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AlS-based insights of sustainable and resilient
freight connectivity: Lessons from Port Congestion
during COVID-19

Korea Maritime Institute
2025.4.25.

Motivation

* More than 80% of global trade by volume and more than 70% by
value is carried on board ships and handled by seaports worldwide

* Due to the heightened level of global value chains, supply chain
disruption events have had a major impact on maritime traffic and
port congestions.

« Significant impact of COVID-19 induced policy changes such as
restrictive mobility measures on cross-border trade, particularly
maritime shipping and ports

 Real time/high-frequency data needed to obtain early signals of
economic impacts

Overview of Automatic Identification System Data

Categories of AIS Data

Static Information

Voyage-related
{ship i Information
(current voyage)

Maritime Ship’s position Destination

Mobile Service (longitude, +  Estimated time
Identifier latitude) of arrival (ETA)
(MMms1) « Speed over + Draught
« International ground (SOG)
Maritime «  Course over
Organization ground (COG)
(IMO) Number  +  Navigation
- Callsign status
* Shipname . .
S e Source: htpsfwsmsterplorerom/
« Dimensions

Saurce: United Nations Globs! latfarm 415 Handbook,

Literature review

* Research using AlS data has expanded since 2012, covering ship collision analysis,
emission estimation, operational monitoring, and logistics. martin et al. (2019); Dong et al.
(2019)

= Advanced AlIS data-driven methods now offer more accurate analyses. Short-
term data and limited port samples have restricted past studies on long-term

global congestion trends and crisis impacts. abualhaol et al. (2018); Wenhao et al. (2022); Weijie et
al. (2023)

AlS data show that COVID-19 caused significant maritime disruptions and trade
declines. willefiori et al. (2021); March et al. (2020); Depellegrin et al. (2020); Verschuur, Koks, and Hall (2021);
Cerdeiro and Komaromi (2020)

« AIS data is used to estimate trade flows, complementing official statistics. cerdeiro
and Komaromi (2020); Arslanalp, Koepke, and Verschuur (2021)

* AIS data estimates shipping emissions and assesses environmental impacts of
shipping/cruise sector. salkanen et al. (2009); shi and Weng (2021); Goldsworthy and Goldsworthy (2015);
Tichavska and Tovar (2015); Eide et al. (2007); Metcalfe et al. (2018); Vicente-Cera et al. (2020)

Research Questions
1. How can the AIS data be used to measure port activities — ship visits,
waiting and services times?

2. How do supply chain disruptions, such as port blockage or port strikes,
impact port congestion?

3. Is there any substantial difference in the impact based on port
characteristics?

4. What was the impact of mobility restrictions on port activities during
the pandemic?

5. Are there any spillover effects from restricted mobility imposed on
neighboring ports?

Framework for Estimating Port Congestion

Step 1: Define Coordinates of Anchorages and Berths
* Use sources like IHS Markit’s Ports and Terminals Guide and satellite maps.
+ Distinguish between container berths and other areas (e.g., repair yards).

Step 2: Identify Port Calls

* Broaden port limits to encompass waiting ships.

« Filter AIS records (speed < 5 knots).

* Validate port calls involve actual loading/unloading.

The port call at the

Step 3: Quantify Congestion Indices T i

Key indices: No. of vessel arrivals, No. of vessel stayed, Avg. service time,
Avg. waiting time

Process multiple port visits as separate calls (Figure).

Use AlS data to capture unofficial anchorage zones.

‘The port call at the
Port of Rotterdam

Novelty of Our Method in Analyzing Port Congestion

Aspect Marine Traffic “This study

% of leet(TEU) at
Anchorage(Global),
Number of vessels in port,
Average waiting time

Number of vessels in port,

Median time at i
Number of vessel arrivals,

Indicator | Anchorage,
Median time at Port

Number of vessels in port,
Number of vessel arrivals,
Median time at Port

- Ship types: Containership.

- Frequency: Daily

- Waiting time s calculated by
difference between entry times

- Ship type: Cortainership.
- Frequency: Weekly

- ship type: All types
- Frequency: Daily
- Cluster-based approach to

- Shiptype: All types.
Method | - Freauency: Weekly
Uses median time to

Data for Analyzing Port Congestion

+ Target port : The top 20 ports by throughput in 2021 (Source: Lloyd’s List One Hundred Ports 2022)
* Coverage :2019-2022 (Weekly)

avoid outlier skew identify port area Considered ships waiting outside the port

of anchorage and berth

Features Marine Traffic Clarksons Research | ADB' Ke¥ Indicators Our Method

Consider waiting times in anchorage areas ] =

Captures unofficial anchorage zones

Openly provide the algorithm

ala

Examines both number of vessels and arrival rates

KIS

Considers service time as a congestion indicator

Data Element. Source Description
- Tracks containershi .
AlS Dat:
ata - Replaceable with UNGP AIS data with preprocessing.
- Tracks containership movements.
Ship Register Dat: Ve 1Vals
" RegistarData fesselValue - Replaceable with IHS Markit data with preprocessing.
Ports & Terminals S Morkit - Identifies ports, container berths, and anchorage areas.
Guide - Sometimes provides coordinates, but not always.

- Identifies container berths by characteristics like gantry cranes
and container yards.
- AIS data reused for confirmation.

Satellite Image Google Earth Pro

Descriptive Analysis: Asia vs. Non-Asian Ports

Average Service Time of Each Vessel (hour, yearly)

Average Waiting Tuse of Each Vessel (hour, yearly)

Number of Vessel Arrivals (Vearly)

il “

I
I

sil
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=2 (1]

Congestion Analysis Result 1: Transshipment Ports

« Least affected by port congestion in 4 years (Dubai, Kaoshiure, Singapore, etc)
« Transshipment hub, weak cargo destination specificity
« No significant changes in port calls, waiting & service time
Port congestion index of Busan
#vessel stayed

. #vessel arrivals

Avg service time




Congestion Analysis Result 2: Gateway Ports

« Ship arrivals steady, but ships at anchorage increase from mid-2020
* Waiting times surged from 2020.10,, peaking at avg. 160 hours

« Unable to divert cargo due to export/import cargo (unlike transshipment hubs)
« LA/LB ports also affected by truck driver shortage, hampering unloading

Port congestion index of LA/LB
“ #vessel stayed

#vessel arrivals

Avg service time

sasEE

LA/LB: increased ship size affected port congestion

* LA/LB ports have a significantly higher and increasing average cargo per ship compared to other ports
+ Average ship size also on an upward trend during the same period

Average container throughput from each container ship

T manthiyy Average container ship size (TEU; monthly)

Source: Korea Marltime Insttute, Port Demand Anaysis Certer
1

Congestion Analysis Result 3-1: Chinese Ports with Blockage

+ Chinese ports (Ningho, Gingdao, Tianjin, Xiamen) affected by regional lockdowns
+ Sharp decline in ship calls from 2021.10. to 2022.3. / Waiting and service times gradually increased before lockdown
+ Delays in unloading due to slow cargo movement from yard, causing carriers to divert to nearby alternative ports

Port congestion index of Shanghai

. #vessel arrivals | #vessel stayed

Avg waiting time

Congestion Analysis Result 3-2: Chinese Ports without Blockage

« Contrasting trend compared to other Chinese ports affected by lockdown
« Increase in port calls and staying ships in ports due to concentration of global manufacturing facilities
« Presumably weaker control on yard side during the lockdown period

Port congestion index of Guangzhou

#vessel arrivals #vessel stayed

Avg waiting time

Congestion Analysis Result 4: European Ports

« European ports(Hamburg, Antuierp, Rotterdam ports) affected by various disruptions
+ Labor strikes in German ports, especially Hamburg, in 2022.6 and previously in 2020.6 and 2021.8.
* All ports affected by COVID-19 pandemic, Suez Canal blockage, and Russian invasion of Ukraine

Port congestion index of Hamburg

| #vessel arrivals

Avg waiting time

Implications

* Real-time AIS data is essential for crisis response early detection and rapid crisis
response

Port type(transshipment vs. gateway) influences resilience and adaptability
* Service time is not just a performance metric—it’s a strategic indicator of port efficiency

* External disruptions (e.g., pandemics, strikes, geopolitics) have compounding and lasting
impacts

Coordination among ports and targeted infrastructure investment can improve resilience

Thank you

hisgrace@kmi.re.kr




