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Abstract 

Ports are located in low-lying coastal and riverine areas making them prone to the 

physical impacts of natural disasters. The consequential disruptions can potentially 

propagate through supply chains, resulting in widespread economic losses. Previous 

studies to quantify the risks of port disruptions have adopted various modelling 

assumptions about the resilience of individual ports and marine network logistics. 

However, limited empirical evidence is available to validate these modelling assumptions 

or to provide deeper understanding of the ways in which operations are adapted during 

and after disruptions. Here, we use vessel tracking data to analyse past port disruptions 

due to natural disasters, evaluating 141 incidences of disruptions across 74 ports and 27 

disasters. Results show a median disruption duration of six days with a 95th percentile of 

22.2 days. All analysed events show multiple ports being affected simultaneously, 

challenging some of the studies that only focus on single port disruptions. Moreover, we 

find that the duration of the disruption scales with the severity of the event, with an 

increment of 1.0m storm surge or 10m/s wind speed associated with a two day increase in 

disruption duration. In contrast to commonplace assumptions in model studies, 

substitution between ports is rarely observed during short-term disruptions. On the other 
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hand, production recapture happens in practice in many cases of port disruptions. In 

short, empirical vessel tracking data provides valuable insights for future modelling 

studies in order to better approximate the extent of the disruption and the potential 

resilience of the port and maritime network. 
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Highlights: 

-Empirical evidence of 141 incidences of past port disruptions across 27 events 

-Ports disruptions have a median of 6 days with a 95th quantile of 22.2 days 

-Additional 1.0m surge or 10m/s wind speed leads to a two day increase in disruption duration. 

-All events cause simultaneous disruption at multiple ports. 

-Production recapture more likely than port substitution 

 

1. Introduction 

Ports are critical nodes in the global trade network. Ports form the linkages between hinterlands 

and determine the location and distribution of global supply-chains (Becker et al., 2013; Ng et 

al., 2015; Notteboom and Rodrigue, 2008). They are strategically located close to coastlines 

and riverine areas to provide access to global maritime and inland water transport networks. 

However, their location makes them potentially vulnerable to natural disasters, such as coastal 

flooding (e.g. tropical cyclones, hurricanes), riverine flooding and earthquakes. A survey by the 

UNCTAD in 2017 (UNCTAD, 2017) showed that 72% of the port authorities that responded 

have been impacted by extreme events, causing delays (60%), disrupting operations (76%) or 

causing physical damages (45%). Given a port’s vital role in the global supply chains, port 

disruptions may induce shocks throughout the regional and global economy (Rose and Wei, 



2013). Therefore, understanding past port disruptions and projecting future changes in port 

disruptions from natural disasters is vital for building resilience into the global port and trade 

network.  

 

The impacts of natural disasters on transportation systems, including ports, can be multifaceted. 

A port disruption can first reduce the amount of freight a port can process for a certain duration, 

causing delays, the depreciation of goods and, in case cargo is re-routed, additional 

transportation costs (Achurra-Gonzalez et al., 2019a; Omer et al., 2012). Cyclone Yasi, in 2011, 

closed the port of Brisbane for ten days, causing a total of AUD50 million in losses and 

decreasing the annual throughput with 6.4 percent (Cahoon et al., 2016). In case of physical 

damages to ports, the functioning of ports may be severely impaired, with large costs involved 

to rebuild port assets and a long term disruption to the logistics network. Disruptions to vital 

transportation systems can further have large scale consequences for supply-chains that depend 

on these systems (Lam et al., 2017; Ng et al., 2015; Rose and Wei, 2013). For instance, 

Hurricane Katrina in 2005 caused USD 1.7 billion damages to the Louisiana ports, resulting in 

an estimated USD 882 million losses of agricultural trade (Santella et al., 2010; Trepte and 

Rice, 2014). Typhoon Maemi in 2003 left the Port of Busan inoperable for 91 days (Becker et 

al., 2018), disrupting global maritime trade (Lam et al., 2017).  

 

2. Literature review 

Here, we will briefly discuss previous research that has focused on providing empirical 

evidence of past port disruptions (Section 2.1), potential economic consequences of port 

disruptions (Section 2.2),  and the approaches to mitigate the negative consequences of port 

disruptions (Section 2.3). 

 



2.1. Empirical evidence port disruptions  

Several studies have looked at the past occurrence of port disruptions due to natural disasters. 

Trepte and Rice (2014) collected data on 28 incidences of port disruptions (caused for various 

reasons) between 2004 and 2010, showing that the median disruption duration equals three days 

with a standard deviation of six days. Lam and Su (2015) discussed 15 disruptions between 

2001 and 2011 in Asia, including seven natural disasters, with closure durations ranging from 

1 to 91 days. Adam et al. (2016) elaborated on maritime disruptions in the UK from 1950 to 

2014, identifying 88 events of which 48% were caused by wind storms or storm surges. 

Interestingly, an increase in wind-induced port disruptions is reported, while disruptions 

associated with storm surges have decreased. Cao and Lam (2019) assess weather-induced port 

disruptions between 2013 and 2017 for the Port of Shenzhen, finding a total number of 170 

weather events that caused downtime. The authors find that the month March has an average 

monthly downtime of seven days between 2013 and 2017, mainly associated with fog, whereas 

the months of July and August have an average monthly downtime of around four days due to 

typhoons and rain. In short, port disruptions largely vary according to the type of event, 

magnitude, continent and port, making it hard to generalise the results. 

 

A small numbers of studies have explored the empirical analysis of port functioning during and 

after natural disasters using empirical vessel tracking data (Farhadi et al., 2016; Touzinsky et 

al., 2018).  These studies have focused on the port of New York/New Jersey during Hurricane 

Sandy (2012) (Farhadi et al., 2016) and the ports of Savannah, Charleston and Jacksonville 

during Hurricane Matthew (2016) (Touzinsky et al., 2018). They showed how port disruptions 

follow a classical resilience curve consisting of the initial shock, a recovery phase and an 

adaptation phase (Grafton et al., 2019; Linkov et al., 2014). Still, difference can be observed 

between events and ports, which raises questions what the critical drivers of ports resilience 



are. This type of analysis has not yet been explored beyond the handful of ports in the United 

States, but provides a generic way to analyse port disruptions on a global scale.  

 

2.2. Impact modelling port disruptions 

Research focused on modelling the economic impacts of port disruptions use a variety of 

approaches, depending on the level of the impact analysis (e.g. port-level, regional-level, 

national-level). Port-level approaches either use hydrodynamic or weather-simulating models 

in combination with operational thresholds of ports (Camus et al., 2019; Esteban et al., 2016; 

Sierra et al., 2017; Zhang and Lam, 2015) or a simulation model of the port functioning in order 

to estimate the economic losses of downtime for a port (Cao and Lam, 2019; Zhang and Lam, 

2016). The abovementioned studies rely on a relationship between the event (e.g. wind speed, 

surge height, earthquake magnitude) and the resulting downtime, which is often hard to obtain 

from data. Ports often work under increased safety protocol before operational thresholds (e.g. 

wind thresholds for gantry cranes) are exceeded (Berle et al., 2011; Omer et al., 2012), which 

means that thresholds do not have to be exceeded before operations are disrupted. Apart from 

a curve that relates the port recovery to the severity of an earthquake in Japan (Akakura et al., 

2015), such general relationships do not yet exist for ports.  

 

System-wide approaches model the freight assignment in case of port disruptions using freight 

modelling (Jones et al., 2011) or empirical approaches (Akakura et al., 2015; Paul and Maloni, 

2010). Although they can predict the optimal diversion paths of freight, they are often static 

models and do not provide insights into the dynamic assignment, including port and liner 

constraints, over time. Other approaches use dynamic liner optimisation models (Achurra-

Gonzalez et al., 2019b, 2019a; Novati et al., 2015) to model the vessel assignment over time 

and associated cost of vessel rerouting after node or link perturbations. A different strand of 



literature have quantified the economic consequences of a port disruption by assessing the inter-

industry supply chain interlinkages of goods transported through a specific port (Pant et al., 

2015; Park et al., 2008; Rose et al., 2018; Rose and Wei, 2013; Thekdi and Santos, 2016). Such 

evaluations use a combination of port disruption scenarios, a port simulation model, and a 

macroeconomic model to propagate the impacts of disruptions to the regional or national 

economy.  

 

The abovementioned literature often rely on a scenario analysis of port disruptions, including 

the duration of the disruption and the occurrence of single versus multiple ports disruptions. 

Those focusing on disruptions from natural disasters or extreme weather have implemented 

durations in the order of 1 – 10 days (Cao and Lam, 2019; Jones et al., 2011; Pant et al., 2014; 

Zhang and Lam, 2016, 2015). Others have assumed longer closures such as 14 days (Pant et al., 

2015; Paul and Maloni, 2010), 30 days (Thekdi and Santos, 2016) or two months (Achurra-

Gonzalez et al., 2019b), with the latter focusing on a specific earthquake event. However, given 

the variety of scenarios, and the potentially sensitivity of the results to this, it is important to 

understand how these scenarios relate to past port disruptions in terms of severity. For instance, 

little substantiation is provided what the recurrence interval of these scenarios are (e.g. 10 day 

disruptions occurs once every x years). Moreover, most of the aforementioned studies only 

consider single port disruptions (Camus et al., 2019; Cao and Lam, 2019; Pant et al., 2015; Park 

et al., 2008; Rose et al., 2018; Rose and Wei, 2013; Thekdi and Santos, 2016; Zhang and Lam, 

2016). However, a single versus multiple port disruption scenario might affect the results in 

terms of losses and system response. For instance, Paul and Maloni (2010) showed that a 

multiple port versus a single port disruption scenario (14 days) increases the resulting losses by 

a factor 4.6.  

 



2.3. Mitigation strategies port disruptions 

The most prominent strategies to minimise the negative consequences of port disruptions from 

a logistics point of view are production recapture (i.e. ports can make up for disruption by 

shifting more cargo once they become operational again) and port substitution (i.e. part of cargo 

can be diverted to other port/ports). Most modelling studies assume that port substitution readily 

happens, either by modelling the alternative assignment options explicitly (Achurra-Gonzalez 

et al., 2019a; Jones et al., 2011; Novati et al., 2015; Paul and Maloni, 2010) or by including it 

as a resilience option in an impact analysis using macro-economic models (Rose et al., 2018; 

Rose and Wei, 2013). However, port substitution might not occur in practise, due to a variety 

of factors: the earlier mentioned simultaneous port disruptions, draught constraints, hinterland 

connections, specialised equipment, and contractual restrictions (Akakura et al., 2015; Hamano 

and Vermeulen, 2019; Trepte and Rice, 2014). The ongoing trends in port development are on 

the one hand an increasing specialisation of smaller ports and on the other hand a rise in large 

gateway ports, driven by the ever-increasing size of vessels that can only call at a limited set of 

ports (Ducruet et al., 2015; Notteboom and Rodrigue, 2008). Trepte and Rice (2014) pointed 

out that due to this trend, a disruption in a large port/set of ports in the U.S.A. will inevitably 

lead to losses to the economy given an insufficient capacity in substitution ports. On top of that, 

ports are becoming more horizontally embedded in supply-chains (Notteboom and Rodrigue, 

2008; Notteboom, 2006; Rodrigue and Notteboom, 2009; Wendler-Bosco and Nicholson, 2019) 

with carriers owning stevedoring companies and hinterland connections, or carriers having 

long-term contracts with specific ports for cargo handling. This all makes the occurrence of 

port substitution limited, with carriers often choosing to either wait or implement strategies 

such as port swapping or port skipping (Li et al., 2015).  

 



Recent empirical work (Friedt, 2018; Sytsma, 2017) analysed changing port-level trade flows 

during and after a number of hurricanes in the U.S.A. and found limited evidence of port 

substitution. Hamano and Vermeulen (2019), however, found evidence that in Japan about 40% 

of the export were substituted to other ports in the months after the Great East Japan Earthquake 

in 2011. However, this could be driven by the type of commodities Japan exports (e.g. car 

manufacturing) that generally have little inventories (and therefore a larger export push), the 

two month disruption of multiple ports, and because of the country’s spatial configuration, 

which makes it relatively cost-efficient to switch from ports on one side of the country to the 

other (Akakura et al., 2015; Hamano and Vermeulen, 2019). The extent to which port 

substitution can occur does steer the resulting losses. For instance, Achurra-Gonzalez et al. 

(2019a) showed that disruption losses have an order of magnitude difference depending on the 

assumption of diversion rate incorporated (they apply cases 0 – 100% diversion). Therefore, 

diversion rates, such as the 90% diversion rate used by Rose and Wei (2013) and Rose, Wei 

and Paul (2018) as a potential resilience strategy, should be empirically tested for its viability.  

 

Instead of diverting cargo to alternative ports, ports can recapture the delayed cargo that has not 

been cancelled (via port skipping or swapping) by increasing their productivity after the port 

has become operational again (Akakura et al., 2015). The ability of a port to do this depends on 

the level of utilisation of the port and the ability to temporarily increase throughput (level of 

storage, number of tugs and pilots, number of trucks and trains available to transport). Ports 

with a high utilisation rate and already large congestion problems (e.g. Port of Los Angeles and 

Long Beach) will face difficulties in recapturing cargo, whereas ports with lower utilisation 

rates (e.g. Port of Baltimore, Port of  Charleston) (Fan et al., 2012) will more likely recapture 

their cargo. In case of ports transporting goods with a seasonal character (e.g. harvesting season 



agriculture), the ability to recapture also depends on the timing of the disaster. However, this 

strategy is often not included in modelling approaches.  

 

The occurrence of port substitution and production recapture in reality is mixed, making it hard 

to understand the current level of resilience already in the system and evaluate the viability and 

benefits of various strategies to improve port and supply-chain resilience.  

 

3. Research gap and objectives 

As pointed out in the literature review, little empirical evidence is available about port 

disruptions in real-world situations. Providing an empirical database of past port disruptions 

can improve our understanding on the occurrence and extent of disruptions across different 

geographical scales. Using this data to derive a relationship between the severity of the event 

and the resulting downtime could support risk management purpose of ports. Furthermore, 

empirical data can support model-based studies by creating more realistic scenarios of port 

disruptions, in terms of duration and spatial extent (e.g. single versus multiple ports), and help 

refine some of the modelling assumptions made on the recovery and response of the logistic 

network. At last, analysing the dynamics of port disruptions over time can provide useful 

insights in the resilience of supply-chains and can be used a tool to evaluate how different 

strategies implemented by ports are enhancing the recovery after disruptions.  

 

In this paper, we build upon previous analysis (Farhadi et al., 2016; Touzinsky et al., 2018) and 

use Automatic Identification System (AIS) data to provide empirical evidence of vessel 

movements in and around ports (both affected and non-affected ones) during and after 

disruptions. We use this data to fill in some of the research gaps by evaluating the disruption 

duration and the resilience of ports, and deriving a fragility curve for U.S.A.  ports. In addition, 



we evaluate the port and logistic level resilience by looking into the mitigation strategies 

implemented, either via ports trying to (partially) recapture goods or carriers seeking 

alternative, non-affected, ports to take over some of the goods destined for a disrupted port.  

 

In total, we analyse 141 incidences of port disruptions due to natural disasters. Although we are 

constrained by data availability (U.S.A. 2011-2017, Australia 2012-2019 and globally April 

2019 – December 2019), some valuable insights can be provided by the events analysed, 

including a number of implications for port authorities and future research efforts. We start by 

providing an overview of the data sources used and analytical approach adopted (Section 4).  

This is followed by a systematic analysis of the events, including duration of the disruptions 

and resilience of ports (Section 5.1). Next, evaluate the relationship between the magnitude of 

the event and the duration of the disruption for U.S.A. ports (Section 5.2) and the occurrence 

of multiple versus single port disruptions (Section 5.3). Moreover, we look at the recovery and 

adaptation approaches of ports and how real-world observations compare to assumptions made 

in simulation-based approaches (Section 5.4 and 5.5). We end with the implications of our work  

and provide a set of recommendations for further studies on port disruptions (Section 6), 

followed by a conclusion (Section 7).  

 

4. Data and methods 

4.1. AIS data and coastal surge and wind speed data 

AIS was introduced by the International Maritime Organisation (IMO) to improve safety at sea 

and provides detailed data on location, speed and direction every few seconds to minutes for all 

vessels with an AIS transponder (>300 GT vessels need a mandatory AIS receiver) that send 

information to terrestrial or satellite receivers. AIS data has successfully been used to inform 

on fisheries monitoring, maritime emissions, spatial planning and trade estimation (Adland et 



al., 2017; De Souza et al., 2016; Fournier et al., 2018; Liu et al., 2019; Metcalfe et al., 2018). 

Although the coverage of vessels has increased tremendously over the years, some challenges 

related to the reception of lower powered AIS transponders, the revisit time of satellites and 

general accuracy of the data still persists (Fournier et al., 2018).  

 

For this study, AIS data is collected from various sources. Monthly AIS data for the U.S.A. is 

downloaded from the AIS database of MarineCadastre (MarineCadastre, 2019) that covers data 

collected by the U.S. Coast Guard. This includes raw data from 2009-2017 per UTM zone. For 

Australia, monthly AIS data can be downloaded from the data service of the Australian 

Maritime Safety Authority  (Australian Maritime Safety Authority, 2019) for 2012-2019 for the 

whole country. Only data points with a minimum time interval between successive vessel 

position reports of 60 minutes are included in this dataset. For the globally covering data from 

01-04-2019 till 01-12-2019, data was retrieved via a partnership with the UN Global Platform 

AIS Task Team initiative, which aims to develop algorithms and methodologies to make AIS 

data useful for a variety of fields and applications (traffic, economic trade, fisheries, CO2 

emissions). Within the time period of available data, we search for natural disasters that have 

occurred in the vicinity of ports from different sources (EM-DAT database, NOAA Hurricane 

Centre, Australian Bureau of Meteorology and news articles). We focus particularly on 

hurricanes (here used interchangeably with tropical cyclones and typhoons), that are associated 

with extreme wind, waves and surges, and riverine flooding, that can disrupt port and hinterland 

infrastructure. This set of disasters and associated ports forms our initial set of ports to evaluate. 

Other natural disasters like heatwaves, precipitation and fog can affect port operations, but are 

often of short duration (order of few hours) (Cao and Lam, 2019) and hence hard to detect using 

the daily aggregation we adopt.  

 



For the U.S.A. ports under consideration (N = 54), we also collected the peak surge and wind 

speed of the hurricanes events to relate the extent of the disruption to the magnitude of the 

event. The peak surge and wind speed are collected from the National Oceanic and Atmospheric 

Administration (NOAA, 2020) with values taken from the closest gauge station that has data 

during the particular events. This may induce some bias as tide gauge/wind stations and have 

different distances to the ports of interest.  

 

Figure 1 

 

 

4.2. Analytical approach 

An overview of the workflow is included in Figure 1. For every port under consideration, we 

derive a port activity time series by counting the number of unique vessels within a specifically 

defined port area over time using the AIS data. Moreover, we derive the vessel calls per port 

by looking at the ingoing and outgoing movements of vessels in our area of interest. As in 

Touzinsky et al. (2018), the total area of interest includes the port area and navigation 

channel(s). For some port clusters (multiple ports within same bay), we take strategic positions 

to count vessels (e.g. entrance Tokyo Bay, entrance Galveston Bay) to capture multiple ports 

in once. We solely extract cargo (container, general cargo, dry bulk etc.) and tanker (oil, 

chemical, refined oil and chemical products etc.) vessels to focus on goods-carrying vessels and 

retrieve data over a period of three months for each event (the month before, during and after 

the event), thereby excluding other purpose vessels in the port area (e.g. tugs, piloting vessels, 

bunkering vessels, passenger ships, fishing boats and private yachts). For the remainder, we use 

Figure 1: Workflow of the analytical approach taken in this paper.  



port activity as our main metric, as it better resembles a port’s operational status, but results are 

consistent if port calls have been used instead.  

 

We filter out the incidences of port disruption where the vessel count reduction is less than 20% 

of normal operations and cases where it is hard to distinguish if a reduction is caused by the 

disaster or the natural variability in vessel activity (e.g. port Hampton Roads and port New 

York-New Jersey during 2017 Hurricane Maria). We have therefore also excluded smaller, less 

busy ports from the analysis (e.g. port Morehead City in U.S.A. and port Bunbury in Australia), 

as it is hard to distinguish the disruption from a time series that includes periods of inactivity.  

However, large gateways ports handle the majority of goods (Ducruet et al., 2010) and are 

therefore most significant from a trade perspective. In the end, our database consists of 141 

incidences of disruptions across 74 ports (12 countries) during 27 events (9 hurricanes, 2 floods, 

12 tropical cyclones and 4 typhoons) where port operations have been affected. These 

disruptions range from minor operational change (~20-50% reduction port activity) up to total 

shutdown of port operations for multiple days. Some examples of port disruptions are provided 

in Figure 2, including Hurricane Harvey (2017) affecting the ports of Houston-Galveston-

Freeport (Figure 2a), Tropical Cyclone Veronica (2019) impacting Port Dampier (Figure 2b), 

Hurricane Sandy (2013) affecting the port of New York-New Jersey (Figure 2c),  and Port 

Haimen during and after Typhoon Lekima (2019) (Figure 2d).  For each incidence, we count 

the number of days that the port activity is in a state of Reduction (Red), Closure (if closed) (C) 

and Recovery (Rec) till pre-disaster level. Resilience is commonly defined as the ability to resist 

and recover from, and adapt to, adverse events (Linkov et al., 2014). It is hard to design an 

overarching resilience metric, because definitions of resilience differ in the academic literature, 

including which factors contribute to resilience and how these factors can be measured, 

maintained and enhanced (Grafton et al., 2019; Klein et al., 2003). We therefore focus on two 



metrics that are subcomponents of resilience. First, we use the total number of affected days 

(TAD) as a metric to approximate the extent of the disruption, which is equal to the summation 

of Red, C and Rec. Second, we approximate the recovery-ability of ports by dividing the 

number of days a port activity is reduced and halted (closed) by the number of days its takes to 

recover (disruption/recovery ratio).  In some cases, ports adapt to a new operational state after 

a disruption, either related to a lower pre-disaster state (part of the port or hinterland inoperable 

for a long period of time) or a higher post-disaster state (increasing the productivity of the 

operations).  

Figure 2 

4.3. Analysis 

We use the abovementioned data to do a number of analysis. First, we analyse the distribution 

of the TAD for both ports that are closed and not closed. We do a similar exercise for the 

distribution of the recovery-ability of ports. Second, for U.S.A. ports and events, we derive 

relationship between the severity of the events (in terms of wind speed and surge height) and 

the TAD by analysing the correlation coefficient and by fitting linear regression. Third, we 

study the likelihood of a simultaneous disruption at multiple ports. Fourth, we provide evidence 

for the occurrence of port substitution and production recapture using the time series of port 

activity.  

 

 

 

 

Figure 2: Overview of port disruptions for four ports and events: (a) Port of Houston/Freeport/Galveston 
(U.S.A.) during Hurricane Harvey, (b) Port Dampier (Australia) during Tropical Cyclone Veronica, (c) Port 
New York/New Jersey (U.S.A.) during Hurricane Sandy, and (d) Port Shanghai (China) during Typhoon 
Lekima. The grey shade represents the formation and dissipation of the event, whereas the grey line indicates 
the date of making landfall.  



5. Results 

5.1. Duration disruptions and recovery 

Figure 3a shows the normalised histogram together with the distribution (solid line) of the TAD 

for the events. Of the 141 disruptions we investigated, 69 ports showed a completely shut down, 

whereas the remaining 72 ports were only partially affected (ranging from only 20% affected 

to limited operations). The median TAD equals six days for the ports that have been closed with 

an 5-95 quantile of 4 – 22.2 days (red histogram Figure 3a). For the ports that did not completely 

close, the median TAD is 5 days with a 5-95 quantile of 2 – 11 days (green histogram Figure 

3a). The distribution is highly skewed with the upper quantile values being influenced by some 

extreme cases like the 2011 Mississippi flood, which according to our data, closed the Port of 

Baton Rouge for 11 days and part of the inland water transport network, affecting transport at 

the Port of Rouge for 33 days and the Port of South Louisiana for 30 days (although not closed). 

Two other extreme cases are the 2019 Typhoon Lekima that caused flooding and landslides in 

the port city of Wenzhou, causing the port and inland water network to become inoperable for 

45 days, and a 45-day disruption at the Port of Hay Point after the 2017 Tropical Cyclone 

Debbie. The latter was caused by flooding of the major railways connecting the port with the 

main supplying coal mine (ABC News, 2017). These examples show that hinterland disruptions 

can affect port operations significantly, in particular export-orientated ports that handle low-

value bulky goods (like ores and cereals) that disproportionally rely on their hinterland 

infrastructure. Some of the most extreme disruptions in the database are Hurricane Dorian 

affecting operations at the Port of Freeport (21 days TAD), 2017 Hurricane Harvey disrupting 

the ports of Port Arthur and Beaumont (18 TAD), Port of Corpus Christi (14 TAD) and Houston 

(11 TAD), and 2019 Tropical Cyclone Veronica closing Port Walcott (16 TAD). These ports 

have important functions within the global supply-chain, such as Freeport’s function as 

transhipment hub for U.S.A. ports, Port Walcott’s role as one of the main iron ore exporting 



ports for the Chinese and Japanese industry (Beresford et al., 2011) and the central role of the 

Gulf of Mexico ports in the international trade of refined oil products (Santella et al., 2010).  

 

The distribution of the recoverability metric for both closed and non-closed ports is shown in 

Figure 3b, which larger values indicating enhanced recoverability. The median recoverability 

is close to 2.0, indicating that the number of days it takes to recover is on average half the time 

of the original disruption by reduction or closure. However, especially for ports that are closed 

the spread is large and multimodal. For instance, during Hurricane Harvey, the port of Corpus 

Christi was affected ten days and took four days to recover, whereas the port of Lavaca was 

also affected ten days (and closed two days longer), but recovered in only two days. A similar 

observation for the Port Hedland and Port Dampier during Tropical Cyclone Veronica. The 

former was affected five days and took five days to recovery, whereas the latter was affected 

eight days and took three days to recover. Port Walcott needed seven days of recovery after 

being affected for nine days (seven days closed). Port Walcott, compared to the other two ports, 

has no breakwater or natural shelters and hence more vulnerable for the impacts of tropical 

cyclones.   

 

Figure 3 

 

 

 

Figure 3: (a) The distribution of the total affected days across all events where ports have been closed (red) or 
partly affected (green) with the median (black marker) and 5-95th percentile values depicted by the bar, (b) same 
as (a) but for the recovery-ability of the events, (c) The relationship between the peak surge height and the total 
number of affected days for all events and ports considered in the U.S.A. for ports. (d) The relationship between 
the peak wind speed and the total number of affected days for all events and ports considered in the U.S.A. The 
grey area depicts condition ZULU corresponding to gale winds that require a port to stop operations. The markers 
with a black edgecolor are associated with Hurricane Harvey.   



5.2. Relationship between the magnitude event and total number of affected days 

For the U.S.A. ports, we investigate the relationship between the magnitude of the event and 

the TAD. Curves that relate the magnitude of the event to the severity of the consequences are 

referred to as fragility curves in the disaster risk community (Aerts et al., 2018; Meyer et al., 

2013). Fragility curves are valuable sources of information for various stakeholders, such as 

port authorities and logistics companies, as they can be used to identify critical thresholds (e.g. 

risk of getting delays more than a 5 days) per port, and how the likelihood of such threshold 

may change in the future due to climate change.   

 

Results are shown in Figure 3c-d for peak storm surge versus TAD and peak wind speed versus 

TAD. A linear trend can be observed with the magnitude of the event and the TAD, with an 

overall correlation of 0.45 for surge and TAD and 0.52 for wind speed and TAD. As expected, 

the largest surge and wind speed events are associated with port closures and longer TAD. This 

is related to the ‘Hurricane Port Conditions’ safety protocol in place in the U.S.A., which states 

that all waterfront operations should be suspended when condition ZULU is reached. Condition 

ZULU corresponds to sustained gale force winds (~17.5 – 24.2 m/s) that are predicted 12h 

before the hurricane makes landfall (see grey area Figure 3d). Correlations are smaller for the 

separated data, with a correlation of 0.33 (0.33) for surge and TAD for closed ports (non-closed 

ports) and 0.42 (0.34) for wind speed and TAD for closed ports (non-closed ports). Ports 

affected by Hurricane Harvey (indicated with black colour at edges markers) are some extreme 

cases here given that the magnitude of surge and wind speed was moderately high, but the 

number of TAD very high. Hurricane Harvey was a slow-moving hurricane that reversed 

direction when moving over Texas (Kossin, 2018), affecting the area for a long duration and 

causing long-lasting limitations to operations. This example shows the importance of the 

event’s duration for the inoperability, with recent projections showing an increase of the number 



of slow-moving hurricanes in the future associated with anthropogenic climate change (Zhang 

et al., 2020). By fitting a linear regression through the data points (see graph for fitted line), the 

observation can be made that an additional 1m increase in storm surge is associated with 2.05 

(2.00) increase in TAD for ports that are being shut (not shut). For wind speed, a 10m/s 

increment in wind speed results in a 1.97 (1.34) increase in the number of TAD for ports that 

are being shut (not shut).  

 

5.3. Simultaneous port disruptions 

Disasters like hurricanes can affect large areas simultaneously, either because multiple ports 

experience extreme conditions within their terminal areas or due to extreme conditions at sea 

that delay multiple vessels within a region. Figure 4 shows the TAD and the amount of days 

that ports are fully closed per event. Single port disruptions rarely happen and all events have 

multiple ports being simultaneously affected to some extent. Of these events, 15 out of 27 have 

simultaneous full port closures, showing that full port closures can be more localised. Given 

that the simultaneously affected ports are usually closely located to each other, simultaneous 

closures will affect the possibilities of diverting goods in a cost-efficient way (that is without 

significant rerouting costs). Therefore, freight assignment models that model single port 

disruptions may be overly optimistic about the spare capacity in potential substitution ports 

during events like hurricanes, whereas with more localised disasters (e.g. river flooding, 

landslides) this is a more realistic modelling assumption.   

 

Figure 4 

 

 

Figure 4: Overview of number of days affected and number of days closed per port and per event. 



5.4. Port substitution 

In our sample of ports, we have identified the closest (unaffected) ports for potential substitution 

options and analyse the time series to assess if there are clear signs of increased vessel activity. 

In contrast to the dominance of port substitution as a mitigation mechanism in model-based 

studies, we find very limited evidence of substitution occurring. Two incidences stand out as 

exceptions: the 2019 Hurricane Barry that caused a temporally spike in cargo vessel calls at the 

port of Fourchon (U.S.A.) (Figure 5a-b) and reported evidence of coal export substitution from 

the port of Abbot Point towards the neighbouring Hay Point, Dalrymple and Gladstone ports 

during the 2019 Queensland floods (Financial Review, 2019). The latter is hard to observe in 

the data for port Hay Point and port Gladstone given an overall reduction in vessel activity. Port 

Dalrymple (Figure 5c), however, received some extra vessels at the same time Abbot Point 

(Figure 5d) experienced a decrease, but the limited number of vessels makes it hard to make 

well-backed statements about this.   

 

The lack of port substitution could however be explained by the fact that our sample of 

disruptions is simply too short in duration to observe structural port substitution. For instance, 

after the 1995 earthquake that disrupted the port of Kobe, cargo flows were diverted to the ports 

of Osaka, Nagoya and Yokohama while transhipment flows were diverted to Busan (South-

Korea) and Kaohsiung (Taiwan), some of which not returning back after the port got operational 

again 2 years later (Chang, 2000). Within our dataset, the port of Wenzhou, which was affected 

45 days, has never reached its pre-disaster level of daily vessel activity again (around 50%), 

even 3 months after it became operational again. An analysis of the vessels that usually called 

at the port but never again after becoming operational again show that some of the vessels have 

diverted their port calls to the ports of Ningbo, Zhoushan and Shanghai, which agrees with 

previous work (Li and Oh, 2010) that identified these ports are competitors of one another.  



Figure 5 

 

5.5. Production recapture 

We use to time series to assess to what extent ports increased their productivity after the 

recovery from an event and thereby recapture part of their production losses. Figure 6 shows 

four ports with visible evidence of production recapture after a port disruption. For the Port of 

Baltimore (Figure 6a) after Hurricane Sandy, the Port of Jacksonville in the aftermath of 

Hurricane Irma (Figure 6b) and the Port of Savannah after Hurricane Matthew (Figure 6c), the 

productivity reaches the highest point over the three months following a few days after 

becoming operational again. These three ports show clear signs of the ability to temporality 

ramp productivity or increase capacity after short-term disruptions. For the port of Freeport 

after Hurricane Dorian (Figure 6d), a longer and more sustained recovery has taken place with 

production recapture spread out over the end of September and early October. Freeport, an 

important transhipment hub in the Caribbean, most likely works closer to maximum capacity 

to maintain is position in the competitive transhipment industry (Notteboom et al., 2019), 

thereby taken longer to recapture their cargo flows. Whether or not production recapture is a 

feasible option and within what time range, depends very much on the duration of the 

disruptions, the type of cargo and the characteristics of the port with respect to its ability to 

ramp up production.  

 

Figure 5: Port substitution from the Port of Abbot Point (a) towards Port Dalrymple (b) during the 2019 
Queensland Floods that disrupted the railway between the coal mines and the Port of Abbot Point. The grey shade 
represent the formation and dissipation of the event, whereas the grey line indicates the date of making landfall. 



Figure 6 

 

6. Discussion 

The disruption scenarios used in previous modelling work, which ranged from a few days up to 

1-2 months, all fall within the distribution of port disruptions in our database. Moreover our 

findings of port disruptions fit well with other empirical reporting on the duration of disruptions 

(Adam et al., 2016; Cao and Lam, 2019; Lam and Su, 2015; Trepte and Rice, 2014). Short-term 

disruptions (order of few days) can be interpreted as events that caused a port to close or to 

work under reduced operability without causing devastating structural damages to the port. 

Closures in the order of 30 days or more can be considered as events where natural disasters 

have damaged the port or hinterland infrastructure that prevents the port from operating until 

the damage has been repaired. This data can be used to create more realistic scenarios of 

downtime, including a first indication of the likelihood of observing a certain disruption 

severity. Moreover, the downtime related to natural disasters can be compared to the downtime 

due to other unforeseen events, such as electricity failure or oil spill, to improve risk 

management plans for port authorities. Alternatively, one can use the AIS data to assess how 

certain resilience indicators of ports have changed over time, and whether this can be attributed 

to certain measures taken (e.g. construction breakwater, increased safety protocol).  

 

As mentioned, few studies have particularly focused on, and tested various configurations of, 

multiple port disruptions happening at the same time. We have showed that single port 

disruption due to hurricanes rarely occur, which has important implications for the potential 

losses (e.g. rerouting, physical damages, economic losses) and possible mitigation strategies 

Figure 6: Evidence of production recapture after a port disruption: (a) Port Baltimore (U.S.A.) during 
Hurricane Sandy, (b) Port Jacksonville  (U.S.A.) during Hurricane Irma, (c) Port Savannah during Hurricane 
Matthew (2016) and (d) Port Freeport (Bahamas) during Hurricane Dorian. The grey shade represent the 
formation and dissipation of the event, whereas the grey line indicates the date of making landfall.   



(e.g. cargo diversion). Therefore, modelling studies that focus on a regional to national scale 

should consider creating scenarios of synchronous port disruptions to test the system, in 

particular when certain port clusters are affected (e.g. Gulf of Mexico ports in U.S.A. for export 

of refineries or Australian iron ore exporting ports). Predicting  the occurrence of synchronous 

port disruptions, using for instance joint probability functions, is also relevant for business 

contingency plans and national-level policies to effectively respond to and accelerate the 

restoration of the logistic network after such an event.  

 

From the fragility curve, a relationship (although weak) was found between the severity of the 

event and the duration of the disruption. Such scaling relationship can be used by port 

authorities to assess how changing conditions due to anthropogenic climate change will change 

the probability of occurrence of certain downtime periods. Moreover, it can be used to 

understand what type of events create the largest downtime. For instance, port disruptions 

associated with Hurricane Harvey were considerably longer given the severity of the event due 

to the slow movement of the hurricane. Hence, the relationship as observed today may shift in 

case these type of hurricanes are becoming more likely in the future, as predicted (Zhang et al., 

2020), with resulting negative consequences for port operations and supply-chains.  

 

In terms of port substitution options, modelling assumptions on the diversion rate should be 

carefully chosen to comply with reality and not be too optimistic. Values such as the 90% 

diversion rate, as chosen by Rose and Wei (2013), seem high but can be justified by the specific 

type of port under consideration (Port Arthur and Beaumont) that have large ports such as 

Houston, New Orleans and Louisiana in their direct vicinity that can take over most of the 

tanker vessels calling at the Port Arthur and Beaumont. In general, a distinction should be made 

between short-term disruptions where port substitution is less likely and longer-term disruptions 



where cargo is structurally diverted to competitive ports in the area. Sensitivity testing of port 

diversion rates, as done in Achurra-Gonzalez et al. (2019a), is a recommended approach.  

 

More generally, we have shown how AIS data can be used as an open-source tool to monitor 

port disruptions over time. This open up ways to evaluate the resilience of supply-chains, for 

instance, by seeing how port activity changes in trade-dependent ports or countries, whether 

ports with different network positions (e.g. a hub) experience different durations of downtime 

and recovery, and how the post-disaster dynamics vary for different port specialisations (e.g. 

containers versus raw materials).  

 

7. Conclusion 

Ports are important nodes in the global trade network, but given their location in coastal and 

riverine areas, they are vulnerable to the impacts of natural disasters. Although much work has 

focused on modelling port disruptions, various modelling assumptions (such as the duration of 

disruption, the amount of port substitution, single versus multiple port disruptions and the 

ability to recapture cargo flows) have not yet been challenged against empirical evidence. In 

this paper, we have analysed 141 incidences of port disruptions due to natural disasters across 

74 different ports globally. Using vessel tracking data (AIS), we provide empirical evidence of 

the dynamics of port functioning before, during and in the aftermath of port disruptions.  

 

In our sample of port disruptions, median port disruptions equal six days (five days) for ports 

that have been closed (have not been closed) with a 95th percentile of 22.2 days (11 days). 

However, some incidences of longer disruptions occur, mainly associated with damage to 

hinterland infrastructure that prevent the port from fully functioning. Moreover, the ability to 

recovery from disasters also varies strongly per port and event. On top of that, we find a 



relationship between the magnitude of an event and the duration of the disruption for U.S.A. 

ports. Most extreme events tend to close, or affect, multiple ports simultaneously, which can 

affect the spare capacity at potential substitution ports. Therefore, freight assignment models 

that simulate the distribution of freight after single port closures should consider scenarios of 

multiple port closures. We find little evidence of port substitution happening, most likely 

associated with the aforementioned simultaneous disruptions, and the short duration of the 

events considered that makes substitution not viable given physical (draught), infrastructure 

(port equipment, hinterland connection) and contractual constraints (contracts carriers and 

terminal operators). On the contrary, production recapture seems a more favourable adaptation 

option in case of relatively short disruptions (order few days), although a port’s likelihood to 

recapture production depends on the utilisation rate of ports and ability to temporarily increase 

its capacity.   

 

Future research should complement our disaster database with more disasters and disaster-

related parameters that can be used to better identify what drives the duration of port disruptions 

and resilience of ports. Combining AIS data with other data sources (e.g. customs data) or 

modelling approaches (e.g. input-output modelling) can provide a more holistic view of the 

wider supply-chain impacts and recovery due to port disruptions, and how this varies among 

different types of ports and geographical locations. AIS-derived data can further complement 

modelling studies to better approximate model parameters and validate the results.   

 

In conclusion, port disruption varies strongly depending upon the port and event, and the 

dynamics are shaped by various actors involved in minimising the potential negative 

consequences of port disruptions throughout the supply-chain. Empirical observations of port 

disruptions are vital sources of information for risk management purposes of ports and supply-



chains in order to better approximate the extent of the disruption, its drivers, and the potential 

resilience of the port and maritime network.  

 

Acknowledgements 

The database of port disruptions will be available on 

https://github.com/jasperverschuur/Port_Disruption_database. All python code to do the 

analysis can be requested from the corresponding author upon reasonable request. The AIS data 

for the United States and Australia is publicly available at the sources mentioned in the text, 

whereas the global AIS data is not publicly available.  

The authors acknowledge funding by the UK Engineering and Physical Sciences Research 

Council (EPSRC) under grant number EP/R513295/1. 

 

References 

ABC News, 2017. Cyclone Debbie threatens coal exports from Queensland mines. Accessed 

January 2020. 

Achurra-Gonzalez, P.E., Angeloudis, P., Goldbeck, N., Graham, D.J., Zavitsas, K., Stettler, 

M.E.J., 2019a. Evaluation of port disruption impacts in the global liner shipping 

network. J. Shipp. Trade 4. https://doi.org/10.1186/s41072-019-0043-8 

Achurra-Gonzalez, P.E., Novati, M., Foulser-Piggott, R., Graham, D.J., Bowman, G., Bell, 

M.G.H., Angeloudis, P., 2019b. Modelling the impact of liner shipping network 

perturbations on container cargo routing: Southeast Asia to Europe application. Accid. 

Anal. Prev. 123, 399–410. https://doi.org/10.1016/j.aap.2016.04.030 

Adam, E.F., Brown, S., Nicholls, R.J., Tsimplis, M., 2016. A systematic assessment of 

maritime disruptions affecting UK ports, coastal areas and surrounding seas from 1950 to 

2014. Nat. Hazards 83, 691–713. https://doi.org/10.1007/s11069-016-2347-4 

https://github.com/jasperverschuur/Port_Disruption_database


Adland, R., Jia, H., Strandenes, S.P., 2017. Are AIS-based trade volume estimates reliable? 

The case of crude oil exports. Marit. Policy Manag. 44, 657–665. 

https://doi.org/10.1080/03088839.2017.1309470 

Aerts, J.C.J.H., Botzen, W.J., Clarke, K.C., Cutter, S.L., Hall, J.W., Merz, B., Michel-Kerjan, 

E., Mysiak, J., Surminski, S., Kunreuther, H., 2018. Integrating human behaviour 

dynamics into flood disaster risk assessment /704/242 /706/689/2788 /706/2805 

perspective. Nat. Clim. Chang. 8, 193–199. https://doi.org/10.1038/s41558-018-0085-1 

Akakura, Y., Ono, K., Watanabe, T., Kawamura, H., 2015. Estimation of Alternative Ports for 

Container Transport after Large-scale Disasters - Estimation Method and Application to 

Port-BCPs -. Jounal Integr. Disaster Risk Manag. 5, 135–152. 

https://doi.org/10.5595/idrim.2015.0103 

Australian Maritime Safety Authority, 2019. Vessel Tracking Data [WWW Document]. 

Spatial@AMSA. URL 

https://www.operations.amsa.gov.au/Spatial/DataServices/DigitalData 

Becker, A., Ng, A.K.Y., McEvoy, D., Mullett, J., 2018. Implications of climate change for 

shipping: Ports and supply chains. Wiley Interdiscip. Rev. Clim. Chang. 9, 1–18. 

https://doi.org/10.1002/wcc.508 

Becker, A.H., Acciaro, M., Asariotis, R., Cabrera, E., Cretegny, L., Crist, P., Esteban, M., 

Mather, A., Messner, S., Naruse, S., Ng, A.K.Y., Rahmstorf, S., Savonis, M., Song, 

D.W., Stenek, V., Velegrakis, A.F., 2013. A note on climate change adaptation for 

seaports: A challenge for global ports, a challenge for global society. Clim. Change 120, 

683–695. https://doi.org/10.1007/s10584-013-0843-z 

Beresford, A., Pettit, S., Liu, Y., 2011. Multimodal supply chains: Iron ore from Australia to 

China. Supply Chain Manag. 16, 32–42. https://doi.org/10.1108/13598541111103485 

Berle, Ø., Rice Jr., J.B., Asbjørnslett, B.E., 2011. Failure modes in the maritime transportation 



system: a functional approach to throughput vulnerability. Marit. Policy Manag. 38, 605–

632. https://doi.org/10.1080/03088839.2011.615870 

Cahoon, S., Chen, S.-L., Brooks, B., Smith, G., 2016. The impact of climate change on 

Australian ports and supply chains The emergence of adaptation strategies, in: Climate 

Change and Adaptation Planning for Ports. pp. 194–214. 

Camus, P., Tomás, A., Díaz-Hernández, G., Rodríguez, B., Izaguirre, C., Losada, I.J., 2019. 

Probabilistic assessment of port operation downtimes under climate change. Coast. Eng. 

147, 12–24. https://doi.org/10.1016/j.coastaleng.2019.01.007 

Cao, X., Lam, J.S.L., 2019. Simulation-based severe weather-induced container terminal 

economic loss estimation. Marit. Policy Manag. 46, 92–116. 

https://doi.org/10.1080/03088839.2018.1516049 

Chang, S.E., 2000. Disasters and transport systems: Loss, recovery and competition at the 

Port of Kobe after the 1995 earthquake. J. Transp. Geogr. 8, 53–65. 

https://doi.org/10.1016/S0966-6923(99)00023-X 

De Souza, E.N., Boerder, K., Matwin, S., Worm, B., 2016. Improving fishing pattern 

detection from satellite AIS using data mining and machine learning. PLoS One 11, 1–

20. https://doi.org/10.1371/journal.pone.0158248 

Ducruet, C., Itoh, H., Joly, O., 2015. Ports and the local embedding of commodity flows. Pap. 

Reg. Sci. 94, 607–627. https://doi.org/10.1111/pirs.12083 

Ducruet, C., Koster, H.R.A., van der Beek, D.J., 2010. Commodity variety and seaport 

performance. Reg. Stud. 44, 1221–1240. https://doi.org/10.1080/00343400903167904 

Esteban, M., Takagi, H., Shibayama, T., 2016. Adaptation to an increase in typhoon intensity 

and sea level rise by Japanese ports. Clim. Chang. Adapt. Plan. Ports 117–132. 

Fan, L., Wilson, W.W., Dahl, B., 2012. Congestion, port expansion and spatial competition 

for US container imports. Transp. Res. Part E Logist. Transp. Rev. 48, 1121–1136. 



https://doi.org/10.1016/j.tre.2012.04.006 

Farhadi, N., Parr, S.A., Mitchell, K.N., Wolshon, B., 2016. Use of nationwide automatic 

identification system data to quantify resiliency of marine transportation systems. 

Transp. Res. Rec. 2549, 9–18. https://doi.org/10.3141/2549-02 

Financial Review, 2019. Townsville floods hits Queensland exports, Abbot Point terminal 

closed. Accessed January 2020. 

Fournier, M., Casey Hilliard, R., Rezaee, S., Pelot, R., 2018. Past, present, and future of the 

satellite-based automatic identification system: areas of applications (2004–2016). WMU 

J. Marit. Aff. 17, 311–345. https://doi.org/10.1007/s13437-018-0151-6 

Friedt, F., 2018. Natural Disasters, Aggregate Trade Resilience and Persistent Local 

Disruptions: Evidence From Hurricane Katrina. SSRN Electron. J. 22, 5–6. 

https://doi.org/10.2139/ssrn.3214242 

Grafton, R.Q., Doyen, L., Béné, C., Borgomeo, E., Brooks, K., Chu, L., Cumming, G.S., 

Dixon, J., Dovers, S., Garrick, D., Helfgott, A., Jiang, Q., Katic, P., Kompas, T., Little, 

L.R., Matthews, N., Ringler, C., Squires, D., Steinshamn, S.I., Villasante, S., Wheeler, 

S., Williams, J., Wyrwoll, P.R., 2019. Realizing resilience for decision-making. Nat. 

Sustain. 2, 907–913. https://doi.org/10.1038/s41893-019-0376-1 

Hamano, M., Vermeulen, W.N., 2019. Natural disasters and trade: the mitigating impact of 

port substitution. J. Econ. Geogr. 0, 1–48. https://doi.org/10.1093/jeg/lbz020 

Jones, D.A., Farkas, J.L., Bernstein, O., Davis, C.E., Turk, A., Turnquist, M.A., Nozick, L.K., 

Levine, B., Rawls, C.G., Ostrowski, S.D., Sawaya, W., 2011. U.S. import/export 

container flow modeling and disruption analysis. Res. Transp. Econ. 32, 3–14. 

https://doi.org/10.1016/j.retrec.2011.06.003 

Klein, R.J.T., Nicholls, R.J., Thomalla, F., 2003. Resilience to natural hazards: How useful is 

this concept? Environ. Hazards 5, 35–45. https://doi.org/10.1016/j.hazards.2004.02.001 



Kossin, J.P., 2018. A global slowdown of tropical-cyclone translation speed. Nature 558, 

104–107. https://doi.org/10.1038/s41586-018-0158-3 

Lam, J.S.L., Liu, C., Gou, X., 2017. Cyclone risk mapping for critical coastal infrastructure: 

Cases of East Asian seaports. Ocean Coast. Manag. 141, 43–54. 

https://doi.org/10.1016/j.ocecoaman.2017.02.015 

Lam, J.S.L., Su, S., 2015. Disruption risks and mitigation strategies: an analysis of Asian 

ports. Marit. Policy Manag. 42, 415–435. 

https://doi.org/10.1080/03088839.2015.1016560 

Li, J. Bin, Oh, Y.S., 2010. A research on competition and cooperation between shanghai port 

and ningbo-zhoushan port. Asian J. Shipp. Logist. 26, 67–91. 

https://doi.org/10.1016/S2092-5212(10)80012-4 

Li, C., Qi, X., Lee, C.Y., 2015. Disruption recovery for a vessel in liner shipping. Transp. Sci. 

49, 900–921. https://doi.org/10.1287/trsc.2015.0589 

Linkov, I., Bridges, T., Creutzig, F., Decker, J., Fox-Lent, C., Kröger, W., Lambert, J.H., 

Levermann, A., Montreuil, B., Nathwani, J., Nyer, R., Renn, O., Scharte, B., Scheffler, 

A., Schreurs, M., Thiel-Clemen, T., 2014. Changing the resilience paradigm. Nat. Clim. 

Chang. 4, 407–409. https://doi.org/10.1038/nclimate2227 

Liu, H., Meng, Z.H., Lv, Z.F., Wang, X.T., Deng, F.Y., Liu, Y., Zhang, Y.N., Shi, M.S., 

Zhang, Q., He, K. Bin, 2019. Emissions and health impacts from global shipping 

embodied in US–China bilateral trade. Nat. Sustain. 2, 1027–1033. 

https://doi.org/10.1038/s41893-019-0414-z 

MarineCadastre, 2019. Vessel Traffic Data [WWW Document]. Bur. Ocean Energy Manag. 

Natl. Ocean. Atmos. Adm. URL https://marinecadastre.gov/ais/ 

Metcalfe, K., Bréheret, N., Chauvet, E., Collins, T., Curran, B.K., Parnell, R.J., Turner, R.A., 

Witt, M.J., Godley, B.J., 2018. Using satellite AIS to improve our understanding of 



shipping and fill gaps in ocean observation data to support marine spatial planning. J. 

Appl. Ecol. 55, 1834–1845. https://doi.org/10.1111/1365-2664.13139 

Meyer, V., Becker, N., Markantonis, V., Schwarze, R., Van Den Bergh, J.C.J.M., Bouwer, 

L.M., Bubeck, P., Ciavola, P., Genovese, E., Green, C., Hallegatte, S., Kreibich, H., 

Lequeux, Q., Logar, I., Papyrakis, E., Pfurtscheller, C., Poussin, J., Przyluski, V., 

Thieken, A.H., Viavattene, C., 2013. Review article: Assessing the costs of natural 

hazards-state of the art and knowledge gaps. Nat. Hazards Earth Syst. Sci. 13, 1351–

1373. https://doi.org/10.5194/nhess-13-1351-2013 

Ng, A.K.Y., Becker, A., Cahoon, S., Chen, S.-L., Earl, P., Yang, Z., 2015. Climate Change 

and Adaptation Planning for Ports, Climate Change and Adaptation Planning for Ports. 

Routledge. https://doi.org/10.4324/9781315756813 

NOAA, 2020. Tides and Currents [WWW Document]. Natl. Ocean. Atmos. Adm. URL 

https://tidesandcurrents.noaa.gov 

Notteboom, T., Rodrigue, J.P., 2008. Containerisation, box logistics and global supply chains: 

The integration of ports and liner shipping networks. Marit. Econ. Logist. 10, 152–174. 

https://doi.org/10.1057/palgrave.mel.9100196 

Notteboom, T.E., 2006. The Time factor in liner shipping services. Marit. Econ. Logist. 8, 

19–39. https://doi.org/10.1057/palgrave.mel.9100148 

Notteboom, T.E., Parola, F., Satta, G., 2019. The relationship between transhipment incidence 

and throughput volatility in North European and Mediterranean container ports. J. 

Transp. Geogr. 74, 371–381. https://doi.org/10.1016/j.jtrangeo.2019.01.002 

Novati, M., Achurra-Gonzalez, P., Foulser-Piggott, R., Bowman, G., Bell, M.G.H., 

Angeloudis, P., 2015. Modelling the Effects of Port Disruptions: Assessment of Disaster 

Impacts Using a Cost-Based Container Flow Assignment in Liner Shipping Networks. 

Transp. Res. Board 94th Annu. Meet. 1–17. https://doi.org/doi: 



10.1073/pnas.0701315104 

Omer, M., Mostashari, A., Nilchiani, R., Mansouri, M., 2012. A framework for assessing 

resiliency of maritime transportation systems. Marit. Policy Manag. 39, 685–703. 

https://doi.org/10.1080/03088839.2012.689878 

Pant, R., Barker, K., Landers, T.L., 2015. Dynamic impacts of commodity flow disruptions in 

inland waterway networks. Comput. Ind. Eng. 89, 137–149. 

https://doi.org/10.1016/j.cie.2014.11.016 

Pant, R., Barker, K., Ramirez-Marquez, J.E., Rocco, C.M., 2014. Stochastic measures of 

resilience and their application to container terminals. Comput. Ind. Eng. 70, 183–194. 

https://doi.org/10.1016/j.cie.2014.01.017 

Park, J.Y., Gordon, P., Moore, J.S.E., Richardson, H.W., 2008. The state-by-state economic 

impacts of the 2002 shutdown of the Los Angeles-Long Beach ports. Growth Change 39, 

548–572. https://doi.org/10.1111/j.1468-2257.2008.00446.x 

Paul, J.A., Maloni, M.J., 2010. Modeling the effects of port disasters. Marit. Econ. Logist. 12, 

127–146. https://doi.org/10.1057/mel.2010.2 

Rodrigue, J.P., Notteboom, T., 2009. The terminalization of supply chains: Reassessing the 

role of terminals in port/hinterland logistical relationships. Marit. Policy Manag. 36, 

165–183. https://doi.org/10.1080/03088830902861086 

Rose, A., Wei, D., 2013. Estimating the Economic Consequences of a Port Shutdown: the 

Special Role of Resilience. Econ. Syst. Res. 25, 212–232. 

https://doi.org/10.1080/09535314.2012.731379 

Rose, A., Wei, D., Paul, D., 2018. Economic consequences of and resilience to a disruption of 

petroleum trade: The role of seaports in U.S. energy security. Energy Policy 115, 584–

615. https://doi.org/10.1016/j.enpol.2017.12.052 

Santella, N., Steinberg, L.J., Sengul, H., 2010. Petroleum and hazardous material releases 



from industrial facilities associated with hurricane katrina. Risk Anal. 30, 635–649. 

https://doi.org/10.1111/j.1539-6924.2010.01390.x 

Sierra, J.P., Genius, A., Lionello, P., Mestres, M., Mösso, C., Marzo, L., 2017. Modelling the 

impact of climate change on harbour operability: The Barcelona port case study. Ocean 

Eng. 141, 64–78. https://doi.org/10.1016/j.oceaneng.2017.06.002 

Sytsma, T., 2017. The Impact of Climatic Disasters on Trade: Evidence from Hurricanes and 

U.S. Ports. SSRN Electron. J. https://doi.org/10.2139/ssrn.3067531 

Thekdi, S.A., Santos, J.R., 2016. Supply Chain Vulnerability Analysis Using Scenario-Based 

Input-Output Modeling: Application to Port Operations. Risk Anal. 36, 1025–1039. 

https://doi.org/10.1111/risa.12473 

Touzinsky, K.F., Scully, B.M., Mitchell, K.N., Kress, M.M., 2018. Using empirical data to 

quantify port resilience: Hurricane Matthew and the southeastern seaboard. J. Waterw. 

Port, Coast. Ocean Eng. 144, 1–12. https://doi.org/10.1061/(ASCE)WW.1943-

5460.0000446 

Trepte, K., Rice, J.B., 2014. An initial exploration of port capacity bottlenecks in the USA 

port system and the implications on resilience. Int. J. Shipp. Transp. Logist. 6, 339–355. 

https://doi.org/10.1504/IJSTL.2014.060800 

UNCTAD, 2017. Port Industry Survey on Climate Change Impacts and Adaptation, 

UNCTAD Research Paper No. 18. 

Wendler-Bosco, V., Nicholson, C., 2019. Port disruption impact on the maritime supply 

chain: a literature review. Sustain. Resilient Infrastruct. 00, 1–17. 

https://doi.org/10.1080/23789689.2019.1600961 

Zhang, G., Murakami, H., Knutson, T.R., Mizuta, R., Yoshida, K., 2020. Tropical cyclone 

motion in a changing climate. Sci. Adv. 6, eaaz7610. 

https://doi.org/10.1126/sciadv.aaz7610 



Zhang, Y., Lam, J.S.L., 2016. Estimating economic losses of industry clusters due to port 

disruptions. Transp. Res. Part A Policy Pract. 91, 17–33. 

https://doi.org/10.1016/j.tra.2016.05.017 

Zhang, Y., Lam, J.S.L., 2015. Estimating the economic losses of port disruption due to 

extreme wind events. Ocean Coast. Manag. 116, 300–310. 

https://doi.org/10.1016/j.ocecoaman.2015.08.009 

  

 

 


