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Background

“The Cook Strait ferries are crucial to our economy, carrying 5.5 million tonnes of freight [annually]” (Woods, 2021)

Road 92.8% Rail 5.6% Coastal Shipping 1.6%

Figure 1. Freight modal split in 2017/2018 (Paling & King, 2019)
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Research scenario

(Popovich et al., 2021) 
(Popovich et al., 2021) 

(WREMO, 2019)
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Research focus

Research question and objectives:

How can freight bottlenecks be mitigated following a three-month Cook Strait ferry outage?

• Identify the constraints in NZ’s freight system following an extended Cook Strait ferry outage.

• Establish and visualise the cause-and-effect relationships between these constraints.

• Identify possible solutions to support FMCG deliveries between the North and South Island.



Methodology

26 interviews with 30 key stakeholders

Transport operators, 9

Transport users, 5

Industry representatives, 4

Government officials, 5

Ferry operators, 2

Seaport managers, 4

Emergency responders, 1

Transport operators Transport users Industry representatives
Government officials Ferry operators Seaport managers
Emergency responders
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Theory of Constraints

• What are the constraints?
• What are the relationships between the constraints?
• What are the root causes responsible for these constraints?
• How can the root causes be addressed?

What to change? What to change to?What to change?What to change?



Theory of Constraints

FMCGs 
arrive at the 
wrong time

FMCGs are 
available for 

the wrong price

FMCGs 
arrive in the 
wrong place

FMCGs arrive 
in the wrong 

condition

A Hikurangi Subduction Zone event causes a major earthquake.  

?
Natural hazard event:

Impact on FMCG operations:



Preliminary findings

• 57 constraints impacting FMCG movement
• 17 sea, 10 road, 9 air
• 5 telecoms and data, 5 fuel, 2 power
• 5 FMCG operations, 3 supporting resources, 1 natural hazard

• 92 cause-and-effect relationships

• 4 ultimate impacts on FMCG operations
• Place, condition, time and price

• 15 root causes
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Work underway Natural hazard Fuel
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The Cook Strait ferry terminals in Wellington and 
Picton are damaged, leading to a three-month Cook 

Strait ferry outage.

The time to transport FMCGs greatly increases.

FMCGs arrive at the 
wrong time.

FMCGs are not available for the right 
price.

There is 
insufficient yard 

space at 
seaports.

Booking and 
logistics systems 

are disrupted.

There is a two-day 
power outage in 

Wellington and Picton.

There is a five-day 
telecommunications 

outage in Wellington and 
Picton.

FMCGs arrive in the 
wrong place.

Non-urgent and low 
value freight is shifted 

to coastal vessels.

FMCGs arrive in the 
wrong condition.

There are additional 
vessel calls into 

certain seaports.

There are insufficient 
onshore fuel holdings.

A Hikurangi Subduction Zone event 
causes a major earthquake.  

Urgent and high value 
freight is shifted to 

aircraft.

Empty reefer and dry 
shipping containers are 

required.

The North 
Island would 

see a 
shortage of 
perishable 

goods.

The South 
Island would 
see a surplus 
of perishable 

goods.

There are 
insufficient 
maritime 

personnel.

There are 
insufficient 

aviation 
personnel.

Additional aviation 
personnel will be 
needed at certain 

locations.

Road infrastructure in Wellington and Picton is damaged and 
unusable due to seismic activity and landslides.

Fuel terminal storage facilities in 
Seaview and Kaiwharawhara are 

damaged and unusable.

There is increased traffic on certain roads,  
such as alternate,  local roads and  port 

access roads.

Increased 
road usage 
results in 

deterioration
.

Drivers are subject a 
limited working hours.

Roads are designed for a 
certain level of traffic.

There will be 
additional road 
user charges.

Additional truck drivers 
will be required in 
certain locations.Truck drivers will 

be unable  to pay 
for fuel at service 

stations.

There are 
insufficient 

truck drivers.

Additional fuel 
will be required 

where it is 
needed.

Transfer 
sites are 

needed to 
shift freight 

between 
modes.

There is insufficient coastal 
shipping capacity.

There will be an imbalance 
of truck drivers between 

the North and South 
Islands.

There will be 
increased 

travel 
distances.

The ferries are re-routed 
to other seaports through 
Mediterranean mooring.

Fuel infrastructure at Kaiwharawhara is 
not resilient.

Systems are largely not 
interoperable.

There are insufficient container 
trucks available.

Certain seaport 
infrastructure is in 

poor condition.

Palmerston North remains 
the primary distribution 
hub for the Lower North 

Island.

Additional aircraft will be 
needed.

There are limited aircraft 
available.

Seaports don’t have linkspans and a 
barge to cater the ferries.

Christchurch remains the 
primary distribution hub for 

the South Island.

Only trained 
personnel can be 
around aircraft.

Pilots are subject to 
limited working hours.

Additional 
container 
trucks are 
required.

There are insufficient 
containers available.

A prioritisation systems is 
established for sea 

freight.

Oversized urgent freight 
will use sea transport.

Payment 
systems will 
be offline at 

service 
stations.

Generators 
will be 

required.

There are insufficient 
generators.

Additional 
domestic flights 
will be set up.

A prioritisation systems 
is established for air 

freight.

There is no single source of 
essential information on the event 

and a means to share data.

CRT

Tugboats 
and 

operators 
will be 

required.

Additional maritime 
personnel will be 

required at certain 
locations.

Road

Sea

Air

Supporting resources Telecom & Data

FMCG operations Power

Natural hazard FuelThe cost to transport FMCGs greatly increases.

Root cause
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ContributionsPreliminary findings

• 15 root causes:
• Systems are not interoperable
• No central source for information and an inability to share data
• No backup linkspans
• Limited resources (generators, containers, container trucks)
• Limited domestic air freight capacity
• Limited shipping capacity for domestic freight
• Limited onshore fuel holdings
• Labour shortages (maritime, air, trucking)
• Poor quality infrastructure at certain ports
• Roads are designed for certain traffic levels
• Poor quality fuel infrastructure
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The Cook Strait ferry terminals in Wellington and 
Picton are damaged, leading to a three-month Cook 

Strait ferry outage.

The time to transport FMCGs slightly increases.

FMCGs mostly arrive 
at the right time.

FMCGs are mostly available for the 
right price.

There is sufficient 
yard space at 

seaports.

Booking and 
logistics systems 

are disrupted.

There is a two-day 
power outage in 

Wellington and Picton.

There is a five-day 
telecommunications 

outage in Wellington and 
Picton.

FMCGs mostly arrive 
in the right place.

Non-urgent and low 
value freight is shifted 

to coastal vessels.

FMCGs mostly arrive 
in the right 
condition.

There are additional 
vessel calls into 

certain seaports.

There is greater security around 
onshore fuel holdings.

A Hikurangi Subduction Zone event 
causes a major earthquake.  

Urgent and high value 
freight is shifted to 

aircraft.

Empty reefer and dry 
shipping containers are 

required.

The North Island 
would see a slight 
shortage of certain 
perishable goods.

The South 
Island would 
see a slight 
surplus of 
perishable 

goods.

There are 
additional 
maritime 

personnel.

There are 
additional 
aviation 

personnel.

Additional aviation 
personnel will be 
needed at certain 

locations.

Road infrastructure in Wellington 
and Picton is damaged and unusable 

due to seismic activity and 
landslides.

Fuel terminal storage facilities in 
Seaview and Kaiwharawhara are 

undamaged and usable.

There is increased traffic on certain roads,  
such as alternate,  local roads and  port 

access roads.

Increased 
road usage 
results in 

minor 
deterioration

.

Drivers are subject to 
limited working hours.

Roads are designed for a 
certain level of traffic.

Some 
additional 

truck drivers 
will be 

required in 
certain 

locations.

Truck drivers will 
be able  to pay for 

fuel at service 
stations provided 
the POS terminal 

has power.

There are 
additional 

truck 
drivers.

Some additional 
fuel will be 

required where it 
is needed.

Transfer sites 
are available to 

shift freight 
between 
modes.

There is additional coastal 
shipping capacity.

There will be an imbalance 
of truck drivers between 

the North and South 
Islands.

There will be 
increased 

travel 
distances.

The ferries are re-routed 
to other seaports without 

the need for 
Mediterranean mooring.

Investment has been 
earmarked for upgrading 

certain roading infrastructure.

Upgrades are made to improve the resilience of 
the fuel infrastructure at Kaiwharawhara.

Fuel infrastructure at Kaiwharawhara 
is resilient.

Government support is 
available for the 

acquisition of additional 
domestic coastal vessels.

Coastal vessels adjust their 
schedule frequency.

Standard formats and documentation 
processes are agreed upon between 

stakeholders.

Systems are largely 
interoperable. 

A national strategy is created to increase and 
retain the number of domestic operators in the 

maritime, aviation and trucking sectors.

A government-led platform is available for 
disseminating post-disaster information and 
enables data sharing between stakeholders.

Linkspan(s) and a barge are available at 
alternative ports to cater the ferries.

A minimum required buffer of on-
shore fuel holdings is required.

There are additional container 
trucks available.

Certain port 
infrastructure is in a 
suitable condition.

A buffer of generators and 
fuel are pre-positioned for 

such an event.

Palmerston North remains the 
primary distribution hub for the 

Lower North Island.

Additional aircraft will be 
needed

There are additional aircraft 
available

Aircraft are leased from 
overseas.

Seaports have  linkspans and a barge  
to cater the ferries.

Christchurch remains the 
primary distribution hub for 

the South Island.

Only trained 
personnel can be 
around aircraft.

Pilots are subject to limited 
working hours.

Additional 
container 
trucks are 
required.

There are additional 
containers available.

A prioritisation systems is 
established for sea 

freight.

Oversized urgent freight 
will use sea transport.

Payment 
systems are 

online at 
key service 

stations.

Generators will 
be required.

Certain perishable goods are 
frozen, canned or preserved to 

extend shelf life.

There are sufficient 
generators.

Additional 
domestic flights 
will be set up.

A prioritisation systems 
is established for air 

freight

A buffer of empty containers 
are pre-positioned for such 

an event.

There is a single source for 
essential information on the event 

and a means to share data.

A port strategy is implemented to 
encourage the development of 

more resilient ports.

A government-led prioritisation system is 
implemented to keep goods moving.

A buffer of container 
trucks are pre-positioned 

for such an event.

Certain perishable goods are 
stored in existing cool stores to 

extend shelf life.

Key cell towers have backup 
power available through on-

site generators.

FRT
Road

Sea

Air

Supporting resources Telecom & Data

FMCG operations PowerShort term solution

Long term solution

Work underway Natural hazard Fuel

Key service stations have 
backup power available 

through on-site generators.

Some additional 
maritime personnel 
will be required at 
certain locations.

There will be 
additional road 
user charges.

Additional flights 
into certain 

airports

Root cause

The cost to transport FMCGs slightly increases.
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Methodology

Lane metres sold on the Cook Strait ferries (Ministry of Transport, 2023c)

Number of wagons and trucks moved in FY19

Number of TEU needed per truck for FMCG movement

Available domestic coastal shipping capacity

Northbound and southbound freight flows (Paling & King, 2019)

Shortage of containers

Preliminary findings



Methodology

3.29 million lane metres sold  for FY19

81 thousand TEU of rail freight and 170 thousand trucks 

2.5 – 3 TEU per truck and trailer unit

Domestic coastal capacity is at ~40% northbound and 
~80% southbound

71% of all freight is southbound

Preliminary findings

623

1868

7,049 

4,319 

0 1000 2000 3000 4000 5000 6000 7000

Southbound

Northbound

Domestic vs ferry carrying capacity over 7 days

Total ferry capacity Domestic coastal capacity



Contributions

Knowledge
• Adds to the scarce literature looking at post-disaster freight systems through a qualitative lens

Policy
• Presents several root causes and potential solutions to address each of them

• Can inform future policy decisions

Practitioners
• Visually details several constraints in a post-disaster freight system

• Can inform future decision making and business continuity planning

Contribution



Contributions

• It is important to take a systems view when addressing transport resilience
• Understand the wider impacts on transport systems
• No one transport mode should be prioritised

Some recommendations
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