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1. Event trees were used to determine the most likely and worst credible impacts of 

defined unwanted navigation events.  For consistency and commonality across the South West 

Pacific hydrographic risk assessment area, the event trees in this Annex are based on the generic 

event trees in the Risk Assessment Methodology1 and those used in the Cook Islands2 and 

Tonga3 and Niue4. 

2. Samoa has substantial domestic traffic due to the frequent inter-island 

passenger/vehicle ferry service from Mulifanua to Salelologa and regular cargo/fuel journeys 

from Apia to Salelologa.  This category represents the highest likelihood of incident due to the 

frequency of passages and the constrained navigation at the terminal ports. 

3. Recreational vessels present a different type of risk in that this class of vessel is more 

likely to navigate into poorly charted waters in remote areas and therefore do present a risk, 

though consequence is limited to personnel casualties.  Accordingly, an event tree that covers 

the grounding of recreational vessels has been included. 

3. The event trees were used to confirm the veracity of the weightings of the risk 

consequence factors employed in the overall risk calculations and to estimate consequential 

costs of incidents in the cost benefit analysis (described in Section 8 of the main report). 

 

 

 

 

 

 

 

                                                           
1 (Marico Marine Report No. 15NZ322 Issue 03, 5 August 2015) 
2 (Marico Marine Report No. 14NZ262MR Issue 02, 20 January 2015) 
3 (Marico Marine Report No. 14NZ262 ς TM, Issue 1, 27 November 2014) 
4 (RNAPL16002 - NIUE Hydrographic Risk Assessment, 2016, p. Annex A) 
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Marine Accident

Grounding Foundering

Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk

Most Likely Scenario

Vessel breaks mooring 
and is washed ashore on 

to reef.

Most likely 
consequence impacts

People

Nil or minor injuries

Property

Vessel suffers some 
hull and propellor 
damage.  Can be 

refloated and 
repaired at Apia with 

local and shipped 
equipment

Environment

Minor physical 
damage to reef in 

vicinity of grounding.

Possible spillage of 
100 litres diesel.

Stakeholder/Economic

Cost of repairs by 
boatowner.

Minor local disruption 
to tourists and 

subsistence fishing.

Worst Credible Scenario

Vessel grounds at night 
or in bad weather on 
weather side of island 

and breaks up

Worst Credible 
consequence impacts

People

Possibly 2 fatalities 
and serious injury

Property

Vessel a total loss.

Environment

Possible loss of 100 
litres diesel fuel.  
Minor physical 
damage to reef, 
debris field along 

coast minor impact 
on fishing and 

foreshore.

Economic/Stakeholder

Search and rescue 
efforts by Samoa.  

Minor disruption to 
fishing.  Diesel spill 

insignificant but 
temporary disruption to 

tourism

SOLAS Passenger

Collision
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Marine Accident

Grounding Foundering

Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk

Most Likely Scenario

Vessel grounds at low 
speed while 

manoeuvring entering 
Apia, through 

equipment failure, 
human error.

Most likely 
consequence impacts

People

No injuries

Property

Vessel suffers minor  
damage on coastal 
reef.  Vessel able to 
clear reef under own 

power.

Environment

Possible release of 1 
tonne MFO. Minor 
physical damage to 
reef ivo grounding.

Local pollution 
impact on 

subsistence fishing 
and tourist sites.

Stakeholder/Economic

Possible failure of 
planned cargo 

exchange will have 
minimal impact.  

Schedule of island re-
provisioning disrupted 

Some impact on 
tourism.

Worst Credible Scenario

Vesselgrounds at high 
speed on fringing reef  due 

cyclone, poor 
weather/visibility, 

navigation equipment or 
engine failure.  Salvage tug 
and international cleanup 

effort required

Worst Credible 
consequence impacts

People

Possibility of injuries 
or fatalities 

particularly if ship 
strands and is 
abandoned

Property

Serious hull and 
structural damage, 

requires salvage and 
drydocking or may be 

a total loss.

Environment

Possible loss of 300 
tonnes MFO bunkers.

Massive damage to 
reef, breeding 

grounds, and tourist 
sites.  

Economic/Stakeholder

Loss of national tourism 
income, damage to 
local reef and fish 

stocks and breeding 
areas.  Interruption to 
subsistence fishing.

International media 
interest.

SOLAS Passenger

Collision
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Marine Accident

Grounding Foundering

Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk

Most Likely Scenario

Cyclone avoidance -
vessel navigates to sea 
to avoid and remain 
clear of dangerous 

semicircle.

Experiences heavy 
weather

Most likely 
consequence impacts

People

Possibility of crew 
injury with shifting 

cargo

Property

Vessel suffers storm 
damage, possible loss 

of containers or 
damage to cargo.

Environment

Cargo lost overboard 
may present danger 
to navigation and 

may wash up ashore 
on exposed coasts.

Stakeholder/Economic

Schedule delay in cargo 
exchange may impact 

Samoa.

Some cargo may be 
lost or damaged.

Worst Credible Scenario

Vessel encounters 
cyclone and is unable to 
navigate to safety, cargo 

shifts and vessel 
becomes unstable - lists 

and sinks.

Worst Credible 
consequence impacts

People

Possibility of entire 
crew being lost (20 

persons) 

Property

Total loss of vessel 
and cargo

Environment

Vessel sinks in deep 
water.  All fuel leaks 

to sea slowly and 
dissipates.  Oil slick 

on exposed shores to 
leeward.  Deck cargo 
breaks free and some 
buoyant items cause 
navigation hazard or 

wash ashore

Economic/Stakeholder

Disruption to 
import/export cycle, 
loss of cargo created 
temporary difficulty.

Loss of national tourism 
income as pollution 

impact on tourist sites.

International press 
interest

SOLAS Passenger

Collision
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Marine Accident

Grounding Foundering

Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk

Most Likely Scenario

Glancing collisiion in 
open sea, with plate 

indentation and some 
splitting above the 

waterline requiring in 
water repairs

Most likely 
consequence impacts

People

Minor injuries

Property

Vessel suffers 
damage requiring 
repairs alongside -
slow transit to port 

of repair

Environment

No pollution

Stakeholder/Economic

Nil impact to Samoa

Some international 
media interest

Worst Credible Scenario

T-bone collision. 
Extensive damage to 

both vessels above and 
below waterline but 
neither vessel sinks.

Cargo tank ruptured and 
possibility of 

fire/explosion.

Worst Credible 
consequence impacts

People

Serious injuries and 1 
fatality

Property

Both vessels require 
repair in dry dock.  

One vessel requires 
tow to repair port

Environment

Possible loss of 300 
tonnes HFO. Oil slick 

could impact on 
Samoan coast. Long 

term damage to 
biological sensitive 

areas and fish 
breeding grounds.

Some containers 
could be lost 

overboard and 
become hazards. 

Economic/Stakeholder

Loss of national tourism 
income, damage to 
local reef and fish 

stocks and breeding 
areas.  Interruption to 
subsistence fishing. 
International media 

interest

SOLAS Passenger

Collision
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Marine Accident

Grounding Foundering

Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk

Most Likely Scenario

Grounding at low speed.  
Passing vessel suffers 
loss of propulson and 

drifts onto fringing reef 
in standard weather 

conditions.  Salvage tug 
required.

Most likely 
consequence impacts

People

No injuries

Property

Vessel suffers 
substantial damage 
as coast steep-to 

rocky shore.  Salvage 
tow off to repair 

location

Environment
Possible release of 50 
tonnes HFO and 500 
tonnes product spilt.  

Slow reponse as 
international support 
needed. Long term 

damage to reef, 
breeding grounds. 
Subsistence fishing 

impacted and tourist 
sites polluted

Stakeholder/Economic

Tourism impacted if 
sites impacted, 

domestic subsistence 
fishing impacted

Worst Credible Scenario

Tanker grounds at high 
speed on fringing reef 

due cyclone, poor 
weather/visibility or 

navigation equipment 
failure - no landfall light 
exists.  Salvage tug and 
international cleanup 

effort required

Worst Credible 
consequence impacts

People

Possibility of injuries 
or fatalities

Property

Serious hull and 
structural damage, 

requires salvage and 
drydocking or may be 

a total loss.

Environment

Possible loss of 400 
tonnes HFO and 5000 

tonnes product.  
These could be 

exceeded.  Massive 
damage to reef, 

breeding grounds, 
and tourist sites.  

Economic/Stakeholder

Loss of national tourism 
income, damage to 
local reef and fish 

stocks and breeding 
areas.  Interruption to 
subsistence fishing.

SOLAS Passenger

Collision
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Marine Accident

Grounding Foundering

Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk

Most Likely Scenario

Vessel suffers structural 
damage in cyclone. 
Outer hull cracked, 

tanks remain and slow 
steam to nearest repair 

port

Most likely 
consequence impacts

People

Possibility of crew 
injury with shifting 

equipment or 
hydrocarbon 

inhalation

Property

Vessel suffers storm 
damage requiring 

repair and replace of 
lost or damaged 

equipment

Environment

Possible minor 
release of 

hydrocarbons 
through hull damage  

- 50 - 200 litres

Stakeholder/Economic

Schedule delay in fuel 
delivery , however 60 

day reserves held.

Worst Credible Scenario

Tanker suffers serious 
structural damage in 

cyclone. Hull and tanks 
breached

Worst Credible 
consequence impacts

People

Possibility of crew 
injury with 

hydrocarbon 
inhalation.  Possible 
loss of life through 

shifting equipment as 
structural failure 

progresses 

Property

Serious structural 
damage, Samoa may  

provide port of 
refuge and risk 

further polution -
chance of total.

Environment

Release of up to 
2000 tonnes 

hydrocarbons in 
offshore 

environment

Economic/Stakeholder

Samoa not seriously 
impacted by delay in 

bulk fuel delivery 
delays. Any oil drifting 
to Samoa may impact 
on tourism and local 

fishing

SOLAS Passenger

Collision
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Marine Accident

Grounding Foundering

Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk

Most Likely Scenario

Glancing collisiion in 
open sea, with plate 

indentation and some 
splitting above the 

waterline requiring in 
water repairs

Cargo tanks not 
ruptured due to 

structural protection

Most likely 
consequence impacts

People

Minor injuries

Property

Vessel suffers 
damage requiring 
repairs alongside -
slow transit to port 

of repair

Environment

No pollution

Stakeholder/Economic

Nil impact to Samoa

Some international 
media interest

Worst Credible Scenario

T-bone collision. 
Extensive damage to 

both vessels above and 
below waterline but 
neither vessel sinks.

Cargo tank ruptured and 
possibility of 

fire/explosion.

Worst Credible 
consequence impacts

People

Serious injuries and 1 
fatality.  Possibility of 

more casualties if 
fire/explosion occurs

Property

Both vessels require 
repair in dry dock.  

One vessel required 
tow to repair port

Environment

Possible loss of 300 
tonnes HFO and 5000 

tonnes product.  
These could be 

exceeded.  Oil slick 
could impact on 

Samoa.  Long term 
damage to breeding 

grounds.

Economic/Stakeholder

Loss of national tourism 
income, damage to 
local reef and fish 

stocks and breeding 
areas.  Interruption to 
subsistence fishing. 
International media 

interest

SOLAS Passenger

Collision
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Marine Accident

Grounding Foundering

Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk

Most Likely Scenario

Low speed grounding as 
vessel manourvres to 
near fringing reef or 

remote shoreline 
through human error or 

equipment failure. 

Vessel refloats under 
own power.

Most likely 
consequence impacts

People

No injuries

Property

Vessel suffers minor 
damage impacting 

the rocky shore.  But 
is able to steam 

independently to 
survey/repair 

location

Environment

No pollution possible 
physical damage to 

reef in area of 
grounding.

Stakeholder/Economic

Minor impact is loss of 
some cruise passenger 

visitor income.

Cruise vessel out of 
service and passengers 

flown home while 
repairs undertaken -
loss of revenue and 

reputation.  

Worst Credible Scenario

Vessel grounds at high speed 
on fringing reef due cyclone, 

poor weather/visibility, 
human error or navigation 
equipment failure.  Salvage 

tug and international cleanup 
effort required

Worst Credible 
consequence impacts

People

Serious injuries or 
fatalities during 
impact or when 
abandoning ship

Property

Serious hull and 
structural damage, 
vessel may sink or 

requires salvage and 
drydocking or may be 

a total loss.

Environment

Initially 50 tonnes 
MFO spilt.  These 

could be exceeded.  
Salvage only possible 

if ship remains 
stranded. Massive 
damage to reef, 

breeding grounds, 
and tourist sites.  

Economic/Stakeholder

Loss of national tourism 
income, damage to 
local reef and fish 

stocks and breeding 
areas.  Interruption to 
subsistence fishing. 
Major reputational 

damage to cruise line. 
International media 

attention.

SOLAS Passenger

Collision
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Marine Accident

Grounding Foundering

Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk

Most Likely Scenario

Vessels changes port 
rotation or aborts 

attempt to visit due to 
heavy weather 

avoidance

Most likely 
consequence impacts

People

No impact

Property

No impact

Environment

No impact

Stakeholder/Economic

Samoa minor impact is 
loss of some cruise 
passenger visitor 

income.

Cruise vessel 
passengers 

disappointed

Worst Credible Scenario

Vessel  weathers storm 
in open sea.  Some 
damage sustained. 

Scheduled port visits 
disrupted.

Worst Credible 
consequence impacts

People

Some minor injuries

Property

Minor damage to 
vessel, requiring 

repair in port

Environment

No impact  

Economic/Stakeholder

Loss of national tourism 
income.

Passenger plans 
disrupted

Some reputational 
damage to cruise line. 

SOLAS Passenger

Collision
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Marine Accident

Grounding Foundering

Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk

Most Likely Scenario

Glancing collisiion in 
open sea, with plate 

indentation and some 
splitting above the 

waterline requiring in 
water repairs

Fuel tanks not ruptured 
due to structural 

protection

Most likely 
consequence impacts

People

Minor injuries

Property

Vessel suffers 
damage requiring 
repairs alongside -
slow transit to port 

of repair. Cruise 
terminated and 

passengers flown 
home.

Environment

No pollution

Stakeholder/Economic

Nil impact to Samoa

Some international 
media interest

Worst Credible Scenario

T-bone collision. 
Extensive damag to 

both vessels above and 
below waterline but 
neither vessel sinks.

Bunker tank ruptured 
and possibility of fire.

Worst Credible 
consequence impacts

People

Serious injuries and 
up to 15 fatalities

Property

Both vessels require 
repair in dry dock.  

One vessel required 
tow to repair port.  
Cruise terminated 

and passengers flown 
home - impact on 

future cruise 
schedules

Environment

Possible loss of 300 
tonnes HFO.  

Oil slick could impact 
Samoa. Long term 

damage to breeding 
grounds.

Economic/Stakeholder

Loss of national tourism 
income, damage to 
local reef and fish 

stocks and breeding 
areas.  Interruption to 
subsistence fishing. 
International media 

interest

SOLAS Passenger

Collision
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Marine Accident

Grounding Foundering

Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk

Most Likely Scenario

Low speed grounding as 
vessel manourvres to 
near fringing reef or 

remote shoreline 
through human error or 

equipment failure. 

Vessel refloats under 
own power.

Most likely 
consequence impacts

People

No injuries

Property

Vessel suffers minor 
damage impacting 

the rocky shore.  But 
is able to steam 

independently to 
survey/repair 

location

Environment

No pollution,  
possible physical 
damage to reef in 
area of grounding.

Stakeholder/Economic

Some impact is 
disruption to 

interisland ferry 
schedule.

Ferry requires slipping 
and alternate ships 
reallocated to the 

route.  

Worst Credible Scenario

Vessel grounds at high speed 
on fringing reef due, poor 
weather/visibility, human 
error or equipment failure.  

Salvage tug and international 
cleanup effort required

Worst Credible 
consequence impacts

People

Serious injuries or 
fatalities during 
impact or when 
abandoning ship

Property

Serious hull and 
structural damage, 
vessel may sink or 

requires salvage and 
drydocking or may be 

a total loss.

Wreck may block 
access to the port

Environment

Initially 50 tonnes 
MFO spilt.  These 

could be exceeded.  
Salvage only possible 

if ship remains 
stranded. Massive 
damage to reef, 

breeding grounds, 
and tourist sites.  

Economic/Stakeholder

Port access blocked 
until wreck savaged.

Major disrupted 
schedules for 1 month, 
disruption to tourism 

and domestic 
movements, damage to 

local reef and fish 
stocks and breeding 

areas.  Interruption to 
subsistence fishing.. 
International media 
attention impacts 

tourism

Domestic Passenger 

Collision
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Marine Accident

Grounding Foundering

Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk

Most Likely Scenario

Vessels take on water 
through faulty hull 

fittings, engines limited 
and vessel unable to 

maintain schedule but 
can proceed to berth 

under own power

Most likely 
consequence impacts

People

schedules delayed, 
and inconvenienced

Property

No impact

Environment

No impact

Stakeholder/Economic

Samoa minor tourist 
schedules impacted

Reputation damage

Worst Credible Scenario

Vessel  becomes 
unstable, takes on water 
and sinks in deep water.

Worst Credible 
consequence impacts

People

Injuries and  multiple 
fatalities during 

abandon ship and 
subsequent rescue

Property

Extensive salvage 
cost or

Total loss of vessel

Environment

50 tonnes MDO spilt.  
Salvage only possible 

if ship remains 
stranded. Some 
damage to reef, 

breeding grounds, 
and tourist sites  

Economic/Stakeholder

Replacement ferry 
required. Schedules 

disrupted and 
passenger capacity 

limited .

Toursim suffers

Reputational damage to 
Samoa

Domestic Passenger Vessel

Collision
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Marine Accident

Grounding Foundering

Recreational Vessel SOLAS Dry Cargo SOLAS Liquid Bulk

Most Likely Scenario

Glancing collisiion in 
open sea, with plate 

indentation and some 
splitting above the 

waterline requiring in 
water repairs

Fuel tanks not ruptured 
due to structural 

protection

Most likely 
consequence impacts

People

Minor injuries

Propert

Vessel suffers 
damage requiring 
repairs alongside -
slow transit to port 

of repair

Environment

No pollution

Stakeholder/Economic

Disruption to 
interisland ferry 

schedule.

Ferry requires slipping 
and alternate ships 
reallocated to the 

route. 

Worst Credible Scenario

T-bone collision. 
Extensive damag to 

both vessels above and 
below waterline but 
neither vessel sinks.

Bunker tank ruptured 
and possibility of fire.

Worst Credible 
consequence impacts

People

Serious injuries and 
up to 15 fatalities

Property

Both vessels require 
repair in dry dock.  

One vessel required 
tow to repair port.  

Environment

Possible loss of 300 
tonnes HFO.  

Oil slick could impact 
Samoa. Long term 

damage to breeding 
grounds.

Economic/Stakeholder
Schedules disrupted 

and passenger capacity 
limited Loss of tourism 

income, damage to  
reef and fish stocks and 

breeding areas.  and 
subsistence fishing. 
International media.

Reputational damage

Domestic Passenger Ferry

Collision
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1 Track Creation5 

1.1 Raw AIS data was acquired from ORBCOM for the contiguous 12 month period from 

JanuaryςDecember 2016.  While this varies from the periods used for previous assessments of 

Vanuatu, the Cook Islands, Tonga and Niue, (January ς March 2012; July ς October 2013; and 

December 2013 ς January 2014), the decision to update the source AIS data was made on the 

following basis: 

a. The AIS data from the previous assessments had become out dated and no longer 

reflected the current traffic patterns which had changed over recent years, particularly with 

the increase in cruise shipping activity. 

b. The AIS data from the previous assessments had gaps for the months of April ς June 

and November, which may have resulted in the exclusion of certain maritime activities that 

may have occurred in these periods. 

c. ORBCOM has added additional satellites to its AIS network in recent years and was 

now able to provide a contiguous dataset with a higher update rate and less gaps than 

previously, thus providing a more comprehensive and reliable dataset. 

d. The previous assessments showed that the substantial variations in volume of traffic 

between national assessments and between differing regions within EEZs caused such a 

ǾŀǊƛŀǘƛƻƴ ƻŦ ǘƘŜ Ŧƛƴŀƭ Ǌƛǎƪ ǾŀƭǳŜǎ ǘƘŀǘ ǘƘŜ άǊŜƎƛƻƴŀƭέ Ǌƛǎƪ Ǉƭƻǘ ǿŀǎ ƴƻǘ ŀ ŎǊǳŎƛŀƭ ƻǳǘǇǳǘ ƻŦ ǘƘŜ 

ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ǘƘŀǘ ǘƘŜ άƛƴ-ŎƻǳƴǘǊȅέ Ǌƛǎƪ Ǉƭƻǘ ǇǊƻǾƛŘŜŘ ǘƘŜ Ƴƻǎǘ ǳǎŜŦǳƭ ǇǊƻŘǳŎǘ ŦƻǊ 

hydrographic planning. 

1.2 The raw AIS data was received in KML format and was converted to ESRI shape file using 

QGIS.  The full dataset was processed for track information and subsequently, the area for risk 

assessment was limited to the EEZ boundaries of Samoa and Tokelau as provided by 

marineregions.org.  The geographic boundaries of this dataset acquired for use in the study of 

Samoa and Tokelau were: 

Northern Boundary:  лсϲлрΩ { 

Eastern Boundary: мтсϲ олΩ ² 

Western Boundary: мтсϲ ллΩ ² 

Southern Boundary:  мсϲ мрΩ { 

1.3  Shapefiles were loaded into a PostgreSQL database for processing prior to line generation. 

The MMSI attribution was converted from string format to integer, and the movement date field 

                                                           
5 The format of this Annex has been aligned as for Marico Marine Report No. 12NZ246-1, Issue 1, January 
2013, D14 ς D23. The content has been updated for Samoa. 
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ǿŀǎ ŎƻƴǾŜǊǘŜŘ ǘƻ ŀ ŘŀǘŜ ǘƛƳŜ ŦƻǊƳŀǘ ŀƴŘ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ŀ ƴŜǿ ŦƛŜƭŘ ƭŀōŜƭƭŜŘ άǇing_timesΦέ  The table 

was then exported as a FileGeoDatabase. 

1.4  bh!!Ωǎ aŀǊƛƴŜ /ŀŘŀǎǘǊŜ ¢ǊŀŎƪ .ǳƛƭŘŜǊ6 was used to convert these AIS points into a network 

ǊŜǇǊŜǎŜƴǘƛƴƎ ǾŜǎǎŜƭ ƳƻǾŜƳŜƴǘǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǾŜǎǎŜƭΩǎ aa{L ƴǳƳōŜǊ ŀƴŘ a user specified threshold 

of a maximum distance of 1200nm and a time factor of 48 hours between a pair of points.  These 

factors were selected by trial and error to provide the best overall result.  

1.5  In QGIS, a non-spatial join was used to associate MMSI with IMO number, using the ancillary 

xml dataset provided by ORBCOM, containing IMO vessel numbers and ship gross tonnage (GT). To 

reduce the tracks to a more manageable dataset, PostgreSQL was used to create a new shapefile 

where only tracks that intersected with the Samoan EEZ were used. Vessel attributes, such as type 

and GT, were then attached to each vessel track from checking MMSI number against online 

databases such as Marine Traffic and International Telecommunication Union (ITU). 

1.6 Figure 1, below shows vessel track lines created ǳǎƛƴƎ bh!!Ωǎ Marine Cadastre Track 

Builder, such that each line connects multiple points for an individual vessel. This plot shows the raw 

nature of tracks and some anomalies that would degrade the analysis. In particular: 

¶ At the extremities of the study area, vessel track lines did not reach the boundary of the EEZ. 

The cause of this was that the track lines ended when the last transmission was received and 

so it was possible that eight hours before a vessel reached the edge of the study area the 

track would stop;  

¶ There were multiple vessels shown as transiting across land, these are more clearly shown in 

Figure 2.  These overland vessel tracks could not be simply discounted as this would skew 

the analysis into suggesting that fewer vessels transited in areas of fine navigation and so 

manual track processing was required to adjust the track to its likely route; and 

¶ There were multiple vessels shown as transiting across drying reefs, more clearly shown in 

Figure 2. These were commonly the result of reefs being between AIS pings, therefore the 

line generated gave the appearance of vessels transiting drying depths. As with vessels 

transiting land these could not be discounted, particularly due to the large volume of 

transits, and so manual track processing was required. 

                                                           
6 bŀǘƛƻƴŀƭ hŎŜŀƴƛŎ ŀƴŘ !ǘƳƻǎǇƘŜǊƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΦ άaŀǊƛƴŜ /ŀŘŀǎǘǊŜ ¢ǊŀŎƪ .ǳƛƭŘŜǊΦέ hŦŦƛŎŜ ŦƻǊ /ƻŀǎǘŀƭ 

Management - National Oceanic and Atmospheric Administration. 2016. 

https://coast.noaa.gov/digitalcoast/tools/track-builder (accessed May 13, 2016). 
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Annex B - Figure 1: Vessel tracks across the study area 
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Annex B - Figure 2: Raw vessel tracks around Samoa 

2 Track Processing 

2.1 A number of techniques were used to improve the raw vessel traffic data for use in the 

analysis of this study, these were:  

¶ Extrapolating track lines to the edge of the study area. This processing was based on visual 

assessment assuming that those vessels near the limits of the study area that have a steady 

track will maintain that track to the boundary of the EEZ;  

¶ All tracks that crossed land or drying reefs were manually routed around the coast along 

their likely course based on: 

ü hǘƘŜǊ ǾŜǎǎŜƭǎΩ behaviour, in particular the distance vessels of a similar size keep 

offshore; 

ü Adjustments to conform to areas of high traffic density; and 

ü Logical pathing corrections, for example where a vessel goes straight through a 

wharf, it now routes around it. 
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¶ Using multiple database sources to correct errors in sourced dataset, including incorrectly 

spelt vessel names, incorrect MMSI numbers, and the addition of GT values where not 

provided; 

¶ Utilising information from data gathering visit to generate tracks for domestic ferries and 

fishing vessels not captured via AIS (aliaΩǎύ ŀƴŘ ƳƻŘŜƭƭŜŘ ǾŀƭǳŜǎ ŦƻǊ D¢ ŀǇǇƭƛŜŘΤ ŀƴd 

¶ Assignation of GT to tracks with a GT of 0 to either a value set by other vessels of similar size 

and type, or on an agreed upon value (typically for recreational vessels). 

 

3 Non AIS Domestic Traffic 

3.1 The majority of domestic traffic is not fitted with AIS.  It is made up of the inter-island 

domestic ferry and numerous alia vessels of up to 12m in length.   

3.2 To account for the ferries their route was tracked by GPS and two tracks were manually 

entered in the model, one for the Lady Samoa III at 40 transits per week and the other for the 

landing barge which operates in tandem at 36 transits per week.  The GT entered for each track was 

the calculated total GT for each vessel in a year:  2,173,600 GT and 599,040 GT respectively.    

3.3 To account for the alia, typical tracks for their operational areas were added based on the 

number licenced to operate as fishing vessels from each port7.  Alia were given a nominal GT of one, 

and the tracks based on spending 120 days at sea per year in 3 day deployments and travelling at an 

average speed of 10 knots  

 

  

                                                           
7 Information from Ministry of Fisheries. 
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4 Final Results 

4.1 This Section presents before and after comparison plots of the raw and processed vessel 

tracks. The plots show an improvement in the consistency and quality of the data post processing 

that allows a more robust analysis to take place particularly around Samoa.   

4.2 Figure 3 shows that all vessel tracks in the study area that intersects with the EEZ, with 

comparison between both raw and processed data.  All vessel tracks that crossed land and drying 

reefs have been manually routed around the coast of Samoa.   

 

Annex B - Figure 3: Comparison between raw and processed vessel tracks across the study area 
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4.3 The difference between the raw and corrected tracks can be more clearly seen in Figure 4, a 

larger scale plot of the raw and processed tracks in the vicinity of Samoa. 

 

 

Annex B - Figure 4: Comparison between processed and raw vessel tracks around Samoa 
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4.4 Figure 5 represents the modelled traffic density of all processed vessel tracks across the 

study area. Traffic density is defined as the number of tracks intersecting a cell.  Therefore, you will 

note that the inter-island ferry route from Mulifanua to Salelologa (which was inserted as only two 

tracks) does not feature on this plot.  A more complete representation of the traffic is given by GT 

density per cell (the sum of the GT of all the tracks).  This is discussed in Annex C. 

 

 

 

Annex B - Figure 5: Processed traffic density by cell (number of tracks) 
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1 Traffic Risk Calculation8 

1.1 After processing the AIS data to produce tracks, and applying the GT per vessel, a vessel 

traffic GT density plot was created (see Figure 1).  For this purpose the definition of a vessel transit 

was adopted as άa sequence of position reports from a particular ship, without significant time gaps, 

which show some level of purposeful motionά.9 This overcomes the problem of an anchored vessel 

biasing the traffic density. A transit starts when a vessel leaves a berth and ends when she leaves the 

study area. If a vessel stops and starts again then this has been interpreted as two separate transits. 

 

Annex C - Figure 1: Vessel Traffic Density Plot Showing GT per cell 

1.2 The basis of this risk analysis is that each vessel transit has an inherent potential for loss of 

life or pollution and that this potential is the product of the size and type of a vessel.  For example, a 

large tanker has a higher pollution risk than a smaller one. A large cruise ship may have a smaller 

pollution risk than a small tanker but a higher potential risk to life.  The table at Figure 2 provides GT 

multipliers for each vessel type in order to calculate the risk inherent in that ship type for pollution 

or loss of life. This table is taken from Marico Marine Report No. 12NZ246-1, Issue 1, January 2013, 

p. D18 and is used to maximise consistency between this risk assessment and the previous LINZ 

                                                           
8 For consistency with previous LINZ SW Pacific hydrographic risk assessments and convenience of the reader, 
sections of this Annex have been reproduced by copy from (Marico Marine Report No. 12NZ246-1, Issue 1, 
January 2013).  
9 (Calder, 2009) 
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hydrographic risk assessments conducted for other South West Pacific States.  The referenced report 

states that the multiplier was άƻǊƛƎƛƴŀƭƭȅ created by taking a model ship with a median tonnage that 

transits through South West Pacific waters and calculating the most likely and worst credible 

consequences of an incident from event trees.έ10  For this Samoa risk analysis, the event trees 

previously used in the Vanuatu, Cook Islands and Tonga were considered applicable due to 

commonality of the general sizes and types of vessels visiting Samoa.  The applicability of these 

accident /incident scenarios confirmed the validity of adopting the same risk multiplier calculation 

table as shown in Figure 2 below. 

Ship Type Loss of Life Risk Multiplier Pollution Risk Multiplier 

 ML WC ML WC 

Tankers 5*10-6 7*10-5 5*10-3 0.2 

Passenger Ships 1*10-5 1.7*10-3 1.6*10-5 8.5*10-4 

Cargo Ship 8*10-6 1.7*10-4 1.5*10-3 7.5*10-3 

Fishing Ships 0.01 0.07 1*10-5 0.04 

Recreational/ 

Superyacht 

0.01 0.07 1*10-5 0.04 

Other (Defence, 
Research & SAR) 

1*10-5 1*10-5 1*10-5 0.04 

 

Annex C - Figure 2: Table of risk multipliers used to transform GT to a risk potential for the specified vessel 
types 

1.3 This approach is a necessary simplification of reality in a number of ways. Firstly, it is not 

possible to know the individual crew numbers and cargo volumes of each individual vessel transiting 

through the study area and so a model ship type will be used.  Secondly, the approach is limited in 

assuming a simplistic linear relationship between GT and consequence potential. This is not always 

the case and may vary considerably with some vessel types and depending on the employment of 

the vessel.  For example, fishing vessels have a relatively high loss of life potential due to their small 

size aƴŘ ǊŜƭŀǘƛǾŜ ƛƴǎǘŀōƛƭƛǘȅΣ ŘŀƴƎŜǊƻǳǎ ǿƻǊƪ ƻǾŜǊ ǘƘŜ ǎƘƛǇΩǎ ǎƛŘŜ ŀƴŘ ǘƘŜƛǊ ƴŜŎŜǎǎƛǘȅ ǘƻ ǿƻǊƪ in all 

weather conditions. This risk is likely to be higher for small vessels which are more vulnerable to sea 

and wind conditions, or trawlers working in shallow waters where there is a risk of snagging nets on 

the seabed.  However, a large fishing vessel working in deeper water is more seaworthy, has more 

automated equipment and is less likely to snag nets.  Additionally, it is exposed to even less risk 

when not actually engaged in fishing, and when simply on passage is more likely to have the risk 

profile of a cargo ship.  This analysis cannot account for such variations in vessel profile or 

employment. 

                                                           
10 (Marico Marine Report No. 12NZ246-1, January 2013, p. D.18) 
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1.4 The potential risk of a vessel transit in terms of pollution or loss of life is calculated as the 

average of the most likely and worst credible cases and is calculated by the formula below:  

ὖέὸὩὲὸὭὥὰ = ((ὋὝzὓὒ ὓόὰὸὭὴὰὩὶ) + (ὋὝzὡὅ ὓόὰὸὭὴὰὭὩὶ) )/2 

For example, the calculation for the pollution potential of a 30,000 GT tanker is:  

ω aƻǎǘ [ƛƪŜƭȅ Ґ олΣлллόD¢ύϝлΦллрόaǳƭǘƛǇƭƛŜǊύ Ґ мрл ǘƻƴƴŜǎ ǎǇƛƭǘΦ  

ω ²ƻǊǎǘ /ǊŜŘƛōƭŜ Ґ олΣлллόD¢ύϝлΦнόaǳƭǘƛǇƭƛŜǊύ Ґ сΣллл ǘƻƴƴŜǎ ǎǇƛƭǘΦ  

ω !ǾŜǊŀƎŜ Ґ όa[Ҍ²/ύκн Ґ оΣлтр ǘƻƴƴŜǎ ǎǇƛƭǘΦ  

1.5 Using a Jenks Natural Breaks interval method, the distribution of average potential loss of 

life and average potential pollution were transformed to a 1 to 5 scale. This method of data 

classification seeks to partition data into classes based on natural groups in the data distribution. 

Natural breaks occur in the histogram at the low points of valleys. Breaks are assigned in the order of 

the size of the valleys, with the largest valley being assigned the first natural break.11  

 

Modelled potential loss of life 

1.6 Figure 3 below shows the modelled potential loss of life across the study area. The only 

areas with significant loss of life potential are: the near approaches to Apia and along the inter-island 

domestic ferry route where there is a high total GT of passenger vessel traffic.  This route also 

intersects with the major commercial route through Apolima Strait.  Note that this is a measure 

relating to ship type and GT only (not the quality of chart data or potential impact factors) therefore 

the highest potential will occur where high GT of vessel types with a high risk potential (see Annex C 

Figure 2 above) exist.  It is also a relative measure using the natural breaks method described above 

to portray the potential risk variation across the 5 colour bands.  The values of the colour bands used 

in these plots are as follows: 

 

Potential loss of life colour bands 

0-49  insignificant 

49-187  low 

187-922 moderate 

922-2378  heightened 

2378 and greater  significant 

                                                           
11This definition was acquired from ŜǎǊƛΦ άDL{ 5ƛŎǘƛƻƴŀǊȅΦέ esri. 2016. 

http://support.esri.com/en/knowledgebase/GISDictionary/term/natural%20breaks%20classification 

(accessed May 16, 2016). 
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Annex C - Figure 3: Modelled Potential Loss of Life (expanded view below) 

 1.7. The two 

areas of significant 

LOL cell density 

described above 

both link to small 

areas of 

heightened LOL 

density. The 

remainder of the 

area is insignificant 

to low with some 

lines of moderate 

LOL density where 

multiple ship tracks 

coincide. The fact 

that a single ship 

track passing south 

of Samoa also has a moderate rating indicates that the plot is relatively sensitive. 
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Modelled potential pollution 

 

Annex C - Figure 4: Modelled Potential Pollution 

1.8 Figure 4 shows the modelled potential pollution across the study area. The waters with a 

moderate to significant potential pollution occurred along the routes travelled by tankers or where 

the main traffic routes where vessels with a relatively high GT overlap the same cells, most of this 

traffic passes through Apolima Strait and across the top of Apolu Island, calling at Apia.  Again, it is 

important to note that these values are relative to the total pollution potential across the Samoan 

EEZ, for reference the actual values of the colour bands are as follows: 

Potential pollution colour bands 

0-1612 insignificant 

1612-5277  low 

5277-10492 moderate 

10492-24075 heightened 

24075 and greater  significant 
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Overview 

1.1 This Annex presents, in GIS form, the likelihood and consequence factors used in the 

calculation of hydrographic risk and the cost or benefit of addressing areas at risk across the study 

area.   Full details of the level of risk for each factor and its relative importance or influence are 

shown in the Risk Score Table provided at Annex E.  The risk contribution for each element is related 

to its geographic extent and reduces with distance from the determining feature. This is shown 

graphically in the Figures of this annex and while the specific measurement scale for each element 

varies, the relative contribution is generally represented by colour codes as follows: 

 

Grey: (only included when relevant) Nil   

Dark green:  insignificant 

Light green:  low 

Yellow:  moderate 

Orange:  heightened 

Red:  significant 

 

1.2 The likelihood factors are those that contribute to the probability of a vessel being involved 

in a marine accident. These factors are identified as:  met-ocean conditions, navigational complexity, 

aids to navigation, bathymetry and navigational hazards.12  Figures in section 2 of this Annex show 

the level of hydrographic risk due to the proximity of vessel traffic to a feature which is likely to 

cause or be impacted by a marine accident. 

1.3 Consequence factors are used to quantify the effects of an incident.13  The principal 

consequence factors are: the environmental impact, damage to culturally sensitive areas and 

damage to areas that would impact on the Samoan economy 

 

  

                                                           
12For consistency, this explanation was taken from (Marico Marine Report No. 15NZ322, Issue 3, August 5th, 
2015, 29). 
13 For consistency, this explanation was taken from (Marico Marine Report No. 15NZ322, Issue 3, August 5th, 
2015, 30). 
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2. Likelihood Factors 

2.1 Met-Ocean Conditions 

The met-ocean conditions which present a hydrographic risk across the study area are exposure to 

prevailing conditions, spring mean current speed and visibility.  

2.1.1  Exposure to Prevailing Conditions 

 

Annex D Figure 1: Modelled Exposure to Prevailing Conditions 

Figure 1 represents relative hydrographic risk due to exposure to prevailing conditions across the 

study area. Information about the wind speed and direction and prevailing wave and swell 

conditions were taken from the Pacific Islands Ocean Observing System model.14  This was consistent 

with but more detailed than information contained in NP6115 and advice from the Samoa 

Meteorology Department.  There is a predominance of winds and seas from the east and the south 

east throughout the year.  Cyclone events are considered random. 

  

                                                           
14 Pacific Islands Ocean Observing System (PacIOOS) http://www.pacioos.hawaii.edu/ 
15 (Admiralty Sailing Directions, Pacific Islands Pilot Volume 2 - NP61, 2017) Chapters 1 & 13 

http://www.pacioos.hawaii.edu/
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2.1.2 Spring Tidal Current Velocity 

 

Annex D Figure 2: Modelled Spring Tidal Current Velocity 

Figure 2 represents relative hydrographic risk due to the spring tidal current velocity across the study 

area. This figure was created based on data from PacIOOS,16 currents as described on chart NZ 86 

and NP61, and confirmed by discussion with SSC.  

 

  

                                                           
16 Pacific Islands Ocean Observing System at http://www.pacioos.hawaii.edu/currents/model-samoa/ 

http://www.pacioos.hawaii.edu/currents/model-samoa/
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2.1.3  Visibility 

Poor visibility can occur across the study area and is normally associated with passing rain squalls of 

short duration.  Nevertheless, it can increase the risk of a navigational incident especially in high 

traffic areas and close to land.  The entire Samoan EEZ has been classified as occasional poor 

visibility. 

 

Annex D Figure 3:  Visibility 
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2.2 Navigational Complexity 

The risk for transiting vessels is greater the more complicated the navigational track. In open waters 

with considerable sea room on either side of the route, the risk is significantly reduced in 

comparison to a constrained navigation channel in a port.17 In this study, the risk related to 

navigational complexity was defined by the type of navigation required across the Samoa EEZ. 

 

Annex D Figure 4: Modelled Navigational Complexity 

Figure 4 represents relative hydrographic risk due to the type of navigation required across the study 

area. This Figure was created based on site visits to all ports, as well as interviews with relevant 

harbour masters.  The figure shows constrained navigation within 1nm of the coastal reef and within 

the commercial ports and gradually reducing risk with distance further to seaward as defined in the 

legend. 

                                                           
17For consistency, this explanation was taken from (Marico Marine Report No. 12NZ246-1, Issue 1, January 
2013, D29).  
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2.3 Aids to Navigation (AtoN) and Charting 

The risk of a maritime incident is considered to be increased if AtoN are not charted; are incorrectly 

charted; or are not working. For consistency with previous South-West Pacific risk assessments, the 

methodology used in this assessment identified two particular hazards; namely, out of date nautical 

charts and incorrectly marked AtoN such as buoyage or lights.18    The other navigational risk factors 

in Samoa are the possibility that unlit FADs are deployed in positions other than those charted, and 

whether the scale of the nautical charts in some locations is sufficient for their intended use.  These 

factors are not included in the GIS risk calculation but are discussed in the risk results and 

recommendations. 

2.3.1  Charted Zones of Confidence 

 

Annex D Figure 5: Modelled Charted Zones of Confidence Score 

Figure 5 represents relative hydrographic risk due to the charted zones of confidence; the seafloor of 

the study area beyond the extents shown in this figure has not been assessed. This Figure was 

created based on zone of confidence assessment ratings provided by LINZ.  The larger scale extract 

of this Figure for the region of Apia to Apolima Strait shows the detail of how CATZOC classifications 

                                                           
18 For consistency, this methodology is similar to that used in (Marico Marine Report No. 12NZ246-1, Issue 1, 
January 2013, D31). 
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are divided into specific areas related to the different standard of hydrographic information 

available. 

 

2.3.2 Proximity to Non-Working Aids to Navigation 

In Samoa, there are only a small number of formal AtoN, with two, Apolima Island light and Malua 

light (west of Apia) being the only navaids outside port limits.  Malua light was reported to be 

charted and operating correctly.  Apolima Island light was reported to be operating correctly but the 

ƭƛƎƘǘΩǎ ƛƴǘŜƴǎƛǘȅ ƘŀŘ ōŜŜƴ ǊŜŘǳŎŜŘ ǘƻ мнƴƳΦ  ²ƛǘƘƛƴ ǘƘŜ ǇƻǊǘ ƻŦ !ǇƛŀΣ ǘƘŜ ōŜŀŎƻƴ όCƭΦпǎύ ƳŀǊƪƛƴƎ ǘƘŜ 

western entrance reef was noted to be unlit.  This is the only item that has been included in the 

άǇǊƻȄƛƳƛǘȅ ǘƻ ƴƻƴ-working ŀƛŘǎ ǘƻ ƴŀǾƛƎŀǘƛƻƴέ DL{ ƭŀȅŜǊΦ  [ƻŎŀƭ ŀŘǾƛŎŜ ŦǊƻƳ /ŀǇǘŀƛƴ {ŀƳ CƛƴŜŀǎ ό{{/ύ 

is that the charted lit beacons in the vicinity of Manono Island have not existed for a long time.  

These lights were only useful for local navigation and are not included in this risk layer. 

 

Annex D Figure 6: Proximity to non-working aids to navigation 
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2.4  Bathymetry 

Depth of available water (or lack thereof), in relation to the draught of vessels navigating in the 

vicinity, is a considerable hazard to navigation. The hazard is normally considered as the risk of a 

vessel running aground, however the presence of shallow water also has a secondary effect in 

limiting the room for vessels to manoeuvre in order to avoid a danger, object or another vessel.  

Additionally, if a major shipping route is proximate to an area of shallow water then a vessel that 

becomes disabled has little time to conduct repairs, anchor or obtain assistance before she is 

aground.19  In this assessment the 20m contour was selected for convenience as it could be extracted 

directly from ENCs.  The difference between this and the 15m depth contour used in previous 

assessment is considered negligible. 

2.4.1  Depth of Water - 20m Contour 

 

Annex D Figure 7: Modelled Distance to 20m Contour 

Figure 7 shows relative hydrographic risk due to the proximity to areas at a minimum depth of 20m. 

This figure was created from the latest Fugro LiDAR bathymetry available.20 

                                                           
19 This explanation has been modified for additional clarity from the original work in (Marico Marine Report 
No. 12NZ246-1, Issue 1, January 2013, D36). 
20 Bathymetry collected by Fugro LADS under the World Bank project (Enhancing the Climate Resilience of 
Coastal Resources and Communities Project for Samoa, 2014) 


