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+e COVID-19 pandemic has continued to result in severe disruptions to food supply chains. In this research, we present a
simulation study on the impact of the COVID-19 pandemic on food supply chains and their sustainability using the lobster
industry in Nova Scotia, Canada, as an example. +e main contributions of this paper are twofold. First, it analyzes how the
pandemic has negatively disrupted lobster supply chains and their sustainability. Second, it demonstrates how a simulation-based
methodology based on the software AnyLogistix can be applied to examine the effects of a pandemic on food supply chains. We
show the impacts of the COVID-19 pandemic from four perspectives: production-inventory dynamics, customer performance,
financial performance, and lead-time performance. Our findings include the following. First, the pandemic has created a backlog
problem for the live lobster industry. Second, it has significantly increased the lead time of the lobster supply chain. Overall, this
research can help the government and trade organizations to devise appropriate policies to reduce the negative impacts of the
pandemic on food supply chains and their sustainability.

1. Introduction

Over the past several decades, global supply chains have
become critical to the success of many firms and industries.
Moreover, firms and industries have adopted systems such
as “just in time,” “build to order,” and “vendor managed
inventories” to become efficient [1]. However, this has made
themmore vulnerable to supply chain disruptions, especially
those caused by crises [2].

In the month of January 2020, many manufacturers were
shut down in China due to the COVID-19 pandemic. +is
created a severe disruption of global supply chains as China
is an important supplier of numerous raw material and
intermediate goods to countries across the world. On March
11, 2020, the World Health Organization (WHO) an-
nounced the novel coronavirus disease as a pandemic, given
that there were more than 121,000 cases in 118 countries.
+e crisis has caused simultaneous global disruptions to
both supply and demand. On March 24, the Ontario,
Canada, government announced a shutdown of all

nonessential businesses. Restaurants were only able to offer
take-out, drive-through, and delivery services. As a result,
many food manufacturers have been forced to destroy their
products due to a lack of buyers because of the closure of
restaurants, schools, and food service businesses, hurting the
Canadian food supply chains [3]. Hence, it is important to
study how the pandemic has affected Canadian food supply
chains.

+e goals of this paper are twofold. +e first is to analyze
how the COVID-19 pandemic has negatively disrupted
Canadian food supply chains from four perspectives: pro-
duction-inventory dynamics, customer performance, fi-
nancial performance, and lead-time performance. +e
second is to demonstrate how the simulation-based meth-
odology can be used to examine and predict the effects of the
pandemic on food supply chains. To achieve these two goals,
we conduct a simulation study to analyze how Canadian
food supply chains have been disrupted by the COVID-19
pandemic using lobster industry in Nova Scotia as an ex-
ample. As demonstrated by Klibi and Martel [4] and
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Cannella et al. [5], simulation models are effective for an-
alyzing supply chains under uncertain conditions.

For the simulation in this research, we adopt the
AnyLogistix software to analyze the complex supply chain
system for the Canadian lobster industry. Moreover, we
identify the supply chain behavior by examining indi-
vidual components and how they interact at different
stages. As demonstrated by Ivanov [6], the AnyLogistix
has been widely adopted to analyze supply chain risk and
resilience. Following Ivanov [6], we build a standard
AnyLogistix model with “SIM Global Network Exami-
nation” to analyze the large-scale problem. Note that the
AnyLogistix software is also adopted in several latest
studies on supply chain disruptions such as Moosavi and
Hosseini [7], which provide more theoretical support for
our methodology.

+e rest of this paper is structured as follows. Section 2
reviews the literature related to pandemics and simulation-
based methodologies. Section 3 presents the detailed sim-
ulation model based on the AnyLogistix software to examine
the impacts of the COVID-19 pandemic on supply chains
and their sustainability. Section 4 discussed the experimental
results for the lobster supply chain in Novita Scotia. Finally,
Section 5 concludes the paper by summarizing the main
contributions and conclusions in the paper.

2. Literature Review

During the past several decades, an increasing number of
epidemic or pandemic outbreaks worldwide have been
witnessed [6, 8]. While there are quite a few studies on the
impacts of epidemic outbreaks through the humanitarian
logistic point of view, the literature on the impact of pan-
demic outbreaks on commercial supply chains is still rare
[6]. Furthermore, Ivanov and Dolgui [9] argue that the
simulation-based methodology is effective when using time-
dependent parameters and analyzing capacity degradation
and recovery. To be more specific, the simulation-based
methodology has the advantage when handling complex
problem settings with changing logical and randomness
constraints. Besides, the AnyLogistix software is useful when
constricting the supply chains paths. It constitutes a com-
plete set of technologies to build a digital supply chain
[7, 9, 10].

Next, we first review related studies regarding the im-
pacts on supply chains generated by pandemics in Section
2.1. In Section 2.2, we then review studies on how simulation
models can be applied to analyze the consequent disruption
risks.

2.1. Epidemic Outbreaks and Supply Chains. An epidemic
outbreak can greatly affect a food supply chain through
“disruption propagation in the supply chain and epidemic
outbreak propagation in the population” and also through
“disruption in the infrastructure of logistics, demand, and
supply” (p. 20 of [11]). +e spread speed of epidemic
outbreaks is much more rapid than other disruptions [12].
Supply chains involve producing and delivering products

starting from different suppliers to final consumers. Food
supply chains contain several interdependent steps and
operations, such as supplier, distribution center, food
processing, and consumer handling, to deliver food
products from suppliers all the way to the end customer.
+ey are often more focused on product quality and en-
vironmental sustainability demand [13]. Furthermore, the
increasing globalization of food supply chains means that a
lack of response to food crises could cause severe problems
in health and trade [14]. For example, Johanis [15] reported
a pandemic response plan designed for Toronto Pearson
Airport to limit the negative effect of the SARS epidemic
outbreaks around 2002-2003. +is virus adversely affected
the airline industry, which indirectly affected food supply
chains.

However, the long response time from the government
caused the negative effect from the SARS epidemic to be
doubled [15]. In 2013, the avian influenza H7N9 spreading in
China created a short-run economic loss in China’s poultry
meat supply chain [16]. Similarly, the Ebola outbreak in
West Africa caused over 4500 deaths in 2014, with several
national health authorities requiring the affected regions to
remain isolated for the entire duration due to Ebola’s strong
ability to spread, and it caused a delay of shipments any-
where from 10 to 21 days due to the high-security level
regulation from the government [17]. In this case, the output
for agricultural products shrank as the epidemic outbreak
spread further [17].

Before the pandemic occurred, Canada’s Food Price
Report expected food prices to increase by 2%–4% in 2020
due to climate change, geopolitical risks, currencies, and
the trade environment [18].+e COVID-19 pandemic has
had several impacts on the Canadian food industry.
Canada announced new measures to support local
farmers and agri-food businesses two weeks after the
World Health Organization declared the global outbreak
of COVID-19 pandemic on March 11 [19]. +e pandemic
has caused operational sustainability for farmers, and it is
expected to make food prices more volatile. Moreover,
farmers are forced to deal with the impact of the pan-
demic and restart operations after Stage 3 of the
reopening when all business and public spaces are per-
mitted to open. Besides, a surplus of unsold goods has
been caused by collapsing demand for their food products
due to the closure of all nonessential business because of
the pandemic. In May 2020, the Canadian Pork Council
estimated that there was a surplus of 140,000 pigs in
eastern Canada, with a $675 million loss expected for the
industry [20]. +e Canadian Cattlemen’s Association also
announced that the beef industry lost around $500
million at the end of June due to the collapse in pro-
duction which was caused by the pandemic [20].+us, the
pandemic further slowed down the food processing times
and generated long-lead times for factories which had a
negative impact on Canadian food production industry.
As a result, the coronavirus pandemic has caused and will
continue to cause negative impacts, such as financial
losses and collapses in productions, to Canadian food
supply chains.
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2.2. Simulation-Based Supply Chains’ Modelling. Dynamic
simulation models are shown to be useful to analyze supply
chain behavior [6]. In addition, simulation studies are
generally used for analyzing supply chain risks by incor-
porating methods such as agent-based methods and system
dynamics methods [10, 21–23]. Klibi and Martel [4] dem-
onstrate that simulation-based models are particularly useful
for analyzing the impacts on supply chains under certain
conditions or changes. However, there are few articles which
combine simulation-based methodology with disruptions to
analyzing the effect of epidemic outbreaks on supply chains
[24].

As indicated by Ivanov and Dolgui (p. 3 of [9]), the
simulation-based methodology demonstrates the impact
from two aspects, logical and randomness constraints, such as
“randomness in disruptions, inventory, production, sourc-
ing, shipment control policies, and gradual capacity deg-
radation and recovery.” Moreover, simulation-based
methodologies are designed to analyze the impacts of dis-
ruptions on supply chains under time-dependent changes
[4, 6]. It is valuable to determine the impact of epidemic
outbreaks on supply chains, as discussed previously. For
instance, with the coronavirus pandemic in 2020, all non-
essential businesses were shut down, and it disrupted local
food supply chains. By generating detailed control policies,
epidemic outbreaks can be analyzed using financial, cus-
tomer, and operational performance data from various in-
dicators [6, 25].

In order to solve food quality and sustainability issues,
Van der Vorst et al. [26] introduced a new simulationmodel,
the ALADIN™ (Agro-Logistic Analysis and Design In-
strument), to analyze the potential problems of food supply
chains. +e model presents the impact of changes in food
supply chains by changing the environmental conditions
and keeping track of quality and sustainability indicators in
the model. However, the ALADIN™model is not ideal when
it is used to analyze time-dependent cases because it takes a
long time to build and analyze. Furthermore, it is not ap-
propriate to study the short-run impacts on food supply
chains when analyzing the effect of epidemic outbreaks [26].
Compared with the ALADIN™ model, anyLogistix provides
a more accurate way to generate a simple simulation-based
model which creates a resilience analysis, and it can also
incorporate responses to short-run effects while analyzing
time-dependent parameters [6, 27]. It can provide a com-
bination of simulation, poetization (CPLEX), and perfor-
mance visualization of supply chains. It also constitutes a
complete set of technologies to build a digital supply chain
[9, 10]. +erefore, anyLogistix is a good candidate for a
model that can determine time-dependent parameters and
evaluate the impacts of disruptions within certain time
periods.

Ivanov [6] points out that it is important to build a
simulation-based model by using anyLogistix software. It
indicates that, by comparing the speed of the pandemic
propagation and the duration of the pandemic length, the
different reactions of supply chains impacted by the pan-
demic can be observed. Moreover, during epidemic out-
breaks, the reaction of supply chains depends on the timing

and ripple effect. It also depends on the sequence that
various facilities close and open in the different stages during
outbreaks [6]. Meanwhile, the disruption in both supply and
demand during the epidemic outbreaks may have a positive
effect on supply chains based on the people’s reaction to
outbreaks [6]. Overall, the simulation model has the ad-
vantage of handling complex problems when the situational
behavior changes in the model over time, such as stopping
the supply of products during certain periods [6].

3. The Simulation Model

A simulation model is designed to create a digital prototype
using real-world data to analyze the performance of the
system to be simulated. In the food industry, simulation
models are often used when the logistics of the supply chains
encounter uncertainties [26].

3.1. Simulation Model Design. Ivanov [6] confirms that the
standard AnyLogistix model “SIM Global Network Exam-
ination” is very effective for analyzing large-scale problems,
such as customer service and risk management, and ex-
amining the scalability and the accuracy of the result for the
model. We set the appropriate parameters of the model
based on different stages of the live lobster market.
According to Aucoin [28], the standard lobster supply
chains contain four parts: customer, food service or retailer,
distributor, and suppliers.

As illustrated in Figure 1, two suppliers are in Halifax
and Digby, and they are the two top volume lobster pro-
ducers in Nova Scotia. +ese two suppliers supply live
lobsters to two distribution centers, who in turn distribute
them to four factories or food service in Montreal, Van-
couver, Edmonton, and Toronto. Factories then use these
live lobsters from the distribution center to supply both live
lobster and lobster-related products to 47 customers near
them. +ese customers are generated using the AnyLogistix
software by setting a minimum city population of 15,000.

Recent studies indicate that supply chain performance
mainly rely on the timings and the events that are provided
for a model [6]. +erefore, we input several events into the
model based on recent real-world events. For example,
several provincial governments decided to shut down all
nonessential businesses on March 15th, 2020. Furthermore,
consumption dropped by 40%, causing several production
lines to shut down afterMarch 15th due to the lack of buyers,
with all factories shut down after March 15th for 30 days
because several employees had been affected by the disease.
It caused the lobster factories to temporarily close for health
surveys, masks, and temperature checks. Suppliers in Nova
Scotia stopped supplying products for 30 days since the
coronavirus pandemic has crushed the markets and caused
the demand for live lobster to drop dramatically [29].

In addition to the above, paths (such as from distributor
to factories) and events are required when creating the
model. Paths indicate how supply chains work for the
Canadian lobster industry and offer a general overview of the
model. Events are generated as the trigger for the pandemic
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within the model and add in external affects to the model. As
a result, the model can demonstrate the impact of the
coronavirus pandemic specifically.

3.2. Data. As demonstrated by Anparasan and Lejeune [8],
several fundamental pieces of data are required while
generating the model, such as geographic location data, lead-
time data, and demand data.

3.2.1. Geographic Location Data. +e geographic location
data are generated using the software by setting the number of
customers as 50 and the minimum city population as 15,000.
+us, the software will automatically generate 50 customers
from different cities in Canada when it has more than 15,000
people. Customers are ordering products from factories every
five days. Based on the location, the latitude and longitude of
customer’s location are generated automatically, which are
used when calculating the transportation costs. In general,
suppliers are using airplanes to ship their live lobster to
distribution centers, and distribution centers and factories use
trucks to deliver products, and most of the orders from
factories are delivered by FedEx [30].

3.2.2. Lead-Time Data. It shows the time between sending
the products and completion of the delivery process.
Shipping by trucks often takes 2 to 3 days to deliver live
lobster to the distribution center and takes 1 to 2 days to
provide live lobster to factories. Customers are expected to
get their products within two days before March 15th [30].
After March 15th, factories are shutting down, which
generated long-lead time for customers. As a result, all lead-

time orders will extend between 2 and 3 days. However, the
expected lead time for customers is only three days [30]. +e
extended delivery time negatively affects the ELT (expected
lead time) service level, which is the ratio of products de-
livered on time to the overall number of products shipped.

3.2.3. Demand Data. +e demand data show the amount that
customers order from the factories. Customers will order
entirely based on their demand, and it is often between 4 to 80
lbs per order before March 2020. During the pandemic, de-
mandwill decrease by 40%, since all nonessential businesses are
shut down, including restaurants. Since most lobsters are sold
at restaurants; therefore, the demand for lobster drops dra-
matically. Furthermore, the initial order for lobster is indeed
low. Following Ivanov [6], the primary purpose of this model is
to determine the impact of disruption due to the pandemic.
+erefore, we will omit several variables, such as CO2, from
facilities and processing and loading and unloading gates.

Other variables are also considered in the model, such as
price flow and distribution type for factories and distribution
centers. From Figure 2, the price that suppliers sell live
lobsters to disruption center is around $6.5 per lbs., and
distributors sell live lobsters to factories by $9.0–$9.5 per lbs.
[28]. Factories are then using these live lobsters to make
lobster-related products, and sell both live lobster and
lobster-related products to the customer by $10–12 per lbs.
[28]. +e price for products is continually increasing yearly
with a minimal amount. Besides, factories and distribution
centers split the demand equally to each of the available
sources, which simultaneously supply the customers. Based
on the data and the supply chain design as illustrated in
Figure 3, we can run the simulation experiment and
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Figure 1: +e lobster supply chain.
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compute the statistics results using AnyLogistix software.
Note that we have conducted simulations using other input
values and obtained similar results.

4. Simulation Results and Discussion

Following the models of Ivanov [6] and Aucoin [28], we
tested the impact of the pandemic on the supply chain
performance of the lobster industry in Canada. Our analysis
and results consist of the following four parts: (1) produc-
tion-inventory dynamics (as summarized in Table 1), (2)
customer (ET service level) performance, (3) financial
performance, and (4) lead-time performance. Next, we will
present more details for each part.

4.1. Production-Inventory Dynamics. Figure 4 shows the
available inventory for live lobster and lobster products
including backlog.+e y-axis is the total inventory including
backlog for suppliers, distribution centers, and factories in
total. +e trend defined the difference between available
inventory and demand. Furthermore, inventories for sup-
pliers are checked every 60 days, and inventory distribution
center and factories are checked every 30 days. However,
they stop producing and checking between day 75 to day 120
due to the pandemic.

+e present backlog problem for the live lobster industry
caused the stock of lobster to collapse. Suppliers are not able
to sell the same amount of lobster than before, so the in-
ventory for live lobster keeps increasing. Figure 4 shows the
inventory including backlog for live lobsters, keeps in-
creasing in the short run from day 150 to day 300. However,
the extra backlog starts to decrease as the pandemic’s effect
becomes lighter and eventually returns to the organic level in
the long run. Still, the disruption will last at least one year.
From the supplier side, they cannot throw captured lobsters

Harvester
(Supplier)

Distributor
(DC)

Food Service
(Factories) Consumer

(Ordering Price: $10.00-12.00/lb.)(Ordering Price: $9.00-9.5/lb.)(Ordering Price: $6.5/lb.)

Order from

Shipping to Shipping to Shipping to

Order from Order from

Figure 2: Product and price flows. Note: the figure is adapted from direct marketing of Cape Breton lobster and its impact on the triple
bottom line of fishery performance (p 17 of [28]).

• March 15 Consumption for live lobsters drops around 30%
• April 15 Production line for live lobster shutdown
• April 20 DCs temporarily closed 
• May 6 DCs reopen
• May 15 Production line for live lobsters reopen

Figure 3: Supply chain design (screenshot from anyLogistix™). (i) March 15: consumption for live lobsters drops around 30%. (ii) April 15:
production line for live lobster shutdown. (iii) April 20: DCs temporarily closed. (iv) May 6: DCs reopen. (v) May 15: production line for live
lobsters reopen.

Table 1: Total production.

Products Value Total production (lbs.)
1 Live lobster 18,131.4 Production unit
2 Lobster products 21,153.8 Production unit
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back into the sea because they need to protect young lobsters
and female lobsters with eggs. +us, the crash in price will
generate negative effects on each stage of the supply chain.

4.2. Customer (ELT Service Level) Performance. +e ELT
service level shows customer performance which is the ratio
of products delivered on time to the overall number of
products shipped. It is calculated as follows:

ELT service level by products �
Products in the on time orders
Products in the outgoing orders

.

(1)

As shown in Figures 5 and 6, the ratio is equal to 1 before
day 75 (pandemic start) and drops dramatically after the
pandemic started. Before the epidemic, the expected lead
time for customers is two days, but after the pandemic, the
expected lead time becomes longer. As the effects of the
pandemic begin to take place, factories begin shutting down
and stop sending out orders to customers. +us, the ratio for
ELTservice level drops dramatically after day 75. However, it
will gradually increase after day 130 as the pandemic’s effect
becomes smaller. From Figure 6, it shows that compared
with other factories, the factory in Toronto has been affected
by the pandemic the most, and the Edmonton factory has
been affected by the pandemic at the least. +is is due to the
high volume of ordering from the Toronto factory as op-
posed to the Edmonton factory.

4.3. Financial Performance. Figure 7 shows the profit, rev-
enue, and total cost for suppliers, distribution centers, and
factories in total. It comes from selling products to cus-
tomers and shows the lobster industry is still able to generate
profit during the pandemic since the blue column is above
zero. More detailed information is provided in Table 2.
Moreover, compared with other costs, such as facility cost
and production cost, the outbound processing cost is the
most expensive process in the supply chain. +us, the total
revenue for all three paths is around 368 million per year
during the pandemic based on the data we input.

4.4. Lead-Time Performance. +e lead time shows on the
delivery time of every ordered product item. It updates each

time a shipment with the order is delivered, and all delivered
orders are considered no matter if they are on time or
delayed. +e y-axis for graph five shows the total lead time
for delivered orders in each factory. Figure 8 shows that,
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before day 120, each factory’s lead time is consistent, but
after the pandemic, the lead time almost doubled for each
factory. Compared with other factories, the lead time for the
Toronto factory is increasing significantly and is
approaching 60 days in day 300, which is double the lead
time before day 120. Besides, the lead time for Edmonton has
been affected by the pandemic the least. Even though the
lead time doubled after day 120, it becomes more consistent
after day 220. Figure 9 represents the mean lead time for
delivering products to the customer, and it presents a similar
result for Figure 8. It shows that, before day 120, the mean
lead time for factories is around 1.5 days, and it is ap-
proaches three days after day 120.

As shown in this case study of the lobster industry, the
pandemic could create backlog problems, and it is the same
for other food industries. +e closing of suppliers and
factories caused the collapse of products. It also caused
factories take a longer time to deliver products to customers.
+e long-lead time further pushes down the demand.
Furthermore, the effect will last at least one year and gen-
erate long-term negative effect for the society. To support the
industry, the government initiated several polices to assist
food industries. +e $77.5 million emergency processing
fund to assist food processors and the surplus food purchase
program is a $50 million fund to redistribute surplus
commodities (support for Canada’s food supply system,
2020). As a result, it helps food processors to adjust

operations and continue production during the pandemic by
upgrading their equipment and introducing automation.

Based on the case study, we examined the importance of
the simulation-based model while studying food supply
chains. Furthermore, we find that more extended epidemic
propagation delays mainly cause a decrease in supply chain
performance, for example, the sequence of facility closing
and operating at different stages and the decrease in product
demand caused by the events. In general, the model is able to
observe the combined effects of several adverse events. +is
is imperative when examining the epidemic outbreaks be-
cause they have the potential to cause negative impacts to
several aspects of supply chains at the same time. +us, it
shows that simulation-based methodology is useful when
analyzing the impact of pandemic.

5. Conclusions and Future Research

5.1. Conclusions. +is paper examined how the COVID-19
pandemic negatively disrupted the Canadian food supply
chains by using the lobster industry in Nova Scotia as a case
study. Simulation results are obtained using the software
AnyLogistix on four dimensions of supply chain perfor-
mance: production-inventory dynamics, customer perfor-
mance, financial performance, and lead-time performance.

To be more specific, based on the simulation results
obtained in this paper, firstly, we show the pandemic caused
a backlog problem for food processors. In order to sell these
products, suppliers decrease their prices. +is causes a crash
in price and hurts the industry overall. In addition, it creates
long-lead times for customers and doubled the shipping
time from food processors. +e long-lead time caused the
demand to drop and further decreases the industry profits.
Secondly, we demonstrate how simulation-based method-
ology can be used to examine and predict pandemics’ im-
pacts on food supply chains. By generating the sequence of
facility closing and operating at different stages, we can
observe the combined effects from several negative events
associated with epidemic outbreaks. Furthermore, our re-
sults demonstrate clearly that the impacts of the pandemic
will last at least a year and the industry will recover slowly.
Managers and policy makers can use the outcomes of this
research to predict and analyze the impact of epidemic
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Table 2: Profit and loss statement.

Value ($) Unit
1 Facility cost 7998.25 USD
2 Inventory carrying cost 9572.95 USD
3 Inventory spend 977.7 USD
4 Other cost 23.37 USD
5 Outbound processing cost 105112.2 USD
6 Production cost 45326.5 USD
7 Transportation cost 70200 USD
8 Revenue 368031.2 USD
Note: the dollar amounts are in thousands.
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outbreaks on food supply chains in Canada. In this way, the
food supply chain can recover from this pandemic as soon as
possible. As a result, food loss and waste can also be min-
imized [31]. +is would be a great contribution to sus-
tainability because, first, food production consumes
tremendous amounts of fresh water, land, energy, and
chemicals. Second, most of the food waste ends up in
landfills emitting a huge amount of methane, a greenhouse
gas at least 25 times more harmful than carbon dioxide [32].

5.2. Research Limitations. As for the limitations, in this
research paper, we build a simplified model so that we focus
more on the impact of the COVID-19 pandemic. We lack
some specific information when generating the model.
Because it is a brand-new topic, we are still experiencing the
pandemic; some data have not been posted while working on
this research paper, such as the total amount of production
decreased due to the pandemic in 2020. In future research,
we will be using the simulation-based model to analyze the
pandemic’s impact on food supply chains worldwide. For
example, suppliers and factories worry about selling their
products to China since the Chinese border is closed during
the pandemic. It has caused agricultural product exports to
China to drop dramatically, which hurts the Canadian ag-
riculture industry. Hence, in future research, we can use a
simulation-based model to analyze the impact of epidemic
outbreaks on agricultural supply chains.
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