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Abstract

The Covid-19 pandemic wrought unparalleled disruptions in global supply chains and
port operations, unleashing congestion, delays, and container shortages of unprecedented
magnitude. As governments worldwide implemented containment measures, shaping social
behavior and curtailing economic activity, the repercussions reverberated across ports in the
United States. These vital hubs encountered formidable challenges stemming from shifts in
demand, labor shortages, and supply chain bottlenecks. Compounding these issues, the surge in
e-commerce and disruptive events, such as the Suez Canal blockage, intensified pressures on
U.S. ports. The pandemic's impact not only exacerbated existing challenges for ports and supply
chains but also triggered inflationary pressures.

This research zeroes in on the profound impact of Covid-19 on port congestion and the global
supply chain, with a specific focus on major U.S. ports such as the Port of Long Beach, Port of
New York and New Jersey, alongside global counterparts like the Port of Rotterdam and Port of
Shanghai. The objectives encompass quantifying shipping volume, identifying trends, analyzing
factors, and deepening comprehension for policymakers and stakeholders, crucial in fortifying
resilient supply chains.

In the context of U.S. ports, severe congestion emerges as a consequence of heightened
consumer spending and an unprecedented surge in container throughput, overwhelming these
crucial gateways. The limited workforce availability during Covid-19 outbreaks exacerbates the
challenges faced. In stark contrast, the Port of Rotterdam and Port of Shanghai exhibit
consistent vessel dwell times, underscoring their efficiency and resilience. The research
underscores the vulnerability of U.S. ports to fluctuations in consumer spending, resulting in an
inundation of goods and overburdened ports that compromise efficiency and escalate dwell
times. Looking ahead, opportunities for improvement involve addressing existing limitations,
enhancing data collection methodologies, conducting comparative studies, and exploring
technological innovations. These measures are pivotal in constructing more resilient and
efficient global supply chains, particularly for U.S. ports, to navigate the uncertainties and
challenges posed by future disruptions.



1. Introduction

The eruption of the novel coronavirus disease (Covid-19) marked an unprecedented
global upheaval, unseen in over a century [9]. Initially shrouded in mystery, the disease's high
fatality rate stirred anxiety worldwide [9]. Swiftly escalating virus transmission strained
healthcare systems across nations. In response, various measures were implemented globally
to slow the virus's spread and allow healthcare systems to prepare [9]. As the World Health
Organization (WHO) declared Covid-19 a pandemic on March 11, 2020, and President Trump
declared a national emergency in the United States on March 13, 2020, subsequent actions
were taken to curb the virus's impact [1] [2].

The pandemic prompted a cascade of containment measures globally, leading to
significant shifts in social behavior and economic activity. The disruptions reverberated through
international trade, impacting the global supply chain [9]. This research, focusing on major U.S.
ports like the Port of Long Beach and Port of New York and New Jersey, along with global
counterparts like the Port of Rotterdam and Port of Shanghai, aims to delve into the
repercussions of Covid-19 on port congestion and the broader supply chain.

Amid the multifaceted challenges posed by the pandemic, U.S. ports emerged as focal
points, grappling with severe congestion attributed to increased consumer spending and an
overwhelming surge in container throughput [9]. Unlike counterparts such as the Port of
Rotterdam and Port of Shanghai, which showcased resilience and efficiency, U.S. ports faced
vulnerabilities tied to fluctuations in consumer spending [9]. The research spotlights the
intricacies of U.S. port dynamics, emphasizing the need to address limitations, enhance data
collection, and explore technological innovations to fortify global supply chains.

In the realm of maritime transportation systems (MTS), U.S. ports play a pivotal role,
handling 99% of overseas trade and contributing significantly to the national economy [12]. The
efficient flow of cargo through these ports is vital for the entire supply chain [11]. Port
congestion, especially in U.S. ports like Long Beach, Los Angeles, and Oakland, became glaringly
apparent, causing ripple effects worldwide [14]. Shipping bottlenecks and extended wait times
for cargo ships, exacerbated by port congestion, became major contributors to the global
supply chain crisis.

The surge in e-commerce, amplified by shifts in consumer behavior during the
pandemic, added to the strain on ports, leading to increased shipping volumes [18]. The
trucking industry, a critical link in the U.S. supply chain, faced challenges due to a severe
shortage of truck drivers, further contributing to port congestion [22]. The research
underscores how the interplay of these factors, intensified by the pandemic, resulted in
disrupted container flows, increased shipping costs, and decreased U.S. exports [27].

As the pandemic unfolded, disruptions extended beyond the shipping industry. Events
like the Ever Given blocking the Suez Canal, extreme weather and climate disasters, and a labor
shortage in the U.S. further complicated the supply chain [28] [29] [30]. The cumulative impact
of these disruptions manifested in increased shipping times, delayed shipping, and inflation [13]
[32]. The supply chain's inefficiencies, compounded by disruptions, contributed to inflationary
pressures, affecting logistics costs and final product prices.

This research endeavors to quantify the profound effect of Covid-19 on U.S. ports,
emphasizing the critical role these ports play in the global supply chain. Analyzing data from the

8



Port of Long Beach, Port of New York and New Jersey, Port of Rotterdam, and Port of Shanghai,
the study explores vessel dwell time as a metric to gauge port efficiency. By comparing findings
across these ports, the research seeks to unravel the complexities that fueled port congestion
and supply chain complications spanning the three-year period from 2019 to 2022. Ultimately,
the goal is to inform future policies and plans, fostering resilience in the face of unforeseen
disruptions.

2. Literature Review

Maritime Transport

Maritime transport is a vital link in the global supply chain. With shipping and ports
estimated to handle over 80% of global merchandise trade by volume and more than 70% by
value, it highlights the economic interdependency that relies upon it. When disruptive factors,
like a pandemic, occur, the sector acts like a transmission channel that sends shockwaves
across supply chains and regions. The disrupted transportation networks and supply chains can
significantly destabilize and weaken economic activity and worldwide trade. Because of this, it
is important to understand the various ways that the pandemic affected maritime
transportation networks and a great deal of research has been conducted on this subject. The
following sections will discuss this research in further detail.

Restrictions put in place to combat the spread of the virus disrupted the global supply
chain. The maritime industry experienced a drastic decrease in ship calls, followed by an
explosion of demand. Additionally, the industry had to adapt to dynamic conditions in order to
continue to operate during the pandemic. The United Nations Conference on Trade and
Development (UNCTAD) assessed the immediate impacts of the COVID-19 disruption on the
maritime supply chain and trade over the first half of 2020. The assessment observed the
impacts of the COVID-19 on the maritime supply chain, the response measures introduced by
relevant stakeholders, and implications for the maritime supply chain of the future. The
assessment found that the COVID-19 pandemic affected global trade flows at an
unprecedented speed and scale. During the first half of 2020, global ship calls were down by
8.7%. When compared to 2019, changes in ship calls were marginal in the first quarter of 2020.
However, when countries started to impose lockdowns and restrictions to combat the spread of
the virus, there was a 17% decrease in ship calls in the second quarter of 2020. The drop in ship
calls varied based on economic classification of the country. When compared to the second
quarter of 2019, ships calls in the second quarter of 2020 decreased by 23.1% in developed
countries, 9.1% in developing countries, and 10.9% in countries with economies in transition.
The United Nations report also included an assessment of the response and risk mitigation
measures taken by ports. It found that responses varied and covered different aspects of
operations. These include operational adjustments, financial and economic adjustments,
sanitary protocols and processes, and adjustments to working practices and organization
aspects. Some responses by ports involved a considerable reorganization of operations such as
prioritization of essential services, reorganization of operations and working conditions due to
sanitary protocols, and the advancement of digitalization and communication strategies. The
report also found that existing contingency plans enabled quick responses to the crisis and
stakeholders without such plans had to develop plans in a short period. In order to limit
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personnel shortages, ports adjusted their work practices and allowed telework, rearranged
working shifts, limited meetings, and made better use of technology. Initially, many ports
managed to avoid major disruptions because of the decrease in maritime trade flow. Finally, it
was reported that transport service providers and cargo owners want better forecast prediction
and tools to anticipate disruptions and enhance supply chain transparency and flexibility. In
addition, ports should be aware of new trade patterns to prepare and adapt infrastructure and
operations [11].

Research on maritime mobility by Millefiori et al. was conducted to analyze the short-
term effects that the COVID-19 pandemic and containment measures had on global shipping
mobility. The study used maritime traffic data collected from Automatic Identification Systems
(AIS) receivers and data-driven mobility indexes to quantitatively assess ship mobility in a given
unit of time. The global vessel mobility during the first half of 2020 was compared to that of
previous years, 2016 to 2019. The research found an unprecedented drop in maritime mobility
across all categories of commercial shipping. From March to June 2020, the period in which the
most severe restrictions were in force, there is an observable reduction in activity. In general,
the study found that shipping mobility was negatively affected, but to different degrees in each
market and depending on the size of the vessel [7].

Xu et al. examined the gaps in the shipping trade between China and three other
regions during the period of February-October 2020. The study proposed using dynamic panel
data to estimate the variances in shipping between China, North America, European Union and
Southeast Asia. The paper came to several interesting conclusions. It found that virus
prevention efforts and the national macroeconomic situation are linked to the shipping
industry. These policies have different effects on the volume of export trade and import trade,
and the strictness of government prevention efforts is positively correlated with import trade
and negatively correlated with export trade. Additionally, the study concluded that the shipping
trades of China, the United States, and the European Union were greatly impacted by the
pandemic while Southeast Asia was only slightly affected. The results also show that the
shipping trade in China, European Union and Southeast Asia had a significant trend over time,
mainly due to the extreme increase in consumption [35].

Zhao et al. studied the affect that the pandemic had on dry bulk and container
transportation. An analysis of the Baltic Dry Index (BDI), the China Coastal Bulk Freight Index
(CCBFI), and of container throughputs, with and without the impact of Covid-19, was carried
out to achieve this objective. The research found that global dry bulk transportation was
affected by lockdown policies during the second month of the Covid-19 pandemic. The study
also found that the BDI displayed an approximate 35.5% year-on-year decrease from 2019 to
2020. Additionally, the study found that container throughput from 2019-2020 at the Port of
Shanghai, Port of Hong Kong, Port of Singapore, and Port of Los Angeles had the largest year-
on-year reduction of approximately 19.6%, 7.1%, 10.6%, and 30.9%, respectively. The research
also developed exponential smoothing models of BDI, CCBFI, and container transportation to
calculate the percentage prediction errors between observed and predicted values to observe
the impact of exogenous factors on the shipping industry due to the pandemic. The results of
the model are consistent with conclusions acquired from the comparison of BDI, CCBFI, and
container transportation during the same period of 2019-2020 [36].
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A study conducted by Alamoush et al. sought to investigate the immediate impact of
COVID-19 and the ensuing issues for ports, shipping and the maritime supply chains and
industry. The participants conducted an exploratory review of various sources. Additionally, the
study utilized the findings to conduct a case study to investigate the responses to the pandemic
and issues arising at the Port of Agaba, the only port in Jordan. The report also identified a way
forward for ports to follow after the pandemic. The results of the analysis were categorized in
to six different, yet interconnected attributes. The study found that ports need to maintain
resilience through the pandemic by building risk management plans and expanding the circle of
cooperation regionally and globally, not only within the port but also the maritime supply chain.
The results of the literature review found that the dynamics of COVID-19 generated severe and
unprecedented magnitudes of economic knock-on and delay. It also stated that the pandemic
challenged the integrity and reliability of ports, shipping and supply chains. When applied to the
case study at the Port of Agaba, the study found that some issues arose as barriers to shipping;
however, there was not a large impact on maritime transport and supply chains. The Port of
Agaba quickly adapted to the pandemic, by providing various facilitation measures such as
digital clearance at the ACT. The impact was not sever because restrictions were not imposed
on ports. Also, the Port of Agaba is mostly a final destination port for imported cargo, and there
is not a high volume of exports [37].

Guerrero et al. analyzed the change in the maritime network before and after the
outbreak Covid-19. The study used AlS data of vessel movements between ports. The results
showed a decrease in global maritime connectivity between 2019 and 2020 as well as
significant differences between ports and inter-port links. The study also analyzed the effects of
COVID-19 mitigation measures on port activity at regional and global levels. It found that
mitigation measures did affect regional port hierarchies; however, the effects differed
depending on the region. There was an increase in port concentration in Asia and North
America and a decrease in Europe and Africa. On the global level the mitigation measures had
an irregular impact on ports. The research concluded that large ports resisted better than
smaller ports, and small ports fared better when they are highly interconnected with their
neighbors. On the other hand, small transshipment hubs and bridges were negatively impacted
by mitigation measures [38].

Research conducted by Dirzka and Acciaro sought to understand the manner and extent
that the pandemic impaired liner-shipping networks. The study used liner shipping schedule
cancellations, which are a serious transport network disruption, as a distress signal of the
pandemics impact on the global supply chain. The work assessed first time operational behavior
under distress and highlighted disruption clustering and cascading failures in liner shipping
networks. Additionally, the research applied a three-stage analysis (network visualization,
network description, and network failure simulation) to show how the pandemic imposed a
progressively intensifying shock to some geographical clusters while operators tried to preserve
network connectivity. Additionally, the study found that agile liner shipping operations and
planned service suspensions, helped prevent the collapse of the global maritime transportation
network. This indicates the maritime industry’s capability of withstanding major catastrophic
events [39].

Guan et al. studied the effects that COVID-19 control measures had on the global supply
chain. To do this, the research team analyzed the supply-chain effects of a set of idealized
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lockdown scenarios using global trade modelling framework. The study modelled the short-
term economic shocks of different COVID-19 response scenarios as sector-specific
transportation and labor supply constraints. The model used the latest input-output data and
took in to account interactions throughout complex global supply chains and the contexts of
scarcity and imbalance that occur in most markets. When the model is applied to the simulation
of control policies during a pandemic, it can assess the impact of different policies on the supply
chain and examine the externalities of control measures. The study found that supply chain
losses that were related to initial COVID-19 lockdowns are largely dependent on the number of
countries imposing restrictions and the losses are more sensitive to the duration of the
lockdown rather than its strictness. Also, a longer containment effort that can eradicate the
disease results in smaller losses than shorter ones. However, earlier in the pandemic, stricter
and shorter lockdowns can minimize overall losses. The paper also concluded that a ‘go-slow’
approach to lifting restrictions may reduce overall damages if it helps avoid the need for further
lockdowns. Finally, the research concluded that regardless of the strategy, the complexity of
the global supply chain will magnify losses beyond the direct effects of the COVID-19 pandemic
and pandemic control is a public good that requires collective efforts and support to lower
capacity countries [40].

Ports

The role of ports in the global supply chain cannot be understated. It is imperative to
understand the adverse impacts that the pandemic and other factors have had on them. The
frequency and severity of port congestion as well as port resiliency, flexibility and production
have been common subjects of research being conducted. The following sections will discuss
this research in further detail.

The impact of the pandemic on port production and operations at the Port of Shanghai
was studied using System Dynamics. The objective of the study was to determine the main
factors in the port’s production and operation system, draw a causal feedback diagram and
flowchart of the port’s production and operation, and conduct an empirical analysis of the
impact of the epidemic on the ports production and operation by simulating three different
scenarios (epidemic is aggravated, weakened, and unchanged). The study found that when the
epidemic continues like 2020, from 2020 to 2022, the estimated GDP would be reduced by -
3.8% (2020), -7.4% (2021), and -10.9% (2022). The impact of COVID on cargo in this period
would be a-0.03%, -0.08% , and -0.1%. The impact on passenger transportation is -49.1%,
-49.2%, and -49.1%, and the impact on cargo transportation is -10.6%, -20.1%, and
-28.6%.When the epidemic is aggravated, from 2020 to 2022, the estimated GDP would be
reduced by -3.8%, -7.8%, and -12.0%. The impact on port throughput is -0.03%, 0.2%, and
0.8%. The impact on passenger transportation is -49.1%, -76.5%, and -90.5%, and the impact
on cargo transportation is -10.6%, -21.0%, and -30.9%. When the epidemic is weakened, from
2020 to 2022, the estimated GDP would be reduced by -3.8%, -1.8%, and 0.04%. The impact on
port throughput is 0.03%, -0.4%, and —1.3%. The impact on passenger transportation is -49.1%,
-32.7%, and -7.8%, and the impact on cargo transportation is -10.6%, —-6.8%, and —2.0%. Lastly,
the study found that passenger transportation was most impacted by the epidemic, and the
impact on ports that dominate cargo transportation is relatively small [41].

12



Osundiran et al. studied the impact of the pandemic on port production and efficiency
at the Port of Singapore. The research examined the efficiency of the port along with the
drivers of productivity, assessed the trends in cargo throughput and vessel visits, and examined
the measures put in place to mitigate the impact of the disease. Descriptive statistics was used
to analyze the trends in container throughput for the years 2010-2020, and the Malmquist
Productivity Index Data Envelopment Analysis (MPI-DEA) was used to analyze the efficiency of
the port. The study found that the port productivity levels in 2020 were consistent with pre-
pandemic levels and that the drivers of productivity were efficiency and technology.
Additionally, a close examination of vessel visits found a decline in all types of commodities.
Finally, the paper found that the port put measures in place to limit the spread of COVID and its
impact on port operations. These measures included engagement of the port stakeholders early
on and continuously, temperature screening at sea checkpoints, health questionnaires, updates
on affected regions and quarantine for those that contracted the virus on-board the vessel [42].

The increase in frequency and severity of port congestion is one of the many
contributors to recent global supply chain issues. Research conducted by Gui et al. sought to
reduce the adverse impacts of congestions risks. The study sought to develop new risk analysis
methods in order to assess uncertainty associated with the COVID-19 pandemic as opposed to
the common port congestion risk scenarios that traditional analysis techniques evaluate. The
research resulted in a model designed for the identification and prioritization of port
congestion risk during the pandemic. A case study and sensitivity analysis were conducted and
the model was validated. The outcome verified that the method is functional and feasible, and
the findings may provide insights in to risk prevention and mitigation at ports [43].

Research by Russell et al. sought to enable flexibility in port logistics so that ports can
better navigate uncertainties and disruptions. In order to accomplish this, they developed a
conceptual framework to fully understand the various elements of capacity and the interplay
among the logistics triad of transport carriers, port operators, and logistics service providers.
The study found four dimensions of port logistics capacity; seaside interface, platform, landside
interface, and system-wide. The paper states that each of these categories contains sub-
elements that are either static or adjustable. The authors state that, “Flexibility in static
components relies on expansion mechanisms, while flexibility in adjustable components relies
on adaptive mechanisms to improve the utilization of existing capacity.” Additionally, the
framework that was developed may provide insights in to the logistics triad roles and identify
levers to build flexibility in to interrelated capacity elements [44].

In November 2021, the Congressional Research Service issued a report on supply chain
bottlenecks at U.S. ports. The report states that retail sales in the U.S. were 20% higher from
March through July 2021 than for same period in 2019. This led to a surge in containerized
cargo because many of these goods are manufactured in Asia. At the time of the report, dozens
of ships were waiting to unload at the ports of Los Angeles and Long Beach. Port operators in
the U.S. expressed concerns regarding the U.S. Customs and Border Protection’s (CBP) ability to
process the large volume of incoming cargo. The report states that the CBP was taking steps to
alleviate these concerns; these include reallocating field officers from passenger to cargo
operations and forming the Covid-19 Cargo Resolution Team to expedite the clearance of
personal protective equipment across U.S. ports of entry. Additionally, there was a 90-day
postponement of certain duties, taxes, and fees for importers experiencing significant financial
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hardship. The report also spoke to inefficiencies in port operations. It stated that a truck driver
shortage was contributing to supply chain problems and ports truckers were seeking easier
interchange of container and chassis equipment [20].

A research study conducted by Komaromi et al. for the International Monetary Fund
(IMF) sought to shed light on the long delays that port congestion may have caused in
delivering goods. The study utilizes algorithms developed by Cerdeiro, Komaromi, Liu and Saeed
(2020), to translate ships radio messages from AlS into port-to-port voyages and estimates of
corresponding trade volumes. By applying this method, and tracking virtually every cargo ship
in the world, a granular picture of world sea trade emerges. The study then uses this
information to provide facts on the extent and geographic distribution of port delays. The first
finding of the paper is that shipping times jumped upwards as soon as the COVID-19 crisis hit.
Starting at the end of 2020, the delays then began to accelerate and surpassed 1.5 days on
average in December 2021. The research also concluded that two-thirds of this delay was due
to ships waiting longer at anchor before entering the port, and one-third was caused by slower
cargo processing at the berths. The second finding of the paper is that there was a substantial
geographical variation in port delays. The most severe port congestion was concentrated in the
United States and China. Additionally, there is variability in delays at the port level. For
example, the Port of Los Angeles is an outlier among major ports both in terms of longer wait
times at anchorage and in terms of slower processing times at berths. These slow turnaround
times may suggest that not only more ships are arriving at the port, but supply bottlenecks
prevent efficient cargo processing [13].

A study conducted by Su et al. collected and analyzed data from the Port of Shanghai to
determine the influence of COVID-19 on the commodity category of port export in China. The
study compared the data collected from January to May 2020 to the same period in 2019. The
paper discusses major commodity categories affected by the pandemic, and offers
countermeasures based upon its findings to stabilize the quantity of the category and reduce
the risk of lower port trade volume of the export commodity category in the future. The
research concluded that the efficiency of Shanghai port logistics is low and has long
management links. The main reason being a lack of an information sharing platform and that
information resources cannot be shared among various departments. In order to counteract
this, the paper suggests the construction of unified network system that integrates all relevant
port departments. The research also found that there is a large gap in the proportion of each
export commodity at the port. This is not conducive for dispersing risks. The export structure at
the Port of Shanghai is mainly based on high-tech and electromechanical products, and other
commodity trading is relatively small. The study suggests combining the export quantity of all
kinds of goods to avoid imbalance. Finally, the study found that the high environmental cost of
enterprise affects the sustainable development of port enterprises. The paper suggests
sustainable development of the port to create sustainable development in all aspects of port
production and management. Additionally, to achieve sustainable development of the port
economy, the use of energy and raw materials to integrate with the surrounding environment is
essential [45].

Notteboom et al. investigated the temporal and spatial sequences of the supply and
demand affects of the COVID-19 pandemic on container ports and the container shipping
industry. The study compared these events to the 2008-2009 financial crisis. To accomplish this
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objective, the researchers analyzed operational and financial data from primary and secondary
resources to observe short-term impacts, differences, reasons for variations, and the evolution
of adaptive capacity and resilience of ports, terminal operators, and carriers. The analysis
focused on the impacts on global supply chains, impacts on operational aspects, market
structure, strategic behavior of shipping lines and terminal operators, impacts on port vessel
calls and container volume, and the changes in container port connectivity. The study found
that warning signs of the crises varied within the shipping industry. With the financial crisis,
shipping and related markets ignored warning signs, while the COVID-19 pandemic was an
external shock with few short-term warning signs. This shows that, although the financial crisis
and the pandemic may have had similar impacts, these impacts do not show similar patterns
across ports and shipping networks. The research study also identified several differences in the
shipping industries resilience during the two crises. During the financial crisis, the shipping lines
could not effectively manage their collective capacity; this led to rate erosion, poor vessel
utilization, and bailouts. During the pandemic, shipping lines reconfirmed their market position
and bargaining power, this led to an upsurge in freight rates and a positive effect on financial
results. Overall, the changes observed and strategic behavior of the market players reveal that
adaption mechanisms were applied differently between the two crises, which resulted in
different outcomes [46].

Research conducted by Abous et al. tried to measure the impact of the COVID-19
pandemic on container transport in Morocco. The study targeted the Tanger Med container
port due to its geographic position as the most important link between Africa and Europe. The
objective of the research was to observe how COVID-19 figures affected the quantities of goods
measured in twenty-foot equivalent units (TEU’s) within the Tanger Med port. The research
focused on the period of March 21, 2020 to April 30, 2020. The analysis showed that the
pandemic had a negative and significant impact on container transport operations with the
port. At the end of March 2020, the port activity decreased by 1.2%, which represents 4.8
million tons of cargo. The study concluded early on in the pandemic and states that the data
mainly reflected the situation in China. At the time, it was also expecting a decrease in imports
as the pandemic had Italy, who exports many goods to Morocco was in lockdown [47].

Bosco et al. reviewed existing literature to understand the impact of port disruption on
the maritime supply chain. The article reviews the existing agents on the maritime supply
chains and the economic impact, and literature on port resilience. The paper found that, when
compared to other disruptive agents in transportation systems, there is only a small number of
studies about port disruption. The paper also found that several researchers have proposed
gualitative frameworks and strategies to address port vulnerabilities and improve maritime
supply chain resilience. The review also found that even though there are quite a few
guantitative port resilience methodologies, no research considered more than a few possible
resilience actions. Finally, the paper states that it is evident that maritime supply chain
intermodal resilience modeling is in its early stages and has ample room for improvement [48].

The Port of Gothenburg, the largest in Scandinavia, was studied by Svanberg et al. to
assess the impact of disruptive events on port performance and choice. The study analyzed AlS
data along with port statistics on container handling in the four main container ports in Sweden
from 2014-2018. The research focused on the relationship between container volumes handled
and calculated performance metrics at specific times of intense labor disputes at the Port of
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Gothenburg during the second quarter of 2016, and from the fourth quarter of 2016 through
the second quarter of 2017. The research found that the decline in container volumes handled
at the port over these periods is due to fewer ship calls following each of the periods of labor
disputes. Additionally, the study showed that production at the Port of Gothenburg was at its
lowest level towards the end of the period of intense labor conflicts. Finally, the paper
concluded that the 3 other container ports in the region saw a significant increase in
throughput of container traffic; a result of increased average volume handled by each ship [49].

Ports are susceptible to the physical impacts of natural disasters since they are located
in low-lying coastal and riverine areas. Verschuur et al. conducted research to understand how
disruptions from natural disasters affect port and logistics resilience. The study built upon
previous analyses (Farhadi et al., 2016, Tzouinsky et al., 2018) and utilized ASI data to provide
empirical evidence of vessel movements in and around ports affected by and unaffected by
natural disaster. The research analyzed 141 incidents of disruption across 74 ports and 27
disasters. The results of the study show a median disruption duration of 6 days with a 95th
percentile of 22.2 days. The analysis also found that multiple ports are affected simultaneously;
this challenges studies that focus on single port disruptions. Finally, the study found that the
duration of the disruption scales with the severity of the disaster. A 1.0 meter increment or 10
m/s wind speed is associated with a two day increase in disruption duration [50].

Research conducted by Caballini et al. analyzed customs and port data in order to gain
insight in to how the pandemic affected selected logistics flows passing through the ports of
Genoa and Savona. Additionally, the research aimed to highlight mitigation strategies that were
put in place during the pandemic. The research focused on three significant supply chains that
pass through the aforementioned ports. The study found that the pandemic strongly affected
the observed supply chains, and that each supply chain reacted with varying degrees of
resiliency by employing mitigation strategies that allowed operations to continue. Big data
analytics was vital to increasing supply chain resilience as it increased the ability to provide real-
time information to and between stakeholders [51].

Wang et al. quantified the impact of COVID-19 on ship visiting behaviors to ports. The
study proposed a framework to analyze the impact of COVID-19 on port traffic using AlS data. A
behavior-based model for ship travel was proposed to identify anchoring and berthing. Next,
the diversity in vessel anchoring and berthing time were analyzed; this reflects the impact of
COVID-19. Finally, the port congestion caused by the pandemic is quantified by accounting for
the number of visiting ships and their residence time. Once the analysis was completed a case
study was carried out on vessels in Beibu Gulf, China from 2019 to 2020. According to the
results, anchoring times increased by 62% and berthing times increased by 11% for cargo ships
after the outbreak. Additionally, the research results show that the level of port congestion at
the study port increased after the pervasiveness of COVID-19. This manifested as an increase in
the number of anchored ships and prolonged ship waiting time. Port congestion is generally
caused by an increase in the number of ships arriving at the port in a short time or a decrease in
the efficiency of port operations. The experimental results show that there was no significant
change in the number of ships arriving at the Port of Qinzhou after the outbreak, therefore it
can be inferred that the reduction of efficiency contributed to the port congestion [52].

A study conducted by Hanson et al. sought to rank port cities with high exposure to
climate extremes. The goal of the study was to take a preliminary global overview of coastal
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flood exposures for the worlds largest port cities around and produce rankings based on the
population and asset exposure to current and future extreme water levels. The investigation
was an elevation-based GIS analysis based on McGranahan et al. (2007). The paper, published
in 2009, concluded that about 40 million people are exposed to a 100 year coastal flood event.
Asset exposure in these cities, in 2005 dollar values, was $3 trillion, or 5% of global GDP. The
paper also concluded that by 2070, the total population exposed could grow to more than
threefold and asset exposure could top 9% of global GDP [53].

Loh et al. measured the impact of port-related threats on supply chains in order to shed
light on the cost consequences associated with them. The study compared four consequences
of an example of these threats; avoidance of disruption, mitigation and disruption, deviation of
transportation plan, and delays and deviation of transportation plan. The impact of the
consequences is then applied to a case study that used data from a chemical manufacturer. The
findings of the paper highlight the importance of port related supply chain disruption
management. The paper concluded that better dissemination of information from ports to their
stakeholders is necessary as well as a closer collaborative working relationship between ports
and their users [54].

Supply Chain

While the COVID-19 pandemic led to a sharp worldwide economic downturn, the U.S.
economy rebounded rapidly and began to overheat. This has resulted in the highest inflation
rate in thirty years. The strained global supply chain has been targeted as one of the main
culprits for the inflation. Shipping costs and delivery delays increased substantially, inventories
are reduced, and many manufacturers have had difficulty getting key production inputs. While
there is no consensus on the degree to which disrupted supply chains account for increased
inflation, a lot of research has been conducted to better understand the relationship. The
following sections will discuss this research in further detail.

Research by di Giovanni et al. sought to quantify how the distinct aspects of the COVID-
19 shock impacted the flow of goods across countries as well as their prices. In order to do this,
the authors provide three distinct model-based quantitative exercises. First, the research built
upon previous theoretical work to quantify the effects of the pandemic on inflation over the
period spanning the collapse and recovery phases of the economy. Next, the research utilizes a
previous approach to multi-country framework from Baqaee & Farhee (2022) to capture the
importance of international spillovers in generating inflation. Lastly, the research examined
how observed cross-country and cross-sectoral consumption changes spilled over across
countries via the global production network. The research found four key results. First,
compositional effects, or the switch from services to goods consumption, are amplified through
global input-output links, which affect both trade and inflation. Second, inflation can be higher
under sector specific labor shortages relative to a scenario with no such supply shocks. Third,
global supply chain bottlenecks and foreign shocks played a large role relative to domestic
aggregate demand shocks in explaining euro area inflation over 2020-2021. And lastly,
international trade did not respond to changes in GDP as strongly it did during the financial
crisis of 2008-2009, despite a strong demand for goods [55].

Santacreu and LaBelle investigated the role that supply chain disruptions during the
COVID-19 pandemic played in U.S. producer price index (PPI) inflation. The research found that
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the exposure to foreign bottlenecks through global value chains (GVCs) played a significant role
in transmitting the effects of supply chain disruptions to U.S. prices. It also found that industries
that rely upon inputs from countries that were heavily disrupted also experienced large price
increases due to the inability to keep up with demand. Finally, the paper states that the ability
of supply chains to ease in order to meet higher demand will determine whether inflation
caused by supply chain disruptions is temporary or permanent [56].

In June of 2021, a U.S. subcommittee on Coast Guard and Maritime Transportation met
to discuss the impacts of shipping container shortages, delays, and increased demand on the
North American supply chain. In the transcript of the hearing, the committee states that the
shift to work from home resulted in a significant increase in online shopping. This heightened
demand for imported goods and commodities, which are primarily produced in Asia, along with
periodic labor shortages due to COVID outbreaks, has fueled a massive backlog and price
increase in the shipping container market. Additionally, the increased flow of goods has
primarily been from China, to the United States which has resulted in port congestion,
especially on the west coast of the U.S. As a result, many carriers chose to ship empty container
back to Asia, rather than carry U.S. exports since it is more profitable to do so. This led to a
massive imbalance in the shipping market; in June 2021 container rates from Los Angeles to
Shanghai were $779, while costs from Shanghai to Los Angeles were $5,952. The shortage of
containers placed a heavy strain on agricultural exporters in the U.S. and left them without
access to international markets, and no guarantee that their product will be delivered on time.
The situation has also affected dock workers who are doing all they can to keep up with the
demand; these port workers have also been exposed to numerous outbreaks of COVID. The
delays are costly, not only in time, but also in the application of detention and demurrage fees
for lengthy container storage times on ships and docks [57].

Research to determine the issues caused by the shortage of empty containers and rank
alternative solutions was conducted by Toygar et al. The study utilized the step-wise weight
assessment ratio analysis (SWARA) method to rank criteria representing the problems, and the
additive ratio assessment (ARAS) method was used to rank alternative solution methods. These
two methods are compatible with each other, are simple in terms of mathematical operations,
have high reliability, and simple output. Four main criteria and sixteen subcategories were used
to define the problems. Also, a multi criteria decision model, which comprised of five criteria
solutions, was proposed based on information from literature, sectorial publications, and
expert opinions. The study ranked the four problems caused by the container shortage during
the COVID-19 pandemic as cost increase in container transportation, supply chain uncertainty,
volume loss in container transportation, and increased blank sailing. Additionally, the study
ranked the five solutions as shipping guarantee booking, information communication
technologies, shipper owned container, inducement calls, and end-to-end delivery services [25].

Tauber and Van Zandweghe studied why durable goods spending was so strong during
the pandemic. The paper states that durable goods spending typically slows gradually for a year
after a business cycle peak. In the case of the pandemic, spending briefly contracted severely,
but rose sharply thereafter. The study utilized an econometric model to understand wat
accounted for this unusual behavior during the pandemic. By understanding the factors behind
the rise in durable goods spending, policy makers can be better informed and make better
assessments of pandemic policy responses. The study explores two possible explanations for
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the increased spending. The first explanation is that lockdowns and social distancing shifted
consumer demand away from services toward durable goods. The second possible explanation
is that fiscal policy measures led to disposable income which then stimulated consumption
expenditures. The researched used a panel regression that related the growth in durable goods
to the state’s growth in personal income. The study found that altered consumer tastes and
increased disposable income were two important factors, although monetary policy may have
contributed by fostering favorable financial conditions. Additionally, the paper states that the
importance of these factors is likely to fade and become more similar to the historical mix of
durable goods, non-durable goods, and services [18].

3. Research Objectives and Scope

Objectives

The primary focus of this research is to extensively analyze the impacts of the COVID-19
pandemic on key ports in the United States and globally, with a specific emphasis on the Port of
Long Beach and the Port of New York and New Jersey. The research objectives include:

This research will:

1. Quantify shipping volume, dwell times, and container throughput at the
aforementioned ports;

2. Look for trends at these ports;

3. Seek explanations for the trends;

4, Increase our understanding of the effect that the COVID-19 pandemic had on port
congestion.

Scope

This project examined the role that container shipping had in supply chain issues during
the Covid-19 pandemic. The scope of the project was to analyze local Covid case data and data
which contained information about container ship arrivals, departures, and the associated
timestamps as well as container throughput at two selected ports in the United States, while
also investigating two major foreign ports, for comparison purposes. The period for the data
was from January 1, 2019 to August 22, 2022.

4. Research Methodology

The following tasks were performed to achieve the objective of the research project: 1.
Port Selection, 2. Data Collection & Analysis.

Port Selection
The following four ports were selected for analysis because of their locations and their
significant role in the global supply chain.

Port of Long Beach
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The Port of Long Beach, located in Long Beach, California, is considered the U.S. gateway
for trans-Pacific trade. The port handles trade valued at $200 billion annually. It supports 2.6
million jobs across the nation, 575,000 jobs in Southern California and 50,000, or 1in 5, in Long
Beach. It is one of the few U.S. ports that can handle the largest shipping vessels in the world.
The port serves 175 shipping lines with connections to 217 seaports around the world. Goods
that move through the Port of Long Beach originate in or are destined for every congressional
district in the U.S. [58]. Each year the port handles more than 9 million twenty-foot container
units (TEUs), 78.5 million metric tons of cargo, and 2,000 vessel calls. The ports loaded
containers account for 20% of cargo moving through all U.S. ports. The port comprises 3,520
acres of land, 4,600 acres of water, 10 piers, 80 berths, and 72 post Panamax gantry cranes. The
port is ranked the 2nd-busiest in the U.S. and the 21st-busiest container port in the world. The
Port of Long Beach, along with the Port of Los Angeles, generates S5 billion a year in U.S.
Customs revenues. It also generates $46.6 billion in local, state and federal tax revenue, $374
billion in direct and indirect business sales yearly, and $126.8 billion in annual trade-related
wages. East Asian trade accounts for more than 90% of the shipments through the port. The top
trading partners for imports by TEUs are China, Vietnam, and South Korea. The top trading
partners for exports by TEUs are China, South Korea and Taiwan. The top imports at the Port of
Long Beach are crude oil, electronics, plastics, furniture and clothing. The top exports are
petroleum coke, petroleum bulk, chemicals, waste paper and foods.

Port of New York and Jersey

The Port of New York and New Jersey is the largest port on the east coast and the third
largest in the nation. In 2019, the port moved over 7.4 million TEUs of cargo. The port is
considered a gateway to the largest consumer market in North America. The port contains six
state-of-the-art container terminals that can handle nine 14,000 TEU vessels at the same time.
There is one billion square feet of warehousing and distribution space within 50 miles of the
ports [59]. In 2019, the port accounted for nearly $12 billion in tax revnue, 500,000 jobs, and
was responsible for $36.1 billion in personal and $99.5 billion in business income [60]. In the
same year, over 86 million tons of cargo passed through the port with an estimated $205 billion
in value. In 2019, the top trading partners for imports was China, India, and Italy. In 2019, the
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top trading partners for exports was India, China and Germany. The top imports of
containerized cargo at the Port of New York and New Jersey was furniture, machinery, plastic
and beverages. The largest export of containerized cargo was wood pulp, vehicle parts, plastic,
and wood & aticles of wood [59].

\ ‘ *_
Figure 2: Port of New York and New Jersey (photo courtesy of Maureen)

Port of Rotterdam

The Port of Rotterdam is located in the city of Rotterdam in the Netherlands. It is the
largest seaport in Europe and the largest seaport outside of East Asia. The port supports
565,000 direct and indirect jobs throughout the Netherlands, and approximately 175,000 of
those jobs are directly related to the port. In 2021, the port handled 325.2 million metric tons
of import cargo, and 143.5 million metric tons of exports. The port saw 28,876 sea-going
vessels, and handled over 15 million TEUs. The port added a value of €23.8 billion in 2020,
which is 3% of Dutch gross domestic product (GDP). The port area is 12,464 hectares (ha) and
4,498 ha of water area. It also contains 1,500 km of pipelines [61]. The Port of Rotterdam has
122 jetties, 23 berths, 6 pilot boats and 29 tugboats. There are over 90 terminals, 35 for liquid
bulk cargo, 15 for dry bulk cargo, and 17 for multi-purpose use. The cargo handling equipment
at the Port of Rotterdam includes 10 sheer leg cranes, 12 container cranes, 22 ship-to-shore
bulk cranes, 25 floating cranes, 103 container gantry cranes, and 162 multi-purpose cranes [62].
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Figure 3: Port of Rotterdam nd Nieue Waterweg (Photo courtesy of Dicklyon)

Port of Shanghai

The Port of Shanghai, located in Shanghai, China, is the busiest port in the world in
terms of cargo tonnage. It has handled the most container throughput in the world for 13 years
straight. The Shanghai International Port Group (SIPG) is responsible for operating and
managing the terminals at the port. The port is comprised of a deep-sea port and a river port
and it covers an area of 3,619 km? [63]. The Port of Shanghai faces the East China Sea to the
east, Hangzhou Bay to the South, and it includes the confluences of the Yangtze, Huangpu and
Qiantang rivers. The port mainly handles coal, metal-ore, petroleum and petroleum products,
steel, and machinery equipment. The port serves 281 shipping routes, and covers the most
important global links [64]. In 2022, the port throughput exceeded 47.3 million TEUs [65]. In
2021 the port employed 13,550 people. The Port of Shanghai is made up of several separate
ports. Wusongkou, Waigaogiao and Yangshan are the three main container port areas and the
container terminals have over 13km-long quay length, 43 berths and 156 quay cranes.
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Figure 4: Port of Shanghai (Photo courtesy of fuyu liu/Shutterstock)

Data Collection and Analysis

After the ports to be studied were determined, a collection of Covid-19 timeline
information was compiled for each city. This information included the new daily Covid cases for
each city or county, dates of mandatory stay at home orders, first Covid deaths, relaxing of
restrictions, phased re-openings, renewal of stay at home orders or mask mandates, and
dropping of all restrictions. In order to do this, executive orders, city press releases and news
articles were compiled to create a timeline for each port city. The data reporting daily new
cases of Covid was generally found on the Department of Health website associated with the
city, county, or country with the exception being Shanghai.

After the timeline data was collected, the data for all container ships arriving to and
departing from the port was purchased. The data begins on January 1, 2019 and stops on
August 22, 2022. The data includes the marine mobile service identity (MMSI, a unique 9-digit
number that is assigned to a ships transponder), port name, UN/LOCODE (the United Nations
Code for Trade and Transport Locations), a timestamp, move type (arrival or departure), and
the draught/draft (distance between the ship’s keel and the waterline of the vessel).
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Table 1: Shipping Data used for Analysis

MMSI PORT NAME UNLOCODE TIMESTAMP UTC MOWE TYPE DRAUGHT (METERx10)
5659326000 SHANGHAI  CMSHG 1/1/2019 0:00 DEPARTURE 97
218776000 SHANGHAI  CNSHG 1/1/2019 0:05 ARRIVAL 121
352042000 SHAMGHAI  CMNSHG 1/1/2019 0:05 DEPARTURE 71
636018572 LONG BEACH USLGE 1/1/2019 0:11 DEPARTURE 110
636016231 SHAMGHAI  CNSHG 1/1/2019 0:12 DEPARTURE 118
477194400 SHANGHAI  CMSHG 1/1/2019 0:16 ARRIVAL 145
229452000 SHAMGHAI  CNSHG 1/1/2019 0:17 ARRIVAL 106
563032900 SHAMGHAI  CMSHG 1/1/2019 0:29 ARRIVAL 107
413369010 SHANGHAI  CMSHG 1/1/2019 0:34 ARRIVAL 50
477271300 SHANGHAI  CMSHG 1/1/2019 0:34 ARRIVAL 105
477770700 SHANGHAI  CMSHG 1/1/2019 0:40 ARRIVAL 96
477680400 SHANGHAI  CMSHG 1/1/2019 0:43 DEPARTURE 60

After collecting the data, it was separated according to the port so that there were four
separate data sets. Next, each data set was organized by ship arrivals and departures. The ship
arrival data for each port was then summed according to the day so that the total number of
ships arriving at each port was known for each individual day from January 1, 2019 — August 22,
2022. The same procedure was done for the departing ships.

Next, the vessel dwell time was calculated. According to the U.S. Department of
Transportation Bureau of Transportation Statistics, vessel dwell time is the amount of time that
vessels spend in port actively loading or unloading cargo [66]. The vessel dwell time was
calculated by organizing the data by the ships MMSI, arrival time and departure time so that a
ships arrival in to port and departure from the port could be seen. The vessel dwell time was
then found by the following equation:

Vessel Dwell Time = Departure Time — Arrival Time (Eg. 1)

Once the vessel dwell time for each ship arrival/departure was known, the monthly
average dwell time for each port was calculated for every month in the study period.

Table 2: Example of Calculated Dwell Time

MMSI PORT NAME UNLOCODE MOVE TYPE DRAUGHT (METERx10) Timestamp Dwell Time{Hours)
205118000 NEW YORK USNYC ARRIVAL 105 9/17/2021 10:47
205118000 NEW YORK USNYC DEPARTURE 85 9/19/2021 0:35 37.80
209087000 NEW YORK USNYC ARRIVAL 124 6/11/2021 8:31
209087000 NEW YORK USNYC DEPARTURE 105 6/13/2021 2:11 41.67
209087000 NEW YORK USNYC ARRIVAL 95 6/22/2021 20:59
209087000 NEW YORK USNYC DEPARTURE 98 6/24/2021 6:36 33.62
209087000 NEW YORK USNYC ARRIVAL 131 8/6/2021 7:18
209087000 NEW YORK USNYC DEPARTURE 97 8/7/2021 15:33 32.25
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In addition to ship data, the total cargo throughput data was also found for each port in
the study. Generally, this data was found on the port website, with the exception being the Port
of Rotterdam, where the data was requested and provided by the Port of Rotterdam. The total
cargo throughput is the total amount of shipping container volume in TEUs (measurement
based on the volume of a 20-foot long by 8-foot wide metal container; there is not a standard
height to the containers, but the most common height is 8.5 feet long.) that are inbound and
outbound at the port. The total cargo throughput does include empty inbound and outbound
containers. The Port of Long Beach and Port of New York and New Jersey, report the amount of
empty containers along with loaded containers per month as well as inbound and outbound
units, as shown in Figure 7. The throughput data for the Port of Rotterdam and the Port of
Shanghai only reports the total throughput per month, as shown in Figure 8.

Table 3: Throughput Data for the Port of Long Beach

Date Loaded Inbound Empty Inbound Total inbound Loaded Cutbound Total Loaded Empty Outbound Total Empties Total
January-19 323,838 6,290 330,128 117,288 441,126 208,870 216,160 657,286
February-19 302,865 5,734 308,599 105,287 408,152 182,731 188,465 596,617
March-19 247,038 9,033 256,072 131,436 378,475 165,313 174,346 552,821
April-19 317,883 6,713 324,596 123,804 441,687 175,721 186,435 628,122
May-19 290,568 4,887 255,455 120,577 411,145 157,592 162,479 573,624
June-19 331,617 6,221 337,838 133,833 465,450 205,437 211,718 677,168

Table 4: Throughput data for the Port of Shanghai

Date Total Container Throughput
January-19 3752000
February-19 2855000
March-19 3805000
April-19 3612000
May-19 3756000
June-19 3756000

The analysis used vessel dwell time as a metric to observe port congestion. Port
congestion means that ships arrive at the port and cannot load or unload, as the terminal is
already full. The variables of local Covid cases, ship arrivals/departures, and container
throughput were then observed in relation to the vessel dwell time at each port in an attempt
to understand the cause of port congestion. The findings at each port were then compared to
one another to observe the variability in efficiency at the different ports throughout the
pandemic.

5. Results

The results section is organized by each port. First, an overview of the Covid timeline is
provided for each port city or county as well as a display of the new daily Covid cases occurring.
Next, the 30-day moving average for vessel dwell time for ships and the 30-day moving average
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of new Covid cases was analyzed to observe the relationship between viral spread and port
congestion. Afterwards, the 30-day moving average for arrivals, departures and vessel dwell
time at the port was analyzed to determine if port congestion was influenced by an increase in
ship arrivals and departures. Finally, the monthly average dwell time and the monthly total
container throughput in TEUs was analyzed to observe the relationship between cargo quantity
and port congestion.

Port of Long Beach

Covid Timeline

The city of Long Beach, California, located in Los Angeles County, has a population of
451,307 people [67]. Before the pandemic, Long Beach had public health infrastructure
designed to address outbreaks and epidemics and the city worked with the LA County
Department of Public Health to stay coordinated and informed. The following is a summary of
the Covid-19 related government orders as well as some key miles stones experienced in Los
Angeles (LA) County, CA over course of the study period. Figure 9 illustrates 30-day moving
average of new Covid-19 cases in LA County as well as 30-day moving average for vessel dwell
time for ships at the Port of Long Beach, for reference.

e January 2020: the Long Beach Department of Health and Human Services began monitoring
the outbreak of Covid-19 [68].

e March 9, 2020: The City of Long Beach Public Information Office releases a press release
announcing the first positive cases of Covid-19 [69].

e March 11, 2020: LA County announces its first Covid-19-related death [70].

e March 16, 2020: LA County Health Officer issues an order to prohibit large gatherings, require
social distancing, and temporarily close certain businesses [70].

e March 19, 2020: Governor Gavin Newsom issues a statewide stay-at-home order for
California [71].

e May 8, 2020: Governor Newsom issues the first phase of reopening guidance for low-risk
retailers [72].

e May 29, 2020: Phase 2 reopening begins in LA County, including barber shops and restaurant
dining rooms with modifications [72].

e June 26, 2020: Outdoor dining expands in LA County [73].

e August 7, 2020: LA County exceeds 200,000 Covid-19 cases [74].

e August 12, 2020: LA County reaches 5,000 Covid-19-related deaths [74].

e September 5, 2020: LA County surpasses 6,000 Covid-19-related deaths [74].

e November 17, 2020: Governor Newsom issues a mandatory mask-wearing order for the
entire state [74].

e November 27, 2020: LA County issues new stay-at-home orders, closing non-essential
businesses and limiting gatherings [75].

e December 13, 2020: First Covid-19 vaccines from Pfizer arrive, and healthcare workers in LA
County receive them [76].

e January 4, 2021: LA County reports a record 21,944 new Covid-19 cases in a single day [76].

e January 25, 2021: State health officials lift all regional stay-at-home orders.

26



e Late February 2021: Hospitalizations in LA County decrease by nearly 80 percent from the
peak seen in the prior month.

e April 18, 2021: LA County reports its lowest Covid-19 positivity rate since the beginning of
the pandemic.

e June 15, 2021: California drops pandemic restrictions and returns to nearly all pre-pandemic
levels of activity.

e August and September 2021: Surges in new Covid-19 cases due to the Delta variant [76].

e August 4, 2021: LA County reports the highest uptick in cases with 4,242 new cases
reported [76].

e January 4, 2022: LA County sees 60,049 new cases in one day due to the Omicron variant,
with 250,000 new cases in a 7-day period.
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Figure 5. LA County Covid Cases data (provided by Los Angeles County Dept. of Public Health)
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Covid Cases and Vessel Dwell Time

The figure below displays the 30-day moving average for vessel dwell time for ships at
the Port of Long Beach and the 30-day moving average of new Covid cases in Los Angeles
County. It can be seen that the average vessel dwell time was around 60 hours in March 2020.
Shortly after the first surge in LA County Covid cases in June-July 2020, the vessel dwell time
begins to increase sharply in August 2020. However, when the Covid cases begin to subside, in
the fall of 2020, the vessel dwell time continues its climb up to 100 hours. From here on out,
through the remainder of the study period, the average vessel dwell time hovers between 80
and 120 hours and appears unaffected by Covid surges in the county. It should be noted that
the vessel dwell time was not affected by the major surge in cases at the beginning of 2022.
According to the figure, a relationship is unlikely to exist between local Covid cases and vessel
dwell time. The Pearson correlation coefficient of 0.2 indicates no correlation between local
Covid cases and vessel dwell time at the Port of Long Beach.
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Figure 6. Port of Long Beach Vessel Dwell Time and LA County Covid Cases
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Ship Arrivals/Departures and Vessel Dwell Time

The figure below displays the 30-day moving average for arrivals, departures and vessel
dwell time at the Port of Long Beach. The 30-day average for arrivals and departures hovers
around three ships per day until July of 2020 when it increases to four ships per day. Shortly
after the peak of four ships per day, the 30-day average for arrivals and departures recedes
back to three ships per day by October 2020 where it remains for the remainder of the study
period. Vessel dwell time measures the time elapsed from the ships port entrance to port
departure. The 30-day average dwell time begins around 60 hours from January 2019 until July
2020. In July 2020, immediately after the increase in ship arrivals/departures, the vessel dwell
time begins to increase. The increase in ship arrivals may have overloaded the port and caused
efficiency to suffer which is reflected in the elevated dwell times. From late 2020 through the
remainder of the study period, the 30-day average dwell time fluctuates between 80 and 120
hours, with a peak of 130 hours in January 2022. According to the figure, the increase in ship
arrivals/departures may have resulted in the initial increase in dwell times; however, the
association concludes after the initial dwell time uptick in the summer of 2020. The Pearson
correlation coefficient of -0.25 indicates a weak, negative correlation between ship arrivals and
vessel dwell time at the Port of Long Beach.
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Figure 7. Port of Long Beach Arrivals, Departures, and Vessel Dwell Time
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Container Throughput and Vessel Dwell Time

The figure below displays the monthly average dwell time and the monthly total
container throughput in TEUs for the Port of Long Beach. The monthly throughput at the Port of
Long Beach fluctuated between 600,000 and 700,000 TEU’s between January 2019 and June
2020, with a slight dip between February 2020 and April 2020. When compared to 2019, there
was a 12% reduction in container throughput at the port between January and June 2020. In
July 2020, the monthly throughput at the port broke 700,000 TEU’s and the throughput at the
port fluctuated between 700,000 TEU’s and 900,000 TEU's for the remainder of the study
period. When compared to 2019, there was a 20% increase in container throughput at the port
between July 2020 and August 2022.

The monthly average dwell time begins around 60 hours in January 2019 and remains
steady throughout the year. The dwell times begin to tick down in early 2020. When compared
to 2019, dwell times at the port decreased 12% between January and August 2020. This is likely
due to the reduced throughput the port experienced during this period. In September, the
dwell time begins to increase towards 100 hours in December of 2020. The dwell time from
September 2020 through the remainder of the study period increased 37% when compared to
2019. The increase in dwell time is likely a result of the 20% increase in container throughput. A
Pearson correlation coefficient of 0.80 indicates a strong, positive correlation between
container throughput and vessel dwell time at the Port of Long Beach.
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Figure 8. Port of Long Beach Dwell Time and Container Throughput
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Port of New York and New Jersey

Covid Timeline

New York City is the most populous city in America with 8,335,897 people [77], and the
most densely populated city in America. Additionally, the New York-Newark-Jersey City
metropolitan area has a population of 19.77 million people [78]. The following is a summary of
the Covid-19 related government orders as well as some key miles stones experienced in New
York City, NY over course of the study period. Figure 13 illustrates 30-day moving average of
new Covid-19 cases in New York City as well as 30-day moving average for vessel dwell time for
ships at the Port of New Yortk and New Jersey, for reference.

e March 2, 2020: First Covid-19 case reported in New York City [79].

e March 12, 2020: State of emergency declared for the city, gatherings of 500 or more people
barred [80]

e March 14, 2020: First Covid-19-related death reported in the city, public schools close down
[80].

e March 15, 2020: Restaurants, bars, and cafes ordered to close and limited to takeout only
[81]

e March 22, 2020: New York State On Pause executive order issued, all non-essential
businesses close [81].

e March 31, 2020: New York City surpasses 1,000 Covid-19-related deaths [80].

e April 15, 2020: All people ordered to wear face coverings [80].

e June 8, 2020: Phase 1 reopening begins, allowing certain industries to reopen [83].

e June 22, 2020: Phase 2 reopening begins, including the resumption of professional services,
retail, etc. [83].

e July 6, 2020: Phase 3 begins, allowing on-location restaurants without indoor dining to
resume service [83].

e July 19, 2020: Phase 4 begins, allowing arts, entertainment, recreation, and education.

e September 29, 2020: Elementary students return to in-person learning [83].

e September 30, 2020: 25 percent occupancy allowed for indoor dining [83].

e November 13, 2020: New restrictions, including curfews on restaurants and gyms, and
limiting gatherings in private homes to 10 people, go into effect [83].

e November 19, 2020: NYC elementary schools return to remote learning [83].

e December 7, 2020: NYC elementary schools return to the classroom [83].

e January 14, 2021: City reports peak of 7,725 new Covid-19 cases in one day [83].

e February 14, 2021: Vaccines become available to healthcare workers [83].

e February 15, 2021: Middle schools open in the city [83].

e March 22, 2021: High schools open in the city [83].

e March 30, 2021: New Yorkers aged 30 and up become eligible for vaccines [83].

e December 31, 2021: City reports 49,724 new cases in one day due to the Omicron variant
[83].
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Figure 9. New York City Covid Cases (data provided by New York Dept. of Health)

Covid Cases and Vessel Dwell Time

The figure below displays the 30-day moving average for vessel dwell time for ships at
the Port of New York and New Jersey and the 30-day moving average of new Covid cases in
New York City. It can be seen that the average vessel dwell time is around 30 hours in March
2020. At this time, New York City is quickly beginning to see a rise in Covid cases in March and
April 2020. As the surge in cases begins to decline around June and July 2020, the average
vessel dwell time begins to increase. The vessel dwell time continues increasing in to 2021. By
the time the second Covid surge happens, the vessel dwell time has peaked at 56 hours in
January 2021, and it now hovers between 40 and 50 hours for the remainder of the study
period. At this point, the vessel dwell time seems unaffected by the surge in Covid cases in New
York City. As cases surge and decline, the vessel dwell time remains steady. It should be noted
that the vessel dwell time was not affected by the major surge in cases at the beginning of
2022. According to the figure, there does not appear to be a relationship between local Covid
cases and the vessel dwell time. The Pearson correlation coefficient of 0.2 indicates no
correlation between local Covid cases and vessel dwell time at the Port of New York and New
Jersey.
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Figure 10. Port of New York and New Jersey Vessel Dwell Time and New York City Covid Cases

Ship Arrivals/Departures and Vessel Dwell Time

The figure below displays the 30-day moving average for arrivals, departures and vessel
dwell time at the Port of New York and New Jersey. The 30-day average for arrivals and
departures is around six ships per day for the entire study period. The 30-day average dwell
time begins around 37 hours in January 2019. The dwell time varies between 30 and 40 hours
until November 2020 when it breaks 40 hours and peaks at around 56 hours in January 2021.
After the peak, the dwell time reduces to 40 hours by May 2020. For the remainder of the study
period the vessel dwell time varies between 40 and 50 hours. According to the figure, there
does not appear to be a relationship between ship arrivals/departures and the vessel dwell
time. The Pearson correlation coefficient of 0.07 indicates a lack of any correlation between
ship arrivals and vessel dwell time at the Port of New York and New Jersey
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Figure 11. Port of New York and New Jersey Arrivals, Departures, and Vessel Dwell Time

Container Throughput and Vessel Dwell Time

The following figure displays the monthly average dwell time and the total container
throughput in twenty-foot equivalent units (TEU’s) for the Port of New York and New Jersey.
The monthly throughput at the Port of New York and New Jersey fluctuated between 500,000
and 700,000 TEU’s between January 2019 and August 2020. When compared to 2019, the
container throughput at the port was reduced by 10% between January and July 2020.
Beginning in August 2020, the throughput rebounded dramatically at the port. With February
2021 being the only exception, the monthly throughput fluctuated between 700,000 and
869,000 TEU'’s for the remainder of the study period. This represents a 21% increase when
compared to 2019.

The monthly average dwell time begins around 35 hours from January 2019 and remains
steady throughout the year. At the beginning of 2020, the dwell time dropped by 10% during
the months of January to July 2020 when compared to 2019. In September 2020, the dwell time
began to increase up to around 45 hours in December 2020. From there on, the monthly
average dwell time varies between 42 hours and 51 hours for the remainder of the study
period. From September 2020 through the remainder of the study period, the vessel dwell time
was 18% higher. The Pearson correlation coefficient of 0.80 indicates a strong, positive
correlation between container throughput and vessel dwell time at the Port of New York and
New Jersey.
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Figure 12. Port of New York and New Jersey Dwell Time and Container Throughput

Port of Rotterdam

Covid Timeline

Rotterdam is the second largest city in the Netherlands with a population of 655,000
[84]. The city is home to the largest port in Europe. The following is a summary of the Covid-19
related government orders as well as some key miles stones experienced in Rotterdam,
Netherlands over course of the study period. Figure 17 illustrates 30-day moving average of
new Covid-19 cases in Rotterdam as well as 30-day moving average for vessel dwell time for
ships at the Port of Rotterdam, for reference.

e January 24, 2020: COVID-19 first emerges in Europe [85].

e February 27, 2020: Rotterdam reports its first confirmed case of COVID-19 from a patient
who traveled from northern Italy [86].

e March 6, 2020: Rotterdam records the first death in the Netherlands due to COVID-19] [87].

e March 9, 2020: Prime Minister Rutte advises people in Noord-Brabant to work from home
and bans handshaking [86].

e March 12, 2020: Work from home order extended to the entire country, and gatherings of
more than 100 people are banned [86].

e March 15, 2020: Dutch PM announces an 'intelligent lockdown,' closing bars, restaurants,
schools, gyms, and nursing home visitations are not allowed. People are urged to stay

35



home, but can move around freely if maintaining a 1.5-meter distance from others.
Offenders are fined €390 [88].

March 23, 2020: Stricter lockdown rules are announced, closing 'contact professions,’
banning groups of more than three people in public, extending the ban on large gatherings
until June 1, and imposing fines for non-compliance [86].

March 31, 2020: The lockdown is extended until April 28, with the number of deaths at
1,039 [86].

May 11, 2020: Primary schools reopen, and children under 12 are allowed to play sports and
train with clubs. Ban on public events extended to September 1 [86].

June 1, 2020: Restaurants, pubs, theaters, and museums reopen for a maximum of 30
visitors [86].

July 1, 2020: Restrictions further relaxed, allowing events, no maximum number of people
at transit stations, and no maximum gathering restrictions [86].

August 2020: Number of cases begin to rise, and measures are introduced to restrict
gatherings to six people.

September 29, 2020: Gatherings limited to three people, restaurants and bars must close
early, and no spectators allowed at sports events.

January 2022: Rotterdam sees a surge in new Covid-19 cases, with a peak of 3,600 new
cases reported on February 9, 2022 [89]. Despite this, on January 14, 2022, the last of the
Covid lockdowns in the Netherlands once.

January 14, 2022: Last of the Covid-19 lockdowns in the Netherlands relax their restrictions
for the final time [86].
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Figure 13. Rotterdam Covid Cases (Figure provided by the Dutch National Institute for Public
Health and the Environment)

Covid Cases and Vessel Dwell Time

The figure below displays the 30-day moving average for vessel dwell time for ships at
the Port of Rotterdam and the 30-day moving average of new Covid cases in Rotterdam. It can
be seen that the vessel dwell time does fluctuate between 10 and 20 hours, and that there is a
large Covid surge in the spring of 2022; however, the vessel dwell time begins to decrease back
down to 10 hours as the Covid cases in the city decrease around April and May 2022. According
to the figure, a relationship is unlikely to exist between local Covid cases and vessel dwell time.
The Pearson correlation coefficient of 0.03 indicates no correlation between local Covid cases
and vessel dwell time at the Port of Rotterdam.
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Figure 14. Port of Rotterdam Vessel Dwell Time and Rotterdam Covid Cases

Ship Arrivals/Departures and Vessel Dwell Time

The figure below displays the 30-day moving average for arrivals, departures and vessel
dwell time at the Port of Rotterdam. The 30-day average for arrivals and departures fluctuates
between 3 and 4 ships from January 2019 to October 2020. In October 2020, the 30-day
average briefly increases to over 4 ships per day. After this peak, the average slowly descends
back to 3 ships per day around April 2021. The 30-day average for arrivals and departures
remains steady for the remainder of the study period before experiencing a sharp increase in
August 2022. The 30-day average dwell time begins around 10 hours in January 2019. The
average dwell time at the Port of Rotterdam fluctuates greatly throughout the study period; the
dwell time swings between 10 and 20 hours for the study period. The maximum dwell time is
23 hours in April 2019, and the minimum average dwell time is 6 hours in November of 2019.
According to the figure, there does not appear to be a relationship between ship
arrivals/departures and the vessel dwell time. Additionally, a Pearson correlation coefficient of
0.18 indicates a lack of correlation between ship arrivals and vessel dwell time at the Port of
Rotterdam.
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Figure 15. Port of Rotterdam Arrivals, Departures, and Vessel Dwell Time

Container Throughput and Vessel Dwell Time

The following figure displays the monthly average dwell time and the total container
throughput in twenty-foot equivalent units (TEU’s) for the Port of Rotterdam. The monthly
throughput at the Port of Rotterdam fluctuated between 1,056,211 and 1,335,972 TEU's for the
duration of the study period. The lowest volume of throughput occurred in February 2022, and
the highest volume of throughput occurred in October 2019. When compared to 2019, the
throughput at the port was similar for the entire study period; i.e. there was not a large influx
of goods when compared to past years.

The monthly average dwell time begins around 10 hours in January 2019 and averaged
13 hours that year. From January to July 2020, the dwell time was 8% higher than the 2019
average; however, the average dwell time was 14% lower for the remainder of the study
period. The lowest average monthly dwell time is 6.8 hours in November 2021, and the highest
average monthly dwell time is 19 hours in October 2021. The Pearson correlation coefficient of
-0.13 indicates a lack of correlation between container throughput and vessel dwell time at the
Port of Rotterdam.
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Container throughput data provided by the Port of Rotterdam
Figure 16. Port of Rotterdam Dwell Time and Container Throughput

Port of Shanghai

Covid Timeline

Shanghai, which is the largest and wealthiest city in China, has a population of almost 27
million people. The metropolitan area around Shanghai has a population of nearly 30 million
and is the third largest in the world behind Tokyo and Delhi [90]. The following is a summary of
the Covid-19 related government orders as well as some key miles stones experienced in
Shanghai, PRC over course of the study period.

e January 20, 2020: First case of coronavirus reported in Shanghai [91].

e January 2020: Initiatives taken at the border and in the city, including negative test
certificates, quarantine for inbound travelers, home quarantine, and fuse measures for
international flights.

e January 2020: Local initiatives began, such as symptom-based and occupation-based
screening, contact tracing, social distancing, and facemask requirements.

e March 2, 2020: Partial closure of public places in Shanghai.

e March 12, 2020: Closure of kindergartens, primary, secondary, and vocational schools;
universities closed on March 15.

40



e March 2020: Implementation of grid management for high-risk and non-high-risk areas in
Shanghai.

e March 16-17, 2020: Lockdown of high-risk areas and massive PCR screenings.

e March 18-20, 2020: Mass PCR screenings for non-high-risk areas.

e March 21, 2020: Inbound flights being diverted to combat the spread.

e March 28, 2020: Eastern Shanghai enters a full lockdown until May 31.

e April 1, 2020: Western Shanghai follows suit with a full lockdown.

e June 1, 2020: Complete lockdowns in Shanghai lifted [92] .

Several sources were found that reported Covid cases in Shanghai. These sources seem
unreliable and show conflicting data. The figure below, provided by the Johns Hopkins
University Center for Systems Science and Engineering (CSSE), displays the number of Covid
cases. However, it seems unlikely that the most active Covid cases in a city of 27 million was
31,510. It should be noted that the raw data could not be found for Shanghai covid cases. One
source from April 2022, states that Shanghai only reported 285 Covid related deaths, from
around 500,000 confirmed cases of Covid [94]. The same Reuters article states, “Several studies
have cast doubt on China's numbers, with one released in June 2020 saying they fall outside of
recognised and accepted medical norms. It estimated that 36,000 people could have died in
Wuhan alone, more than 10 times the official figure.”
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Figure 17. Shanghai Covid Cases (provided by the Johns Hopkins University CSSE)
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Covid Cases and Vessel Dwell Time

The figure that displays the 30-day moving average for vessel dwell time for ships at the
Port of Shanghai and the 30-day moving average of new Covid cases in Shanghai was omitted
due to the unreliability of the Covid case data.

Ship Arrivals/Departures and Vessel Dwell Time

The figure below displays the 30-day moving average for arrivals, departures and vessel
dwell time at the Port of Shanghai. The 30-day average for arrivals and departures fluctuates
between 37 and 45 ships from January 2019 through August 2019. In September 2019, the 30-
day average number of ships increased sharply up to 54 ships per day before returning to the
previous average of 42-45 ships per day. In January 2020, the 30-day average number of ships
began to decrease. It dropped below 40 in early February 2020 and bottomed out at 35 ships
per day by mid-February. The average remained below 40 ships per day until mid-March 2020.
The average then hovered around the low 40’s for the remaining study period, with dips below
40 in August through October 2021 and once again from April through June 2022. The 30-day
average dwell time begins around 16 hours in January 2019. The average dwell time at the Port
of Shanghai is consistently between 16 and 18 hours from January 2019 to September 2019. In
September 2019, it dips all the way down to 13 hours before returning to previous levels by late
October. The average dwell time remains consistent until late April 2020 when it dips below 15
hours once again. The average then begins increasing in August 2020 and climbs up to 17 hours.
The 30-day average dwell time then remains between 17 and 19 hours for the remainder of the
study period. Additionally, a Pearson correlation coefficient of -0.63 indicates a moderate,
negative correlation between ship arrivals and vessel dwell time at the Port of Shanghai.
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Figure 18. Port of Shanghai Arrivals, Departures, and Vessel Dwell Time

Container Throughput and Vessel Dwell Time

The following figure displays the monthly average dwell time and the total container
throughput in twenty-foot equivalent units (TEU’s) for the Port of Shanghai. The monthly
throughput at the Port of Shanghai began at 3.75 million TEU’s in January 2019, dropped to
2.85 million TEU’s in February 2019 and then fluctuated between 3.6 and 3.8 million TEU’s from
March 2019 to January 2020. In February 2020, the total throughput dropped to its lowest level
of the study period, 2.29 million TEU’s. Afterwards the total container throughput returned to
normal levels at the port. In October 2020, the port saw its second highest throughput of the
study period with 4.2 million TEU’s. For the remainder of the study period the throughput
fluctuated between 3.0 and 4.3 million TEU’s. The busiest months were August 2021 and
January 2022, both with 4.3 million TEU’s of throughput. From January to June 2020, the
container throughput at the Port of Shanghai was reduced by 12% when compared to 2019;
however it quickly recovered and averaged 7% more throughput for the remainder of the study
period.

The monthly average dwell time for the Port of Shanghai is consistent throughout the
study period. For the most part it fluctuated between 16 and 18 hours. In September 2019, the
average monthly dwell time was at its lowest at 13.4 hours, and between April 2020 and July
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2020, the average was between 14 and 15 hours. The highest monthly average dwell time was
19.3 hours in September 2021. From January to June 2020, the dwell time at the Port of
Shanghai was reduced by 7% when compared to 2019. From July 2020 to the end of the study
period the dwell time was up by 6% when compared to 2019. The Pearson correlation
coefficient of 0.30 indicates a weak, positive correlation between container throughput and
vessel dwell time at the Port of Shanghai.
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Figure 19. Port of Shanghai Dwell Time and Container Throughput
6. Discussion

Port of Long Beach

The Port of Long Beach was reported to be one of the most congested ports in the
United States, as well as one of the main supply chain bottlenecks. There are many possible
explanations for the congestion at the port; worker shortages due to sickness and lockdowns,
trouble in the trucking industry that reduced the number of containers leaving the port, an
increased volume of container ships, or an increased volume of containers being shipped.

Figure 10 displays the 30-day moving average for vessel dwell time of ships at the Port
of Long Beach and the 30-day moving average of new Covid cases in Los Angeles County. The
vessel dwell time at the port remained steady through the initial Covid wave in the spring of
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2020. The first surge of viral infections came in the summer of 2020 when daily infections for
the months of June through August rose by nearly 200% compared to March through May. In
this same time period, the vessel dwell time rose by only 4.6%. From September through
December, the Covid case average rose by 154% and the 30-day average vessel dwell time rose
by 44% compared to the previous 3 months. In January 2021, the Covid cases peaked and
began to subside over the next several months. The average new cases per day decreased by
57% but the vessel dwell time continued to increase by 23% from January through June 2021
when compared to the previous 4 months. From July 2021 through December 2021, daily Covid
cases rose by 39% and the vessel dwell time rose by 3.5%. For the remainder of the study
period, January through August 22, 2022, the daily average of Covid cases rose by 122% and the
vessel dwell time decreased by 5%. These observations indicate that there is likely no
relationship between local Covid cases and vessel dwell time; i.e. surges in viral infection did
not affect port congestion. Additionally, the Pearson correlation coefficient of 0.2, indicates
that there is no correlation between local Covid cases and vessel dwell time at the Port of Long
Beach

Figure 11 displays the ship arrivals, departures, and vessel dwell time. It can be seen in
the graph that the vessel dwell time, as well as the average amount of ships arriving and
departing, remains steady from January 2019 until the summer of 2020. In the summer of 2020,
there is a 33% increase in the 30-day average of ship arrivals/departures. This growth seems to
cause a 60% increase in the vessel dwell time by the end of 2020. After the increase in ship
arrivals and departures, the 30-day average drops back down to normal levels by January 2021;
however, the vessel dwell time continues to increase and ends up 100% higher than previous
levels by January 2021. The dwell time never recovers and stays elevated throughout the
remainder of the study period. This observation leads to the conclusion that the 33% increase
in ships may have overwhelmed the port, the vessel dwell times rose by 100% and the port was
unable to recover and turn ships around as quickly as before. Though the increased ship arrivals
in summer 2020 seem to cause the vessel dwell time to increase, there is nothing present that
indicates the two are directly related. Additionally, the Pearson correlation coefficient of -0.25
indicates a weak, negative correlation between ship arrivals and vessel dwell time at the Port of
Long Beach.

After further investigation into the volume of ship arrivals, the picture became clearer
about what was actually happening at the port. While Figure 11 indicates a 33% increase in ship
arrivals in the summer of 2020, it does not capture the backlog of container ships that were
waiting to enter the port. In the data set, the timestamp of ships arriving at the port are not
captured until the ship enters the port. However, due to the elevated vessel dwell times,
container ships were anchoring anywhere from 25 to 150 miles away from the port and waiting
their turn to dock and unload. Figure 24 below displays the amount of container ships waiting
to dock at the Port of Los Angeles and Port of Long Beach. It can be seen that the number of
ships waiting to dock begins to increase around October 2020; this is shortly after the spike in
ship arrivals and the accompanying elevated vessel dwell times. It appears that the port
became overloaded in the summer of 2020, the vessel dwell times began to increase shortly
afterwards, and this led to ships being forced to anchor offshore and wait their turn to enter
port. While it is unknown how many of the ships awaiting berth offshore were going to the Port
of Long Beach, it does indicate that there was an elevated volume of ships sailing to the port
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that is not reflected in the data set. It also helps explain why the vessel dwell time never
reduced to the previous times; the port was overloaded by an increased number of ship

sailings.
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Figure 20. Port of Los Angeles and Long Beach Backlog (chart: Dylan Miettinen Source: Marine Exchange
of Southern California)

In 2019, the monthly average volume of container throughput was 636,000 TEU’s per
month. During this period, the highest monthly volume of throughput was 706,955 TEU’s in
September 2019 and the lowest was 552,821 TEU’s in March 2019. When compared to 2019,
the container throughput was reduced by 18% in February, 23% in March, and 22% in April.
Overall, there was a 12% reduction in container throughput at the port between January and
June 2020. This low volume of throughput can be attributed to the massive lockdowns
throughout the United States as well as other countries. In the U.S. people were adjusting to a
new lifestyle. People were working from home, restaurants and many other businesses were
closed, and recreation and entertainment options were drastically altered. The pandemic
severely altered the spending patterns of the consumer in the U.S. There was a shift away from
services and a surge in spending on durable goods. Many of the durable goods being purchased
are manufactured in Asia; therefore, they must be shipped to the consumers in the U.S. Looking
at Figure 12, by July of 2020, the increased spending on retail goods is beginning to be reflected
in the container throughput at the port. From July 2020 through the remainder of the study
period, the monthly average volume of container throughput was 794,816 TEU’s. This equates
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to a 20% increase in container throughput at the port between July 2020 and August 2022,
compared to 2019. In this same period, the highest monthly throughput was 907,216 TEU's, or
30% higher than 2019 and the lowest monthly throughput was 724,297 TEU’s, or 12% higher
than 2019. According to reports, 2021 was the busiest year ever recorded at the port [95].

In Figure 12 it can also be seen that the increased container throughput coincided with
the increase in monthly average vessel dwell time. In 2019, the monthly average vessel dwell
time was 60 hours. When compared to 2019, dwell times at the port decreased 12% between
January and August 2020. This is due to the reduced throughput the port experienced during
this period. In September, the dwell time begins to increase towards 100 hours in December of
2020. The dwell time from September 2020 through the remainder of the study period
increased 37% when compared to 2019. The increase in vessel dwell time is likely a result of the
20% increase in container throughput. This leads the research team to believe that the port was
not only overloaded by increased ship sailings to the port, but also by elevated throughput
volumes. It also shows that the increased spending on durable goods in the United States likely
contributed significantly to the inefficient operations experienced at the port. Additionally, the
Pearson correlation coefficient of 0.80 indicates a strong, positive correlation between
container throughput and vessel dwell time at the Port of Long Beach.

Port of New York and New Jersey

Much like the Port of Long Beach, the Port of New York and New Jersey reportedly
suffered from congestion during the pandemic too [96]. Figure 14 displays the 30-day moving
average for vessel dwell time for ships at the Port of New York and New Jersey and the 30-day
moving average of new Covid cases in New York City. The city had an early surge in Covid cases
in spring 2020, as it was one of the first epicenters in the country. It was averaging 2,214 new
cases per day between March and May 2020. At the same time the, the vessel dwell time was
2% lower than the January/February average, and 10% lower than the 2019 average of 35
hours. Compared to the previous 3 months, the Covid case average decreased by 84%, and the
vessel dwell time increased by 1.6% for June through August 2022. The remainder of the year
saw a 382% increase in Covid cases and a 28% increase in dwell times. The Covid situation in
New York City remained dire into 2021, cases continued to rise and they peaked in February
2021. The first half of 2021(Jaunary —June) saw a 74% rise in Covid cases and 6.5% rise in vessel
dwell times. After a peak in dwell times in January 2021, they levelled off to a little over 43
hours for the entire year of 2021 despite a 24% increase in Covid cases for July-December
2021.In January 2022 a small increase in vessel dwell times seem to coincide with the third
surge of Covid cases in New York City. From January 2022 to August 22, 2022, the Covid cases
rose by 38% and the vessel dwell time increased by 11%. These observations indicate that there
is likely no relationship between local Covid cases and vessel dwell time; i.e. surges in viral
infection did not affect port congestion. Additionally, the Pearson correlation coefficient of 0.2
indicates no correlation between local Covid cases and vessel dwell time at the Port of New
York and New Jersey.

It can be seen in Figure 15 that the average number of arrivals and departures is right ad
6 ships per day for the entire study period. The average vessel dwell time is 35 hours in 2019.
From January through July 2020, the average vessel dwell time is 32 hours. Beginning in August
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2020, the vessel dwell time begins a steady increase, and the average from August through
December 2020 is 37 hours. From January 2021 through the remainder of the study period, the
average dwell time was 10 hours higher than the 2019 average, at 45 hours. Unlike the Port of
Long Beach, there is no sharp increase in the average number of ships arriving at the port; but
much like the Port of Long Beach, the volume of ships being reported as arriving can be
misleading. Once again the ships arriving for unloading at the port are not captured until the
ship enters the port. Though there is no data that reports on the number of ships awaiting
docking, there are reports in September 2021 and December 2021 of container ships anchoring
offshore to await their turn to dock and unload [97] [98]. Included in one of these reports is an
explanation for the congestion, which it states is a 20% rise in imports [98]. Once again, it
appears that the port became overloaded in the summer of 2020, though this is not reflected in
the arrival/departure data. As a result, the vessel dwell times increased and eventually ships
were forced to wait at sea for their turn to dock and unload. Observations of the data do not
seem to indicate any relationship between ship arrivals/departures and port congestion.
Additionally, the Pearson correlation coefficient of 0.07 indicates a lack of any correlation
between ship arrivals and vessel dwell time at the Port of New York and New Jersey

Figure 16 displays the connection between vessel dwell times and container throughput.
In 2019, the monthly average vessel dwell time was 35 hours and the monthly average
container throughput was 622,594 TEU’s. When compared to 2019, the container throughput
at the port was reduced by 10% between January and July 2020. In this same time period, the
average dwell time was also 10% lower compared to 2019. During the first half of 2020, the
lower monthly average vessel dwell times correspond with the low throughput numbers. Once
again the reduced throughput can be attributed to the pandemic and the massive lockdowns
throughout the United States as well as other countries. The total throughput began to
rebound in August 2020 and by September the throughput had surpassed any volume
previously seen in the study period with 720,969 TEU’s. The monthly average container
throughput continued to increase and, with February 2021 being the only exception, remained
above 709,000 TEU’s for the remainder of the study period. From September 2020 through
August 2022, the throughput was 21% higher than in 2019 and the average vessel dwell time
was 18% higher. These results indicate that the port was overloaded with containers and was
unable to keep up with the demands and as a result the port was unable to operate efficiently.
Much like the Port of Long Beach, these results also show that the inefficiency at the portis a
result of the increased spending on durable goods in the United States. Additionally, the
Pearson correlation coefficient of 0.80 represents a moderate to strong correlation between
container throughput and vessel dwell time at the Port of New York and New Jersey.
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Port of Rotterdam

The Port of Rotterdam is the largest port in Europe. Figure 18 displays the 30-day
moving average for vessel dwell time for ships at the Port of Rotterdam and the 30-day moving
average of new Covid cases in Rotterdam. Looking at the figure, Rotterdam experienced a mild
spring in regards to Covid cases with around 51 new cases per day from March through May
2020. The vessel dwell time during this period was 14.5 hours, or 11% higher than the 2019
average. From June-August, Covid cases were 11% higher, and dwell times were 4.5% lower
compared to the previous 3 months. In the fall of 2020, Covid cases in Rotterdam rose by 550%
but dwell times decreased by 28%. Compared to the last 3 months of 2020, cases dropped by
40% and dwell times rose by 20% in the first half of 2021. The second half saw Covid cases and
vessel dwell times increase by 4.7% and 17.3% respectively. The remainder of the study period,
January-August 2022, the city experienced a 208% increase in new daily Covid cases, and a 22%
decrease in vessel dwell times. These observations indicate that there is likely no relationship
between local Covid cases and vessel dwell time; i.e. surges in viral infection did not affect port
efficiency. Additionally, the Pearson correlation coefficient of 0.03 indicates no correlation
between local Covid cases and vessel dwell time at the Port of Rotterdam.

It can be seen in Figure 19 that the arrivals and departures is somewhat consistent
throughout the study period. The amount of average arrivals per year is 3.2 in 2019, 3.1 in
2020, 2.0in 2021, and 2.2 in 2022. The port had a yearly average vessel dwell time of 13 hours
in 2019 and 2020, 12.7 hours in 2021, and 11.9 hours in 2022. These finding indicate that
though the port seemed to experience large fluctuations in arrivals, departures, and dwell time,
overall the volume of ships and dwell time were consistent over time. In addition, observations
of the data do not seem to indicate any relationship between ship arrivals/departures and port
congestion and the Pearson correlation coefficient of 0.18 indicates a lack of correlation
between ship arrivals and vessel dwell time at the Port of Rotterdam.

Looking at Figure 20, we can see that the throughput at the port is consistent. The
average throughput was 1,241,170 in 2019, 1,203,959 in 2020, 1,275,342 in 2021, and
1,222,421 2022. This is in stark contrast to the port in the United States that experience major
increases in throughput starting in the summer/fall of 2020. As said before, the port seemed to
experience large fluctuations in the dwell time, but it was consistent over time. The port had a
consistent yearly average vessel dwell time of 13 hours in 2019 and 2020, 12.7 hours in 2021,
and 11.9 hours in 2022. While throughput at the port and vessel dwell time were consistent,
there is lack of evidence to support the presence of a relationship between port congestion and
container throughput at the Port of Rotterdam. Additionally, the Pearson correlation coefficient
of -0.13 indicates a lack of correlation between container throughput and vessel dwell time at
the Port of Rotterdam.

Much like the ports in the United States, the Port of Rotterdam did not seem to be
affected by Covid cases in the city or ship arrivals/departures. The major contrast with the U.S.
ports is seen in the container throughput and vessel dwell times. The port never experienced
the elevated container throughput seen in the United States, which resulted in more consistent
vessel dwell times throughout the study period.
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Port of Shanghai

The Port of Shanghai is the largest port in the world. It can be seen in Figure 22 that the
ship arrivals/departures are consistently around 40 ships per day during the study period. The
average ship arrivals were 43 in 2019, 42 in 2020, 41 in 2021, and 40 in 2022. There was an
increase in the arrival/departure of ships in late September 2019, with that number increasing
up to around 53 ships per day, but that number returned back to 43 by mid-October. The avg.
vessel dwell time for the port was 16.6 hours in 2019, 16.2 hours in 2020, 18 hours in 2021, and
17.6 hours in 2022. Additionally, a Pearson correlation coefficient of -0.63 indicates a moderate,
negative correlation between ship arrivals and vessel dwell time at the Port of Shanghai.

The average container throughput at the Port of Shanghai was 3,608,583 TEUs in 2019.
In the beginning of 2020, the throughput was reduced by 13% due to the pandemic; it quickly-
recovered and finished 0.5% higher than 2019. In 2021 the throughput was 8.6% higher than
2019, and in 2022 the throughput was 7.5% higher than 2019. While the amount of throughput
did exceed pre-Covid numbers, the percent increase was not like those seen at the ports in the
U.S. In addition, there are no major surges in throughput like there was at the ports in the
United States. The increase was more gradual. As a result, the Port of Shanghai never became
overloaded, and the monthly average vessel dwell time remained consistent from the
beginning of the study period, through the pandemic, and to the end of the study period.
Observations of the data do not seem to indicate any relationship between container
throughput and port congestion. Additionally, the Pearson correlation coefficient of 0.30
indicates that there is no correlation between container throughput and vessel dwell time at
the Port of Shanghai.

Much like the other ports, the Port of Shanghai did not seem to be affected by Covid
cases in the city nor fluctuations in the ship arrivals/departures. Again, the major contrast with
the U.S. ports is seen in the container throughput and vessel dwell times. While the port did
experience elevated container throughput like the ports in the United States, the throughput
was not as exaggerated and it did not cause the vessel dwell time to increase. When comparing
the two ports within the United States to the international ports, we see many differences.
First, we can see that vessel dwell times at the Port of Rotterdam and Port of Shanghai never
suffered as a result of the pandemic while the vessel dwell times at the Port of Long Beach and
Port of New York and New Jersey increased. Next, we can see that container throughput at the
ports in the U.S. increased in the summer of 2020 and that this increase coincided with the
increased vessel dwell times. At the same time, the other two ports did not see the increase in
throughput, or at least not to the same degree, like the two ports in the United States did. It
should also be noted, that the two international ports handled much more volume than the
U.S. ports and that these ports may be better equipped to handle a large influx cargo in the
event of a surge of imports.

7. Conclusions

This research project sought to gain a better understanding of port congestion during
the Covid-19 pandemic. In order to accomplish this goal, the research team collected and
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analyzed Covid data, arrival and departure data of container ships, and container throughout at
the Port of Long Beach, Port of New York and New Jersey, Port of Rotterdam, and the Port of
Shanghai. These ports were chosen because of their significant roles in the maritime shipping
industry. By studying these ports the research team aimed to quantify shipping volume, dwell
times, and container throughput at the aforementioned ports; look for trends; seek
explanations for the trends; and increase our understanding of the effect that the COVID-19
pandemic had on congestion at the port.

The Port of Long Beach is considered the U.S. gateway for trans-Pacific trade. The port
handles trade valued at $200 billion annually. It supports 2.6 million jobs across the nation,
575,000 jobs in Southern California and 50,000, or 1 in 5, in Long Beach. It is one of the few U.S.
ports that can handle the largest shipping vessels in the world. Unfortunately, the port suffered
some of the worst congestion in the country and was largely blamed for the bottleneck in the
supply chain that lead to a delay of everything from durable and non-durable goods, medicine,
and food. The research team attempted to observe the possibility that large outbreaks of
coronavirus infection in the vicinity of the port may heave lead to an increase in the ship vessel
dwell time (amount of time that vessels spend in port actively loading or unloading cargo). It
was hypothesized that a large amount of infections would lead to a drop in available workforce,
and this would result in increased vessel dwell time. In order to do this, the amount of new
daily Covid cases in LA County was plotted along with the average daily vessel dwell time. For
each of these data sets, the 30-day average was also plotted. It was observed that the vessel
dwell time did increase shortly after the first wave of Covid struck LA County. However, nothing
observed, nor the Pearson correlation coefficient indicates that upticks in viral infections
caused efficiency to suffer at the Port of Long Beach.

Next, the research team observed the relationship between ship arrivals/departures and
vessel dwell time at the Port of Long Beach. The data did show that in summer 2020, an
increase in ship arrivals/departures at the port did precede a major uptick in vessel dwell times,
but while the ship arrivals dwindled, the vessel dwell times stayed elevated. However, there is
likely an explanation for this. As the port became overloaded in the summer of 2020, it was
unable to keep up with the demand, efficiency of operation at the port suffered, and
congestion occurred. As a result of the congestion, ships that were waiting to enter the port
were forced to anchor offshore and wait their turn to enter the port. If the ships could be
processed at pre-pandemic levels, then the data would have reflected a higher volume of ship
arrivals and departures.

Finally, the research team sought to observe the relationship between container
throughput and vessel dwell time at the Port of Long Beach. The data revealed a 20% increase
in container throughput at the port between July 2020 and August 2022, and a 37% increase in
vessel dwell time between September 2020 and August 2022, compared to 2019. This analysis,
along the correlation revealed by the Pearson correlation coefficient, leads the research team
to conclude that the increase in container throughput at the Port of Long Beach is a major
culprit for the increased vessel dwell times and the resulting port congestion. The Port of Long
Beach became overloaded as a result of increased consumer spending on goods during the
summer of 2020, this consumption continued afterwards, and the port simply could not keep
up with demand.
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The Port of New York and New Jersey is the largest port on the east coast and the third
largest in the nation. In 2019, the port moved over 7.4 million TEUs of cargo and is considered a
gateway to the largest consumer market in North America. The research team attempted to
observe the possibility that large outbreaks of coronavirus infection in the vicinity of the port
may have lead to an increase in the ship vessel dwell. It was observed that the first surge in
Covid cases in New York City did precede the initial increase in vessel dwell time at the Port of
New York and New Jersey. However, after Covid cases in the city declined, the vessel dwell time
did remain elevated. Also, no subsequent surges in Covid cases resulted in upticks of vessel
dwell times. Nothing observed, nor the Pearson correlation coefficient, indicates that upticks in
viral infections caused efficiency to suffer at the Port of New York and New Jersey.

Next, the research team attempted to observe the relationship of increased vessel dwell
time and an increase in ship arrivals and departures at the Port of New York and New Jersey.
Though there was an increase in vessel dwell times that began in the summer of 2020, data did
not show an increase in ship arrivals/departures at the port. Much like the Port of Long Beach,
there were reports that cargo ships and oil tankers were forced to anchor offshore and wait to
dock and unload. There was no data to be found on these ships, but one report states there
were at least two dozen ships and tankers anchored offshore [99]. Once again, if the ships were
able to be processed at pre-pandemic levels, then it is likely that we would see the increase in
ship arrivals/departures reflected in the numbers. Observations of the data, as well as the
Pearson correlation coefficient, does not reveal correlation between ship arrivals and vessel
dwell time at the Port of New York and New Jersey

Finally, the research team sought to observe the relationship between container
throughput and vessel dwell time at the Port of New York and New Jersey. From September
2020 through August 2022, the throughput was 21% higher and the average vessel dwell time
was 18% higher than in 2019. This analysis, along with the Pearson correlation coefficient, leads
the research team to conclude that the large increase in container throughput at the port is
likely the culprit for the increased vessel dwell times. Just like the Port of Long Beach, the pre-
pandemic vessel dwell times and container throughput were fairly steady until the summer of
2020, when there was a large increase in throughput at the port up to levels. The amount of
throughput was unprecedented. This, along with reports that consumer retail spending
skyrocketed shortly after pandemic lockdowns ended and reports of record amounts of
throughput at the port, leads us believe that this caused the increase in vessel dwell times.
Though the vessel dwell times were not nearly as bad as in Long Beach, the Port of New York
and New Jersey also became overloaded as a result of increased consumer spending on goods
during the summer of 2020, this continued throughout the study period, and the port simply
could not keep up with demand and became congested.

The Port of Rotterdam is the largest seaport in Europe and the largest seaport outside of
East Asia. It is considered Europe’s gateway to the world. The research team attempted to
observe the possibility that large outbreaks of coronavirus infection in the vicinity of the port
may heave lead to an increase in the ship vessel dwell. Nothing observed, nor the Pearson
correlation coefficient, indicates any correlation between local Covid cases and vessel dwell
time at the Port of Rotterdam.

Next, the research team attempted to observe the relationship of increased vessel dwell
time and an increase in ship arrivals and departures at the Port of Rotterdam. Again, there was
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never a significant increase in ship arrivals that resulted in increased vessel dwell times. In fact,
arrivals and departures decreased slightly over the study period, while the vessel dwell times
hover around the same time throughout the study period. Nothing observed, nor the Pearson
correlation coefficient, indicates any correlation between ship arrivals/departures and vessel
dwell time at the Port of Rotterdam.

Finally, the research team sought to observe the relationship between container
throughput and vessel dwell time at the Port of Rotterdam. Nothing observed, nor the Pearson
correlation coefficient, indicates any correlation between container throughput and vessel
dwell time at the Port of Rotterdam. From the data, we can conclude that there was no surge in
consumer spending that resulted in elevated container throughput at the port. Generally,
speaking, we can also conclude that the vessel dwell times at the Port of Rotterdam never
suffered because of the pandemic.

The Port of Shanghai, located in Shanghai, China, is the busiest port in the world in
terms of cargo tonnage. It has handled the most container throughput in the world for 13 years
straight. Due to unreliable Covid case data, we are unable to make any conclusion regarding the
relationship between viral infection outbreaks and increased vessel dwell times.

Next, the research team attempted to observe the relationship of increased vessel dwell
time and an increase in ship arrivals and departures at the Port of Shanghai. Though there were
some spikes and dips in arrivals/departures throughout the study period, the data is pretty
consistent. The average ship arrivals were 43 in 2019, 42 in 2020, 41 in 2021, and 40 in 2022.
The average vessel dwell time for the port was 16.6 hours in 2019, 16.2 hours in 2020, 18 hours
in 2021, and 17.6 hours in 2022. Interestingly, the Pearson correlation coefficient indicates a
moderate, negative correlation between ship arrivals and vessel dwell time at the Port of
Shanghai.

Finally, the research team sought to observe the relationship between container
throughput and vessel dwell time at the Port of Shanghai. In 2021 the throughput was 8.6%
higher than 2019, and in 2022 the throughput was 7.5% higher than 2019. While the amount of
throughput did exceed pre-Covid numbers, the percent increase was not like those seen at the
ports in the U.S. Nothing on the data, nor the Pearson correlation coefficient, indicate a
correlation between container throughput and vessel dwell time. Generally, speaking, we can
be conclude that the vessel dwell times at the Port of Shanghai never suffered as a result of the
pandemic.

When comparing the ports in the United States to the ports abroad, the efficiency at the
U.S ports suffered immensely as a result of the pandemic. Though there are many explanations
for this, the data observed in this research study concludes that there was a massive influx of
goods at the ports which is reflected in the container throughput. As a result, the ports became
overloaded and were unable to keep up with demand. The ports became congested, efficiency
declined and vessel dwell times skyrocketed. As a result of this congestion, ships sailing for the
Port of Long Beach and Port of New York and New Jersey were forced to anchor offshore and
wait to unload. This occurred due changes in societal norms from the pandemic and resulted in
a massive swing from services to goods. Unlike the U.S. ports, the ports in Rotterdam and
Shanghai never saw this increased throughput and continued to operate efficiently throughout
the study period.

53



The implications of this research are that the ports in the U.S. are susceptible to the
fluctuations in the consumer spending model. Though the pandemic was unprecedented, the
spending habits of people in the United States can be unpredictable and surges in consumption
can lead to supply chain bottlenecks at the ports. This could happen as a result of many things
such as natural disaster, terrorist attacks, stimulus checks, or tax cuts. In order to combat this
vulnerability, research on improving resiliency and efficiency at ports should be conducted.
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