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AN IMPORTANT NOTE FOR THE READER

The research detailed in this report was commissioned by Transfund New Zealand.

Transfund 1s a Crown entity established under the Transit New Zealand Act 1989. Its
principal objective is to allocate resources to achieve a safe and efficient roading
system. Each year, Transfund invests a portion of its funds on research that contributes
to this objective.

While this report is believed to be correct at the time of publication, Transfund New
Zealand, and its employees and agents involved in the preparation and publication,
cannot accept any contractual, tortious or other liability for its content or for any
consequences arising from its use and make no warranties or representations of any
kind whatsoever in relation to any of its contents.

The report is only made available on the basis that all users of it, whether direct or
indirect, must take appropriate legal or other expert advice in relation to their own
circumstances and must rely solely on their own judgement and seek their own legal
or other expert advice.

The material contained in this report is the output of research and should not be

construed in any way as policy adopted by Transfund New Zealand but may form the
basis of future policy.
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Security of New Zealand’s Strategic Roading System

EXECUTIVE SUMMARY

The reliable operation of New Zealand’s road network is critical to the country’s
economic success and 1ts social development. Disruption to some parts of the network
may therefore have a large negative impact on these.

This report outlines a systematic “desktop” approach which by reviewing the
importance of individual links in the network, and the actual risk of travel disruption.

The approach developed included:

1.
2.

3,
4.

This

Defining and establishing the national strategic roads network,

Valuing the strategic links within the network considering a combination of
commercial, mobility, lifeline and tourism values,

Assessing the vulnerability of the links to disruption and, then
Assessing the impact of any disruption for each link.

allowed the whole network to be prioritised in terms of importance, risk and

disruption impact.

A more detailed analysis of four links within the network was then carried out to
“calibrate” the results. The results from this indicated:

That the general approach appeared sufficient to determine a coarse ranking of
the links.

Further work 1s still required to fine tune the weightings used to combine the
values.

That individual link analysis was likely to lead to significant changes in ranking
but that these changes were primarily due to improved knowledge of the link’s
risks and importance.

There needs to be further research on developing consisient methodologies for the
determination of the loss of business costs, to the nation, as a result of link
disruption.
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ABSTRACT

The reliable operation of New Zealand’s road network is critical to both its economic
success and its social development. Disruption to some parts of the network may
therefore have a large negative impact on these.

The report outlines a systematic “desktop” approach which by reviewing the importance
of individual links in the network, and the actual risk of travel disruption. It then
identifies which sections of New Zealand’s Road Network should be accorded priority
in either reducing the risk of disruption or accommodating the disruption better within
the network, and recommends some developments to Transfund’s Project Evaluation
Manual to address disruption and service issues.
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1. INTRODUCTION

The reliable operation of New Zealand’s road network is critical to both its economic
success and its social development. Disruption to some parts of the network may
therefore have a large negative impact on these. This study therefore sought to:

e Gain an improved understanding of which sections of New Zealand’s Road
Network should be accorded priority in either reducing the risk of disruption or
accommodating the disruption better within the network, and

e Consider of the best means of determining and analysing potential improvements
to the security of the network within the framework of the Project Evaluation
Manual.

‘This work was completed by a desktop study with tables of importance, vulnerability
and impact produced. These were then “calibrated” using inputs from Transit New
Zealand’s project steering committee and Transfund’s and Transit New Zealand’s
regional offices and a combined Importance-Risk-Impact Table developed.

Once calibrated a more detailed desktop analysis was undertaken for four links that
ranked highly for different reasons. The aim of this additional analysis was to review
how the assumed factors which were used to determine importance, impact and risk
stood up to further detailed analysis,

The additional analysis confirmed:

o That the general approach appeared sufficient to determine a coarse ranking of
the links

¢ That individual link analysis was likely to lead to significant changes in ranking
but that these changes were primarily due to improved knowledge of the link’s
risks and importance.

¢ There needs to be further research on developing consistent methodologies for the
determination of the loss of business costs, to the nation, as a result of link
disruption,
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2.  ESTABLISHMENT OF THE NETWORK

New Zealand’s Strategic Roading System was generally taken to be represented by the
State Highway Network. However the following alterations were made to the network:

e Generally the network was considered only to the outside boundaries of urban
areas as in most cases local systems provided adequate alternatives and backup.

o Exceptions to this were motorway systems which provided high speed alternatives
for large traffic volumes (especially the Auckland and Wellington systems) and
where local streets might not cope well with the large increases in volume,

¢ Additional links were considered where a single road provided sole access 1o a
major population centre (eg Wainuiomata) or a major industry (eg Tiwai Point
Aluminium Smelter).

3. THE PROPOSED MODEL

Three separate parameters were considered and quantified to determine an overall
ranking for each link. These were:

o The level of each links “strategicness™,

¢ The risk that each link had of being severed and the length of time that the link
would be disrupted for, and

e The mmpact that severance would have on the operation of the network.

A final score for each link was determined by multiplying the above three factors
together. These scores were then used to rank the links.

How each parameter was quantified for each link is outlined below. It is important to
note that at this stage definitive values for each parameter were not determined. Instead
the focus was on establishing relativity between the links for each parameter. To help
achieve this each parameter was evaluated by only one person (where possible in a
single day), the values so obtained were then given a general peer overview which
concentrated on the “outliers”.

3.1 “Strategicness”

In most developed countries roads play more than just a transportation role.
Accordingly the following definition was determined for New Zealand’s Strategic
Roading System.
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“New Zealand's strategic roading system is an interconnected system of road links
which:

o Provide significantly for the commercial needs of the community in the movement
of goods.

o Provide significantly for the needs of tourism and the transport of tourisis.

o Act as “Lifelines” in emergencies for the conveyance of health and welfare needs
to communities.

o Coniribute significantly to the desire of the community for a high level of
mobility.

¢ FExcludes duplicate roads where such roads offer reasonable travel alternatives”.

After some discussion it was considered that the value a road to the community could
be stated in terms of the following four key factors:

e Contribution to commerce,

e Provision of mobility to the community,

e Life line (or health and welfare) values, and
e Contribution to international tourism routes

All these factors were scored on a grade of 0-10 and calibrated accordingly. The basis
for how the scores were determined is outlined in the following sections.

It was acknowledged that each of the attributes probably contained elements of the
other attributes. However it was considered appropriate to take account of this in how
the various factors were combined by the application of weighting factors.

3.1.1 Commerce and Mobility Factors

In a free market society, travel is essential for the functioning of the economy. While
human interaction can now achieved effectively by electronic means for certain
activities this does not apply to commodities. Movement of goods is necessary for
production, manufacturing and sale.

The Commerce and Mobility factors were considered to relate directly to traffic volume
on each link.

Heavy traffic volume was considered to provide the best indication of a link’s
commercial value. The link with the greatest volume of heavy traffic was scored nine
and the other links graded accordingly. An additional score of one point was given to
links which provided sole access to a change in transportation mode or to a major
commercial enterprise (eg to a port or the Tiwai Point Aluminium Smelter).

New Zealand society has high levels of vehicle (particularly car) ownership by world
standards, and high mileage per vehicle. Personal private mobility is highly rated by
New Zealanders. A strategic transport network provides opportunities for this high level
of mobility to be exercised beyond the immediate community.



Security of New Zealand’s Strategic Roading Systern

The balance of the traffic volume (no HCV) was therefore used to indicate the degree of
Mobility that the link provided. The link with the greatest volume of the non HCV
traffic was scored ten and the other links graded accordingly

Traffic Volumes on the links were determined from TNZ’s traffic counting summary
report. However after difficulties getting consistent data from the National Traffic
Database on traffic mix it was decided that this should be determined using the traffic
mixes for the Road Categories determined from research for the December 1995 review
of the Project Evaluation Manual.

3.1.2 Lifeline or Health and Welfare Factors

Some communities do not have the range of health and welfare services which would
provide for essential basic needs in an emergency. Such communities are generally the
smaller and more remote communities, where a connecting road is a lifeline.

The communities selected as “vulnerable’ were individual townships. To qualify as
vulnerable, communities needed to:

e Have more than 500 people; and

e Have a single ‘lifeline’ road connecting the community to hospital services or
alternative routes that are too long to be useful in a civil emergency - ie: Opotiki,
Akaroa, Picton. The Ministry of Health was consulted to determine which
communities were serviced by hospitals. A number of communities, such as
Collingwood/Takaka and Coromandel were left out because it transpired that
they had hospital facilities; and

e Not have a viable alternative means of access to hospital facilities. Two centres
with rail links (Bluff, Picton) have been included because it was decided that
their rail links are equally vulnerable as they are located next to the road.

The links were graded by population size into four steps, namely 0, 4, 7 and 10, i.e.
<500 (which gets a zero rating), 500 - 1 000, 1 000 - 5 000, and > 5 000 (which gets the
maximum rating out of 10).

Where population fluctuated on a seasonal basis (eg Whakapapa and Milford) the
population weighting was halved. In these instances only those links between the
population centres and the first viable alternative route are assessed. However if the
seasonal peak occurred over only very short duration these communities were ignored.

One point was added for every 30km distance between the vulnerable community and
the first viable alternative route. Gravel roads were not counted as an altemative when
looking for the first intersection.

Small airfields were also counted as viable alternatives for small communities. For
populations of <1 000, two points were deducted if an airfield is present, while for
populations between 1 000 and 5 000 one point was deducted.
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3.1.3 Tourism Factors

New Zealand’s tourism sector is an expanding part of the economy based particularly
on natural assets such as scenery, and opportunities for activities such as skiing, diving
and boating, Figures recently issued by Tourism New Zealand indicate that 22% of
international tourists travel on organised coach tours. Others use private or rental car. A
proportion combines these modes.

Strategic tourist routes were identified on the basis of two considerations:

e Links that accessed key tourist destinations or linked key destinations to the rest
of the “strategic network™, and

o Routes that are “scenic” and have a high level of use by tourist buses and rental
cars.

It was not possible to get information on rental car routes other than pick-up and drop-
off points. Significant bus routes were identified from brochures of bus companies
catering to infernational tourists, the international visitor survey, phone and personal
inferviews.

Depending on the number of buses and bus companies catering to international tourists
that used each link, grades of 0, 4, 7 and 10 were assigned.

3.2 Defining Risk

The following matrix , Table 1, was developed to assist in the initial assessment of risk
of disruption to the network. Each identified link in the network was assessed in
accordance with the matrix for the various events (earthquakes, volcanic eruptions,
floods, landslides, snow, coastal erosion and tsunami). The scores achieved were then
aggregated to determine an overall risk rating.

Table 1
Return Period/] <2 years 2-10 10-20 20 - 100| >100 Years
Impact Duration years Years Years
<12hrs 25 8 3 1 0
12-24hss 50 17 7 3 0
1-7 days 175 58 23 9 1
7-28 days 875 292 117 44 12
>20 days 2000 667 267 100 27

The factors included in the table have been determined as the multipte of 100 times the
inverse of the average return period and the average number of days of disruption.
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3.3 Defining Impact

Disruption to the network was considered to have differing impacts on each of the
separate attributes. The following systems were used to categorise the level of impact

for each attribute.

Table2 Mobility and Commerce Importance Factors

Impact Grade

Basis of Grade or Comment

O v O

10

No impact, adequate' alternative and delays < half an hour
Delays on alternatives 0.5 - 2 hrs

Delays on alternatives 2 - 4 hirs

Delays on alternatives 4 - 6 hrs

Delays on aliematives 6 - 8 hrs

Delays on alternatives > 8 hrs or no alternative

Table3 Lifeline Health and Welfare Factors

Impact Grade

Basis of Grade or Comment

10

A grade of 10 will be applied to all impacts as it was considered that the
original method for determining the importance criteria also considered the
level of impact

Table4 Tourism Importance Factors

Impact Grade

Basis of Grade or Comment

[~ R ]

No impact or adequate alternative or delays less than 1/2 an hour
Delays to tourism 0.5 to 3hrs

Delays to tourism greater than 3 hours

Delays to tourism greater than 8 howrs or destination avoided
Road closed: no alternatives, no impact on national tourism

Road closed: no alternatives, potential impact on national tourism

! The adequacy of the alternatives was considered on a case by case basis. Judgement was used to consider costs and
effectiveness of alternatives considering items such as surface, alignment, hierarchy and additional length,
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4. SUMMARY OUTPUT PRIORITY LIST

A final combined grade for each link was then determined by combining the importance,
impact and risk factors for each link in accordance with the following formula;

e OG = (CF*CImp*CW+MF*MImp*MW+TF*TImp*TW+HF*HImp*HW)*RISK
where OG = Overall Grade, CF = commerce factor, CImp = commerce impact , CW =
commerce weighting etc.

A variety of different mixes of weighting were used to develop tables of the Overall Grade.
The outcomes from these mixes were then compared and the most appropriate mix is given
in Table 5.

Table 5
Factor Weightings
Cormmerce (CW) 40
Mobility (MW) 50
Tourism (TW) 5
Health and Welfare (HW) 5

A ranked report showing the overall grade for the individual links is provided in Appendix
1. Tt is important fo recognise that the overall grade shown does not just reflect the
importance of a link but the combination of importance, impact and risk. A comparison of
the top three items highlights this.

e Cascade Creek to Milford (Milford Road) ranks highly primarily as a result of the
high risk factor but also as it has a high tourism impact and value. This is reflected in
the current policy of providing an Avalanche Protection Programme.

¢ Ngauranga to Petone features as a result of its susceptibility to earthquake and its
high commerce and mobility values.

e The Auckland Harbour bridge makes the top three primarily on its high commerce
and mobility values.
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5. ADDITIONAL INVESTIGATIONS

5.1 Introduction

More detailed analysis was completed on four links. The aims of this analysis were:
¢ To review the assumptions made with regard to importance, risk and impact.

¢ To compare economic costs in terms of the Project Evaluation Manual and to
compare these with the relative ranking in Appendix 1.

e To recommend on practices for valuing and assessing measures for reducing either
the risk or impact of disruption to strategic links.

To this end the following four links were chosen for more detailed analysis.

Table 6
Link Reason for selection
The Auckland Harbour Bridge | High impact and high commercial and mobility

grades

Milford Road Falls Creek to | High risk and high tourism grades
Cascade Creek

The Wainuiomata Hill Road High lifeline requirement

SH 1 Levin to Otakt River A combination of medium risk, importance and
impact in the initial assessment

Two sets of calculations were made. The first was based on the assumption that risk
could be reasonably removed. This allowed a comparison to be made with the ranking
determined in the initial analysis. The second analysis was based on either removing the
risk of closure or just reducing its subsequent impact. The majority of the assumptions
made for this analysis were bold. However they were made more with the intention of
reviewing the system rather than providing a robust analysis for the individual link.
Accordingly they alone should not be taken as justification for further works.

A description of the assumptions made and the additional analysis for each link is
attached in Appendix 2. Despite the additional investigations undertaken for each the

level of detail is intended to be at a similar level to that required for a Project Feasibility
Report.

10
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5.2 Risk Removal and Comparison with Earlier Ranking

If the assessments of importance grade, impact, risk and weightings were all correct it
would be possible to make a direct comparison between the Total Net Value of
Exposure in each case and the Risk x Importance values calculated earlier.

‘Table 7 shows those values for each link and compares the ratios of each to the value
for the Milford to Te Anau link.

Table 7
Link Risk x | Ratio to Total Net Ratio to Milford
Impor- | Milford Value of to Te Anau
tance to Exposure
Te Anau
Milford Road' 11794 |1 $31M I
Auckland Harbour Bridge” | 1699 | 6.9 $15M 2.1
Levin to Otaki® 1132 | 104 $0.8M 39
Wainuiomata Hill* 962 12.2 $0.9M 34

1. Tt appears that the assessment of risk and the importance of tourism impacts in the initial assessment
are about right. The analysis also appears to confirm the merit of operating the existing avalanche
monitoring programine.

2. The cost of the impact for this link appeared to be higher than the original assessment allowed. This
may not be general to all motorway links as the additional travel distance for this link is greater than
for other links. The additional analysis also had to make assumptions about the susceptibility of the
bridge approaches to earthquake damage and the length of time that the disruption would last for.
Changes in these assumptions would result in large changes in the Total Net Value of Exposure.

3. Tt appears that the risk was over stated. This could be expected considering the manner in which the
initial assessments of risks were determined.

4. The analysis of disruption costs for both mobility and commerce has been subject to a large number of
assumptions and considerations. It also appears that in this case the lifeline costs were not as high as
perhaps the weighting applied to it warranted. This may be “link sensitive™ though. It would not be
possible to resolve individual link issues without detailed investigation.

The detailed analysis was carried out as far as possible in accordance with guidelines
from the recently published TNZ Project Evaluation Manual. Items which the manual
did not adequately cover included assessment of isolation, and factors associated with
the “lifeline’ effects. This is covered briefly in the manual under the ‘intangible effects’
section, however no methodology is given for assessing the value of isolation.

The PEM appears to be suitable for assessing the costs and benefits of risk-based
elements (for example the probabilities and implications of repairing a bridge following
an event). Importance-based factors, such as the effects of tourism and local business
due to road closure, are less well defined. The PEM calculates costs based upon the
AADT value, and ‘time savings’ based upon the AADT. This approach works well

11
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when vehicles are able to travel, however if a route is completely closed, and no
alternatives exist, the PEM provides no mechanism for analysis.

For this reason, in the detailed analysis vehicle-related costs were assessed in cases
where alternative routes exist, but ‘cost of alternative access’ and ‘cost through loss of
business’ were calculated based on a series of assumptions.

Costs of alternative routes were estimated based on assumptions of the proportion of
traffic that would still make the trip and the additional road user costs for that traffic
using the alternative route.

Loss-of-business costs were assessed for each option. In general these were assessed as
being proportional to the traffic volume that would not travel as a result of any closure.
A simplified approach was that the loss to the nation was equal to 30% of the travel
time value for half of the traffic over an eight hour day. The traffic volume was halved
because most of the traffic would have been double counted (for example on the way to
and from work) and 30% was assessed as a reasonable expectation of return on
investment.

The level of detail in the additional assessment is low. Assumptions have been made for
some very complicated scenarios and occurrences. However, the analysis has provided
an alternative assessment to the initial study.

5.3 Analysis of Risk or Impact Reduction

The analysis above is based on the premise that risk can be removed completely and the
associated impact avoided. In most instances this will not be the case and some risk or
impact will remain. In some instances it will be possible to plan or design to reduce the
impact from a known risk while in others it may be possible to reduce the risk itself. In
the majority of cases a combination of risk and impact reduction will be the most
feasible.

The calculations of the level of exposure for each of the case studies above were based
on risk and impact removal (Table 8).

12
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Table 8 Implications of risk and impact reduction for each exposure level.
[Link I Current Risk and Impact | Potential Changes to Risk or Impact |
Auckland | Risk from earthquake or | While the risk of the event itself remains

Harbour tsunami on the integrity of the | unchanged the impact may be reduced
Bridge approaches.
Impact includes road closure | fmpact can be reduced by either reducing the
and disruption on alternative | severity of the closure or by reducing the
routes disruption on alternatives.
Milford The Risk on this road comes | Risk may be reduced by either increasing the
Road from unstable conditions as a | level of control by either increasing monitoring
result of weather conditions. At | or by comstructing avalanche deflection
the moment the risk is | structures.
managed by a combination of
monitoring and control.
The Impact is basically the | This Impact may be reduced with alternative
length of time that the risk of | monitoring systems or by structures which
avalanche is considered serious | reduce the number of days that the road is close
enough to close the road. due to risk.
Wainuio- | The Risk on this link comes | The Risk can be reduced by changing the
mata Hill from closure due to slips as a | factor of safety for the slopes.
result of either weather
conditions or earthquakes.
The Impact comes from road | The Impact will be reduced by having less of
closure and the potential to | the road exposed to the risk and so having a
have costs due to the loss of | shorter clean up time.
life and business.

Levin to | The Risk to and Impacts on | The Risks and Impacts may be reduced by
Otaki this link comes primarily from | increasing the factor of safety at the bridges
exposure of bridges to flood | and providing a viable alternative.
and the lack of a wviable

alternative.

13
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Table 9

Summary of information for each of the links investigated.

State Hichway 94 — Milford Road

Scenario Retorn Period/Impact NPV of Change | Fundable
Project
2 5 10 |20 |30 Exposare | from @ B/IC=4
base
Base Impact (days) 5 10 {20 {40 |60 $30.7M - -
Scenario One (days) 3 7 15 |22 |35 $21.8M $8.9M $22M  or
$0.23M pa
Scenaric Two (days) 3 7 12 {15 {20 314.5 16.6 $4.1M  or
$0.43M pa
Risk/Impact Removal - - - - - 0 30.7 $77M  or
$0.43M pa
State Highway 1 - Auckland Harbour Bridge
Scenario Return Period/Impact NPV of Change | Fundable
Project
2 10 ;20 |50 100 Exposure | from @B/IC=4
base
Base Impact {days) - - - 5 20 $14.7M - -
Scenario One (days) - - - 1 9 $5.9M $8.8M $2.2M
Scenaric Two (days) - - - 0 20 $9.8M $4.9M $1.2M
Risk/Impact Removal - - - - - 0 $147M | $3.6M
Wainuiomata Hill Road
Scenario Return Period/Impact NPV of Change | Fundable
Project
2 10 |20 |56 ¢ 100 Exposure | from @BIC=4
base
Base Impact (days) - 05 |1 2 3 30.8M - -
Scenario One (days) - - - 25 |1 $0.4M 30.2M $61,000
Risk/Impact Removal - - - - - 0 $0.6M $250,000
State Highway 1 - Levin to Otaki
Scenario Return Period/EImpact NPV of Change | Fundable
Project
2 10 |20 |50 100 Exposure § from @B/C=4
base
Base Impact (days) - 05 |1 2 3 $0.3M - -
Scenario One (days) - - 1 2 $0.4M $0.4M $100,000
Risk/Impact Removal - - - - - 0 $6.8M $200,000

14
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6. CONCLUSION

This investigation has determined a mechanism for quantifying the importance, impact
and risk associated with New Zealand’s Strategic Roading Network.

The importance of a link has been defined as a combination of its contribution to
commercial, mobility, lifeline and tourism interests. The relative importance of these
interests was determined and agreed after consultation within the Project Steering
Committee. A priority table was then determined using a superficial desktop analysis.
Further evaluation of these measures and weightings may be of some benefit but they
are essentially “political” decisions. The detailed analysis of four options highlighted
that some further work might be required in fine tuning the weightings.

When considering improvements to the security of individual links the benefits need to
be considered 1n terms of:

¢ Reducing their importance by providing alternatives

e Reducing the impact of any disruption

¢ Reducing the risks to the links

Consideration needs to be given to developing and adopting standard guidelines in the
Project Evaluation Manual for the estimation of non-road user costs associated with
road closure.

The results from the more detailed desk top analysis indicated:

o That the general approach appeared sufficient to determine a coarse ranking of
the links;

¢ That individual link analysis was likely to lead to significant changes in ranking
but that these changes were primarily due to improved knowledge of the link’s
risks and importance; and

¢ There needs to be further research on developing consistent methodologies for the
determination of the loss of business costs, to the nation, as a result of link
disruption.

15
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Appendix One - Importance and Risk Tables

16
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Security of New Zealand’s Strategic Roading System

Appendix Two - Detailed Analysis

SH 94 Cascade Creek to Milford
Auckland Harbour Bridge
Wainuiomata Hill Road

SH 1 Levin to Otaki



The Security of New Zealand’s Strategic Roading Network
Secondary Analysis
Milford Road - Falls Creek to Cascade Creek

Introduction

This link was chosen for further analysis due to its high risk component from avalanche and landslides.
The importance factor is also high due to the number of tourists using the route, and the frequency that the
road is closed.

Basic assumptions

e AADT of 325 vpd

e Assume 30 year R.I. corresponds to a severe avalanche/landslide. For analysis purposes an event or
risk of event of this magnitude is assumed to close the road for 60 days. This assumption is based upon
historic road closure records for the last 17 years.

» The existing $500,000 - $700,000 spent on avalanche control and ice gritting per year is assumed to
protect the road from 2 year R.I interval avalanches.

* There are no alternative routes into Milford Sound by road

e Milford has a permanent residence of approximately 30 people during the avalanche season of June
through November.

e Annual tourist volume is assumed to be 120,000. (Tourist information from NZ Tourism Board
survey)

¢ Contribution to national tourist revenue assumed to be $1,000/person.

Effect on National tourism and business

The assumed effects of road closure and perceived danger to tourists as a result of avalanche has been
evaluated based upon the estimated number of tourists that would not travel to NZ due to the Milford
Sound destination being unavailable. The $1000 per person allowed for is considered sufficient to cover
all lost business costs.

Travel time costs
With no alternative routes available, extra travel time costs are assumed to be nil.

Vehicle operating costs and Environmental costs

Same argument as for travel time costs.

Lifeline costs

Milford Sound is regularly serviced by aircraft and has a substantial airfield capable of handling medium
size aircraft. Also, the number of helicopters operating in Southland per capita population is higher than
elsewhere in the country. Hence, it has been assumed that any emergency evacuations as a result of the
road link being cut off will be made by airlift. It is assumed that air evacuation would occur in any case
due to the distance from hospitals. The value attached to the lifeline loss has been assumed to be zero.
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'The Security of New Zealand’s Strategic Roading Network
Secondary Analysis
Milford Road - Falls Creek to Cascade Creek

Cost of alternative access

Vital supplies for permanent population remaining at Milford Sound is assumed to be carried in by air.
The assumed cost of this has been included in the analysis.

Unplaﬁned disruption costs

Costs associated with repair of the road, and reopening the link following avalanche have been assumed
and included in the analysis. These costs are highly dependent on where the avalanche occurs, and what
assets are damaged as a result.

Existing annual maintenance costs

Actual costs derived from Contractors records for previous 17 years.
Level of Exposure

The current level of exposure assumes that the road is closed for approximately 10 days per year. This
level of exposure is assumed to include protection from 2 year R.1. avalanches. The analysis indicates that
significant extra revenue could be generated by extra tourism if the road was maintained in trafficable
condition for more of the year. The 10 year R.I. avalanche causes the greatest cost, due to the higher
probability of the occurrence. Hence, protection from the 10 year event will provide the greatest gains.
Options for reducing the probability of closure are listed below:

Options

1. Increase avalanche control spending

2. Construct avalanche deflection structures over road

3. Improve Milford Sound airport to provide serviceability to large aircraft

4. Construct alternative road access to Milford (Tunnel from Greenstone valley)

Of these options, option 2 would appear to be the most viable. The majority of the weighting for this link
is derived from the risk component. However, when assessed further the impact on national tourism
causes potentially substantial losses in revenue. For the assumptions made in this analysis, and the current
B/C cut-off of 4.0, the assessed costs of $M30.7 allow for approximately $M?7.7 to be spent improving the
security of the link.

However because of the size of the events it is also unlikely that even the risk of an annual event can be
completely eliminated. Therefore two additional sets of analysis were completed. These were NOT
based on undertaking a specific course of action but rather assuming a reduction in risk could be achieved
and then identifying the benefits attributable. Taking this approach there are innumerable options
available but the analysis does give some feeling for whether significant improvements in the reliability of
the link are likely to be economically justified.
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The Security of New Zealand’s Strategic Roading Network
Secondary Analysis
Milford Road - Falls Creek to Cascade Creek

The detail of this analysis is shown in the attached sheets however they indicate that because of the
frequency of events on the pass between $2M and $4M in capital works is justifiable to bring about a
relatively small reduction in impact. Similarly annual expenditure of between $0.2M and 0.4M can be
justified to bring about the same reduction.
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Milford

Link Name: SH94-03 Caskade Creek to Milford

Risk Element: Avalanche and landslide

Recurrence interval of event
Probability of occurrence in one year
Effect of event (assumed)

Annual Cost summary due to event
Annual tourist volume

Percent change in tourist volume
Reduction in tourist numbers

Effective cost per tourist lost

Cost to National tourism

Cost through loss of business
Environmental cost (CO2)

Extra travel time costs

Additional vehicle operating costs
Life;ine costs

Cost of alternative access

Unplanned disruption cosis

Estimated annual cost

Expected value for each event

Sum of Expected values of each event

Net present value ot total cost over 25 year period.

Existing annual maintenance costs fo retain link
Net present value of maintenance over 25 years

Total Net present value of exposure:

1) R.l. of 5 includes 3.5-7.5 year R.I's.

2)R.I. of 10 includes 7.5 - 15 year R.I's.
3) R.l. of 20 includes 15 - 25 year R.1's.
4) R.l. of 30 includes 25 - 35 year R.i's.

60,00 580,01 Oy

$1,245,000  $2,490,000 $6,140,000  $9,800,000  $12,260,000

$622,500 $498,000 $614,000 $490,000 $408,667
$2,633,167
$25,078,279

$600,000
$5,714,400

$30,792,679
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Milford

Link Name: SH94-03 Caskade Creek to Milford Reduced Risk/lmpact - Scenario One

Risk Element: Avalanche and [andslide

Recurrence interval of event
Probability of occurrence in one year
Effect of event (assumed)

Annual Cost summary due to event
Annual tourist volume

Percent change in tourist volume
Reduction in tourist numbers
Effective cost per tourist lost

Cost to National tourism

Cost through loss of business
Environmental cost (CO2)

Extra travel time costs

Additional vehicle operating costs
Lifeline Cost

Cost of alternative access
Unplanned disruption costs

8000

Estimated annual cost mﬁﬂomo 31 _Ew.ooo
Expected value for each event $373,500 $348,600
Sum of Expected values of each event $1,690,489

Net present value of total cost over 25 year period.  $18,100,216

Existing annual maintenance costs to retain link $600,000
Net present value of maintenance over 25 years $5,714.,400
Total Net present value of exposure: $21,814,616
Change in NPV $8,978,063

Justifiable Project Cost to reduce risk @ B/C = 4.0 $2,244 516
or Justifiable additional annual extra cost @ B/C = 4 $235,274
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Link Name:
Risk Element: Avalanche and landslide
Recurrence interval of event
Probability of occurrence in one year
Effect of event {assumed)

Annual Cost summary due to event
Annual tourist volume

Percent change in tourist volume
Reduction in tourist numbers

Effective cost per fourist lost

Cost to National tourism

Cost through loss of business
Environmental cost (CO2)

Extra travel time costs

Additional vehicle operating costs
Lifeline Cost

Cost of alternative access

Unplanned disruption costs

Estimated annual cost

Expected value for each event

Sum of Expected values of each event

Net present value ot fotal cost over 25 year peried.

Existing annual maintenance costs to retain link
Net present value of mainienance over 25 years

Total Net present value of exposure:
Change in NPV

Justifiable Project Cost to reduce risk @ B/C = 4.0
or Justifiable additional annual extra cost @ B/C =

SH94-03 Caskade Creek to Milford

Milford

Reduced Risk/Impact - Scenaric Two

$1 220,100
$244.020

$448,200
$224,100
$924,945
$8,809,181

$600,000
$5,714,400

$14,523,581
$16,269,099

$4,067,275
$426,339
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The Security of New Zealand’s Strategic Roading Network
Secondary Analysis
Auckland Harbour Bridge Link

Introduction

This link was chosen for further analysis as it ranked highly for importance and low for risk in the initial
analysis.

Assumptions

The following assumptions have been made in order to carry out this cost analysis:

o AADT of 125,100 vpd

¢ Assume 100 year R.I cotresponds to MMVIII earthquake. (Regional ground velocities 0.3g). Auckland
Harbour Bridge will probably not be damaged by an event of this magnitude, however it is likely that
the link will be closed due to landslides and liquefaction of land either side of the bridge. For analysis
purposes, it has been assumed that the link in question will be closed for 20 days following the
disaster.’

o The 50 year R.I. event assumes a smaller earthquake, which may cause some damage to the highway,
however disruption to the road is assumed be in the order of one day.”

e Alternative route exists via Great North Road/Auckland-Kumeu motorway (approx. 25km extra travel
distance)

e Capacity of alternative route assumed to be 15,000 vpd (From AADT data)

e It is likely that the alternative parallel routes will be affected to a similar degree to the main route
(SH1). (From A. J. Nicholson paper (1996))

" Recurrence intervals and the effects have been assumed as ‘best guesses’ for the
purposes of this analysis.
Effect on National tourism
It is assumed that tourists will not decide to stay away from New Zealand as a result of the bridge link
being disrupted. Effects will invariably be seen as a result of the disaster, however these cannot be
directly attributed to the link failure.
Travel time costs
Assuming the harbour bridge is closed, SH1 traffic will be diverted west around Waitemata harbour.

Highways in this area carry approximately 15,000 vehicles per day at present. During bridge closure, a
proportion of the 125,000 vehicles that use SH1 per day will use the alternate route.

In the event of a major disaster, it is assumed that 30% of businesses will resume operating soon after.
Hence, approximately 40% of vehicles will remain travelling.
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The Security of New Zealand’s Strategic Roading Network
Secondary Analysis
Auckland Harbour Bridge Link

Due to probable disruption of the alternate routes, assumed to reduce capacity by 50%, average iravel
times are assumed to take 3 hrs longer than usual. (This represents an average travel speed of about 10kph
over the extra 25km distance).

Hence, the cost of the extra travel per day is calculated as follows:
(15000vpd + 125000vpd) x 50% = 70,000vpd using alternate route

70,000vpd x 3hrs extra travel time x $14.40/hr"” = $3,024,000/day in travel time costs.

Vehicle operating costs.

Extra costs are incurred as a result of the extra distance travelled.
70,000vpd x (25km-5km)® x $0.36/km® = $504,000/day in extra vehicle operating costs.

Environmental costs

Extra environmental costs are incurred due to the higher emissions of CO, resulting from the extra
distance travelled.

$504,000 x 1.5% = $7,500/day in extra CO, emissions.*”

Loss of Business

It is difficult to assess these costs accurately. However the following assumptions were made;

Approximately half of the traffic will stay home. 70,000 vpd
The traffic is two way so assume double count. 35,000 vpd
Assume 30% of travel time value for an 8 hour day is the value added portion.  $0.3*8*14.4/day
Therefor lost business to the country is approximately $1.2M/day

Lifeline cost

No costs have been attributed to loss of life due to the link being disabled, due to the fact that there are
hospital facilities on both sides of the Harbour Bridge. Lifeline costs are likely to be seen due to
degradation of the general roading network as a result of the event. These costs have not been
incorporated into the analysis as they are not solely attributable to the disruption of this link.

Cost of alternative access

Some cost has been attributed to alternative access to allow for extra ferry travel across the harbour,
helicopter use for travel within the city etc.
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The Security of New Zealand’s Strategic Roading Network
Secondary Analysis
Auckland Harbour Bridge Link

Unplanned disruption costs

Costs associated with reinstatement of the road following the disaster. These costs have been assumed,
but will depend highly on the nature of the event and damage caused.

Existing annual maintenance costs

Assumed costs applicable to maintaining susceptible sections of the link.

Costs are summarised and discounted to net present value over the 25 year analysis period in the attached
tables.

@) $14.40 from TNZ Project Evaluation Manual for travel time costs for all periods for
Urban Arterial road. (Table A4.3)

@ Difference in travel distance between main route and alternative

@ Cost per km for 10km/hr and average 0 gradient (Table A5.13a)

® Formulae for calculating CO, costs. (Para. 8.3.4a)

Options

For an event of sufficient magnitude to incapacitate the Auckland Harbour Bridge, severe damage will
also occur to the road structure either side of the bridge. In addition, other routes that could be used during
closure of the main link stand a high probability of being damaged to a similar or worse extent.

There are several options available for the Auckland Harbour Bridge link. These are listed as follows:

Provide extra traffic capacity on alternative routes for use when bridge link is cut
Improve security of the existing link to prevent closure for a specific design event
Allow for ferry transport for vehicles across the harbour

Construct a tunnel beneath the harbour

Accept that the link will fail during/following the disaster, and accept associated costs.

SR e

Of these options, number 2 would appear to be the most feasible. The Harbour Bridge is currently being
strengthened to resist greater than 1/5000 year earthquake loads. For the current B/C cut-off of 4.0 the
$M14.7 assessed cost represents $M3.7 available to be spent to reduce either the risk, or the impact. Due
to the impact being high, and the risk low, it is apparent that money would be more wisely spent to further
reduce the risk of closure. Providing extra capacity to the alternate link for instance will cost significantly
more than protecting the bridge approaches from liquefaction, but the reduction in the risk x impact value
will be greater for the latter.
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The Security of New Zealand’s Strategic Roading Network
Secondary Analysis
Auckland Harbour Bridge Link

Two additional sets of analysis were completed. These were NOT based on undertaking a specific course
of action but rather assuming a reduction in risk could be achieved and then identifying the benefits
attributable. Taking this approach there are innumerable options available but the analysis does give
some feeling for whether significant improvements in the reliability of the link are likely to be
economically justified.

The detail of this analysis is shown in the attached sheets however they indicate that ;

e only approximately $1.5M is justifiable to remove the risk of a 1:50 year event, while

s up to $2.2M may be justifiable to halve the impact of a 1:100 year event.

Although no detailed assessment has been completed it is considered unlikely that these amounts will be
sufficient to complete the scale of physical works that would be necessary to bring about the identified
reduction in risk and impact.

The approach for assessing the economic effects of a major disaster on this link was to identify the costs
associated with the event, and determine the funds that would be available for spending with the current
B/C cut-off at 4.0.

The assessments were carried out without detailed information regarding the vulnerability of the link, for
instance the actual liquefaction susceptibility of the approaches, or the actual effects of forcing 70,000
vehicles onto a different route. Assumptions have been made regarding these factors to allow the analysis
to be undertaken.
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Harbour Bridge

Link Name: SH 01-08 Auckland Harbour Bridge Reduced Impact through improved design and increased factor of safety
Risk Element: Earthquake and/or Tsunami

Recurrence interval of event
Probability of cccurrence in one year
Effect of event (assumed)

Annual Cost summary due to event
Annual tourist volume

Percent change in tourist volume
Reduction in tourist numbers
Effective cost per tourist lost

Cost to National fourism

Cost through loss of business

Extra travel time costs

Additional vehicle operating costs
Environmental cost (CO2)

Lifeline costs

000,00t

Unplanned disruption costs m 10,00
Estimated annual cost $0 $0 $0 $0  $93,266,000
Expected value for each event $0 $0 $0 $0 $932,660

Sum of Expected values of each event $932,660
Net present value ot total cost over 25 year period. $8,882,654

Existing annual maintenance costs to retain link $100,000
Net present value of maintenance over 25 years $952,400
Total Net present value of exposure; $9,835,054
Change from Base $4,898,669

Value to Achieve change in risk/impact at B/c =4.0 $1,224,667
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The Security of New Zealand’s Strategic Roading Network
Secondary Analysis
Wainuiomata Hill Road

Introduction

Wainuiomata Hill was chosen for further analysis due to the risk of isolating approximately 20,000 people
should the link be closed. The importance of this link was high due to the Lifeline factor, although the
risk of closure is relatively low.

Assumptions

e AADT 10,800 vpd

* Approximately 20,000 population

* Assume 100 year R.I. event will cause landslides of sufficient volume to close the road completely for
3 days.

e No alternative routes exist

e The route is of no significance to tourism

Travel time costs

There is no alternative route to Wainuiomata. During road closure, there will be no traffic using the route.
Travel time costs have been assumed to be zero.

Vehicle operating costs

Same argument as for travel time costs. Vehicle operating costs have been assumed to be zero.
Environmental costs

Same argument as for travel time costs. Environmental costs have been assumed to be zero.
Loss of Business

It is difficult to assess these costs accurately. However the following assumptions were made;

All the traffic will be affected 10,800 vpd
The traffic is two way so assume double count. 5,400 vpd
Assume 30% of travel time value for an 8 hour day is the value added portion.  $0.3*8*14.4/day
Therefor lost business to the country is approximately $0.2M/day

Lifeline costs

Due to the large population of Wainuiomata, and the lack of hospital facilities, there is some risk that
medical help may not be readily available in times of emergency. There are also no airport facilities
nearby, hence, any air evacuation will be by helicopter. During and following a high recurrence interval
disaster, helicopters are assumed to be in short supply. It has been assumed for the sake of this analysis
that a human life is worth $1,000,000. It has also been assumed that closure of the link for a 3 day period
will cause the loss of one life. This will occur in combination with the disruption a large scale disaster
will bring.
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The Security of New Zealand’s Strategic Roading Network
Secondary Analysis
Wainuiomata Hill Road

Cost of alternative access

Alternative access by helicopter or other means has been assumed to be possible, however at high cost. In
this case the cost may overlap with the lifeline cost outlined above. It is assumed that vital supplies will
be airlifted into the area.

Unplanned disruption costs

These costs are associated with clearing the road and re-establishing access. For a major landslide, there
will be a substantial amount of debris to remove, and costs will be commensurably high.

Existing annual maintenance costs

Assumed costs based upon similar sections of highway in Coastal Otago area.
Options

There are limited options for available for this link. The length of road likely to be affected by closure is
approximately 3.5km. It is therefore assumed that protection work in the form of slope stabilisation will
provide the greatest benefits. Other alternatives include:

1. Construct a tunnel beneath the hill

2. Construct an alternative route

3. Provide airport/ air evacuation facilities at Wainuiomata
4. Provide hospital facilities at Wainuiomata

From the analysis, the net present value of the expected costs over the 25 year analysis period is less than
$1,000,000. Hence, the maximum funding that would be available assuming the proposed work had a B/C
ratio of 4.0 is $200,000. Hence, only a small amount of work could be carried out to reduce the exposure
of the link to closure.

An additional analysis was completed, NOT based on undertaking a specific course of action but rather
assuming a reduction in risk and impact that might be achieved and then identifying the benefits
attributable. Taking this approach there are innumerable options available but the analysis does give
some feeling for whether significant improvements in the reliability of the link are likely to be
economically justified.

The detail of this analysis is shown in the attached sheets however it indicates that less than $100,000 can
be justified to remove the risk of a 1:10 year event and reduce the impacts of larger events.

Although no detailed assessment has been completed it is considered unlikely that this amount would be

sufficient to complete the scale of physical works that would be necessary to bring about the targeted
reduction in risk and impact.
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Wainui Hill

Link Name:
Risk Element:

Special section - Wainui Hill
Landslide

Recurrence interval of event
Probability of occurrence in one year
Effect of event (assumed)

Annual Cost summary due to event
Annual tourist volume

Percent change in tourist volume
Reduction in tourist numbers

Effective cost per tourist lost

Cost to National tourism

Cost through loss of business

Reduced Risk/lmpact Scenario One

Environmental cost (CO2)

Exfra travel time costs

Additional vehicle operating costs
Lifeline costs

Cost of alternative access
Unplanned disruption costs
Estimated annual cost $0
Expected value for each event - 50
Sum of Expected values of each event

Net present value ot total cost over 25 year period.

Existing annual maintenance costs to retain link
Net present value of maintenance over 25 years

Total Net present value of exposure:

Change from Base
Value to Achieve change in risk/impact at Bic =4.0

Page 2

20,000 $40,00
$120,000  $240,000
$6,000 $4,800

$1,166,667
$11,667
$22,467
$213,973

$15,000
$142,860

$356,833

$246,513
$61,628




The Security of New Zealand’s Strategic Roading Network
Secondary Analysis
State Highway 1 - Levin to Otaki River

Introduction

This link was chosen for further analysis as it has both medium risk and importance factors from the
initial analysis. However, on closer inspection of the link, the majority of the risk element is derived from
the earthquake hazard. The link 1s situated on the plain below the Tararua ranges and is generally more
than Skm from the sea. The assessed earthquake risk, and the realistic earthquake risk are possibly quite
different.

Assumptions

e AADT 14500 vpd

e Alternative route exists (via SH2 Upper Hutt - Masterton - Palmerston North). This route is
approximately 200km in length.

e The 100 year R.I event will cause disruption to the Otaki river bridge for three days.

e The route is of no significance to tourism.

Travel time costs

The extra travel time costs are based upon 200km travel around the alternative route.

It is assumed that 5% of vehicles will make the journey during the days of closure. It is assumed that the
Otaki river bridge is the asset that will be affected by closure, due to washout of the abutments. This river
has historically flooded, and has received treatment in the past for flood damage.

725vpd x 2.5hrs x $20.10 = $36,400/day in extra travel time costs.

Vehicle operating costs

725vpd x 200km x $0.30/km® = $43,500/day in extra vehicle operating costs.

Environmental costs

Environmental costs are assumed to be negligible for the rural highways involved.

Lifeline costs

Lifeline costs are assumed to be zero, due to hospital facilities being available on both sides of the link.

Cost of alternative access

These costs are assumed to be covered in the extra vehicle operating costs and extra travel time costs
outlined above.
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The Security of New Zealand’s Strategic Roading Network
Secondary Analysis
State Highway 1 - Levin to Otaki River

Unplanned disruption costs

Costs associated with repairing damage caused by the disaster.
In this case, repair of bridge approaches due to flood damage.

Loss of Business

It is difficult to assess these costs accurately. However the following assumptions were made;

Almost all the traffic will be affected (14,500-725) vpd
The traffic is two way so assume double count. 7,000 vpd
Assume 30% of travel time value for an 8 hour day is the value added portion. $0.3*8*14.4/day
Therefor lost business to the country is approximately $0.25M/day

Existing annual maintenance costs

Assumed costs based upon similar sections of highway in Coastal Otago area.

The initial analysis assumptions identified areas of earthquake risk in terms of the New Zealand building
code. This code is applicable to structures, however was used as an initial assumption for the purposes of
the study. The risk weighting attached to the Levin - Otaki link is significantly higher than it realistically
should be. The area is not thought to be susceptible to liquefaction, and the section is along the flat,
therefore landslides are not expected to be of concern.

Tsunami risk is low, with the majority of the link being greater than Skm from the coast.
Options

Flooding of the Otaki river poses the greatest risk of closure for this link, Hence, any spending to reduce
the exposure would be well spent on reducing the probability of closure of the bridge. There are limited
other options available. However, an alternative route (other than the existing SH2 route) would
obviously offer some redundancy to the existing case. There are very few options for alternative routes,
with the simplest being a move towards the coast. This is likely to present other potential problems, for
example Tsunami risk.

From the assessed $760 present net worth of exposure, the B/C ratio of 4.0 allows for approximately
$190,000 to be spent on improvement works. As indicated above, strengthening of the Otaki river bridge
is likely to provide the greatest benefits.

An additional analysis was completed, NOT based on undertaking a specific course of action but rather
assuming a reduction in risk and impact that might be achieved and then identifying the benefits
attributable. Taking this approach there are innumerable options available but the analysis does give
some feeling for whether significant improvements in the reliability of the link are likely to be
economically justified.

The detail of this analysis is shown in the attached sheets however it indicates that less than $100,000 can
be justified to remove the risk of a 1:10 and 1:20 year events and reduce the impacts of larger events.
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