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Administration, serves as the trustee for a system of 14 marine protected areas encompassing 

more than 170,000 square miles of ocean and Great Lakes waters. The 13 national marine 
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cherished recreational spots, and are home to valuable commercial industries. 
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Abstract 

 

 

During a transit from San Francisco Bay to the Port of Los Angeles on February 26, 

2004, the M/V Med Taipei encountered a storm and lost 15 forty-foot shipping containers 

in the Monterey Bay National Marine Sanctuary (MBNMS), and another nine south of 

the Sanctuary.  One of these containers was discovered by the Monterey Bay Aquarium 

Research Institute (MBARI) on June 9, 2004 on Smooth Ridge at a depth of 1,281 

meters, 17.5 nm NW of Point Pinos.  This was not an isolated incident. Containerized 

maritime trade grew eight-fold from 1985 to 2007, and worldwide there are now 

approximately 5 to 6 million containers in transit at any given moment.  Thousands of 

shipping containers are lost at sea every year, often due to the nexus of rough seas, 

inadequate or faulty securing mechanisms, and failure to weigh all containers at the time 

of loading.  On March 8-10, 2011, we conducted a research expedition to the container on 

Smooth Ridge using MBARIôs R/V Western Flyer.  The cruise aimed to assess the 

containerôs current condition, describe habitat and ecosystem impacts, and to bring public 

attention to this deep-sea phenomenon that has been increasing with economic 

globalization.  Given the potentially severe ecological, economic, and navigational safety 

consequences associated with container loss, the issue has led to a range of responses 

from industry and the consideration of additional preventative measures at the 

international level. 

 

Key Words 

 

 

Containerization, container loss, shipping, ecological impacts, deep-sea research, 

Monterey Bay National Marine Sanctuary, MBNMS, continental shelf, marine debris 



 

 iv 

Table of Contents 

 

Topic     Page 

Abstract .............................................................................................................................. iii  

Key Words ......................................................................................................................... iii  

Table of Contents ............................................................................................................... iv 

List of Figures and Tables................................................................................................... v 

Introduction ......................................................................................................................... 1 

Industry History and Growth .............................................................................................. 2 

NOAAôs West Coast Sanctuaries and the Containership Industry ..................................... 4 

Containers Lost in the MBNMS ......................................................................................... 7 

Container Loss: A Widespread Phenomenon ..................................................................... 9 

Scope of the Problem ...................................................................................................... 9 

Causes ........................................................................................................................... 10 

Container Fate After Loss ............................................................................................. 15 

Are Losses Becoming More Frequent?......................................................................... 18 

MBNMS/MBARI Lost Shipping Container Cruise .......................................................... 19 

Biological Observations ................................................................................................ 19 

Container Condition ...................................................................................................... 23 

Public Interest ............................................................................................................... 24 

Moving Forward: Can Container Losses Be Reduced? .................................................... 24 

Conclusions ....................................................................................................................... 29 

Acknowledgments............................................................................................................. 30 

Appendix A: M/V Med Taipei Container Contents Manifest ........................................... 31 

Appendix B:  AIMU Casualty List of Containers Lost Overboard, ................................. 34 

1989-2000 ......................................................................................................................... 34 

Appendix C: Container Loss Incidents That Have Received Broad Media Attention ..... 36 

Appendix D: Safety Data Sheet for a Common Container Coating ................................. 41 

Literature Cited ................................................................................................................. 46 

 



 

 v 

List of Figures and Tables 

 

Figure/Table Number and Title                         Page 

Figure 1.   Port of Los Angeles container traffic in TEU ................................................... 3 

Figure 2.   Percent of container traffic by volume of the 13 countries that shipped more 

than 10 million TEU in 2008 .............................................................................................. 4 

Figure 3.   Shipping tracks through the MBNMS recommended by the IMO .................... 5 

Figure 4.  AIS cargo vessel density in the MBNMS for October 2010 .............................. 6 

Figure 5.   Location and photo of container TGHU7712262 .............................................. 8 

Figure 6.   The MSC Napoli .............................................................................................. 11 

Figure 7.    Lashing rods tightened by turnbuckles ........................................................... 12 

Figure 8.   Container corner posts and fittings in unsatisfactory condition ...................... 13 

Figure 9.   Impact of weather on container stacks ............................................................ 14 

Figure 10.   Ship crews on the bridge are often not aware of the strains being placed on 

container stacks on deck ................................................................................................... 14 

Figure 11.  Crew listed causes for cargo loss.................................................................... 15 

Figure 12.   Modeling of likely drift of M/V Med Taipei containers................................ 17 

Figure 13.   Container loss in the Bay of Biscay, 1992-2008 ........................................... 18 

Figure 14.   Taxa observed on the deep sea floor surrounding the lost container ............ 20 

Figure 15.   Taxa observed on the surface of the lost container ....................................... 21 

Figure 16.   Sediment samples were taken from adjacent to the lost container ................ 22 

Figure 17.   Container TGHU7712262 in 2004and 2011 ................................................. 23 

Figure 18.   Intact and undamaged semi-automatic twistlocks ......................................... 24 

Figure 19.   The NYK Argus leaving San Francisco Bay .................................................. 25 

Figure 20.   Course alteration and weather avoidance ...................................................... 26 

 

 

Table 1.   2010 cargo vessel daily totals, grouped monthly, which passed through the 

Monterey Bay National Marine Sanctuary ..........................................................................7 

Table 2. Taxa observed on container differed substantially from species identified on 

surrounding seafloor. .........................................................................................................22 

 



 

 1 

Introduction  

 

On June 9, 2004, researchers at the Monterey Bay Aquarium Research Institute (MBARI) 

made a surprising discovery on Smooth Ridge in the depths of Monterey Bay.  While 

searching for a disabled sediment trap in Monterey Canyon, they found an intermodal 

shipping container resting upside down on the bottom.  The Monterey Bay National 

Marine Sanctuary (MBNMS) later learned that this container was one of fifteen lost 

during a single incident of loss from a container ship earlier that year.  Seven years later, 

as MBNMS and MBARI staff prepared to revisit the sunken container to assess 

ecological impacts, we became aware of the magnitude of the phenomenon of container 

loss at a global scale.  The International Maritime Organization, governments, and marine 

insurers have estimated that up to 10,000 shipping containers may fall from cargo ships 

annually (Podsada 2001; Standley 2003; Hohn 2011; IMO 2004; BBC 2010; ITTS 2011; 

Countryman and McDaniel 2011). 

 

Considered cumulatively, such quantities of cargo loss obviously have substantial 

economic consequences for the shipping industry, in addition to presenting navigational 

hazards throughout the worldôs oceans.  But what implications does this accidental 

dumping have for ecological communities and for the global problem of marine debris?  

From a marine debris perspective, 10,000 containers lost overboard annually amounts to 

approximately 41,500 tons of littered steel in container weight alone.  Average maximum 

payload weights of 20ô and 40ô containers range from 26ï29 tons (Musson International 

2012).  The average weight of the contents of the fifteen containers lost in the MBNMS 

(Appendix A) was approximately 10 tons.  Using this conservative estimate of average 

container weight, it is conceivable that 100,000 tons of substances in packaged form ï 

many of which may be harmful ï are falling off ships in containers each year.  This figure 

represents approximately 1.5% of the 6.4 million tons of litter believed to enter the 

worldôs oceans each year (UNEP 2005).  Arranged end to end, this estimate of loss would 

amount to 75 miles of littered containers being added to the seafloor each year.  The 

accumulation of these slow-to-decay structures year after year is a cause for concern. 

 

The discovery of the lost shipping container brought to light many questions: Why do so 

many containers fall off of ships?  What becomes of them after they are lost?  What steps 

could reduce these losses and the damage they cause to marine habitats?  We attempt to 

address these questions and first outline the rapid growth of the containership industry 

and then explore patterns of vessel traffic along the US West Coast.  We describe the 

discovery of the container in the deepwater habitat of the MBNMS, and discuss the 

causes of container loss and the trend in recent years toward heightened loss rates.  

Because very few containers are ever found, the March 2011 MBARI/MBNMS research 

cruise to the container on Smooth Ridge represents the first effort we are aware of to 

investigate the ecological impacts of a lost container on the seafloor.  We describe the 

results of this survey and conclude with an overview of the various preventative measures 

that have either already been implemented or are currently under consideration. 
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Industry History and Growth  

 

Container shipping is a shipping method that uses large intermodal containers that can be 

transferred between rail or truck and ship and are never opened while in transit between 

shipper and consignee (Levinson 2006).  Malcolm McLean, a leader in the American 

trucking industry, designed the first standardized container and created Sea-Land 

Shipping in 1956 (ISBU 2010).  Initial designs called for entire truck trailers to be loaded 

onto ships.  To save space and weight, the industry standard quickly evolved to load only 

the containers themselves, rather than containers attached to chassis (Levinson 2006).  

The U.S. container shipping industry began in 1956 when 58 containers were sailed from 

Newark to Houston aboard a retrofitted tanker ship (Cudahy 2006). 

 

Shipping cargo in containers offers several key advantages to the industry.  Studies have 

shown that at U.S. ports, container cargo can be moved nearly twenty times faster than 

break bulk cargo (goods that must be loaded individually; Herod 1998).  Gains in 

efficiency have greatly reduced costs: loading loose cargo cost $5.86 per ton to load in 

1956; when that same cargo was containerized, it cost $0.16 per ton (ISBU 2010).  

Containers that remain locked also create improved cargo security and reduce cargo 

breakage and contamination risks.  Because of these increases in efficiency, the industry 

has experienced tremendous growth in recent decades. 

 

Container capacity is often expressed in units of twenty-foot equivalent units (TEU).  

One TEU of containerized cargo capacity is equal to one standard 20 ft × 8 ft container 

(World Bank 2009).
1
  Container transshipment traffic figures are generally a measure of 

container traffic moving from land to sea transport modes, and include both international 

and coastal journeys.  Movement of empty containers is included, and figures are a total 

of all countries for which data is available.  From 2000 to 2008, port container traffic 

worldwide increased dramatically from 214,274,536 TEU to 473,821,055 TEU (World 

Bank 2009).  Growth in the container sector far surpasses overall growth in maritime 

trade: from 1985 to 2007, total maritime trade doubled, while total containerized trade 

grew eight-fold over the same period (OECD 2008).  The trend is expected to continue: 

Drewry Shipping Consultants forecast a more than six-fold rise in container movements 

from 2000 to 2020 (OECD 2008).  Container volume through the Port of Los Angeles is 

representative of the steep rise in container use, broken only by the economic crisis of 

2008-2009 (Figure 1). 

 

                                                 
1
 Standard container width is 8 ft; standard height is 8.5 ft or 9.5 ft for ñhigh cubeò containers.  There are 

five standard container lengths: 20-ft (6.1 m), 40-ft (12.2 m), 45-ft (13.7 m), 48-ft (14.6 m), and 53-ft (16.2 

m). 
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Figure 1.   Port of Los Angeles container traffic in TEU (twenty-foot equivalent units), 1980-2010.  

Container shipping trends correlate with economic activity and the scale of international trade 

relations.  Data from The Port of Los Angeles, http://www.portoflosangeles.org/maritime/stats.asp. 

 

Of the 42,917 cargo ships in the world fleet as of 2010, 4,831 were dedicated container 

ships (Marisec 2010).  The American Institute of Marine Underwriters (AIMU) estimates 

that the fleet has 8.1 million TEU of capacity at any given moment (AIMU  2008).  

Another estimate is that there are approximately 100 million containers shipped each year 

(WSC 2011). 

 

In 2008 the average worldwide container ship load was 2,306 TEU (AIMU 2008).  

Currently, one of the main size constraints facing container ships is the size of the locks 

in the Panama Canal.   Ships that are ñPanamaxò in size fit within the dimensions of the 

locks and have a capacity up to roughly 5,000 TEU (Payer 2005).  After completion of 

expansion expected in 2014, the Panama Canal will be able to handle ñPost-Panamaxò 

container vessels up to capacities of 12,000 TEU (Payer 2005).  Four 398-m Maersk 

ships were built in 2013 that each carry about 18,270 TEU.  Ships with capacity greater 

than 10,000 TEU are known as Ultra Large Container ships (ULC).  The next size 

limitation that will emerge is tied to the depth of the Straits of Malacca, which link the 

Indian and Pacific Oceans and are one of the busiest shipping lanes in the world.  

ñMalaccamaxò ship dimensions will be 470 m x 60 m (Levinson 2006).  As each 

generation of ship becomes larger, the taller the stacks of containers become.  The 

physics of taller stacks require new innovations to adequately secure them.  While 

transport capacity per ship grew from 4,000 to 15,000 TEU over a period of only 15 

years, design principles and securing methods remained largely unchanged (MARIN 

2009). 
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NOAAôs West Coast Sanctuaries and the Containership Industry 

 

US National Marine Sanctuaries are areas of the ocean federally managed for special 

protection that can include regulations for ship transit, discharge of material, and 

disturbance of the seafloor, among other regulations.  NOAAôs West Coast Region 

Sanctuaries (Olympic Coast, Cordell Bank, Gulf of the Farallones, Monterey Bay, and 

Channel Islands National Marine Sanctuaries) are particularly exposed to the 

containership industry, as the worldôs busiest container trade routes lie between North 

America and East Asia.  Of the thirteen countries that shipped more than 10 million TEU 

in 2008, 77.6% of those container equivalents originated in Pacific Rim countries (Figure 

2; Containerisation International 2011). 

 

 
Figure 2.   Percent of container traffic by volume of the 13 countries that shipped more than 10 

million TEU  in 2008.  Almost three times as many containers are shipped from China as from the 

country with the next-busiest ports (U.S.).  Data from Containerisation International.  http://www.ci-

online.co.uk 

 

ñFar East to North America West Coastò is the worldôs 2
nd

 busiest container shipping 

route by TEU, with 317 container vessels deployed on a typical day (February 1, 2011; 

Containerisation International 2011).  Of the worldôs 20 busiest container ports, 13 are 

located around the Pacific Rim, and two are in California.  Three of the four busiest 

container ports in the U.S. are in California (Los Angeles, Long Beach, and Oakland), 

together accounting for 50% of the nation's total container cargo volume (Port of Oakland 

2011).  As the 4
th
 busiest container port in the U.S., the Port of Oakland draws much of 

the container ship traffic that passes through the MBNMS. 

 

Recommended tracks for large vessels transiting the MBNMS have been in place for over 

ten years.  In the late 1990s, the MBNMS Vessel Traffic Workgroup met to work on 

development and implementation of strategies to move vessel traffic zones farther 

offshore. The working group recommended altering the Traffic Separation Scheme (TSS) 
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off of San Francisco to move vessels away from the sensitive San Mateo shoreline.  

Container ships, in addition to bulk freighters and vessels carrying hazardous cargo, were 

moved about 10 km farther offshore to reduce the risk of groundings.  Recommended 

shipping tracks were also organized into north/south lanes to reduce the risk of collisions 

(Figure 3).  The working groupôs recommendations were approved by the International 

Maritime Organization and have been in effect since December 1, 2000.  Vessel traffic 

zones are managed by the U.S. Coast Guard (USCG), the U.S. Department of 

Transportation, the U.S. Department of Commerce (NOAA), the IMO, and the United 

Nations (NOAA 2009).  Container ships following these recommended tracks will travel 

15 nm off Point Sur and 12.7 nm off Pigeon Point when heading north, and 20 nm off 

Point Sur and 16 nm off Pigeon Point when heading south. 

 
Figure 3.   Shipping tracks through the MBNMS recommended by the IMO. Note that only the 

colored arrows represent the tracks, and there are not defined tracks extending beyond these. 

Source: http://montereybay.noaa.gov/intro/maps/vessel_lanes1_lg.jpg 

 

http://montereybay.noaa.gov/intro/maps/vessel_lanes1_lg.jpg
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It is not easy to approximate the number of containerships transiting the MBNMS and 

other West Coast Sanctuaries, but some estimates have been made using Vessel Traffic 

Service (VTS) Automated Identification System (AIS) data.  Designed to increase the 

safety and navigation of vessels at sea, the AIS system automatically broadcasts vessel 

identification, call sign, destination, position, speed over ground, course over ground, 

ship type and dimensions to coastal receivers via Very High Frequency (VHF) radio 

waves (Miller  2011).  There are up to 4,000 coastal transits of the MBNMS each year by 

large vessels (NOAA 2009).  Crude oil tankers account for 20% of these transits; the 

remaining 80% are container ships and bulk product carriers (NOAA 2009). 

 

Efforts to plot vessel traffic transiting the California coast allow for a visual 

representation of transits through the sanctuary and can show which areas have the 

highest vessel traffic.  In September 2011, the Naval Postgraduate School (NPS) 

Oceanography Department analyzed archived 2010 AIS message data to calculate the 

total amount of all shipping traffic through the MBNMS and to create monthly vessel 

traffic density plots.  Daily position reports of each vessel were interpolated to a 1 square 

arc-minute resolution, on a 1-minute time scale. Monthly ship densities along the 

California coast were then generated based on the total number of "ship-minutes" all 

vessels occupied in each 1 square arc-minute of space.  The AIS messages were further 

categorized by reported ship type, with all cargo class vessels (AIS message types 70-79) 

isolated and monthly location totals calculated (Miller  2011).  Cargo class vessels are not 

exclusively containerships, but containerized cargo is most common.  The results for one 

month are shown as an example of overall patterns (Figure 4). 

 
Figure 4.  Automatic Identifi cation System (AIS) cargo vessel density in the MBNMS for October 

2010.  The color axis represents the total number of minutes vessels spent in one square arc-minute 

of area over the course of October 2010.
2
  Figure from Miller  2011. 

                                                 
2
 The color range of Figure 4 was truncated at 120 min. to preserve adequate contrast to distinguish the 

traffic patterns at sea, rather than having vessels at harbor dwarf the available resolution of the seagoing 

traffic (a ship sitting pier-side over the course of a month would total 43,200 minutes for the month). 
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Within the MBNMS, cargo vessels are generally contained within the prescribed shipping 

lanes (Figure 3).  Traffic appears to primarily be a combination of coastal transits and Far 

East trade routes.  An additional data product created by NPS was a comparison of 

monthly cargo class vessel traffic with total vessel traffic.  Cargo class vessels comprise 

40-50% of all vessel traffic within the MBNMS.  

 
Table 1.   2010 cargo vessel daily totals, grouped monthly, which passed through the Monterey Bay 

National Marine Sanctuary (excluding the Davidson Seamount Management Zone).  Due to the 

variability and gaps in the AIS data coverage, these figures are approximate. 

Month # Cargo Class Vessels Total # Vessels % Cargo Vessels 

January  178 362 49 

February  126 242 52 

March  345 737 47 

April  366 805 45 

May  396 937 42 

June  435 1000 44 

July  439 1023 43 

August  443 943 47 

September  394 976 40 

October  453 1053 43 

November  426 858 50 

December  471 877 54 

Containers Lost in the MBNMS 

 

In 2004, the M/V Med Taipei loaded its containerized cargo in China (port unknown).  

After exchange of containers in the San Francisco Bay Area, the ship was en route to the 

Port of Los Angeles on the night of February 25, 2004.  While transiting the MBNMS, 

the Med Taipei began encountering seven- to nine-meter (23- to 30-foot) westerly swells 

and experiencing frequent rolls of approximately 25 degrees, with winds at or around 30 

knots.  At 0045 hours on February 26, 2004, 15 standard 40 ft ISO containers fell off the 

ship at coordinates 36°38.5'N, 122°28.7'W (70 nm south of the Golden Gate Bridge).  

Appendix A lists the contents of these containers.  Later that same day, at 0908 hours, 

nine more containers fell overboard at 35°06.9'N, 121°54.0'W.  By the end of the voyage, 

the Med Taipei had lost a total of 24 containers and had an additional 21 containers 

collapsed on the deck, according to a written report by the ship's Captain.  The MBNMS 

was not notified of this incident of container loss. 

 

On June 9, 2004, the Monterey Bay Aquarium Research Institute (MBARI) ROV 

Ventana, while searching for a disabled sediment trap, discovered an intermodal 

container resting on the seafloor at a depth of 1,281 meters on Smooth Ridge, 17.5 nm 

NW off Point Pinos outside Monterey Bay (coordinates 36Á41.65ô N, 122Á17.94ô W).  

MBARI collected video and still pictures of the container (Figure 5). 
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Figure 5.   Location and photo of container TGHU7712262.  Map shows the reported position of the 

container ship M/V Med Taipei when it lost 15 containers overboard on February 26, 2004 (orange 

circle).  One of these containers landed on the seafloor, just outside of Monterey Bay (green star).  

This container (photos) was discovered by MBARI researchers on June 9, 2004 at a depth of 1,281 

meters on Smooth Ridge 17.5 nm NW off Point Pinos (photo).  Map credit: Chad King, MBNMS; 

photo credit: MBARI.  

 

MBNMS regulations prohibit ñdischarging or depositing from beyond the boundary of 

the Sanctuary any material or other matter that subsequently enters the Sanctuary 

and injuries a Sanctuary resource or qualityò (National Marine Sanctuary Program 

Regulations 2012).  Shipping container loss is therefore considered a discharge that is 

subject to federal enforcement of Sanctuary regulations.  NOAA enforcement staff used 

pictures of the container to track its ID number (TGHU7712262) through U.S. Customs.  

U.S. Customs confirmed that the container had been lost in transit from the M/V Med 

Taipei (now M/V YM Prosperity) just over three months prior.  The Los Angeles/Long 

Beach USCG Marine Safety Office completed an investigation and full report of the 

incident, including weather and sea conditions at the time.  It is unknown how long this 

container may have floated prior to sinking.  Manifest information listed the containerôs 

contents as a shipment of 1,159 steel-belted Michelin passenger car tires.  Other lost 

containers held cyclone fencing and poles, hospital beds, mattress pads, hair ribbons, hair 

turbans, cosmetic bags, leather furniture, and waste cardboard.  It was believed that the 

containers were improperly stacked on the vessel, with some of the heaviest containers at 

the top of the stack.  Additionally, the investigation documented D-rings missing from 

the deck of the ship and container locking joints with faulty welds. 

 

http://montereybay.noaa.gov/intro/mp/regs.html#injure
http://montereybay.noaa.gov/intro/mp/regs.html#sanctuaryresource
http://montereybay.noaa.gov/intro/mp/regs.html#sanctuaryquality
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A Seattle firm (Fugro, Inc.), ran a computer simulation model to estimate likely 

deposition areas for the 15 containers discharged in the MBNMS at 0045 hours, given 

container buoyancy characteristics and sea conditions recorded at a nearby NOAA data 

buoy.  The model produced easterly drift patterns with potential deposition throughout a 

range of depths between 2743 and 914 meters in the outer Monterey Bay (4nm - 24nm 

offshore). Some of the containers may still be linked together in their original stack 

formations. Containers may have sunk onto relatively flat areas or onto submarine 

canyon slopes.  This study cost approximately $12,000 (S. Kathey, pers. comm.).  

Attempted location and recovery of all 15 containers lost within the MBNMS was 

estimated at approximately $25 million, with a low expected rate of success.  There is no 

record of a container having ever been successfully recovered from a depth of over 1,000 

m. Therefore, this was not pursued. 

 

A prolonged legal debate ensued between NOAA and the owners and operators of the 

vessel ï All Oceans Transportation, Inc., Italia Marritema SpA and Yang Ming Transport 

Corporation ï as there was some uncertainty regarding the extent of U.S. jurisdiction and 

the ability to prosecute for damages.  On July 26, 2006, a $3.25 million settlement was 

announced for long-term damage to Sanctuary resources (NOAA 2006).  The MBNMS 

agreed to use the settlement funds to undertake habitat restoration and characterization 

projects and to monitor the long-term impacts of container TGHU7712262. 

 

Container Loss: A Widespread Phenomenon 

 

Although containers lost overboard are rarely found on the seafloor, the loss from the 

Med Taipei was not an isolated incident.  The nexus of rough seas, inadequate or faulty 

securing mechanisms, and improper container stacking procedures are responsible for 

making container loss a well-documented phenomenon in the shipping industry. 

Scope of the Problem 

The actual numbers of lost containers are difficult to confirm and estimates of the scope 

of this occurrence are wide-ranging.  Many groups have cited a figure of 10,000 

containers falling from ships each year (Podsada 2001; Standley 2003; Hohn 2011; IMO 

2004; BBC 2010; ITTS 2011; Countryman and McDaniel 2011). The Chair of the 

European Parliamentôs Transport Committee, National Geographic News, BBC News, 

and Friends of the Earth International are among those citing this figure, which would 

amount to 83 million pounds (41,500 tons) of littered steel in container weight alone 

annually.  The Through Transport Club, which insures 15 of the top 20 container lines for 

their losses, estimates that losses overboard are ñprobably less than 2,000 containers per 

yearò (VMI 2011).  Groups including the AIMU and a joint industry project of the 

Maritime Research Institute Netherlands (MARIN) have cited less specific numbers that 

are nonetheless in the 1000s (Lashing@Sea 2006; AIMU 2008).  However, the origins of 

these estimates are not clear.  Another estimate is that lost merchant freight at sea 

amounts to 1.3 million tons per year (Van den Hove and Moreau 2007).  This figure 

includes bulk goods and break-bulk cargo in addition to containers. 
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No centralized database is maintained with comprehensive container loss statistics.  

Damage and loss reports are rarely shared beyond line operators, involved local maritime 

authorities and providers of protection and indemnity insurance (P&I clubs).  Operators 

generally avoid exposing incident details for publicity reasons.  Similarly, P&I clubs 

investigate loss incidents but do not share findings, making trends difficult to evaluate 

(Lashing@Sea 2009; AIMU 2008).  Following the mediaôs interest in the March 2011 

MBNMS/MBARI lost shipping container cruise, the World Shipping Council (WSC) has 

countered these figures with its own.  The WSC surveyed its members, who collectively 

account for 90% of global containership capacity.  Although the WSC reports that the 

carriers that responded represent over 70% of global container ship capacity (WSC 

2011), it is unclear what the surveyôs response rate was.  Survey results were extrapolated 

to all container carriers to yield a much smaller estimate of 350 containers lost at sea each 

year, not counting catastrophic events (such as ship groundings).  Including catastrophic 

losses, the WSC reports that average annual losses increase to approximately 675 

containers (WSC 2011).  The most recent highly publicized container loss incident was 

the grounding of the M/V Rena off New Zealand in October 2011.  This single event 

resulted in the loss of an estimated 267 containers overboard prior to salvage operations 

(Maritime New Zealand 2012). 

Causes 

The time demands placed on the shipping industry mean that it can be difficult to balance 

safety and efficiency.  The nature of the industry has been compared to a quote from car 

racer Mario Andretti: ñIf everything is under control you are going too slowò (Koning 

2009).  Following are some of the common problems that lead to container loss. 

Misdeclared container weights: It is believed that shippers sometimes ignore the weight 

limitations of shipping containers.  The U.K.ôs Marine Accident Investigation Branch 

(MAIB) investigated the failure of the containership MSC Napoli in January, 2007 

(Figure 6) and found that 137 (20%) of the 660 dry containers stored on deck had actual 

weights greater than their declared weights.  Some containers were overweight by as 

much as 20 MT (AIMU 2008). 
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Figure 6.   The MSC Napoli, which broke apart in January 2007 in the English Channel.  MAIB 

investigation determined that 20% of the containers were overweight.  Photo from AIMU 2008. 

Containers passing through U.S. and many other ports are only weighed before loading if 

they arrive by truck.  The declared weights of containers arriving by rail are generally not 

verified (AIMU 2008).  The WSC and International Chamber of Shipping (ICS) 

acknowledge that misdeclared container weights have contributed to the loss of 

containers overboard, as well as to other safety and operational problems, and have 

encouraged the IMO to require container weight verification in all cases (WSC 2011). 

Faulty connections between containers: Containers in a stack are connected to each 

other with the use of bottom twistlocks.  These are used in combination with lashing rods 

(Figure 7).  The replacement of semi-automatic twistlocks (required for ships calling on 

U.S. ports) with fully automatic twistlocks (FAT) in the past decade has been a cause for 

concern.  FAT require less work by longshoremen on the dock but are smaller and their 

failure has been a common factor in several loss incidents (AIMU 2008). 
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Figure 7.    Lashing rods tightened by turnbuckles are attached by hand by longshoremen to help 

secure loads.  (This container was damaged by a bow-slamming wave).  Figure from Koning 2009. 

Heavier containers placed on top of lighter containers: Placing heavier containers in the 

higher tiers places increased forces on the securing gear and all containers underneath.  

Vessel planners, who use container weights and port of discharge to determine the 

optimal arrangement of containers on a vessel, aim to prevent this.  Yet a common trend 

is for carriers to accept additional cargo while a ship is already being loaded, rendering 

the vessel plannerôs cargo plan obsolete.  When late arriving heavy containers end up in 

the highest tiers, stability is compromised and excessive load pressures become likely 

(AIMU  2008). 

Stacking height: With each new generation of container ship, the stacking height has 

increased. Stacks may now be up to nine containers high below deck and eight tiers high 

above deck (AIMU  2008).  Current vessel designs have up to three-quarters of their 

containers on deck (VMI 2011).  A publication of the Standard P&I Club and Lloydôs 

Register states ñif one container in a stack fails, it is likely that the entire stack will 

collapseò (Murdoch and Tozer 2006).  Commonly, a lashing or overloading problem with 

one container stack will lead to interactions with other container stacks and unexpected 

high loads in the securing system, rendering it less effective (MARIN 2009).  Other 

problems associated with high deck loadings include reduced ship stability, interference 

with visibility from the bridge (which increases the likelihood of collisions), increased 

exposure of the cargo to storms and seas, and difficult maneuverability at slow speeds 

due to excessive wind impacts (AIMU 2008).  These problems are compounded when 

containers are stacked high at the bow and stern of the ship, where accelerations and 

forces are at their greatest. 

Container contents improperly loaded: Since the contents of containers are often loaded 

at remote inland locations (especially in emerging nations like China), the cargo inside 

containers is often haphazardly arranged and inadequately blocked and braced.  Poorly 

loaded or overloaded containers can cause the contents to damage the container or break 
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through its side.  Such structural damage, especially when it occurs to a container in the 

lower tiers, can lead to collapse of the entire stack (AIMU 2008). 

Containers in poor condition: During periods of high shipping demand, shortages of 

containers sometimes result in the use of containers in unsatisfactory structural condition.  

Container corner posts and structural fittings in a degraded condition or not built to ISO 

standards in the first place can jeopardize an entire stack of containers (Figure 8). 

  

Figure 8.   Container corner posts and fittings in unsatisfactory condition. Figures from AIMU  2008. 

A study by the IMO from 1996-2002 found that of 19,704 containers inspected, 1,737, or 

about 9%, had Container Safety Convention (CSC) plate and structural deficiencies 

(AIMU  2008). 

Failure to adapt course to weather conditions: Waves can cause ships to roll, sway, 

pitch, surge, yaw and heave, subjecting container stacks to strong accelerations and 

extreme motions, such as parametric rolling (MARIN 2009).  When combined with the 

effects of strong winds, these movements can place the containers and securing gear 

under high stress (Figure 9a).  Bow slamming can also occur when large waves break 

over the bow of the ship (Figure 9b).  A study of container loss in the Bay of Biscay and 

its approaches found that of 1,251 containers lost in 158 incidents from 1992-2008, 83% 

were lost between the months of November and February when sea conditions are 

roughest (Interreg III B, undated).  Crew failure to take precautionary measures 

(changing course early) can place the ship in a risky situation.  Once heading and speed 

become difficult to control, heavy rolling is occurring, and green water is on deck, few 

alternatives remain and accidents are likely (AIMU 2008). 
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Figure 9.   Impact of weather on container stacks.  A) In rough seas, the effects of waves on a ship can 

create accelerations and forces that combine with wind to compromise the stability of container 

stacks.  B) Wave impacts such as bow-slamming can cause containers to fall from a containership in 

a storm.  Figures from Koning 2009 and VMI 2011.  

Ship crew in the bridge unaware of dangerous conditions: A questionnaire focused on 

the causes of cargo loss was distributed to operational experts on board container ships 

(MARIN 2009).  Crew were asked about the feasibility to determine from the bridge 

when loads on securing gear become too high (Figure 10).  Whether or not crew can 

detect rough conditions placing undue strain on securing gear is a major factor in 

determining whether remedial actions (such as speed and heading adjustments) are 

needed. 

 

Figure 10.   In rough seas, ship crews on the bridge are often not aware of the strains being placed on 

container stacks on deck.  Figure from MARIN 2009. 
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Crew opinions: In the crew survey referenced above, 30% of crew respondents had 

experienced incidents involving lost or damaged containers.  Crew had a variety of 

opinions about the causes of these incidents.  The results of 158 responses are shown in 

Figure 11 (MARIN 2009). 

 

Figure 11.  Crew listed causes for cargo loss.  Factors named in order of frequency included lashing 

problems, poor weight distribution during stowage, inaccurate declared container weights, rolling, 

extreme weather, conditions leading to high metacentric height (GM), stack dynamics, internal cargo 

shifting, bow slamming, vessel speed, vessel routing, other human factors, poor container quality, 

hatch motions, and the effects of high winds.  Figure from MARIN  2009. 

Container Fate After Loss 

Following loss incidents, containers rarely sink immediately.  Depending on whether they 

are full or empty, and on the nature of the cargo inside, containers may float at the 

surface for several days or weeks prior to sinking.  Containers are not generally entirely 

watertight; while an empty container is likely to sink due to water ingress, a full container 

will likely float until air trapped in the cargo has escaped.  Using the deadweight 

principle that the forces required to sink an object must exceed the volume of water to be 

displaced, a New Zealand insurance company has calculated that a 20ô container would 

have to exceed 16 tons before it sank, and a 40ô container would have to exceed 32 tons 

(VMI  2011).  Other factors affecting the time it takes for a container to sink include the 

condition of the container, damages to the container as it breaks free, the strength of 

impact with the ocean and the battering effect of loose cargo upon impact, and the size of 

waves, which can have a smashing effect. 

 

When floating, most of the container lies below the surface of the water, like an iceberg, 

creating a serious navigational hazard for smaller vessels ï particularly to fishing vessels 

and small craft, but also to other containerships and tankers (VMI  2011).  One of the 

best-documented accidents occurred on January 11, 2000, when marine investigators 

believe the British scallop trawler, Solway Harvester, struck a fully loaded container in 

the Irish Sea.  The trawler sank, all seven crewmembers were killed, and rescuers who 

arrived on the scene found plastic vats filled with mayonnaise floating on the surface 
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(Geoghegan 2013).  A large container ship colliding with a floating container could lead 

to the release of up to one million gallons of bunker fuel oil (NOAA 2009).  Floating 

containers thus pose a risk to navigation and to Sanctuary resources.  Although we are not 

aware of any statistics or reports on the number of containers that may be floating at a 

given time, the phenomenon is believed to be widespread enough to have recently 

inspired an invention designed to sink lost containers (Container Sinka 2014).  There are 

strong incentives for being able to predict, announce, and track the positions of lost 

containers. Calculation of container drift trajectories allows vessels to avoid areas 

potentially dangerous to navigation and can aid in any recovery efforts. 

 

Numerical models have been developed to predict container drift by incorporating wind 

direction, currents and tides, container buoyancy, degree of immersion, and other 

hydrodynamic factors.  The Ocean Surface CURrent Simulator (OSCURS) model for the 

North Pacific Ocean and Bering Sea has been used to predict with some accuracy where 

lost containers and their contents would travel.  The Central and Northern California 

Ocean Observing System (CeNCOOS) has an online tool available to the public for 

predicting drift.  The "Drop-a-Drifter" Surface Water Trajectories in Central California 

website uses the Regional Ocean Modeling System (ROMS) tool created by NASAôs Jet 

Propulsion Lab.
3
  This technology allows the prediction of where surface water and 

flotsam will travel during the past (since Oct. 4, 2010), present, and future (up to 48 hours 

ahead).  For the Med Taipei incident in the MBNMS, the meteorological and 

oceanographic consulting firm Fugro, Inc. was contracted to run the CASP 2.0 program 

to forecast the likely locations of the remaining, undiscovered containers.  The results of 

this modeling, which created an estimate based on 5,760 track replications, can be seen in 

a probability map (Figure 12).  

 

                                                 
3
 ñDrop-a-Drifterò website http://www.cencoos.org/sections/products/drop_a_drifter.shtml 

http://www.cencoos.org/sections/products/drop_a_drifter.shtml
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Figure 12.   Modeling of likely drift of M/V Med Taipei containers after 56 hours.  Clue0001 shows 

location of the container loss incident; Clue0002 shows the location of discovered container 

TGHU7712262. The darker  the shade of purple, the greater the probability of containers being found 

within that area.  Credit: Fugro Inc.  

 

Containers can then either sink or drift onto shore.  In either case, a container may remain 

intact or its contents may escape via collisions with other cargo, the vessel, rough seas, 

reefs, or the shore.  A damaged container can thus serve as a point-source of marine 

debris.  Potential impacts to marine natural resources include falling containers crushing 

and smothering of benthic organisms, introduction of foreign habitat structure, shifts in 

local ecology, an expanding benthic footprint over time as the containers degrade and 

collapse, marine species entrapment and ingestion risks from released container contents, 

and the deposition of plastics or other oil-based products, hazardous or radioactive 

materials, and subsequent bioaccumulation (NOAA 2006).  The corrosion-resistant 

marine coatings used to paint the interiors and exteriors of containers are also a concern, 

as they have traditionally contained toxic substances such as zinc powder.  Product safety 

data sheets for the marine coatings preferred by container manufacturers provide detailed 

information about the composition of these paints. The risks of some ingredients are 

described with phases such as ñvery toxic to aquatic organisms, may cause long-term 

adverse effects in the aquatic environmentò (Appendix D; Hempel Group 2012).  Some 

of the leading container manufacturers have recently switched to using zinc-free, water-

based coatings, which may represent an improvement (Valspar Corporation 2011). 

 

In the section ñMBNMS/MBARI Lost Shipping Container Cruiseò we provide a 

preliminary description of the ecological impacts associated with the container found in 
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the Monterey Bay National Marine Sanctuary.  In addition to causing a host of potential 

ecological impacts, container losses represent a tremendous waste of manufacturing 

effort, energy, and money.  The phenomenon is responsible for capital costs associated 

with search, recovery, investigation, and legal actions following container loss, and 

causes substantial losses to maritime insurers. 

Are Losses Becoming More Frequent? 

Whether or not container losses are becoming more frequent is a difficult question to 

answer, as the vast majority of losses are not reported beyond notification to ñneed-to-

knowò parties: the shipôs owner, line operator, the exporter, the importer, and the insurer 

(VMI  2011).  The Lashing@Sea government/industry investigation noted that about 50 

lost container incidents were reported between the years 1989-2000 (MARIN 2009).  

Appendix 2 shows the AIMUôs ñcasualty listò of lost containers during this period.  Both 

the frequency and severity of reported losses began to increase sharply in 1997.  While 

more than two-thirds of the losses reported over the 12-year period occurred in the last 5 

years, several well-documented incidents such as the M/V Sherbro accident (1993) are 

not included in this list (AIMU 2008).  Analysis of container loss incidents in the Bay of 

Biscay by the European Commissionôs Interreg III B Community Initiative found a 15-

year trend toward increasing loss (Figure 13); these regional data can likely be 

extrapolated to the global level.  We should note that these trends could also reflect an 

increase in reporting or an increase in the use of shipping containers. 

 

 
Figure 13.   Container loss in the Bay of Biscay, 1992-2008.  The red line illustrates the regional trend 

toward increased losses.  Figure from Interreg III B, undated. 

 

The Lashing@Sea Excecutive Summary summarizes: ñOver past years various signals 

have come forward from the industry with regards to safety.  An increasing number of 

incidents in the container sector suggest that risks have increased. The question is raised 


