pandemic on 45 small and medium-sized enterprises 
(SMEs) of the Jordanian manufacturing sector, using semi-structured 
interviews. The focus of the analysis was on how companies of 
different size have managed the disruptions caused by Covid-19; some 
prospects for the future are also delineated, so as to suggest political 
actions to the governments. An investigation of the consumers’ 
perception of Covid-19 impact on the local economy (in particular, 
SMEs) of Chile has also been made by Umaña-Hermosilla et al. (2020). 
By reaching 313 citizens, the authors found a general concern about the 
capability of SMEs to ensure employment and job security. These results 
are confirmed by a similar, smaller scale, empirical investigation that 
the authors made on 51 companies of the country. 

Sułkowski et al. (2022) have analyzed the relationships between the 
innovations introduced by Poland logistic companies (courier--
express-parcel in particular) in response to the Covid-19 pandemics, for 
increasing the service level delivered to customers. To this end, they 
have carried out an empirical analysis targeting the final consumers 
(citizens) and submitted it as an online survey. The logistics context has 
been analyzed also by Ketudat and Jeenanunta (2021), who have 
investigated the response of three companies, taken as case studies, to 
the pandemic emergency. They found that the impact of Covid-19 
resulted sometimes in an increase and sometimes in a decrease in the 
volumes handled by the companies. A similar conclusion has been 
reached by Perkumiene et al. (2022), whose study has again targeted 
one company in the logistics and transport industry. Hohenstein (2022) 
has carried out a multiple case study-based research focusing on the 
strategies implemented by logistics service providers to counteract the 
Covid-19 pandemics, deriving eight key success factors critical to com-
panies in this field. 

Compared to the logistic sector, empirical studies focusing on the 
impact of Covid-19 in other industry fields are significantly less 
numerous. To the best of the authors’ knowledge, the only empirical 
study targeting the agri-food supply chain has been by Mishra et al. 
(2022), who have investigated the impact of Covid-19 on a fruit and 
vegetable online retailer in India, using a case study approach. The final 
goal of the analysis was to identify the key disruptions generated by the 
Covid-19 pandemic and to determine the corresponding 

M. Rinaldi and E. Bottani                                                                                                                                                                                                                     



International Journal of Production Economics 262 (2023) 108915

3

countermeasures. Similarly, two empirical studies only have been car-
ried out in the retail supply chain (Butt 2021; 2022), using a multiple 
case-study approach and with the specific aim to identify the counter-
measures adopted against Covid-19. Two case studies in the fashion 
footwear context have been analyzed by Braglia et al. (2022), with the 
aim to investigate how companies in this field reacted to the disruption 
caused by the Covid-19 pandemic, so as to increase resilience in case of 
future disruptions. The papers by Tamtam and Tourabi (2021) and 
Ghadir et al. (2022) have instead analyzed the effects of Covid-19 in the 
automotive industry. The former authors have focused on the agile 
capability of automotive companies in the pandemic period, while the 
latter authors have proposed an approach for prioritizing risks induced 
by Covid-19 in the automotive supply chain. Finally, Ando and Hay-
akawa (2022) have used secondary data (export data) from the ma-
chinery industry as an example of global SC, for analyzing the 
supply-side impact of Covid-19 on global logistics systems. 

Looking at cross-sectorial studies, El Baz and Ruel (2021) have 
investigated the role of supply chain risk management practices in 
mitigating the effects of disruptions in the context of Covid-19, by means 
of an empirical survey targeting French companies operating in various 
sectors (manufacturing, energy, transport, chemical, retail and service & 
humanitarian). They evaluated the risk management practices applied 
in the Covid-19 period, along with the four typical stages of risk man-
agement (i.e., risk identification, risk assessment, risk mitigation and 
risk control) plus some complementary aspects, namely SC robustness, 
resilience, and control. A cross-sectorial study has also been performed 
by Anakpo and Mishi (2021), covering nine industrial fields. The focus 
of the analysis was on the financial performance of the companies, in 
terms of turnover, as well as on the responses to counteract the effect of 
Covid-19. Belhadi et al. (2021) have carried out an empirical study 
involving 145 companies from the automotive and airline industries, to 
investigate the short-term strategies implemented by those companies in 
response to Covid-19; findings are analyzed distinctly for the two 
sectors. 

Some specific facets of the Covid-19 impact on SCs have also been 
analyzed in literature. Wissuwa et al. (2022) have examined the topic of 
supplier “complexity” and its relationships with buyer disruptions, 
which were particularly evident in the Covid-19 period. By analyzing 59 
buyer-supplier dyads, the authors found that supplier complexity is 
actually harmful for the buyer, and thus suggest its introduction as an 
important criterion for effective supplier selection. The study by Nader 
et al. (2022) has targeted three industrial sectors, such as the food, 
pharmaceutical and medical manufacturing, which are taken as repre-
sentative of the production of essential goods. These authors have 
focused on the role of pandemic emergency planning (i.e., the practices 
implemented by companies to counteract the pandemic emergency) and 
of sustainability practices in enabling risk mitigation and enhancing 
company’s resilience and performance. 

2.2. Theoretical background 

2.2.1. Effects of Covid-19 on logistics and SC processes 
One of the first and most influenced aspects of Covid-19 impact on 

SCs concerns the changes in global trade volumes (Aday and Aday, 
2020). Early analyses carried out during the first stage of the pandemic 
have discussed demand-side shocks and the sudden changes in con-
sumption patterns in food SCs (Hobbs, 2020), but also in the healthcare, 
medical tools, or personal protective equipment (PPE) production 
(Kraus et al., 2020; Milzam et al., 2020). 

Looking at the food SC, the pandemic has adversely affected this 
context by causing both demand and supply uncertainty. A decrease in 
demand has been observed because of consumers’ less frequent store 
visits and restrictions/limitations to people movements (Ramakumar, 
2020; Montenegro and Young, 2020); at the same time, however, 
various studies have shown that the early lockdown measures have 
changed the people’s purchasing behavior (the so-called “panic 

buying”), causing unexpected peaks of demand that have strongly 
increased the food consumption (Borsellino et al., 2020; Loske, 2020). 
Sgroi and Modica (2022) have also demonstrated some changed con-
sumers’ habits related to food consumption in the Covid-19 period. 

In general terms, it could be conjectured that in crisis situations, 
people tend to buy essential goods (e.g., food or medical products), 
while avoiding purchasing non-essential ones (Nader et al., 2022). In 
this respect, Shafiee et al. (2022) have noted that a further challenge in 
the food or pharmaceutical SCs, exacerbated by the Covid-19, is the 
perishability of the items handled, which involves additional risks. 
Rinaldi et al. (2021) have in fact shown that the impact on food volumes 
also depends on the type of food category and distribution channel. 
Thus, despite the demand of some goods has experienced a significant 
growth, the pandemic has slowed down the sale of other products 
(Nandi et al., 2021). Overall, these considerations suggest that the 
consumer’s behavior and purchasing pattern, relating variations, and 
demand shocks (Chowdhury et al., 2021; Nandi et al., 2021) have played 
an important role in determining changes (either positive or negative) in 
the volumes handled by the SCs. Evidence in literature suggests that this 
could also be the case for the logistics sector, for which, indeed, the 
available empirical studies report controversial effects of Covid-19 on 
volumes (Ketudat and Jeenanunta, 2021; Perkumiene et al., 2021). 

Other sectors, whose activity falls into the production of non- 
essential goods (like the automotive, textile and electronics industry), 
have typically experienced a sudden decrease in the sales volumes (Cai 
and Luo, 2020). Indeed, in response to the measures taken by some 
governments (such as stores closure, borders closure, and lockdown - 
Chowdhury et al., 2021; Khan et al., 2021), companies in various sectors 
were forced to shut down the production of finished goods, because the 
pandemic has stopped the demand for them (Korankye, 2020; Kraus 
et al., 2020; Cai and Luo, 2020), or severely limited the import/export 
activities (Khan et al., 2021). Anakpo and Mishi (2021) have observed 
that some industry fields (namely agriculture, hunting, forestry, fishing, 
and electricity/gas/water supply) were likely to operate at their normal 
level during the Covid-19 period, thus showing more resilience 
compared to other sectors that relied more on exports-driven businesses. 
In a similar way, export-driven businesses with local market potential or 
alternative transaction were more likely to withstand the pandemic 
shock and remain within the normal operating conditions. In terms of 
markets, a new challenge introduced by the Covid-19 pandemic is the 
necessity of being “online”, which was the only way to reach the cus-
tomers; during the pandemic, sales and purchases through the e-com-
merce channel have increased (Sułkowski et al., 2022). From the supply 
side, instead, production stops in some sectors could further prevent 
other companies get the supplies they need to continue their own pro-
duction, thus causing a forced reduction of activities in other sectors as 
well (Korankye, 2020; Aday and Aday, 2020; Cai and Luo, 2020). Some 
studies have observed that a further determinant of the impact of 
Covid-19 on volumes is the company’s size (Fitriasari, 2020; Qamruz-
zaman, 2020); regardless of the sector, the underlying assumption is that 
SMEs are more susceptible to disturbances, because of the lower avail-
ability of resources, and thus the effects of the pandemic could be 
particularly severe. The above evidence indicates that the Covid-19 has 
significantly changed the sales volumes, with effects that could be 
different depending on industrial business, network, and sector (De Vet 
et al., 2021). 

A second key effect of Covid-19 on SCs is that the distortion of de-
mand and supply has caused long lead times, because of delays in pro-
duction and distribution processes (Magableh, 2021), ultimately 
resulting in poor service performance. At the beginning of the Covid-19 
pandemic, consumers frequently experienced shortages of (even essen-
tial) goods, often because of disaggregated and globalized SCs with long 
lead times and lengthy recovery (Ivanov and Dolgui, 2020; Li et al., 
2021; Paul and Chowdhury, 2021, Chowdhury et al., 2021; Sharma 
et al., 2022b). In general terms, accurate and timely deliveries are the 
result of good performance of all SC processes, encompassing 
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production, logistics and distribution. As far as production is concerned, 
restrictions imposed by governments worldwide had a negative effect on 
operations, as they have delayed the production of the necessary inputs 
to the next nodes of the system, thus delaying the flow of products (Pu 
and Zhong, 2020). Looking at logistics/distribution activities, travel 
restrictions or blocking of transport activities, reduced available work-
force and, in the case of essential goods, an increase in demand, 
contributed to delays in production and distribution, preventing the 
possibility of completely fulfilling orders (Montenegro and Young, 
2020) and undermining the related completeness (Ivanov, 2020). This is 
why researchers have analyzed the quality of the service level provided 
during the pandemic, considering cancelled orders (Zhang et al., 2020), 
unfilled orders (Altig et al., 2020), shipping delays (Gereffi, 2020), and 
out of stocks (Pantano et al., 2020). Sathyanarayana et al. (2020) have 
also evaluated the impact of the pandemic on the service level and 
discussed the performance of a SC when varying the distance between 
supplier and customer. As the role of logistics service is crucial for 
competitiveness, Choi (2021) and Hohenstein (2022) have renewed the 
need for empirical research on how SCs will be able to maintain 
adequate service performance in the pandemic and post-pandemic 
period. Sharma et al. (2020) have argued that digital tools could be 
somehow useful to companies for maintaining a satisfactory service 
level, in terms of on-time order fulfilment, as they allow enhancing 
collaboration mechanisms between SC players. The rise of the e-com-
merce and electronic payment are good examples of digitalization 
involved by the Covid-19 pandemic (Perkumiene et al., 2021); at the 
same time, e-commerce causes high demand for logistics service, being 
in direct contact with the customer. 

2.2.2. Countermeasures and decision-making strategies against Covid-19 
It is widely known that the Covid-19 has a very high potential of 

being transmitted from one individual to another, causing dangerous 
health consequences; this forced many countries (including Italy) to 
implement specific containment measures. Physical/social distancing 
was among the most applied countermeasures, also recommended by 
the World Health Organization to reduce the transmission of the Covid- 
19 virus (Qian and Jiang, 2022). That policy was basically implemented 
in any company, regardless of the size and sector, in various ways 
depending on the activity carried out. Social distancing has obviously 
been complemented by other physical measures, all intended to reduce 
the spread of the virus by decreasing the number of workers in common 
spaces; examples of these measures are work re-organization (Nar-
ayanamurthy and Tortorella, 2021), re-layout of offices and workspaces 
(Ardjmand et al., 2021), sometimes coupled with the installation of 
protective barriers between workstations (Bottani et al., 2022b), and the 
definition of new working procedures (Agba et al., 2020; Nar-
ayanamurthy and Tortorella, 2021). Other common measures are the 
usage of PPE, e.g., masks (Cai and Luo, 2020), or the sanitization of 
equipment between work shifts (Bottani et al., 2022a), which were 
recommended by governments in almost all businesses. Digital tech-
nologies also have a role in avoiding or reducing the physical contacts 
(Ye et al., 2022), as demonstrated by the wide diffusion of home/smart 
working practices (Green et al., 2020) and of online meetings (Pratama 
et al., 2020). Other practices, which have been observed in logistics 
companies, include opportunities for revisiting the allocation of items in 
warehouses (Butt, 2021) or introducing rules for loading/unloading of 
goods at warehouses (Rinaldi et al., 2021), always with the aim to avoid 
the simultaneous presence of more workers. Changes in the production 
activities or the employees’ tasks have instead been suggested in 
manufacturing industries (Lutfi et al., 2020; Telukdarie et al., 2020). 
Empirical analyses have demonstrated that these practices have strongly 
affected the economic performance of SMEs (Aday and Aday, 2020), 
leading companies to implement structural changes that are needed to 
adapt the business to these new protocols (Lutfi et al., 2020). The 
available literature on the effects of the practices implemented to 
counteract Covid-19 has mainly targeted the governmental measures 

(Anakpo and Mishi, 2021), given their widespread diffusion; on the 
contrary, the effects of internal or specific measures on the system’s 
performance have instead been explored to a lower extent. 

As a final general effect, the pandemic as an unexpected disruption 
has increased the attention towards the resilience of production and 
distribution systems. Most of the researchers have analyzed the impact 
of different strategies, which could be adopted to face SC disruptions and 
mitigate their negative effects (Raj et al., 2022). Literature suggests 
various practices which have been commonly implemented for building 
resilient SCs and reacting to general disturbances; well-known strategies 
are sourcing decisions and (safety) stock policies (Christopher and Peck, 
2004). The relevance of sourcing strategies has been particularly 
emphasized by the Covid-19 pandemic, which made some electronic 
components (e.g., semiconductors used in the automotive or computer 
industries) completely unavailable (Sułkowski et al., 2022). Conse-
quently, multiple, or local sourcing strategies started being implemented 
as opposed to single sourcing practices, for guaranteeing the supply of 
raw materials and critical components (Zhu et al., 2020; Belhadi et al., 
2021). These practices are often associated to increased inventory levels, 
for mitigating supply disruption risks (Chopra and Sodhi, 2004). Addi-
tional, more specific (and more structured), adaptation strategies have 
emerged during the pandemic period, and besides being implemented as 
immediate countermeasures, have the potential of being maintained in 
the future. These strategies include revising the production activity 
(Bottani et al., 2022a) or reorganizing the workplace and workforce to 
minimize the probability of infection among workers (Telukdarie et al., 
2020). 

Unexpected and unplanned lockdowns imposed by the governments 
in response to Covid-19 have also severely affected the transport activity 
(Mashud et al., 2022; Koerber and Schiele, 2022). Nonetheless, global 
SCs cannot do without these activities, as they must ensure a seamless 
flow of goods between partners and countries; therefore, outsourcing of 
logistics functions to third-party logistics services providers or diversi-
fication of transport activities through alternative channels have been 
proposed as additional countermeasures against Covid-19 (Twinn et al., 
2020). Digital technologies have also been suggested as a leverage to 
increase the resilience of companies (Chowdhury et al., 2021), espe-
cially in the logistics and transport sector (Sułkowski et al., 2022; Klein 
et al., 2022) and in the automotive industry (Balakrishnan and Ram-
anathan, 2021). Looking at the internal processes, sharing of data and 
usage of digital technologies can improve process visibility and enhance 
automation (Ye et al., 2022); in terms of SC processes, these tools have 
been indicated as leverages for developing stronger and more robust 
networks of relationships with upstream and downstream players 
(Chowdhury et al., 2021), thus helping companies be quicker in 
restoring their operations, and ultimately increasing resilience. 

3. The research methodology 

3.1. Questionnaire development 

3.1.1. Structure 
The questionnaire used in this study was designed for capturing the 

key impact (in the immediate-, short- and medium-term) of Covid-19 on 
logistics and SC processes. Based on the evidence emerged from the 
literature, four main impacts have been targeted for the analysis: 1) the 
impact of Covid-19 on the sales volumes, 2) the impact of Covid-19 on 
the service level; 3) the impact of Covid-19 on work organization; 4) the 
impact of Covid-19 on present and future decision-making strategies. 

The questionnaire consists of five sections, as illustrated in the 
scheme in Table A- 1 (Appendix 1). Section 1 includes questions inten-
ded to delineate the company’s profile and respondent’s role. Com-
panies were analyzed in terms of their size, according to the European 
Commission’s (2003) recommendations, and industrial sector; for this 
latter, a list was proposed to the respondents including the five sectors 
previously mentioned, plus an additional option (“other”), for specifying 
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a different field (in case). 
The next four sections of the questionnaire address, instead, the four 

aspects of the Covid-19 impact on logistics and SC processes, in line with 
the previous list. Respondents were asked to indicate their opinion on 
the impact of Covid-19 using two different 5-point scales (Taherdoost, 
2019), depending on the question and on the scope of the analysis (cf. 
Table A- 1):  

• Scale#1 (unipolar Likert scale): from 1 = “not at all” (or “no 
changes”) to 5 = “completely” (or “significant changes”);  

• Scale#2 (bipolar Likert scale): from 1 = “significant worsening” to 5 
= “significant improvement”. In this scale a score of 3 means that “no 
changes” were observed. 

In detail, Section 2 contains questions intended to evaluate the 
impact of Covid-19 on the sales volumes handled by the company at the 
various nodes of the SC. Respondents were asked about the positive and 
negative changes in volumes they observed in the whole period of 
analysis (cf. section 3.1.2). That change was to be evaluated in com-
parison with the pre-Covid activity of the company, represented, for 
simplicity, by year 2019. The causes that determined the observed 
change (either positive or negative) in the volumes handled were also 
investigated. A predefined list of nine possible factors, derived from the 
literature as well as from the direct observation of the Italian scenario, 
was proposed to the respondent to this end. 

Section 3 includes questions relating to the impact of Covid-19 on the 
quality of the service offered by the company to its customers. Three 
service factors, typically used by companies to measure the quality of 
their service were targeted for the analysis; respondents were asked to 
evaluate whether the service performance against these factors experi-
enced a change (either positive or negative) because of the pandemic 
emergency. The subsequent question aims at investigating the causes of 
the worsening or improvement in the quality of the service offered; the 
analysis targeted the role of three key dynamics involved by the Covid- 
19 pandemic (blocking of transport activities, production delays and 
supplier delays) as factors which could have affected the service per-
formance. The extent to which each factor influenced the service per-
formance was evaluated. 

Section 4 investigates the countermeasures adopted by companies to 
deal with the early Covid-19 infection. A predefined list of 11 mitigation 
strategies, summarized from the literature, was investigated in terms of 
the implementation level. The next question investigates the impact 
these precautionary measures could have on some key company’s per-
formance, such as costs, productivity, and service. 

Finally, Section 5 investigates various strategies implemented for 
reducing risks in the SC, including more traditional measures as well as 
additional solutions enabled by digital technologies. As far as the 
traditional strategies, questions in this section aim at evaluating the 
extent to which they were implemented for counteracting the Covid-19 
pandemics, as well as the willingness of companies to maintain each 
strategy in the future. To this end, respondents were asked to state the 
degree of usage on an ad hoc 4-point scale, according to which a strategy 
could be: 1-already used in the company; 2-temporary adopted to face 
the Covid-19 emergency; 3-adopted to face the emergency and expected 
to be maintained in the future; 4-not adopted and not in plan for the 
future. Looking instead at the digital solutions, respondents were asked 
to judge whether their company would be willing to favor the usage of 
these strategies in the future, and thus, if an increase in the usage of 
digital tools is to be expected. 

For enhancing effectiveness in collecting the responses, the ques-
tionnaire was elaborated online using Google Forms. 

3.1.2. Period of analysis 
Recalling that one of the goals of the study is to evaluate the im-

mediate-, short- and medium-term impact of Covid-19, a timespan of six 
quarters (Q1 …,Q6, from January 2020 to June 2021) was taken into 

account. This timespan was selected as the “period of analysis” (and 
referred to in that way from now on) for being able to capture possible 
variations in the behavior and performance of companies during the 
various phases of the pandemic. As a matter of fact:  

- Q1 (January 2020–March 2020) corresponds to the spread of the 
virus, first in China and then globally, with the first outbreaks, and 
then the lockdowns measures implemented by the governments;  

- Q2 (April 2020–June 2020) reflects the beginning of what was called 
the “phase 2” by the Italian government and involved some initial 
post-lockdown re-openings and resumption of travelling activities;  

- Q3 (July 2020–September 2020) was overall characterized by a slow 
economic recovery;  

- Q4 (October 2020–December 2020) was characterized by the 
outbreak of the second wave of the virus, with the consequent return 
to social distancing policies, albeit with an easing in the Christmas 
holiday period;  

- Q5 (January 2021–March 2021) involved a new period of closure for 
some activities because of the beginning of the third wave, 
depending on the sanitary condition of the region, and with the 
beginning of the vaccination campaign; 

- Q6 (April 2021–June 2021) involved a gradual reopening of activ-
ities, following the improvement in the sanitary conditions and the 
positive effects of the vaccination campaign. 

To consider the immediate- and short-term impact of Covid-19 on the 
various industry field and answer RQ1, the six quarters were taken into 
account, where appropriate, for questions included in sections 2 and 3 of 
the questionnaire; answers had to be provided by the respondent for 
each quarter. Instead, questions of sections 4 aim at capturing the 
immediate-term changes caused by the pandemic, focusing on the early 
adopted strategies to counteract to the emergency during the first three 
trimesters. Then, questions included in sections 5 investigate the past, 
present and future adoption of mitigation strategies across the different 
sectors; “past” refers to the pre-Covid period, “present” captures both the 
immediate- (from Q1 to Q3) and short-term (from Q4 to Q6) effects, and 
“future” refers to the medium-term response (from July 2021 onwards). 
These last two sections of the questionnaire have been designed to 
answer to RQ2. 

3.2. Sample construction 

An appropriate sample of companies was created by querying the 
Kompass database (www.kompass.com), which provides various pieces 
of information about the companies indexed and lists companies from 
more than 70 countries in the world. We targeted companies head-
quarted in Italy, possibly known to the authors of the paper (e.g., 
because of previous collaborations for research purposes), in the attempt 
to increase the likelihood to get a reply from the interviewees. The 
sample was built to be representative of various industry fields and to 
include companies of different size, with the aim to investigate the ef-
fects of Covid-19 on different industrial sectors and as a function of the 
company’s characteristics. Five sectors were taken into consideration, 
namely: food & beverage (F&B); plant and machinery manufacturing 
(MACH); logistics & transport (L&T); metal mechanical industry (MEM), 
which includes the producers of metal goods that supply parts to in-
dustries such as manufacturing, construction, automotive, agriculture 
and many other sectors; and textile & fashion (T&F). These sectors are 
among the top producers of the Italian economy (Italian Institute of 
Statistics, 2021a; 2021b) and are therefore expected to well depict the 
Italian scenario. Overall, the sample consisted in 288 companies which 
were involved in the study. The sample construction took from March to 
May 2021 approximately. 
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3.3. Pre-testing, data collection and elaboration 

A preliminary version of the questionnaire was discussed with three 
companies of to the sample, for pre-testing purpose (Malhotra and 
Grover, 1998). These companies belong to three different industry 
fields, i.e., F&B, MACH, and MEM, to check whether the proposed 
questions were appropriate to the various industrial contexts. During the 
interviews, the answers to the questionnaire were collected and further 
specific aspects - which could not be captured by the questionnaire itself 
- were discussed. Evidence from these interviews were used to sub-
stantiate the research outcomes (cf. section 5). A personal email was 
then sent to the remaining 285 companies, with a link to the question-
naire on Google Form, in its final version. A cover letter was included in 
the email for briefly illustrating the research aim and scope and asking 
for the company’s participation. The data collection phase took from 
October to November 2021 approximately. 

All items of the questionnaire were elaborated using statistical 
techniques, supported by Statistical Package for the Social Sciences 
(SPSS) release 28 for Windows software package (IBM® Corp., https 
://www.ibm.com/it-it/analytics/spss-statistics-software). The overall 
validity and reliability of the responses gathered was preliminary eval-
uated using the Cronbach’s alpha parameter (Nunnally, 1978), which 
returned a value of 0.872 significantly higher than the threshold of 0.6 
recommended for conducting effective survey research (Malhotra and 
Grover, 1998). 

Questions in Section 1 were primarily used to provide an overview of 
the sample of respondent companies, through descriptive statistics in the 
form of frequencies or contingency tables. Items of Sections 2 and 3 were 
again elaborated using descriptive statistics; the trends in time of the 
answers provided was also derived for each industry field under exam-
ination. The average value of the responses obtained by companies 
belonging to the different industry fields was computed to this end; 
contingency tables were instead used to show the average responses as a 
function of the industrial context. Similar considerations can be made 
for items in Sections 4 and 5, for which, besides an overview of the re-
sponses collected, the average value of the answers obtained for the 
different industrial fields was computed and used for comparison pur-
pose. Analysis of variance (ANOVA) with F-test (Lomax, 2007) was used, 
whenever appropriate, to check the statistical differences of the items 
tested across the industry fields. For the sake of brevity, the full ANOVA 
analyses are reported in Appendix 2 (Table A- 2); significant outcomes 
are mentioned while presenting the results from the survey. 

4. Results from the survey 

Out of the 288 companies involved in the study, a total of 79 re-
sponses was obtained, which become 82 including the three companies 
involved in the pre-testing of the questionnaire; the overall response rate 
was therefore 82/288 = 28.5%. That value is in general appropriate in 
survey research, as it is above the suggested threshold of 20% (Yu and 
Cooper, 1983; Malhotra and Grover, 1998). The sample of companies 
itself is in line with empirical studies in similar fields (cf. Henkel et al., 
2022; Wissuwa et al., 2022). 

4.1. Overview of the sample 

The descriptive results presented in this section outline the charac-
teristics of the sample of companies involved in the study. The main 
features of the respondent companies are shown in Table 1. 

Overall, the sample is sufficiently heterogeneous and as such, it is 
representative of various industries. More than half of the sample is 
represented by SMEs (57.3%); this is not surprising as the vast majority 
(approx. 95%) of the Italian manufacturing system consists of these 
companies, which also have a primary role in workforce employment 
(Italian Institute of Statistics, 2019; Fortis and Sartori, 2016). At the 
same time, 32.9% of the respondents are large companies and the rest of 

the sample consists of micro-sized organizations (9.8%). A sufficient 
heterogeneity has also been reached looking at the industrial sectors 
involved in the study; indeed, the responses reflect the targeted indus-
trial sectors, with four companies only belonging to a context different 
from those targeted in the analysis.1 As far as the area of expertise, most 
of the respondents (24.4%) have a managerial role in the company and 
therefore they are expected to know quite well the internal business 
process and functions; otherwise, respondents were SC (20.7%), oper-
ations (14.6%) and marketing (15.9%) managers. The remaining quota 
of respondents (24.4% in total) belong to other business functions. 
Overall, top managers provided the 49% or responses, followed by di-
rectors (30%) and employees (21%). 

4.2. Statistical analyses 

This section describes the key results of the survey and following the 
structure of the questionnaire, consists of four sub-sections. 

4.2.1. Impact of Covid-19 on volumes 
The first analysis aims at identifying the variations in volumes during 

the six quarters considered; outcomes from questions relating to the 
increase and/or decrease of volumes observed by companies were 
elaborated to this end and results are depicted in Fig. 1(a and b). Ac-
cording to Scale#1, a score of 1 in Fig. 1(a) means that the respondent 
has not observed an increase in the volumes, but this does not neces-
sarily mean that he/she has observed a decrease; conclusions can be 
reached by comparing the two graphs (a) and (b). 

The first evidence from Fig. 1 is the peak of volumes observed for 
F&B, followed by MACH and L&T, during the first wave of the Covid-19 
compared to the other sectors (MEM and T&F); statistically significant 
differences among sectors are also observed in Q2 and Q3. Then, during 
the following quarters, all the sectors investigated show a constant 
growth up to Q6, with no statistical differences. The second outcome 
involves again F&B, which maintains a high level of increase in volumes 
in the whole period of analysis. L&T has faced a trend similar to F&B 
during the first three quarters, which could suggest a correlation be-
tween the two sectors. Instead, the peak of the last three quarters is 
probably due to the increasing volumes observed in all the sectors. 
MACH is the only field that maintained a middle-high increase and 
experienced a slow but constant growth moving from Q1 to Q6. The 
remaining sectors (MEM and T&F) exhibit a similar trend: at first, they 
have been negatively affected by the pandemic outbreak, facing a 
decrease in volumes, with the worst situation during Q2 (the lockdown 
period). Significant differences against the decrease in volumes are also 
evident in Q2, which again confirms that the immediate effect of lock-
down varied across the sectors. Then, during the following four quarters, 
T&F has faced a slight increase in volumes, while MEM has strongly 
increased its volumes, registering the maximum growth compared to the 
remaining sectors. 

The next analysis investigated the impact of nine selected factors on 
the increase/decrease of sales volume faced by the companies, as pre-
viously presented. Results are proposed in Fig. 2. 

From Fig. 2 it is evident that the main factors that have affected the 
F&B volumes are related to the downstream part of the SC and linked to 
the consumer behavior (factors 1 and 2) or to the interruption or limi-
tations downstream the SC (factors 4 and 8) - these latter, presumably, 
with negative effects. A very similar result has been obtained for L&T, 
for which lower scores have been registered but with the same relative 
importance assigned to the nine factors. This outcome reinforces the 
previous consideration about a possible correlation between the results 

1 Those companies are included in the general overview of the sample, for 
completeness, but they will not always be included in future elaborations; in 
particular, they will not be included in elaborations focusing the specific in-
dustrial fields. 
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of the two sectors, and more in general, about the relationships between 
them. Compared to these sectors, MACH shows a similar result with an 
increasing importance, however, of the interruptions upstream the SC, 
further highlighted by MEM, that has assigned a moderate importance to 
all the factors. Indeed, in MEM and MACH, the variation in volumes is 
also due to the interruption of suppliers’ activities (factors 6 and 7). 

These latter factors were also observed to have a statistically different 
impact across the sectors investigated. Finally, T&F has been strongly 
affected by the limitations to people mobility (factor 4), and by the 
closure of shops and shopping centers (factor 8); compared to the 
remaining sectors, the variation in demand seems instead a secondary 
factor, while the interruption of production activities (factors 5, 6 and 7) 

Fig. 1. Average increase (a) and decrease (b) in sales volume per sector during the period of analysis (note: scale#1 is used).  

Fig. 2. Average impact of factors that led to the variation of sales volume (note: scale#1 is used).  

Fig. 3. Average variation of on-time delivery (a), order quality (b), delivery lead time (c) per sector during the period of analysis (note: scale#2 is used).  
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achieves a noteworthy importance. 

4.2.2. Impact of Covid-19 on service level 
Items of section 3 of the questionnaire were used to evaluate the 

impact of the pandemic on three selected performance indexes typically 
used to express the service level of companies throughout the period of 
analysis. Results are shown in Fig. 3(a–c). 

From the outcomes in Fig. 3, it appears that L&T differs from the 
remaining fields; in fact, that sector did not experience negative varia-
tions, and it exhibits a slight improvement in the last quarters. The 
remaining sectors, instead, have all observed a slight worsening of de-
livery performance during the early period of emergency, with a mini-
mum reached in Q2; then, a gradual recovery was observed for all 
sectors in the last quarters, up to approximately restoring their pre- 
pandemic state. Once again, T&F seems to be the most affected sector; 
however, no significant differences across the sectors are observed in on- 
time delivery and order quality. Looking at the delivery lead time, it 
emerges that MACH experienced a worsening of its performance in the 
two quarters of 2021 (Q5 and Q6). This highlights a kind of return to a 
critical situation with the advent of the third wave of Covid-19 for that 
sector. On the contrary, the remaining sectors experienced quite nega-
tive performance at the beginning of the pandemic, with a gradual re-
covery registered during the last quarter; indeed, some significant 
differences across sectors emerge in Q5 and Q6. 

The possible causes for the variations in the service performance 
experienced by the companies were then investigated, focusing on three 
factors expressing some key problems involved by the Covid-19 and 
presented in Fig. 4(a–c). As can be seen from this figure, the perception 
about the changing role of the three factors in time is similar across the 
industry fields under examination. Indeed, all sectors have rated as 
particularly relevant the impact of all three factors analyzed during Q2, 
corresponding to the months of lockdowns and closures imposed to cope 
with the first wave of the pandemic, with a trend towards the decrease in 
their importance when reaching the last months of the analysis. Overall, 
this indicates that these factors were more problematic at the beginning 
of the pandemic period but have gradually gone back to normal. 

However, differences emerge in the role of these factors across the 
various industries. The impact of blocks in transport shows significant 
differences across sectors in Q2 and Q3, suggesting that the effect was 
particularly relevant in some industries (T&F and MEM in particular). As 
for production delays, the perception of its effects varies as well across 
the industries, highlighting statistical differences in Q2, Q3, Q4 and Q6. 
Similarly, for supply delays a significant difference is observed in Q6, in 
which the perception of the companies from the T&F sector is particu-
larly low (suggesting an almost negligible effect), while the remaining 
sectors still perceive an effect of that factor. 

4.2.3. Impact of Covid-19 on work organization 
The next analysis focuses on the impact of the pandemic on the early 

(re-)organization of work and workplaces. To this end, two different 
analyses were made, focusing on the strategies adopted to counteract the 
emergency, and the impact of these measures on the company’s per-
formance, in terms of costs, productivity and service level. Fig. 5 shows 
the results of the first analysis. 

In general, the main strategies adopted across the industrial sectors 
turn out to be the use of PPE (strategy 9), the re-layout of spaces 
(strategy 1) combined with the use of protective barriers (strategy 10) to 
limit the direct contact and the physical proximity of workers, the 
introduction of new rules intended for guaranteeing the social 
distancing during the loading/unloading activities (strategy 11), and 
finally the smart working (strategy 2) and the adoption of digital systems 
(strategy 8), again with the purpose of avoiding physical contacts. These 
last two strategies exhibit significant differences across the various 
sectors; the former strategy indeed is more common in the L&T and 
MEM fields, compared to the remaining industries; MEM also shows a 
peak in the usage of digital systems, significantly higher than other 
sectors. Reinforced sanitization practices have instead been equally 
adopted in all the sectors excluding L&T; this result could be due to the 
manual production activities that are required in most of the sectors, as 
well as to the consequent need of disinfecting shared workstations. 

The remaining strategies have received less attention and they have 
been less applied; no trends emerge. Despite the lack of significant dif-
ferences, outcomes in Fig. 5 seem to suggest that some strategies are 
somehow industry-specific. This is the case for strategy 3, quite common 
in L&T, probably because of the kind of business carried out by logistics 
companies, or of strategies 4–6, more diffused in the F&B sector 
compared to the remaining fields. 

The impact of the above-mentioned measures on the company’s 
performance has then been evaluated, with outcomes presented in Ta-
bles 2-4. 

From the outcomes in those tables, it is evident that the adoption of 
the preventive strategies has strongly impacted on costs, generating a 
negative effect (i.e., a cost increase) in all sectors involved in the study, 
without notable differences across sectors. Instead, the protective mea-
sures seem to have a slightly negative effect on productivity, with the 
main consequences observed in MEM, MACH, and T&F sectors. No im-
pacts on service level are observed. 

4.2.4. Impact of Covid-19 on present and future decision-making strategies 
The last set of elaborations focuses on the implementation of typical 

risk mitigation strategies and investigates their adoption before the 
pandemic emergency (“past”), as opposed to their introduction in 
response to the pandemic itself (“present”), as well as their removal or 
usage in the medium-term (“future”). Fig. 6(a–e) shows the level of 
implementation of three sourcing strategies (i.e., multiple, global, and 
local sourcing) across the sectors investigated, as a response to SC dis-
ruptions caused by the pandemic. The y-axis of this figure reflects the 
percentage of companies that have chosen a particular answer, while the 

Fig. 4. Effect of the block in transport activities (a), production delays (b), and supply delays (c) on service performance (note: scale#1 is used).  
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x-axis depicts the corresponding answer, in line with the description in 
section 3.1.1. 

A first consideration from the outcomes in Fig. 6(a–c) is that most of 
the companies belonging to F&B, MACH and MEM were adopting all 
three sourcing strategies investigated even before the pandemic emer-
gency, with the general aim to improve the performance of their busi-
ness and make the supply side more resilient. It is also interesting to note 
that the three sectors mentioned privileged the application of one spe-
cific sourcing strategy before the pandemic, and in particular, the most 
implemented practice was multiple sourcing in F&B, local sourcing in 
MACH, and global sourcing for MEM. Fig. 6(b and c) also show that 
MACH and MEM have instead preferred a different (sometimes even 
opposite) strategy as the countermeasure to be implemented in the 
pandemic period; in particular, multiple, and local sourcing, respec-
tively, became the preferred strategies temporarily used by companies of 
the two fields to counteract the pandemic emergency. The perception of 
companies towards the future adoption of multiple sourcing also ex-
hibits statistically significant differences across the industrial sectors. On 
the contrary, 31% of companies belonging to F&B has adopted the 
global sourcing strategy as the ad hoc measure to counteract the emer-
gency and is willing to maintain it in the future to enhance the robust-
ness of the network (Fig. 6(a)). It is also evident from Fig. 6(d) that the 
L&T has basically not changed its sourcing strategy, nor it has adopted 
additional measures to counteract the emergency. Finally, a relevant 
quota of companies belonging to T&F were not implementing any spe-
cific sourcing strategy before the pandemic, but have adopted all of 

Fig. 5. Average usage of the preventive strategies adopted by companies (note: scale#1 is used).  

Table 1 
Characteristics of the final sample (note: F&B = food & beverage; MACH = plant 
and machinery manufacturing; L&T = logistics & transport; MEM = metal me-
chanical industry, T&F = textile & fashion).  

Characteristics of respondents (sample = 82) Number Percentage 

Sector   

F&B 28 34.1% 
MACH 14 17.1% 
MEM 13 15.9% 
L&T 12 14.6% 
T&F 11 13.4% 
Other 4 4.9% 
Plant size   
Micro 8 9.8% 
Small 21 25.6% 
Medium 26 31.7% 
Large 27 32.9% 
Respondents’ area of expertise   
General manager 20 24.4% 
SC and logistics 17 20.7% 
Marketing 13 15.9% 
Operations 12 14.6% 
Quality and Safety 7 8.5% 
Administration and Finance 6 7.3% 
Other 3 3.7% 
Research and development 2 2.4% 
Human resources 2 2.4%  

Table 2 
Impact of the preventive strategies on costs (note: scale#2 is used).  

Impact on cost   

Strongly negative Slightly negative No impact Slightly positive Strongly positive Total 

Industrial sector F&B 8 14 3 1 2 28 
MACH 5 5 1 2 1 14 
MEM 4 8 0 1 0 13 
L&T 6 2 3 1 0 12 
T&F 3 5 2 1 0 11  
Total 26 34 9 6 3 78  

Table 3 
Impact of the preventive strategies on productivity (note: scale#2 is used).  

Impact on productivity   

Strongly negative Slightly negative No impact Slightly positive Strongly positive Total 

Industrial sector F&B 2 6 16 2 2 28 
MACH 1 6 4 3 0 14 
MEM 1 7 3 1 1 13 
L&T 1 3 6 2 0 12 
T&F 1 6 4 0 0 11  
Total 6 28 33 8 3 78  
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them during the pandemic, being willing to maintain the chosen strategy 
after the end of the pandemic emergency. 

Besides the sourcing strategies, two additional well-known coun-
termeasures to (general) SC risks have been investigated; relating results 
are shown in Fig. 7(a and b) as a function of the industry field. 

The outcomes show that, without remarkable differences across the 

industrial fields, most of the companies have replied negatively to the 
possibility of increasing the stock level to counteract the pandemic 
emergency, being unwilling to implement that practice not now nor ever 
(Fig. 7(b)). This is particularly the case for companies belonging to L&T 
(60%) and T&F (67%) sectors. Nonetheless, the remaining quota of T&F 
companies (33%) has chosen to increase the inventory level during the 

Table 4 
Impact of the preventive strategies on service level (note: scale#2 is used).  

Impact on service level   

Strongly negative Slightly negative No impact Slightly positive Strongly positive Total 

Industrial sector F&B 2 3 22 0 1 28 
MACH 1 4 8 1 0 14 
MEM 1 3 7 1 1 13 
L&T 0 3 6 2 1 12 
T&F 1 3 7 0 0 11  
Total 5 16 50 4 3 78  

Fig. 6. (a–e): past, present, and future adoption of mitigation strategies across the different industry field - sourcing strategies.  
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pandemic emergency and is willing to maintain this practice to cope 
with unexpected interruptions along the SC in the future. Some MACH 
and MEM companies have temporary implemented the same strategy, 
but, in general, they do not seem to be motivated in maintaining a high 
stock level after the pandemic. 

Similar considerations can be made for the other strategy (Fig. 7(a)). 
Outcomes confirm that, without significant differences across the in-
dustry fields, in general the companies surveyed have not adopted the 
diversification of transport modes. Nonetheless, outcomes reveal that 
T&F companies are somehow predisposed to implement diversified 
transport modes: in fact, 33% of respondents have used this strategy to 
react to the pandemic and would like to maintain it in the future. 

A last analysis was made for understanding the willingness of com-
panies to favor (and thus increase) the future adoption of additional 
mitigation strategies, always suitable for counteracting the pandemic 
emergency, and linked to digitalization, Industry 4.0, and automation of 
processes. Results (Fig. 8) show that there is not a difference among the 
responses of the various sectors, since all respondents confirm the 

importance of adopting these new strategies to rapidly react to future 
emergencies and mitigate the relating negative effects; the absence of 
statistically significant differences across the sectors also emerges from 
the ANOVA analysis. The main need for improving cooperation (strategy 
1) and information sharing (strategy 2) have been observed in MEM, 
while F&B returned the highest score against process automation 
(strategy 3). This latter strategy is overall less considered than the 
remaining ones, and many companies seem not to be particularly 
interested in enhancing the implementation of Industry 4.0 technologies 
for improving process automation. 

5. Discussion and implications 

5.1. Answer to the research questions 

Starting from the outcomes from the survey, the following consid-
erations can be formulated for answering the RQs of this study. 

Moving from a general evaluation of the impact of the Covid-19 on 

Fig. 7. (a–b): past, present and future adoption of mitigation strategies across the different industry field – increase in the stock level and diversification of transport 
modes (note: scale#1 is used). 

M. Rinaldi and E. Bottani                                                                                                                                                                                                                     



International Journal of Production Economics 262 (2023) 108915

12

logistics and SC processes, results of this study allow formulating addi-
tional considerations along the horizon of analysis, focusing on differ-
ence in severity, duration and appearance of the impact across different 
industry fields. Our empirical analysis confirms a strong impact of 
Covid-19 on the volumes handled in the immediate term (Kraus et al., 
2020), with positive or negative changes mainly depending on the pe-
culiarity of goods (respectively essential vs. non-essential goods) (De Vet 
et al., 2021). However, although authors have suggested that the effects 
of Covid-19 have been different across the industrial sectors (Xu et al., 
2020; De Vet et al., 2021), the available studies have provided evidence 
on some sectors only. While L&T, in its various segments, has been 
somehow discussed (e.g., Perkumiene et al. 2022; Hohenstein, 2022; 
Ketudat and Jeenanunta, 2021), other sectors (e.g., MACH or MEM) 
have been almost neglected in literature. 

Also, the available knowledge about the impact of the pandemic has 
mainly focused on the early effects seen during the first pandemic wave 
(Hobbs, 2020; Ketudat and Jeenanunta, 2021), while the duration in 
time of these effects has not been so explored. The results of this work 
show that all sectors have restored the pre-Covid conditions at the end of 
the period of emergency and underline a gradual recovery with an 
important increase of sales in the short-term across all the sectors. In 
addition, although theory has so far considered the negative impact in 
service performance caused by disruptions (Magableh, 2021), the (very 
few) cross-sectorial studies about Covid-19 have not deepened the effect 
of the pandemics on the company’s service performance, nor its dura-
tion in time, while focusing, more in general, on the company’s financial 
performance (cf. Anakpo and Mishi, 2021). In this regard, results of this 
research provide evidence of the severity of that impact on service, 
highlighting that the worsening of service performance was in general 
light, particularly evident at the beginning of the pandemic emergency, 
and affected almost all industry fields. Instead, results from the 
short-term period generally show no significant variations in the service 
level, but also highlight the return to a critical situation for some sectors 
only during the third wave of Covid-19. This result is significant since it 
calls the attention to the strong difference in the propagation of dis-
ruptions among different business. 

Starting from the F&B sector, the outcomes of this work generally 
confirm an increase in the volumes handled across the period considered 
(Borsellino et al., 2020; Loske, 2020). This is in line with the outcomes 
by Anakpo and Mishi (2021), who have found that food-related industry 
fields were likely to operate at their normal level during the Covid-19 

period. Furthermore, this study also confirms that results for the F&B 
sector mainly depend on consumer-related factors, in line with the 
“impulse” or “panic” buying behavior against to food products (Hobbs, 
2020); at the same time, we also show that this behavior was evident at 
the beginning of the pandemic emergency, but also had short-term ef-
fects, thus supporting the conclusion of generally changed food con-
sumption habits by customers (Sgroi and Modica, 2022). Despite the 
increased requests, results also show that F&B was able to guarantee 
good service performance to customers, seeing only a slightly worse 
performance during the lockdown period, probably due to interruptions 
or limitations downstream the SC, which as well emerged as relevant 
causes of the change in the volumes handed. 

Similarly, MACH seems not to have been significantly impacted by 
the Covid-19 pandemic in terms of sales volumes, which tended to in-
crease in the whole period of analysis, albeit with a lower trend 
compared to F&B. Our results thus highlight that, even in the Italian 
context, the impact of Covid-19 on the MACH industry was particularly 
relevant at the very beginning of the pandemic emergency, as observed 
by Ando and Hayakawa (2022), with no effects in the short-term. This 
study also provides additional findings on the activity of the MACH 
sector, which was explored to a very limited extent in the literature. In 
particular, it is shown that this sector suffered because of interruptions 
downstream and upstream in the SC after the end of the early emergency 
period; this is in line with the type of business, since MACH companies 
usually work on an engineer-to-order basis, with very long delivery 
times and quite high dependency on their suppliers (Ando and Hay-
akawa, 2022). This is also reflected by the worsened service perfor-
mance during the third wave, thus highlighting a delayed negative 
impact of the pandemic on the MACH sector. 

The T&F and MEM sectors, instead, have been more severely affected 
by the pandemic outbreak which caused a significant decrease in vol-
umes in the whole 2020, with a gradual recovery in 2021. While the 
available literature has typically indicated these sectors as the most 
affected by the pandemic (Cai and Luo, 2020), outcomes of this study 
better depict the effect of the Covid-19 in time and analyze the causes of 
variation. One of the key characteristics of T&F is that models and items 
offered on the market for sale try to capture the trends of the moment, 
with a very limited possibility to sell past collections in the future 
(Braglia et al., 2022). This makes T&F particularly exposed to risk of 
losing sales compared to other sectors and makes it essential for T&F 
companies to simultaneously ensure short lead times and low costs of 

Fig. 8. Expected increase in the adoption of digital strategies in the future (note: scale#1 is used).  
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items, driven also by the “fast fashion” business model (Shen and Chen, 
2019); this is true in normal situations and exacerbated in times of un-
certainty, such as during the Covid-19 pandemic. In addition, as opposed 
to F&B, T&F is non-essential business, which led governments to order 
the closure of shops during the lockdown period. Our outcomes confirm 
that shop closure, coupled with limitation to people’s mobility, was the 
key cause of the observed decrease in volume in the T&F sector (Braglia 
et al., 2022). This study also adds considerations on interruptions in the 
SC, both at the supplier and production level, which emerged as 
important aspects as well, showing that T&F companies are particularly 
exposed to supply and production risks. Indeed, to enhance cost effi-
ciency, fashion SCs typically spread worldwide, with production located 
in low-cost countries, such as China or India (McMaster et al., 2020); 
unfortunately, China was also the first country that had to face the 
Covid-19 pandemic, which caused a drastic reduction of supply avail-
ability. Moreover, causes of poor service performance have been 
investigated for extending the current knowledge. Our findings show 
that for T&F companies, supply delay or unavailability had conse-
quences on the service performance, with stronger effects in 2020. 
Production delays and blocks of transport activities also had an impor-
tant role in early worsening of the service performance, again in line 
with the global spread of the fashion SCs. 

Focusing instead on the MEM industry, the available literature has 
provided some evidence on the automotive industry (Tamtam and 
Tourabi, 2021; Ghadir et al., 2022), which is a very specific segment of 
this sector; hence, results of these previous studies are not always suit-
able for a direct comparison with the present paper. Having said that, it 
is first to be observed that the drop in the volumes handled for the MEM 
industry appears as less relevant compared to T&F. Similar consider-
ations hold true for the service level delivered to customers: MEM 
companies suffered from poor service performance mainly at the very 
beginning of the pandemic period, corresponding to the lockdown of 
many countries, but the pre-Covid conditions were easily restored. 
Findings of this study, therefore, indicate that no long-term effects of 
Covid-19 on volumes or service performance are to be expected in the 
future for MEM industries. Issues in the procurement phase have 
impacted on that sector, which reflects, once again, the characteristics of 
global MEM SCs, in which low-cost countries are usually identified as 
the main suppliers of raw materials and semi-finished products. Again, 
this adds knowledge to the results provided by Ghadir et al. (2022), who 
(more generically) reported “suppliers” and “suppliers’ temporary 
closure” among the top-10 risks associated to the automotive industry 
during the Covid-19 outbreak. 

Finally, outcomes of this study show that the L&T field is somehow 
unique compared to the remaining sectors. Results from the current 
literature show that Covid-19 impacted on L&T, with some companies 
experiencing a negative impact and others being relatively less affected 
by the pandemic (Ketudat and Jeenanunta, 2021; Perkumiene et al., 
2021). However, the analysis of different time horizons and the 
multi-sectorial perspective allows this study to provide additional 
findings. Overall, we can conclude that the trend in the volumes handled 
by L&T companies exhibits a prevalent increase, and even after six 
quarters, these volumes remain greater that those handled in the 
pre-Covid period. A similar outcome was suggested by Ketudat & Jee-
nanunta (2021): these authors found that one of the companies they 
analyzed experienced a decreased in volume at the beginning of the 
pandemics, then a slow recovery from the volume loss, and finally 
(September 2021), the volume handled exceeded the loss. 

At first glance, the prevalent increase experienced by the L&T sector 
could be justified on the basis of a possible correlation with the F&B 
industry, as results from this study show similarities between these 
sectors in terms of immediate-term trend and causes of the variation in 
the volumes handled; Ketudat & Jeenanunta (2021) have reported a 
similar consideration, observing that logistics companies handling food 
or medical products benefited from increased volume. Nonetheless, it is 
evident that L&T companies do not work with F&B companies only, but 

with companies belonging to various industrial sectors, which also 
experienced a decrease in the volumes handled during the first months 
of the pandemics. Moreover, L&T differs from the remaining sectors in 
various aspects. In terms of service, it emerged as the only sector that did 
not experience variations during the lockdown period, and that 
exhibited generally good performance; this enhances the available 
literature, which lacks considerations about service performance of L&T 
companies. An explanation for this outcome is that logistics companies 
typically embrace various transport activities (e.g., rail, road, sea, or air 
freight services), as well as additional services (e.g., warehousing and 
distribution), but, most importantly, L&T is a highly creative sector, 
with great development potential and great ability to apply new/-
modern solutions and innovate itself in case of issues, such as disruptions 
(Klein et al., 2022). 

The first evidence of this study on mitigation strategies is in line with 
the current literature: different strategies were used by the surveyed 
companies to counteract the Covid-19 emergency, either as temporary 
solutions or as definitive ones (Cai and Luo, 2020; Raj et al., 2022). In 
addition, our study captures differences across the sectors investigated 
and depending on the specific characteristics of the business, such as the 
SC structure or the production process. In general, our empirical findings 
confirm that immediate protective measures have been implemented by 
companies of any industrial field (Anakpo and Mishi, 2021), but apart 
from the (popular) usage of PPE, other measures are somehow 
industry-specific and were implemented in some sectors only. Also, the 
decision of maintaining some of them strongly depends on the kind of 
business and the impact the Covid-19 had on the specific sector. In 
general, industry fields that were particularly impacted by the pandemic 
emergency (e.g., T&F) are more interested in applying almost all the 
possible measures to mitigate SC disruptions, as well as to maintain 
these measures in the future, with the aim to make their business more 
resilient. A change in these business fields can thus be forecasted in the 
future. On the contrary, less affected sectors (e.g., L&T) have no interest 
in adopting new strategies to face the pandemic and are not expected to 
implement them to address post-Covid SC disruptions; in that case, no 
changes in the business are expected. Some typical mitigation strategies 
(unexpectedly) resulted to be not adopted in any sector, probably 
because of the unique behavior that the progress of Covid-19 had in 
time, which made it strongly different from other disruptions (Rinaldi 
et al., 2022). Regardless of the specific measures and concerning their 
general effects, we confirm a negative impact on the system’s cost, in 
line with Aday and Aday (2020). Moreover, our empirical results add 
significant considerations to the literature by providing further evidence 
on the slightly negative impact of the pandemic on the productivity, and 
on the (again unexpected) not appreciable effects on the service level 
provided by the companies. 

Starting from the F&B sector, food companies involved in this study 
have highlighted the need to increase the usage of global sourcing 
strategy in the future. This measure is also indicated by the available 
literature as implemented strategy for guaranteeing the supply of raw 
materials and critical components (Zhu et al., 2020). This result is 
probably linked to the structure of food SCs, which consist of many 
players, and, depending on the final product, raw materials can be also 
numerous (Bottani et al., 2019). The lack of a critical raw material could 
compromise the production, thus preventing the possibility of reaching 
the final customer with finished products. In case of supply disruption, 
the food SC must be able to reconfigure its structure by resorting to 
alternative suppliers, possibly not involved in the disruption. Hence, 
these outcomes indicate that, in a short while, food companies could 
include in the procurement network suppliers located outside the own 
country or continent, increasing the likelihood of having the supplier 
available (Bottani et al., 2019; Koerber and Schiele, 2022). However, 
our empirical results add new information, by indicating that addressing 
new suppliers during a disruption is not feasible in F&B. This aspect 
could have encouraged F&B companies to develop substitute products 
with the available raw materials, as suggested by the food company 
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interviewed in the pre-testing phase. Similar considerations hold true for 
the diversification of transport modes, which is not adopted nor in plan 
for most of the F&B companies involved. If not already in place in the 
pre-Covid period, it is in general hard to think that a food company could 
introduce new transport modes during the pandemic period, as F&B 
requires specific transport conditions for guaranteeing the food preser-
vation and transport tariffs have significantly increased in various 
countries worldwide (Mogaji, 2020). In addition, results show that the 
characteristics of the F&B sector have led companies to face the first 
stage of the pandemic without revising the production processes. 
Indeed, F&B production processes already have a good level of auto-
mation, and employees typically act as supervisors of these processes; 
this is expected to favor (by itself) the distance among workers. At the 
same time, however, food production processes are hard to change, 
because of the greater level of complexity compared to the remaining 
sectors, and the strict constraints and protocols about product quality 
and conformity. Empirical findings from this study also underline that 
digitalization within the food SC is an ongoing process, which is ex-
pected to be accelerated by the pandemic. This outcome is in line with 
the current literature, which highlights that any technology that facili-
tates social distancing, reduces business travels, and possibly increases 
food security (e.g., by providing reliable traceability data) is welcome in 
that sector (Hobbs, 2021a, 2021b). 

A well-known trend in the MACH industry is the implementation of 
just in time and/or lean strategies, whose general aim is to reduce the 
inventory level to a minimum (Sanci et al., 2021). However, it is inter-
esting to note that this is the only sector in which several companies 
have considered to temporarily increase the stock level to counteract the 
emergency (although they are not willing to maintain it in the future). 
Just in time and/or lean strategies are often coupled with single sourcing 
policies with one partner supplier, to take advantage of economic ben-
efits of the partnership (lower transaction costs, higher quality, or 
specialization) and of opportunities for better coordinating the sup-
plier’s deliveries with the production schedule (Sanci et al., 2021). In 
line with these considerations, it is not surprising that MACH companies 
investigated in this study have indicated multiple sourcing as the most 
frequently adopted strategy in response to the Covid-19 emergency, for 
enabling the purchase of components from more suppliers and thus 
enhancing the robustness of the SC (also suggested by Ando and Hay-
akawa, 2022). Our results also confirm that MACH companies are fully 
convinced about the importance of global/transcontinental sourcing 
and do not plan to abandon this strategy despite the difficulties in 
transport due to the Covid-19 (Koerber and Schiele, 2022). Furthermore, 
contrary to F&B, some companies have started to introduce new trans-
port modes during the pandemic, moving from road to rail to improve 
the on-time delivery and avoid issues linked to the limitation of move-
ments between countries. Digitalization of the MACH industry, although 
could be accelerated by Covid-19 (Roosefert Mohan et al., 2022), was 
already at a quite good level in the pre-pandemic period (Yang et al., 
2019). In addition, the pandemic has boosted firm investments in digital 
technologies and automation in many sectors, by increasing the requests 
and sales to MACH industries. Finally, it is also interesting to note that 
immediate protective measures focusing on reorganizing the employee’s 
tasks have been judged as poorly adopted by respondents from the 
MACH sector; the peculiarities of the production activities, usually 
carried out by high skilled and not interchangeable workforce, pre-
vented the possibility of adopting that strategy. 

About the T&F field, our outcomes indicate that this is almost the 
only sector in which a relevant quota of respondents has indicated the 
diversification of transport modes as a strategy adopted to counteract 
the pandemic emergency and to be maintained in the future. That 
strategy, instead, is not so popular (and probably underestimated in its 
effectiveness) in the remaining industrial fields, while it appears as an 
effective response of the fashion SCs to the block of transport activities, 
which has particularly affected that sector. A further interesting 
outcome from this study is that none of the T&F companies surveyed 

mentioned the increase in the stock level as an existing (pre-Covid) risk 
management strategy. The presence of high stock levels, indeed, con-
tradicts the fact that many T&F companies work on a make-to-order 
basis (Braglia et al., 2022), as well as the characteristics of volatility, 
velocity and variety typical of the T&F context (McMaster et al., 2020). 
Another outcome of this study concerns the positive inclination towards 
investing in data and information sharing, which confirms the expected 
increase in the usage of information tools by T&F companies, for 
enhancing their online presence (also discussed by Achille and Zipser, 
2020). The current literature indicates these results as an obvious effect 
of the Covid-19 and specifically of the closure of shops, which acceler-
ated the shift towards a more digital world and triggered changes in 
consumer’s behavior, shifting towards online shopping (Alderighi, 
2021). Finally, the empirical findings of this study also underline that 
the adopted early preventive measures are in line with the pre-Covid low 
level of automation and the need of skilled workers which characterize 
the T&F sector. 

Our findings about the MEM sector indicate that multiple sourcing 
and global sourcing were quite diffused among companies, which, 
coupled with the previous consideration, reinforces the idea that sup-
pliers were located in low-cost countries and thus were particularly 
affected by the pandemic emergency. It is not surprising that the present 
study indicates the local sourcing as provisional countermeasure adop-
ted by MEM companies to face the pandemic, coupled with the tempo-
rary increase in the stock level, which obviously enhances the resilience 
of the system. The trend for the future, instead, is to maintain past 
strategies; this confirms the previous consideration about the primary 
role of global/transcontinental sourcing for various industrial fields and 
the willingness to keep this strategy unchanged in the future (Koerber 
and Schiele, 2022). Our study has also shown that a quite relevant 
(compared to the remaining sectors) quota of MEM companies already 
makes use of different transport modes. Although the specific types of 
transport have not been investigated in the survey, from the interview 
carried out in the pre-testing it emerged that sea transport is frequently 
used when importing components from global suppliers or exporting 
finished products worldwide; intermodal transport can be used to the 
same extent, while road transport is mainly used for deliveries in Italy. 
Because of the problems in exchanging goods from/to China by sea, rail 
has started being used as the primary transport mode for long distances, 
to increase punctuality. A last outcome concerns the future adoption of 
data and information sharing tools, which was judged very positively by 
the companies surveyed. By the way, the current literature has already 
debated on the crucial role of digitalization for MEM, where it is ex-
pected to positively impact, among others, on traceability of assets (e.g., 
between the company’s sites or facilities), production monitoring and 
communication among SC partners (Granillo-Macías et al., 2020). This 
result is also consonant with the usage of digital solutions as immediate 
countermeasure adopted to face the spread of the pandemic, grounding 
on the wide automation and digitalization started by this sector even 
before the pandemic itself. Similarly, the need for specialized manpower 
has limited the possibility of changing the operators’ tasks and reor-
ganizing the work shifts to guarantee the social distancing. 

Once again, results of this study highlight some traits of uniqueness 
of the L&T field with respect to the adoption of mitigation strategies. 
L&T emerged the only sector that has no interest in applying any 
strategy among those typically used to counteract risks and disturbances 
in the SC. This result, although surprising at first glance, can be justified 
if thinking about the kind of activity carried out by L&T companies, as 
most of these companies will probably act as third-party logistics service 
providers. This outcome confirms the current literature, which identify 
the possibility to even increase the logistics services during the 
pandemic as more companies outsource SC and logistics activities 
(Perkumiene et al., 2021). Hence, the choice of increasing the stock level 
or to implement a given sourcing strategy does not apply to this sector. 
However, findings from this study reveal that some industry-specific 
countermeasures against Covid-19 were nonetheless adopted by L&T 
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companies, such as the revision of the allocation of items in the com-
pany’s warehouse, or the definition of new procedures for loa-
ding/unloading of goods. These practices thus fit particularly L&T 
companies, because of the peculiarities of the logistics activities, while 
they are not popular in the remaining contexts. Instead, the only miti-
gation strategy of interest to L&T companies for a future implementation 
is the usage of data and information sharing tools (Twinn et al., 2020); 
however, the expected increase in the usage of these tools is not so 
striking. 

5.2. Managerial implications 

The present study also provides several practical implications and 
valuable suggestions for companies on how to manage disruption and 
post-disruption periods within their organizations and overall SCs. The 
primary lesson that emerged is the possibility for firms to exploit the 
acquired experience to convert the Covid-related disruptions into op-
portunities for improvement. As we found that mitigation measures 
typically did not involve consequences on service performance and 
productivity of companies, some of these measures can be maintained 
and even reinforced in the future. As far as their cost, this needs to be 
converted into an investment for the future for maintaining these 
measures. Hence, two key areas of strategic intervention arise from this 
study:  

a) Internal (Re-)organization: the strong variations in volumes and SC 
conditions resulting from this study have attested the importance of 
agility and digitalization; by the way it has long been known that 
“resilience implies agility” (Christopher and Peck, 2004). The pro-
motion of agile work and agile processes needs a change in the vision 
of the company and the awareness that a new concept of work must 
be developed. The findings of this study reveal that smart working 
has been adopted to face the pandemic and guarantee the social 
distancing. However, once restored the pre-Covid conditions, this 
measure should be adapted to the industrial context, since it should 
no longer be conceived as the same work, simply made from home 
(Brown, 2008; Clack et al., 2019). Also, the implementation of this 
practice should be designed with the aim of capturing the peculiar-
ities of the specific sector. New practices, new objectives, and new 
system to measure workers’ performance should be also designed. 
Agile work also needs the revision of social relations and workspaces, 
reducing the space for individual offices (individual work can be 
performed at home), and increasing the space dedicated to social 
interaction and brainstorming (meeting, workshop, training, 
mentorship) (Holeman and Kane, 2020). At the same time, agile 
processes need the implementation of Industry 4.0 tools to provide 
digital and automated solutions to adopt in global and volatile 
markets. All the companies involved in this study have confirmed the 
importance of adopting these tools to rapidly react to pandemic and 
mitigate the relating negative effects. Hence, companies should 
consider the need to re-design the workspaces and revise the working 
processes to allow for smart technologies to support more and more 
the human work. Technology should be pulled and not pushed by the 
manufacturing system (Tortorella et al., 2023), and the organiza-
tional conditions should be prepared for automation and digitaliza-
tion before their adoption. 

b) External (Re-)organization: if our findings indicate that the imple-
mented countermeasures strongly depend on the industrial sector, it 
is equally clear that all the sectors attribute to other SC players the 
cause of the change experienced in volumes and service perfor-
mance. The only difference is observed in the origin of the perturb-
ance, which mainly comes from the upstream (MACH, and MEM) or 
downstream (F&B, L&T, and T&F) the SC. This result should 
encourage companies to adopt or maintain in the future all the 
measures aiming to enhance the robustness of the whole network. It 
is interesting to note from this study that, regardless of the industry 

field, the diversification of the sourcing strategy has been considered 
as a winning practice to manage unexpected interruptions along the 
SC. On the contrary, outcomes reveal that only sectors mainly 
structured in global SCs (T&F, MEM, and MACH) have considered 
the diversification of transport modes to overcome the difficulties in 
transport due to the Covid-19. Some authors have reported that 
among the future effects of the Covid-19, a decrease in transport 
activities could be expected, as global SCs will become less global, 
being distant destinations perceived as less reliable than closer ones 
(Alderighi, 2021); other authors, instead, claim that global/-
transcontinental transport will not be affected by medium-/-
long-term effects of the pandemic, as various industrial fields cannot 
do without global sourcing strategies (Koerber and Schiele, 2022). 
Looking at the outcomes of this study, most of the companies sur-
veyed declared not to be predisposed to change their transport 
modes; however, the evidence on the L&T field seems to support the 
idea that Covid-19 will not involve a decrease in transport activities 
in the future; this should lead companies to reflect on the possibility 
to revise the organization of transport to increase resilience of its 
business. 

5.3. Future research directions 

This study is expected to fuel various lines of research, by offering, in 
the meanwhile, reliable data that could help researchers gain a deep 
understanding of Covid-19 related phenomena. The following research 
directions are suggested for future studies:  

• the future role of L&T companies and the medium-/long-term effect 
of Covid-19 on L&T activities need further analysis. Outcomes of our 
study suggest that Covid-19 will not involve a decrease in the de-
mand of L&T services in the short-/medium-term, but the fact that 
some industry fields investigated experienced a decrease in the vol-
umes handled could somehow contradict that conclusion. Repeating 
an analysis similar to that made in this paper in a suitable time (e.g., 
one year) or carrying out a dedicated empirical study targeting L&T 
companies would allow to derive additional insights on this topic;  

• more in general, dedicated analyses, in the form of surveys or case 
studies, would be appropriate for each of the sector investigated in 
this paper, to increase the level of detail of the results obtained;  

• similar behaviours were observed for some sectors (e.g., F&B and 
L&T), which seems to suggest correlations and interdependences 
across industries. Analysing these aspects was out of scope for the 
present study, but could represent an interesting future research step;  

• to enhance the generalization of the outcomes, other sectors could be 
taken into consideration for expanding the present analysis and 
gaining further insights. Similarly, an enlarged sample of companies 
could be analyzed in the near future to further substantiate the 
outcomes observed. 

6. Conclusions 

This paper has proposed an empirical survey whose aim was to 
investigate the impact of Covid-19 pandemic on logistics processes, 
looking at five different industry fields and considering a time span of 
18-month (from January 2020 to June 2021). As such, this study con-
tributes to the literature in various ways. First, it fuels the debate about 
the relationships between Covid-19 and logistics and supply chain ac-
tivities across different sectors and periods, which, despite the wide 
literature on Covid-19, is not so investigated. Second, it reports real 
(empirical) data on various industry fields; this is an important point, as 
some industrial sectors have been widely investigated as far as the 
impact of Covid-19 (e.g., F&B), while other (e.g., MEM or MACH) have 
been significantly less explored. Also, even if looking at well-debated 
industry fields, empirical studies on the impact of Covid-19 are still 
limited and the available studies often refer to contexts outside Europe, 
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with no studies carried out in Italy. 
At the same time, the fact that our research sample consists of 

companies from Italy only could be seen as a limitation. Actually, 
focusing the analysis on a specific country is a common procedure in 
empirical studies targeting industry fields, and is often an effective 
approach, since the country delimitation offers a homogeneous context 
among the firms investigated. In this specific case, also restrictions 
imposed by the Italian government across the considered periods are 
homogeneous among and into sectors; this makes the sample suitable for 
the proposed analysis. Unfortunately, however, a country-specific study 
could reduce the potential for generalizing our findings. Hence, it is 
recommended to conduct future studies in other international contexts, 
in which different scenarios could have affected the same sectors in 
different ways. 
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Appendix 1  

Table A- 1 
Scheme of the questionnaire used in the survey  

Sections Items Question type (scale) 

Section 1: general questions Respondent’s area of expertise Open question 
Respondent’ role in the company Open question 
Industry field Closed question (response 

options) 
Number of employees Closed question (response 

options) 
Annual turnover Closed question (response 

options) 
Section 2: impact of Covid-19 on the sales volumes Please rate the increase in the volumes handled by the company compared to 

2019, from Q1 to Q6 
Closed question (scale #1) 

Please rate the decrease in the volumes handled by the company compared to 
2019, from Q1 to Q6 

Closed question (scale #1) 

Please rate the role of the following causes in determining a change in the sales 
volume:  
1. Demand variation  
2. Consumer habits variation  
3. Limitation of import/export of raw materials and finished products  
4. Limitation to people movements  
5. Plant closure  
6. Interruption of activities of the Italian suppliers  
7. Interruption of activities of the foreign suppliers  
8. Interruption of activities of customers  
9. Absenteeism. 

Closed question (scale #1) 

Section 3: impact of Covid-19 on service quality Please rate the changes in the following service performance, from Q1 to Q6:  
1. On-time delivery  
2. Order quality  
3. Delivery lead time 

Closed question (scale #2) 

Please rate the role of the following causes in determining a change in the 
service performance:  
1. Blocking of transport activities due to lockdowns  
2. Production delays  
3. Supplier delays 

Closed question (scale #1) 

(continued on next page) 
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Table A- 1 (continued ) 

Sections Items Question type (scale) 

Section 4: impact of Covid-19 on work organization Please rate the level of usage of the following measures in response to the Covid- 
19 emergency: 
1. Re-layout of workspace and offices 
2. Smart working practices 
3. Revisited allocation of items in the company’s warehouse 
4. Revision of the production activities for enhancing the social distance 
5. Reduced number of employees per work shift 
6. Changes to the operator’s tasks 
7. Sanitization of equipment between work shifts 
8. Usage of digital systems to reduce physical contacts 
9. Usage of personal protective equipment (PPE) 
10. Usage of protective barriers between workstations 
11. Introduction of rules for loading/unloading of goods. 

Closed question (scale #1) 

Please rate the impact of the above measures on the following company’s 
performance: 
1. Costs 
2. Productivity 
3. Service level 

Closed question (scale #2) 

Section 5: impact of Covid-19 on present and future decision- 
making strategies 

Please rate the level of usage of the following strategies:  
1. Sourcing strategies: multiple sourcing, global sourcing, and local sourcing  
2. Increase in the stock level  
3. Diversification of transport modes 

Closed question (ad hoc 4-point 
scale) 

Please rate the level of usage of the following digital solutions in the future:  
1. Cooperation and data sharing tools downstream and upstream the SC  
2. Industry 4.0 technologies for a rapid and safe information sharing  
3. Industry 4.0 technologies for enhancing the process automation 

Closed question (scale #1)  

Appendix 2  

Table A- 2 
Details of the statistical tests (Note: statistically significant outcomes at p < 0.05 are highlighted)  

RQ Item tested Details F- 
value 

Sign. 

1 Increase in the sales volume vs. industry field Q1 1.371 0.245 
(ref. Fig. 1(a)) Q2 4.666 0.001 

Q3 3.662 0.005 
Q4 1.932 0.099 
Q5 0.990 0.430 
Q6 1.957 0.095 

1 Decrease in the sales volume vs. industry field Q1 1.018 0.413 
(ref. Fig. 1(b)) Q2 3.267 0.010  

Q3 2.272 0.056 
Q4 1.817 0.119 
Q5 0.676 0.643 
Q6 1.406 0.232 

1 Impact of factors on the variation of sales volume vs. industry field demand variation 0.998 0.425 
(ref. Fig. 2) consumer habits variation 1.402 0.233 

limitation of import/export of raw materials and finished 
products 

0.784 0.564 

limitation to people movements 1.357 0.250 
plant closure 1.501 0.199 
interruption of activities of the Italian suppliers 3.416 0.008 
interruption of activities of the foreign suppliers 3.133 0.013 
interruption of activities of customers 1.537 0.188 
absenteeism. 0.774 0.571 

1 Variation of service parameters vs. industry field - on time delivery Q1 0.659 0.656 
(ref. Fig. 3(a)) Q2 1.383 0.240 

Q3 1.567 0.180 
Q4 0.910 0.479 
Q5 2.473 0.039 
Q6 1.284 0.279 

1 Variation of service parameters vs. industry field - order quality Q1 0.492 0.781 
(ref. Fig. 3(b)) Q2 1.698 0.145 

Q3 1.405 0.232 
Q4 0.918 0.474 
Q5 1.084 0.376 
Q6 0.896 0.488 

1 Variation of service parameters vs. industry field - delivery lead time Q1 0.991 0.429 
(ref. Fig. 3(c)) Q2 1.776 0.128 

Q3 1.705 0.143 
Q4 0.863 0.510 
Q5 2.861 0.020 

(continued on next page) 
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Table A- 2 (continued ) 

RQ Item tested Details F- 
value 

Sign. 

Q6 4.319 0.002 
1 Causes of variation of service performance vs. industry field - block in transport 

activities 
Q1 1.997 0.088 

(ref. Fig. 4(a)) Q2 4.287 0.002 
Q3 4.047 0.003 
Q4 1.577 0.177 
Q5 1.413 0.229 
Q6 1.433 0.222 

1 Causes of variation of service performance vs. industry field - production delays Q1 1.555 0.183 
(ref. Fig. 4(b)) Q2 2.506 0.037 

Q3 2.672 0.028 
Q4 2.474 0.039 
Q5 2.237 0.059 
Q6 2.365 0.047 

1 Causes of variation of service performance vs. industry field - supply delays Q1 1.179 0.327 
(ref. Fig. 4(c)) Q2 2.091 0.076 

Q3 1.856 0.112 
Q4 1.341 0.256 
Q5 2.017 0.086 
Q6 2.515 0.037 

2 Usage of the preventive strategies adopted by companies vs. industry field re-layout of workspace and offices: 0.496 0.779 
(ref. Fig. 5) smart working practices 2.533 0.035 

revisited allocation of items in the company’s warehouse 1.416 0.228 
revision of the production activities for enhancing the social 
distance 

1.907 0.103 

reduced number of employees per work shift 1.262 0.289 
changes to the operator’s tasks 1.509 0.197 
sanitization of equipment between work shifts 0.863 0.510 
usage of digital systems to reduce physical contacts 2.486 0.038 
usage of personal protective equipment (PPE) 1.525 0.192 
usage of protective barriers between workstations 1.033 0.404 
introduction of rules for loading/unloading of goods 0.867 0.507 

2 Impact of the preventive strategies vs. industry field on cost 0.337 0.889 
(ref. Tables 2–4) on productivity 0.462 0.803 

on service level 0.595 0.704 
2 Past, present and future adoption of mitigation strategies vs. industry field sourcing strategies - multiple sourcing 2.660 0.029  

(ref. Fig. 6(a-e)) sourcing strategies - global sourcing 2.164 0.067  
sourcing strategies - local sourcing 1.461 0.212  

(ref. Fig. 7(a)) increase in the stock level 1.178 0.328  
(ref. Fig. 7(b)) diversification of transport modes 0.539 0.746 

2 Level of adoption of digital solution in the future vs. industry field cooperation and data sharing tools downstream and upstream the 
SC 

0.986 0.432 

(ref. Fig. 8) Industry 4.0 technologies for a rapid and safe information sharing 0.651 0.662 
Industry 4.0 technologies for enhancing the process automation 0.747 0.591  
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