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An important note for the reader

The NZ Transport Agency is a Crown entity established under the Land Transport Management Act 2003.
The objective of the Agency is to undertake its functions in a way that contributes to an efficient, effective
and safe land transport system in the public interest. Each year, the NZ Transport Agéncy funds innovative
and relevant research that contributes to this objective.

The views expressed in research reports are the outcomes of the independent researchyand should not be
regarded as being the opinion or responsibility of the NZ Transport Agengy. The material contained‘in the
reports should not be construed in any way as policy adopted by the NZ Transport Agency or indeedvany
agency of the NZ Government. The reports may, however, be used by NZ Govérnment agencies'as a
reference in the development of policy.

While research reports are believed to be correct at the timefof their preparatiofi, the,NZ, Transport Agency
and agents involved in their preparation and publication deynét aceept any liahility for use of the research.
People using the research, whether directly or indirectly, should‘apply and rely. on*their own skill and
judgement. They should not rely on the contents of the research repoftstin isolation from other sources of
advice and information. If necessary, they should seek appropriateslegal or other expert advice.
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Abbreviations and acronyms

ACC Accident Compensation Corporation
EMU electrical multiple unit

ETS Emissions Trading Scheme

GHG greenhouse gases

LRMC long-run marginal cost

NLTF National Land Transport Fund

NPV net present value

PM particular matter smaller thangl O“microns in diameter
RUC road user cost

SKM Sinclair Knight Merz

SO, sulphuf dioxide

SRMC short-run marginalcost

TranspottfAgency .aNewyZealand Transport Agency
VHR vehicle hours

VKT vehicle kilometres travelled
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Executive summary

This report describes the economic principles that should be applied when evaluating the optimal level of
public funding for metropolitan rail services. In combination with cost information and transport
modelling provided by the Transport Agency and the relevant councils we have applied these principles to
rail services in Auckland and Wellington. Our analysis generates estimates of the optimal subsidies for rail
in these cities, based on the current configuration of the wider transport networkjincluding other,
transport modes (eg buses), ticketing systems used at the time of the research and the continued absence
of efficient road pricing.

We discuss possible sources of public funding and apply standard tax policy principles4o assess the
suitability of several potential revenue instruments. We also outline the policy implicationstarising from
this analysis.

At a broad level, there is also a policy question regarding the,nét impact on society of metropolitan rail as a
whole, including all existing network infrastructure and whetherpublic invéstmentiswarranted at all.
Answering this would require a full cost-benefit analysis, of the different’configurations of rail infrastructure
against all reasonable alternatives; however, this was outside the scope of thisistudy.

In any case, the local and central governmentiagencies responSible for rail have committed to funding rail
infrastructure and services for the foreseeable future. Therefore; this'report assumes that some form of
public funding will continue and takes as given'the current and*planned future configuration of rail
infrastructure in these Auckland@and Wellington.

Economic concepts

Two economic concepts - the marginal coSts of senvices and gxternalitiés from usage - are important in
determining the optimal level of publictfunding for commuter rail.

Ensuring prices forrail services are‘economically efficient'means that, as a starting point, fares should be
based on the marginal (incremental). cost of additional usage. This ensures that trips are only undertaken
if the value génerated by that trip is greater than the marginal cost incurred in facilitating it. However, a
typical'eonsequence of setting fares based on marginal costs is that farebox revenue does not cover the
relatively high fixed costssassociated with rail. Some other funding source, for example from central and
local government agencies, is therefore required to meet the shortfall.

Anmalternative pricing method would be to set fares at the average cost of service. In this case no
additionalunding would be required to cover fixed costs. However, fares set at this level could
inefficiéntly deter usage of rail by some passengers who are willing to pay all of the costs they impose on
thegrailisystem. Since trains will continue to run anyway, all passengers who are willing to pay their
marginal costs should be served, provided capacity exists.

The 'second important concept is that positive externalities arising from rail usage may justify additional
subsidisation to reduce fares below marginal cost. The primary positive externality from metropolitan rail
is reduced traffic congestion, particularly at peak times. Where such positive spillovers exist, fares should
be reduced below marginal costs to encourage greater patronage.

Data limitations and practical constraints

Data limitations and practical constraints can hinder the application of these concepts and affect the estimation
and implementation of efficient fares for rail services. In this regard, there are several factors to consider.
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First, estimates of the marginal costs of rail services are sensitive to the treatment of the large capital
investments currently being undertaken and those planned for the future. Assumptions regarding future
patronage levels also have a material impact on these estimates.

Second, we have assumed that any revenue shortfall arising from marginal-cost pricing is funded from
public subsidies. Other funding options we have disregarded are two-part tariffs and setting fares above
efficient levels (eg average cost pricing). Practical constraints prevent instituting the lump sum
‘connection’ charges on rail users that would be necessary in a two-part tariff. Additionally, although the
demand elasticities for rail services at different times, locations and by different,passehger groups are
unknown, we have proceeded on the basis that other revenue instruments, eg property rates, thé'National
Land Transport Fund (NLTF), would have smaller efficiency costs than higher rail fares. However, shoéuld
policymakers not wish to use marginal cost pricing, we have separated,out this cost shortfall component.

Third, subsidies reflecting the positive spillovers from rail usage sheuld ideally vary foreach iadividual rail
journey as these externalities are time- and location-specific. Howeverpanalysing these effects is highly
complex and there is substantial difficulty implementing this ingractice. Therefore we have adopted a
simplified approach and have estimated total annual extérnalitiesywith optifmal public funding determined
on an aggregate basis.

Fourth, as with funding marginal cost pricing shortfallsythe choice of funding sources for subsidies to
reflect positive externalities of rail should ideally'be informed by detailed knowledge of the relative
economic efficiency costs of all possible revehue instruments@However, as this information is not readily
available, we have based our conclusions.on a more generalassessment of a selection of more commonly
used revenue mechanisms.

Additionally, while moves to intégrated tigketing colild lead teymore efficient public transport outcomes
overall, they could also constrainithe s€ope to set efficient prices for.individual rail services in isolation.
Similarly, single fares must oftefmbe applied to large groups of users_despité the fact that the costs and/or
externalities of certain,services within these'groups may diffef considerably. It is also possible that the fares
estimated in this analysisscould materially®alter future patronageslevels from those currently projected. To
more accurately determine the impact of these factors it would be necessary to undertake more complex
analysis using demand’elasticity estimates: However, such analysis was outside the scope of this study. As a
result of these considerations;ithis analysis provides broad guidance rather than precise, definitive
recommended funding levéls,andidetailed fares.

Summary of findings

Because of the uncertainties outlined above, we have undertaken sensitivity analysis and present our
estimates as broad ranges. Our resulting estimate of the current optimal level of public funding for rail in
Aucklandiis somewhere between $102 million to $132 million. The corresponding range for Wellington is
$47millionte $85 million.

Olmestimate of the long-run marginal cost of services in Auckland is around $4 to $5 per trip. Based on
current patronage, setting fares at this level would result in annual farebox revenue of around $40 million
tex$50 million, given total annual costs are around $145 million. This would leave a shortfall of between
$95 million to $105 million in unrecovered costs. Additionally, we estimate that the positive externalities
arising from existing rail use in Auckland would justify further subsidisation below marginal cost in the
order of an additional $7 million to $27 million per annum. Given current patronage, this suggests that
total rail subsidies in Auckland should be somewhere in the vicinity of 70% to 91% of total costs. Given
current population levels and the existing configuration and usage patterns of rail and other transport
infrastructure, the midpoint of this range implies an average fare of around $2.60 per trip.
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In Wellington, setting fares on the basis of marginal costs, estimated at around $4.10 to $5.30 per trip,
would result in a shortfall of around $26 million to $39 million given the total annual cost of operating rail
services is estimated at around $85 million. Additionally, rail usage in Wellington generates annual
external benefits estimated in the order of $21 million to $74 million. This suggests the optimal subsidy
for Wellington is between 55% and 100% of total costs. Given current patronage, the midpoint of this
range would imply an average fare of around $1.70 per trip.

The two main principles that should guide the choice of funding sources for these subsidiés are: economic
efficiency and equity (ie fairness). Pursuing economic efficiency implies subsidy funding should be raised
in a manner that imposes the lowest cost on the wider community. The more costly (less effi¢ient) the
funding mechanisms, the less subsidisation is justified. Although we consider that economic efficiency
should be the primary concern when raising public funds, some revenue mechanisms give rise to equity
concerns and may not be politically acceptable. This means that’policy makers may@Wish,to'trade-off
efficiency and equity concerns to some extent.

Of the funding sources considered, we believe that the most@ppropriate revenue instruments are property
rates levied by councils, vehicle registration fees, petrol exciseiand roadfusercharges. We note that
congestion charges (ie road prices) are likely to béya superior method‘for-addressing traffic congestion
externalities and should be considered as an alternative to rail subsidies rather than a funding source.

Impact of population growth and future infrastructure investments

These estimates of optimal fare subsidies areybaseéd on a numbeérofifactors, including current population, the
existing configuration of rail and other transport networks, and current levels of patronage and traffic
congestion. Consequently, if thesevariables change oventime optimal fare subsidies are also likely to change.

This is particularly true in Auckland where patronage is forecast t0 increase substantially because of
improvements to rail sérvices,kestructuring of the bus network;land because of continuing population
growth. Another majorsfactorin Aucklandiissthe proposed City*Rail Link (CRL). If the CRL proceeds as
proposed, it would increase both costs and patronage (and associated positive externalities).

Population ifcreases and associated traffic congestion,‘along*with increased patronage from the CRL,
would likelytincrease the positive congestion reduction externalities from rail usage. In isolation, this
effectwould suggest that‘average fares should be further reduced below marginal cost by increasing the
level of optimal subsidymCountef to this, the projected increase in patronage and associated farebox
revenue would, ongits owr, imply a greater recovery of fixed costs and reduce the optimal subsidy. In the
absence of morendetailed\modelling, the overall net impact of these effects on the future levels of optimal
subsidisation(in Auckland is uncertain.

In contrast, the optimal subsidy for Wellington is likely to be relatively stable over time as its public
transpoertshetwork is relatively mature and its forecast regional population growth rate is more modest.

PeliCcy implications

The analysis finds that the existing levels of public funding of rail services in Auckland and Wellington are
currently close to the estimated levels for optimal subsidisation. However, optimal subsidy levels may
change significantly in the future, particularly in Auckland. In Wellington, where the optimal subsidy is
likely to be relatively stable over time, a higher level of subsidy may be justified because of the relatively
large congestion reduction externalities from rail services.

Current funding sources (property rates and the NLTF) appear to be broadly appropriate, as do the
ongoing changes to funding assistance rates. However, the findings of this study are not necessarily
consistent with the National Farebox Recovery Policy.
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Abstract

This study estimates the optimal level of fare subsidies for metropolitan rail services in Auckland and
Wellington. In so doing it estimates the impact of economically efficient marginal cost-based pricing as
well as the magnitude of the external benefits of metropolitan rail journeys to non-passehgers.

The study finds that the primary external benefit from rail usage is reduced traffic congestiongwhich is
substantial in Wellington. The current levels of subsidisation appear to be close,to optimalfevels, although
optimal levels may change significantly over time. This is particularly so for Atickldnd, where significant
changes are expected to the patterns of transport use, population and thefwider transport network.,

Using the principles of economic efficiency and equity, the study assgsses a range of potential funding
sources, including passengers, local ratepayers, users of other transport-modes and otherfmechanisms. It
also outlines the policy implications of its findings for the NZ Tfansport Agency’s farebox recovery policy,
the funding assistance rate, the review of the Economic evaluation manual, and the setting of rail fares. A
summary of the recent history of public funding of metrepolitan rail is alsoficluded:

10



1 Introduction

1 Introduction

This study considers the optimal funding of metropolitan rail in New Zealand, including estimating the
level of fare subsidies that are justified by usage externalities. Rail usage externalities are the positive or
negative external impacts that arise from rail usage and are incurred by unrelated thifd parties (ie by
those other than passengers or rail operators). We were asked to address the following‘key questions:

* What are the external benefits of metropolitan rail journeys to both rail passengersyand non-rail
passengers (eg motorists, the wider community and potentially land dévelopers)?

* What are the appropriate funding contributions from stakeholders (passengers, local ratepayers, users
of other transport modes - through the National Land TranspertyFund (NLTF) and other charging
mechanisms - the Crown, and potentially land owners and developers) and from thésesstakeholders
across time, for the capital and operating requirementsgof metropolitan rail’networks and services?

*  What policy principles underpin the choice of funding splits afnd are théke implications for the Crown
entity that is the monopoly track provider?

* What implications does this research have for the, NZransport Agency’s,(Transport Agency’s) farebox
recovery policy, the re-examination of the funding assistance rate, the review of the Transport
Agency’s Economic evaluation manual (EEM) and the setting‘of rail fares in Wellington and Auckland?

This chapter outlines the scope of this analysisfand discusses the\overarching analytical framework for
assessing the optimal level of funding for rail.

Chapter 2 briefly outlines the"history, of metropolitahyrailin Auckland and Wellington, in particular the
changes in industry structure.and ownership over the |previous 20 years. It also outlines the sources of
funding used to coverthe costsyof this sefvice,andsthe statedfrationales‘for the funding provided by the
various central and local’'government agencies.

In chapter 3 the allocation of public fufdingyacross customers, local government and central government
in New Zealand s compared with selected comparator cities. The various funding mechanisms used
internationally aresbriefly outlined.

Chapter4 outlines the,economics€oncepts and principles that are relevant to the analysis of cost recovery
dand cost allocation for'metropolitan rail. This chapter outlines the guiding principles that should inform
the ¢choice of revenue, instruments used to fund rail subsidies.

Chapter 5 outlines the approach to estimating marginal costs and provides our estimates for Auckland
and Wellingten:

Chapter 6 contains the economic modelling and estimation of rail externalities.
Chapter 7 discusses our main findings.

Chapter 8 outlines the policy implications of our analysis and gives recommendations for future study and
analysis.

1.1 Scope of analysis

The efficient level of overall public funding for metropolitan rail infrastructure and services depends on
the associated total social costs and total social benefits. Externalities are an important component of
benefits, and are a crucial input into decisions regarding efficient public funding and farebox recovery for
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rail. Metropolitan rail externalities have not been studied in detail in New Zealand and this report helps to
fill that gap.

However, estimating the total benefits and costs of metropolitan rail and determining the efficient
configuration of rail infrastructure, and hence the level of all public funding, is more complex. This would
involve extensive transport network modelling that is highly context-specific, as well as extensive land use
and property value analysis. That level of analysis is beyond the scope of this report.

The contribution of this report is to estimate economically efficient fares, including externalitiés arising/from
the use of rail services, taking the level of investment in rail infrastructure and othertransport modes as
given. Implicitly, the analysis assumes that the capital investment programme has already been analysed
properly; our focus is on pricing and financing decisions that lead to efficient use'ef the resulting assets.

The cost structure of rail services is also relevant to setting fares. EAsuring the economiecally efficient
usage of rail requires that fares be set with regard to marginal cost."However, marginal, cost pricing
typically results in insufficient farebox revenue to cover the large fixed costs assaciated with rail. This
means that public funding may be necessary to fund unrecovered fiXed costs and generate efficient usage
of the rail assets.

In contrast to fare-related funding decisions, overarching,public funding choices regarding the total
investment in rail infrastructure over the long rtin should be based onfull cost-benefit analysis. Such
analysis should consider particular rail projects, orithe“entire netwark, relative to suitable alternatives.
This dichotomy is outlined in table 1.1.

Table 1.1 Key factors for assessing rail funding decisions
Short run.(pricing decisions) Long run (investment decisions)

What factors should > Marginal cost of sérvices e Netstotal social benefit as
inform decisions on o Externalities from,usage determined by cost-benefit
public funding? analysis
What factors should 7 The administrative,)compliance and*€conomic efficiency costs of
inform how funds should differentifunding sources
be raised? e Who gains ahd who loses from rail

This ¥eport seeks to answemthe following two key questions:

™ yHow mtch public subsidisation of fares is warranted in the short run by marginal cost-based pricing of
services along with railusage externalities?

2 SHow should the,public funds for rail subsidies be raised? Specifically, who should pay and what
reveaUe instrument/s should be used?

In anSweringithese questions it is also important to distinguish between the different time horizons over
whichithese questions may apply. Our analysis focuses on the current situation and asks: what is the size
of the externalities given existing transport usage patterns, service frequencies and the current road and
rail network configurations? However, given the expected demographic changes in Auckland, we have also
explored the potential impact on externalities of Auckland’s forecast population growth.

In addition, we summarise the general principles for determining who should pay for the public funding of
rail; these principles arise from considerations of economic efficiency and equity. They apply whether
subsidies are required for short-term efficient fare setting or for funding long-term investments, such as
new infrastructure.

12
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Economic efficiency is important because the less efficient the methods used to raise funds (ie greater the
costs of gathering revenue), the less subsidisation is justified. This suggests that any subsidies should be
funded using the most efficient instrument possible. Equity is important because if a particular funding
mechanism is considered to be fair by the wider community, including those required to pay, compliance
is likely to be higher and the funding mechanism will be more politically sustainable.

1.2 Analytical framework

In this report we take as a starting point the assumption that existing andsplahned metropolitan rail
infrastructure will remain in place in Auckland and Wellington and thatghese rail'services will continue. We
also take as given: the structure of the road network (both the current structure and confirmed'future
investments); the absence of efficient road pricing (congestion charging); and the current'structure and
pricing of other modes, such as buses and ferries. It is possible that charnges to otherimodes could have
an impact on the optimal subsidisation of rail. Such changés couldinclude altérationstolevels of public
investment, subsidies and pricing, or modifications to netwerk strtictures and services.' However, it is
beyond the scope of this study to consider all such future possibilities,

Although we discuss some of the wider benefits of metropolitan rail, we have not undertaken a complete
cost-benefit analysis of rail as this is outsideyof‘eur scope. Instead, fromweur starting point of current rail
infrastructure we focus on the policy rationalefor on-going publie subsidisation of fares. The two main
elements of this analysis are:

1 Marginal cost-based pricing of fares and the coststructurevof rail services

2 The presence of externalities arising from rail.
1.2.1 Marginal cost-based pricifig

In general, ensuring the optimal (economically efficient) lévelof consumption of a good or service requires
the price to be setiequahto the mafg@inalcost of productionsFor rail, this implies that fares should be set
equal to thefmarginal cost of serviges to ensure that theyamount paid in fares by additional users covers
the incremental cost of providing those services. However, the cost structure of rail involves relatively high
fixed €ests andlow variable costs. This means that fares set at marginal cost will generate insufficient fare
revenue to,cover total{€osts. This shortfall will therefore require some level of public funding, assuming
thatftotalssocial benefits of rail exceed total costs.

Insether sectofs with similar cost structures, ‘two-part tariffs’ are often used to establish efficient prices
for usage as well as recover fixed costs. Examples include water and electricity, where marginal costs are
typically recovered via per unit prices for usage, with fixed costs being recovered using lump-sum
connectioh and monthly or annual fees. We assume that such an approach cannot be replicated with rail
because ityis not practical to apply either some form of ‘connection’ charge or monthly fixed fee for rail
use. As a result, our analysis assumes that public funding would be used the cover the resulting shortfall
brought about by marginal cost pricing.

A further complication regarding the setting of fares is the expected move to integrated public transport
ticketing. As public transport services become more integrated, accurately separating out fare revenue
from different modes will become more difficult, as will estimating appropriate cost-based figures upon

! For instance, Auckland Transport is currently in the process of reviewing the wider public transport system with a view
to creating an integrated rapid transit network which would eliminate existing duplication between modes.

13
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which to establish fares. Eventually it may be necessary to model the costs, benefits and externalities of
the public transport system as a whole, rather than focusing on component parts.

1.2.2 Externalities

The presence of positive externalities associated with the consumption of a good or service can lead to
market failure resulting in inefficiently low or high consumption. Positive externalitiesgnaybe corrected hy
subsidising the product in question, provided the costs of subsidisation (eg the cost ofwraising’ funds and
administering payments) do not exceed the external benefits of increased consumption. Rdil subsidies can
be used to reduce fares and thus increase patronage to an efficient level to take a€count of positive
externalities.

Ideally, subsidies should be applied to individual rail journeys that reflect the size of the relevant
externalities that each trip generates. The resulting fares would thén accurately signal all oftheysocial
opportunity costs and benefits and ensure these impacts are correctlyyinternalised’ by tail'users on a per-
trip basis.

However, because the positive externalities generated by rail vary according to thetime of day and
specific location, correctly internalising these would also require subsidies to'be both time- and location-
specific, which would be impractical. Instead, we ‘havesadopted a simplified. approach in which we estimate
total annual externalities and derive the implications‘for fares on‘@n averaged basis.

1.2.3 Externalities and rail usage

A number of the externalities associated with rail are strongly*correlated with usage. These include
reduced road congestion, emissions, crashies and agglomeration benefits.

In contrast, other external impacts, of 4ail are nat as'strongly correlated with patronage. Externalities such as
option value benefits, social.ednnectivity benefitsiand negative noise/disturbance effects are more closely
related with the frequency, lacation and timing ofyrail services, rathenthan the degree to which these
services are utilised. Trapsport netwark resilience benefitsshavé@ven less correlation with patronage and
instead depend more onithe state of network infrastructure and its overall capacity and readiness for use.

Consequently, it isyléss clear whether this latter group of externalities should be internalised by way of
fare subsidies. ltsis arguably mote efficient for these impacts to be reflected in lump sum contributions
towardssthe fixed costs ofirail. This lump sum approach would be valid if the frequency of rail services is
relatively fixed in the shert'run and these externalities do not vary with patronage.

However, over time, chahges in patronage probably do influence service frequency and therefore impact
on the magnitude ofsthese externalities. This supports the view that these impacts should be incorporated
into fareSubsidiesyOperationally, this means aligning fares with long-run marginal costs, so that most
costsgincurred in increasing service and network capacity are treated as variable with respect to patronage.

2.4, Direct user benefits

Rail users derive direct use benefits (consumer surplus) from their use of rail services. These surpluses are
the net difference between the total value users obtain from rail journeys less the amount they pay in
fares. Over time, some of these direct use benefits are likely to be capitalised into the value of properties
close to the rail network. This is because property prices are bid up by those who value the use of rail.

This impact is relevant in determining the overall total social benefit of rail and should be a component of a
full social cost-benefit analysis of any potential rail investment. However, because this impact accrues

14
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(initially) directly to the users of rail, it does not constitute an externality. Consequently, this impact does not
justify the direct subsidisation of fares, though it may justify greater total investment in rail infrastructure.

In the absence of readily available data regarding both property values and property characteristics we
have not attempted to estimate direct user benefits.

1.3 Limitations

Although the overarching analytical framework for this study is relatively straightforward, there are a
number of constraints that prevent the analysis from providing highly precCise detailed estimates, For
instance, there is an absence of extensive data and information in relation te aspects such as demand
elasticities for rail services, which are likely to vary at different times, locations and by differentigroups of
users. This makes it difficult to assess the impacts on patronagé of changes to subSidies,and fares to a
high level of precision, ie on a time- or route-specific basis.

There is also a degree of uncertainty regarding future rail system.€osts. This means that the estimates of
marginal costs in this report should be considered as approximate estimates rather than precise
calculations. Furthermore, there is an absence of detailed information regarding the relative economic
efficiency costs of the multitude of different methodsof raising revenue.

Additionally, this analysis has been based on the wider transpart,networks in Auckland and Wellington,
either as they are currently structured or as, they will be stfuctured given confirmed future investments.
Because there remains some uncertainty regarding thesCity Rail Link in Auckland, which has been
announced but for which funding has yet to be confitmed;we, have added this as a separate scenario.
Other likely future changes t6 theseynetworks and public transport_services are also currently unknown.
This is particularly the case‘in/Auckland, where the wider public transport network is currently being
reviewed by AucklandTransports® Because€'it is notspossible to6 predict with certainty all future changes to
these other transport modes, both in termsfof services andsprices, this analysis is based on the current
state of the wider'transport network,unless otherwise stated.

Consequently, this analysis shouldibe viewed as providing broad guidance rather than precise, definitive
policy prescriptions.

2 See: www.aucklandtransport.govt.nz/improving-transport/new-network/Pages/default.aspx.
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2  Metropolitan rail in New Zealand

This chapter outlines the industry structure of metropolitan rail services in Auckland and Wellington and
current funding arrangements. It also briefly outlines the history of the rail sector more generally, with a
particular focus on stated rationales provided for the major funding decisions by the various public sector
organisations over the previous 15 to 20 years.

2.1 Industry structure

There are two main physical components of urban passenger services:
1 The network infrastructure (track and stations)
2 Carriages (rolling stock).

These two separate assets may be owned by different organisations6r may betewned by a single vertically
integrated organisation. Similarly, the services provided using these assetst rail network access and
timetabled passenger services respectively, may in turh, belopérated either by‘the asset owners themselves
or may be provided under contract by independenht parties.

In addition to these two main services, therg are alnumber of ancillagy services that also may or may not
be vertically integrated. These include train control/signalling, ticketing and sales, security (either on
board or at stations), repairs and mainténance, cleaning_gtc.

2.1.1 Cost structure

A large proportion of the costs of.metropolitan‘railiare fixed. Givenyrelatively high fixed costs and low
variable costs, rail services diSplay economiés, offscale. Fixed costs.afise from capital expenditures
including:

* track building, track maintenance (ieyrenewals) and track upgrades (eg electrification)
* establishingyand/er upgrading train stations

* thefpurchasesof rolling stock

¢ design and implementation of ticketing systems.

Variable costs (operating expenditure) include:

¢ )staffing, costs;ieg train drivers and conductors

e fuelQr eléctricity.
2.1.2 + Cost recovery

The funding to cover urban commuter rail costs is typically sourced from several parties, including rail
users (farebox revenue), local government (rates) and central government (taxation).

Within New Zealand, funding from central government agencies is further segregated into that sourced
from:

* general tax revenue, typically used to fund one-off contributions towards specific capital items (eg
new rolling stock or track network upgrades)
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* transport specific taxes (petrol excise, road user charges and registration fees), which contribute to
the NLTF as administered by the Transport Agency.

2.2 Auckland

The Auckland rail network consists of approximately 100 route km of track with 38 Stations across three
lines. Although patronage has dipped slightly since the Rugby World Cup in 2011, thefoverall passenger
volumes in Auckland have grown fivefold in little over a decade. Total journeys in_the year to November
2013 numbered 10.5 million. The substantial growth has been forecast toscontinue, with around 19
million journeys expected in 2020.

Although the Auckland rail network is owned and operated by KiwiRail, passenger services are operated
under contract to Auckland Transport by Transdev Auckland Limiited, a subsidiary of‘thesmulti-national
Transdev Australasia group.

The diesel carriages and diesel multiple units currently usedito prévide passenger services are owned by
Auckland Transport, while the locomotives which hadl the carriage trains are ewned by KiwiRail and leased
to Auckland Transport. The electrical multiple units, (EMUs)hat are to replace the current rolling stock
from 2014 will be owned by Auckland Transparts

Table 2.1 Operating costs and farebox recovery for Auckland, 2011/12

Item

Total operating costs $104:7m
Annual journeys 1049m
Average journey length, km 15.2
Average revenue per journey $2.58
Average subsidy perjourney. $7.03

The total operating cost of urban rail services in Auckland in the 2011/12 financial year was estimated at
around $105¥million.3 Farebox recovery was 26.8%. In 2012, 60% of this shortfall was sourced from the
Transport Agency with the remainder coming from Auckland Council, although this proportion is being
gradually reduced to 50%fromy2013.

2.3" Wellington

The Wellington rail'network consists of approximately 175 route kilometres covering 49 stations across
five lines4There’are over 11 million passenger journeys per year.

The rail network in Wellington, as across New Zealand, is owned by the government-owned New Zealand
Railways Corporation, now trading as KiwiRail Group. KiwiRail Network, a division of KiwiRail, maintains
and upgrades the network and is responsible for control of the network (ie train control and signalling).
The costs of providing these network services are recovered through track access charges.

KiwiRail also operates the passenger services via its subsidiary Tranz Metro. These services are provided
under contract to Greater Wellington Regional Council. This contract is set to expire in 2016. In 2011 the

3 As with Wellington, this estimate may include some element of fixed capital costs. Consequently, direct comparisons
between farebox recovery of operating costs may not be strictly accurate.
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assets of Tranz Metro, which included the rolling stock (largely EMUs) and station buildings, were
transferred from KiwiRail to the Greater Wellington subsidiary, Greater Wellington Rail Limited. There is
also a small number of diesel electric locomotives used to haul passenger carriages on the Wairarapa line
although these are owned by KiwiRail, not Greater Wellington.

The total operating costs of passenger rail services in the 2011/12 financial year were estimated at around
$77 million.* Farebox recovery was 51.5%. Currently 60% of this shortfall is sourced from the Transport
Agency with the remainder coming from Greater Wellington, although this proportién isigradudally being
reduced to 50% from 2013. Total expenditure on improvements to Wellington’sqerail system has increased
steadily from $24 million in 2007 to $129.7 million in 2012.

Table 2.2 Operating costs and farebox recovery for Wellington, 2011/12

Item

Total operating costs $76.6m
Annual journeys 11.3m
Average journey length, km 23.8
Average revenue per journey $3.51
Average subsidy per journey $3.31

2.4 History of rail in.New*Zealand

The first rail lines were built in New Zealand by varieusyproyxincial governments from 1863. These were
purchased by the central governmént in the 18708 and run by the Ministry of Works until 1880. The few
privately established linesswere bought by the’government, with théWellington and Manawatu Railway
Company being the only su€cessful private firm‘until it was nationalised in 1908.

From 1880 railways were operated chiéflysby.the New Zealand,Railways Department (also known as New
Zealand Governiment Railways) for justover 100 years. In 1982 the Railways Department was corporatised
and became theyNew Zealand Railways Cerporation. In 1990 New Zealand Rail Limited, a state owned
enterpriséywas established toWun core rail operations. It was then sold to a private consortium for $400
milliof in 19934 This salefand theystibsequent changes in ownership are outlined in figure 2.1 and the
following sections.

Aftérsprivatisation New Zealand Rail Limited changed its name to Tranz Rail in 1995. The rationale for
privatisation was'that the rail sector would be more productive in private ownership (ISCR 1999). One
subsequent analysis has suggested that the productivity of rail increased after privatisation and that the
government«and taxpayers) gained the most from privatisation because of the elimination of the
subsidisationyof losses that occurred under public ownership (ISCR 1999). This analysis also found that
revenue exceeded operating costs for the period 1994 to 1997 but was insufficient to cover capital costs.

4 This estimate may include some proportion of fixed capital costs. There does not appear to be a standard, industry-
wide definition of precisely which cost components constitute operating costs.
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Figure 2.1 Timeline 2003-2008
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2.4.1 Re-nationalisation

Since 2002, the government has gradually boughtiback various components of the rail system from
private owners. The Auckland metropolitah,rail network wasybought back from Tranz Rail in 2002 for
$81m. Around this time Tranz Rail-had also decided net'to re-tender for the operation of Auckland’s
commuter rail system. Ownership of these track assets wasatransferred to state-owned enterprise

New Zealand Railways Corpofation,which was re*namedyONTRACK.Auckland Regional Council took over
responsibility for the operation’of the commuter trains. These operations have been contracted out to
Connex (since re-namgd Veoliatafnd subsequently®Fransdev) since 2004¢having previously been undertaken
by Tranz Rail.

Tranz Rail was,then re-named Toll NZ after Toll Holdings teok over majority ownership in the company,
obtaining afi 84% stake in 2003.

The Crown purchased thegemainder of the track network in 2004, including the Wellington urban
networkaln 2008 it undertook anfalmost complete buy back of the rail (and ferry) operations of Toll NZ for
$690M. These were then combined with ONTRACK and rebranded as KiwiRail. The government then
invested $200m over, five years to restore and upgrade the network (MoT 2005).

An outline oflthe rationale for the re-nationalisation of rail is provided in appendix A.
2.4.2¢ Public funding of urban rail

Ceéntral and local governments have long contributed funding for various aspects of Auckland and
Wellington’s urban rail services. The operating costs of urban passenger rail in both Wellington and
Auckland that are not covered by farebox revenue have typically been funded jointly by:

o¢ regional councils, from rates and other council revenue
* the Transport Agency, with funds from the NLTF.

The split between funding from these two groups in recent years has been set at 60% from the Transport
Agency and 40% from councils, although this ratio is gradually being reduced down to an even 50:50 split.

Auckland Transport’s annual track access charge to KiwiRail for use of the network is also partly
subsidised by the Transport Agency. Prior to 2012 the track access charge for Auckland Transport was
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around $4.7 million. Under a new agreement it is now around $12 million to $14 million per year and is
set to rise further once maintenance and renewal of the traction system is incorporated in the near future.
Similarly, track access charges in Wellington are paid to KiwiRail under a track access agreement. These
charges total around $16 million per year and cover network maintenance, train control, incident services
and renewals.

As well as funding to cover operating costs, both regional councils and the Transport Agenecy have
contributed towards capital expenditure, including rolling stock for urban rail passéngertransport and
fixed urban rail passenger network infrastructure (track and station upgrades). Additionally, the Crown
has made a number of sizeable contributions towards capital improvements&ince'it began buyingsback
the rail system in the early 2000s.

In particular, the Crown has funded specific national rail infrastructuré projects through apprepriations to
ONTRACK (now KiwiRail Network). This has been justified on publicypolieyagrounds with“Ministers, advised
by the Ministry of Transport, determining the level and direction of,funding. Loans werealse provided to
develop commercial projects and property and to promote the'uée ofsrail.

The government has also provided capital funding for the Developing Auckland’s Rail Transport project.
The 2006 budget included $600 million of funding forispecifiéd rail infrastructure improvements. These
projects, including increased double tracking to improvescapacity and theélupgrade of several stations,
have largely been completed.

Funding of $500 million for the purchase of EMUs.and construction ‘of the EMU depot as part of the
Auckland electrification project has in“theéxfirst instance been provided by way of a government loan along
with a grant of $90 million. AucklandyCoungil and the Tran§port"Agency will jointly repay this loan, with
the Transport Agency initially gontributing 60% of the costs of repaym@nt with this contribution reducing
to 50% on an annual 1% glide path stafting from the 2012/13 financial year.

In Wellington, the bulk of‘the $640 million, spent on the purchase*of EMUs and the upgrade of the metro
rail network was provided. either via the Transport Agency or directly*from the Crown. This includes $88
million in governmentfinding to renewssignalling and traction assets announced in 2011 (MoT 2013b;
20130). In relationsto capital expendituke on rolling stock, areund 10% of the cost has been funded by
Greater Wellingtoh.

2.43 QRationales proevided for public funding

In relationfto both_en-going financial support to cover operating costs as well as contributions to one-off
capital €xpenditures, subsidies provided by local and central government to urban passenger rail are
typically justified ‘on_thé basis that increased rail usage will reduce congestion on roads. That is,
commutef rail. generates positive externalities to (many, but not all) road users that are not reflected in
what privaté rail commuters are willing to pay.

Otherypotential spillover benefits from rail that have been used to justify public funding include improved
public health outcomes from reduced vehicle crashes and improved environmental outcomes from
reduced emissions.

Social objectives are also used as a rationale for public funding. In particular, greater public transportation
options may be considered desirable for those with limited access to private transport.

In the National rail strategy to 2015 (MoT 2005), the government outlined a number of wider objectives of
the New Zealand transport system, these being:

® assisting economic development
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® assisting safety and personal security

® improving access and mobility

® protecting and promoting public health

® ensuring environmental sustainability.

The National Rail Strategy referenced the 2005 Booze Allen report Surface transpokt caSts and charges:

In 2002 the Ministry of Transport commissioned an Investigation into surface transport costs
and charges (STCC). This study examined the relationship between the costs (including,
economic, social, and environmental costs) of the use of road and rail transport and the
payments users make for using each mode. The findings of the study were that:

e the charges paid by road and rail users do not coverithe costs of those networks, and that some
costs are not paid by anyone at all

e rail users pay a higher proportion of their costs than road users
e users of urban local roads pay a lower proportion of costs than usersyof rural roads

e in many cases the costs of remedyingsa.problem (eg coAgestion) are much lower than the cost
of the problem itself.

In the strategy, the government stated that encouraging ndexe use of ‘urban rail was a priority. Specifically:

Greater use of passenger tkansport, including grban rail,services (at present Auckland and
Wellington only) can enhanee access and mobility and help to reduce road congestion on busy
corridors. A particular aim isto attract peak-houricar drivefstento rail. Removing a
proportion of carssfrom congested traffic.can have a disproportionately beneficial effect on
congestion becausesofithe non-linear ndture of traffic flow.

Consequently, the government outlined that it would provide funding assistance, both directly and
through LandfTransport NZ (nowdthe'Lransport Agency), to develop urban passenger rail services in
WellingtonfandfAuckland, by providing:

*  60% of the'¢ost of opétating subsidies to passenger transport services
o funding assistance \fomimprovements to, and replacement of, rolling stock

® funding supportforinfrastructure upgrades to increase the capacity and reliability of their urban
passenger networks

* fundingassistance for activities that focus on transferring car commuters to rail or bus services, such
as.intégrated ticketing and ‘park and ride’ facilities.

The government’s recent funding of upgrades to Auckland’s rail network has been justified on the
existence of a range of benefits (MoT 2013a):

The benefits include:

e securing a sustainable funding and ownership partnership agreement for 10-minute frequent,
fast and reliable all-electric purpose-designed train services for Auckland from 2013

e costs shared fairly between government and Auckland Council/Auckland Transport

o longer term cost savings from lower maintenance and operating costs for an all-electric fleet
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e clearly defined roles and responsibilities for the delivery and operation of the region’s rail
services

o more flexibility for the region in deciding how it runs services because of electric fleet operating
across the network

e more people using rail because of improved services
e benefits to road users from reduced congestion on the road network
e KiwiRail being able to focus on its core freight business and network Systém operation

e fully realise the benefits of government and regional investment'inisignalling, track, stationand
other system improvements

e environmental benefits from an all-electric fleet including less-noise and air ‘pollution’

In the Wellington Regional Rail Plan, developed by Greater Wellingten inycollaboration with KiwiRail, the
Transport Agency and the Ministry of Transport, economic_benefits of further expenditure on rail were
calculated in accordance with the EEM. As well as privaté benefits for rail users, ineluding reduced travel
times, improved reliability and less crowding, a number ofiextérnal benefits for non-users were estimated.
These included reductions in:

® congestion

* |ocal air quality

* greenhouse gases
® crashes

® noise

* road damage.

Given the likely impaction car use, the bottom two impacts were considered to be insignificant, with
congestion reduction having by far thejlargest estimated impact, accounting for approximately 90% of the
total.

The Wellingten Regional Rail Planyalso identified agglomeration benefits that could arise from increased
urban, rail usage. Agglomerationtbenefits arise from intensification in urban centres which allows firms to
locate imya‘cluster. Fhe resulting high density of working populations can allow greater economies of
scale, nétwork effects and knowledge transfer and reduce transaction costs. These impacts can lead to
wider economig benefits.

2.4.4, “Allocation of public funding across central and local government

Although it contributed over $2 billion to metropolitan rail in both regions over the past decade, the
government has more recently stated (MoT 2013b):

Longer term, a fairer share of the costs of the metro rail networks should be borne by the
passengers who use the services, the regional councils who are responsible for providing
public transport services to their ratepayers and the NZTA who subsidises public transport
activities in New Zealand on behalf of the Crown.

The government’s expectation is that this will lead to councils’ contributions and fare prices increasing
over time, although these increases should be gradual in nature.
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Regarding the allocation of funding across different sources, the Treasury (2009) has previously stated
that:

o If the benefits from a rail project accrue to road users, or road owners (which are mostly
internalised to road users by the road user charges systems), then the NLTF should be used to
provide the funding assistance (contributed by road users).

e If the benefits are mainly to society in general (eg reductions in environmental impacts such as
CO, and noise, or road accident costs not covered by ACC levies), then the funding assistance
should be from a general appropriation (contributed by taxpayers)2

2.5 Summary

Over the previous 20 years there have been substantial changesiinghé®rail sector, includingboth in
ownership of different aspects of the sector and in relationsto the amount spedt on maintaining and
upgrading the rail network and providing services.

A number of the major funding decisions by central®and local governmént agengies appear to have been
made on an ad-hoc basis. The current funding arrangemeunts in both Auckland and Wellington involve an
array of different parties responsible for funding, different types oflexpenditure (ie operating versus capital
costs). These arrangements appear to be the net result of a set.of incrementally determined changes over
a long period of time. It is not clear whether the'net resultfis,consistent with a principle-driven analysis.

5 In principle, a calibrated ‘general equilibrium’ economic model could be used to estimate the distribution of benefits
across these two types.
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3  Rail funding: international experience

In reviewing the approaches used in various comparator jurisdictions for funding metropolitan rail
systems, we have focused on cities that are broadly similar in size to Auckland where there is an existing
rail system (including light rail), and for which we were able to obtain sufficient information about funding
(table 3.1). Wellington is also included despite having a significantly smaller populatién than the
comparator cities. Wellington’s geography and population layout mean that it is relatively,unique in having
a rail network that serves such a small population. Consequently it is difficult to*find cities with a similar
population to Wellington that have metropolitan rail systems.

Table 3.1 Comparator cities
City Estimated population| Metro rail track km | Total trips,2011 (m) | Trips pericapita per
2012 (m) annum

Sydney 4.6 815 300 65
Vancouver 2.4 378 120 50
Brisbane 2.0 380 50 25
Perth 1.7 173 63 37
Barcelona 1.6 125 435 272
Phoenix 1.6 32 10 6
Auckland 1.5 100, 10 7
San Diego 13 93 33 25
Adelaide W2 126 64 53
Wellington 0.4 175 18] 28

Differences in ownership structure acress,these jurisdictionsymake, it difficult to compare metropolitan rail
funding on a cofisistent basis. In many cases, the same authority“or corporation operates rail and bus
public transportservices, and publicallytavailable funding infermation is not separated by mode. In other
cases, railservicesydre provided by one entity while infrastructure is provided by another. Finally, in some
casesqdebt isyused to finange infrastructure investment and operating losses, for one or more transport
modes and it is not always apparent how the debt funding is being applied.

For'these reasons; the follewing case studies should be taken as a rough guide only to the types of rail
funding arrangements used in other cities. To facilitate comparisons, we have calculated two indicators:

1 The distribution of public transport revenues across fares and user charges, local and central
government subsidies, and other sources (eg advertising)

2 Theratio of liabilities to total assets for the rail infrastructure provider.

Indicator 1 gives a broad overview of funding sources, particularly the split between fare revenues and
subsidies. Indicator 2 will generally reflect the extent to which debt is used to finance infrastructure and
working capital, ie it will reflect financing arrangements. We used public annual reports for the most
recently available financial year. Some potential benchmark cities (such as Melbourne) could not be
included due to a lack of published detail about funding.

The results of this analysis are shown in table 3.2. A variety of approaches to rail funding are used
internationally. In most cases, around 20% to 30% of revenue comes from fares, with the remainder largely

24



3 Rail funding: international experience

derived from local and central government subsidies. There is no clear pattern for the split of funding
between local and central government.

Table 3.2 Cost allocation in selected comparator cities
City Operator Fares Central State or Taxes | Other | Services Ratio of Rail type
and user | govern- local liabilities
charges | ment govern- to total
subsidies | ment assets
subsidies
Perth Transperth 17% 76% 7% Bus, rail, 26% Commuter
ferry rail
Adelaide Adelaide Metro | 29% 71% Bus, rail 2% Commuter
rail
Brisbane TransLink 25% 75% 1% Bus, raily 28% Commuter
ferry rail
Barcelona | TMB 46% 50% 4% Rail 66% Rapid transit
Phoenix Valley Metro 33% 1% 63% 3% Rail 6% Light rail
San Diego | MTS 32% 18% 35% 75% Bus, rail, 16% Light rail
ferry
Vancouver | TransLink 34% 6% 52% 8% Bus, rail 98% Elevated rapid
transit
Sydney RailCorp 27% 62% 12% Rail 9% Commuter
rail

The ‘other’ category incltides revenue fromfadvertising on traimsyand in stations. In some cases,
advertising appears to'be’a small but not'trivial source of revende, although we do not have the
breakdown of this categoryfinto advertising and other sources:

Vancouver differs from the othersyin that a specific parking tax is levied in the city, with the revenue used
specifically tosfundgmetro rail services.

Other types of funding instflument which are occasionally utilised are land value capture mechanisms. This
reflects thesfact that the ‘benefits of metropolitan rail services accrue partly to the owners of properties
located close to radilway'stations. In particular, if rail services generate benefits to nearby users which are
over and abové what uUsers pay in the form of fares, there is a ‘net benefit’ to these users referred to as a
consumer surplus. Through the workings of residential property markets, some or all of this potential
consumér surplusTo users is capitalised into the value of the properties close to train stations in the form
of préperty price increases.

Similarly, businesses located next to stations may benefit from improved rail services, particularly if there
is an increased volume of customers. Increased profitability for these businesses would be likely to, in
turn, result in increased commercial property rentals for landlords, and correspondingly into higher
property prices, as these locations become more valuable.

In response to these effects, some municipal authorities in other jurisdictions have attempted to tax this gain
through a mechanism referred to as land value capture. An example of land value capture includes funding
the London CrossRail. This is a 120km railway that will pass under central London and link regions to the
east and west of the city. It is currently under construction and planned for completion in 2018.
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The CrossRail project has an overall cost of around £16 billion (NZ$30 billion). To assist with the funding
for this project a business rate supplement was levied on non-domestic properties within the greater
London area with a value greater than £55,000 (NZ$104,000). This additional rate was imposed from April
2010 and will be used to finance around a quarter of the total cost (£4 billion). The size of the additional
business rate supplement depends on the location of the relevant borough. Boroughs that have stations
face an additional 2% rate, those without stations but adjacent to those that do will facef1.5%, while those
further away from stations will face a 1% rate.

Another example of land value capture includes the development of Arlington Heightsyja Chicago suburb
which was rebuilt around a commuter rail station. This development was partially funded by property
taxes collected from the resulting urban growth.

A more unique instance of land value capture is the case of Hong Korng:iiThe Hong Kong Government was
able to raise a significant amount of funding for its metro system by, capturing the economic fents from
nationalised land. In Hong Kong all land is state property. Thedgovernment is ablefto lease this land to
private parties through its land contracting system. This has allewed the stated4o capture much of the
value created by the metro system, including via rental income\from retail areas in train stations,
advertising in trains and stations, and the developmeht ofyresidential property.and through its ownership
of shopping centres and offices located near the gail.network.

Within New Zealand, land value capture has not been‘used as a funding instrument for rail infrastructure
or services, but similar mechanisms are usedito recover otheglinfrastructure or service costs. For instance,
development contributions levied by councils are"used tos€cover additional costs caused by new
residential developments. Similarlygin response to on-doingfceastal erosion in Haumoana, the Hawke’s
Bay District Council proposed tofapply‘targeted rates“toyproperties that would benefit from the erection of
an erosion protection structureyThe proposed targeted rates were intended to recover the costs of
constructing groynes to pfevent eresion, with‘thosepreperties that would.obtain the largest (most
immediate) benefits facinghigher rates.
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4  Rail funding: economic principles

The application of economic concepts and principles to metropolitan rail, as well as the consideration of
potential equity issues, can assist in answering several important questions:

1 Why should metropolitan rail receive public funding?
2 How much funding should it receive?
3 How should these funds be raised?

In this chapter we address these fundamental questions. We begin in section 4.1 by consideringsthe
market failure justification for intervention. We then discuss the estimation of efficient cests in Section 4.2
and consider how these might be recovered and from whom ingection 4.3. This analysissis drawn together
in section 4.4 where we derive general principles that should"guide, the fundings6f'metrepolitan rail in New
Zealand.

4.1 Why should metropolitan,rail receive public funding?

Metropolitan rail services are subject to twodtypes of market failure, one“relating to externalities and the
other to natural monopolies and market,powerjEither of these'market failures may justify some form of
policy intervention including public subsidisation.

One form of market failure arisesffroma set of spill:over /or ‘externality’ effects that arise from both rail
usage specifically and from rail services more generally. For instance, users of rail services confer benefits
on road users by reducing €oadstraffic volumes and congestion, and therefore reducing the costs of
congestion. Use of rail iAiSteadyof#oads may also,reduce pollution and read crashes, conferring
environmental and public’health benefits‘ensthe general populationy Likewise, agglomeration benefits
from rail use may generatesbenefits to businesses from increasedsproductivity.

External benéfits may also arise frem‘the provision of rail services more generally. For instance,
individuals ‘may place a positive value,on the option of having access to rail services even if they do not
use these serviges. Some individuals may also value the existence of rail services on the basis of aesthetics
or0ther persénal preferencesi® @ther external benefits that may flow from rail include increased transport
network resilience and'social®connectivity benefits to the extent that disadvantaged members of society
are able to havesaccess to more lower-cost transport options.

The magnitude of spill-over effects may be considerable. Although not directly relevant to the estimates of
rail benefits\previous studies have suggested that the region-wide cost of all traffic congestion in
Auckiandgmay be as high as $1.25 billion per year, or $800 per person (Wallis and Lupton 2013).7
Althoughythe external benefits of rail are unlikely to be in this order of magnitude, rail may nevertheless
assist with alleviating some proportion of these costs.

6 Some individuals may value trains and rail services even if they do not use them, such as ‘train spotters’ or others who
may have strong preferences for the existence of rail, potentially because of environmental or social beliefs and
because of distaste for private vehicle use.

7 This estimate is based on a zero-congestion, free-flowing comparator scenario. If assessed against a scenario of the
network at full capacity, the cost of congestion is estimated at $250 million. Previous studies by Ernst and Young
(1997) and Booze Allen Hamilton (2004) estimated costs in current dollars of $830 million and $1 billion respectively.
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In analysing these market failures and determining policy responses to them, it is important to distinguish
between genuine externalities, which occur when impacts are not priced in a market, and so-called
‘pecuniary’ externalities which are less important from an economic efficiency standpoint. For example, if
road usage were priced in a reasonably efficient market (eg using congestion pricing), rail usage would affect
the prices in that market but the effect would be a pecuniary one (ie congestion charges may go up or down
depending on rail usage).

Similarly, building new rail infrastructure and/or providing new services may increase thé valdes of nearby
properties. However, with the exception of any option value benefits, this increase isfalconsequence of the
property market working to distribute the benefits of rail between property ewners,and others. The
increase in property values reflects the benefits of rail that are attained by'landyowners.

The natural monopoly features of metropolitan rail networks are thegource of the other form,of market
failure, ie it is inefficient (from a cost perspective) to duplicate the networksof tracks andystations.
However, a monopoly owner of tracks and stations may charge‘excessive prices for these services. In
contrast, the ability for rail services to be awarded via competitive tenter processes means that these
services do not necessarily generate the same market power issues.

These market failures mean that metropolitan rail serviges‘are'generally not previded on a fully
commercial basis, either in New Zealand (as discussediim:chapter 2) or\in‘other countries (as discussed in
chapter 3).

Thus there is an economic efficiency rationale'for some form of ‘gevernment involvement to address the
spill-over benefits that rail delivers tofhon=passengers (eg motorists). In particular, since the social
benefits of rail usage exceed the private benefits to rail passengers, usage of rail services at market prices
will be below the level that maximises total welfarg. Intervention maysalSe be necessary to guard against
monopoly pricing for trackssandiStations and/er the degradation of service guality.

Figure 4.1 Optimal usagesof metropolitan rail
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A fundamental principle of welfare economics is that, where possible without excessive (transaction)
costs, externalities should be priced. For example, Gramlich (1990) concludes that the presence of
external benefits from public infrastructure (such as metropolitan rail) justifies the use of a system of co-
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payments from beneficiaries. The objective is to align private prices with marginal social benefits by
internalising externalities, so that infrastructure users face the correct price for use of that infrastructure.

The practical issues associated with raising revenue from groups that gain indirect benefits may be a
constraint on fully achieving this alignment. Efficiency considerations require that such funds should be
raised in the least distortionary way. It may turn out that the best achievable pattern of funding depends in
part on how readily, and at what economic cost, funds can be secured from certain gfoups, regardless of:
whether they are beneficiaries of rail. This issue, along with associated equity considerations, is explored
further in section 4.3.

The fact that metropolitan rail networks are natural monopolies raises further issues regarding fiinding. It
is well known, for example, that the standard efficiency rule of setting pricesyat marginal cost would
underfund the rail service when there are economies of scale. Similatly, an unconstrainedimonopolist of
metropolitan rail may set inefficiently high fares which would resultfintless rail usageithan"was socially
optimal.

Furthermore, the quality and coverage of metropolitansrail servicés are likelyyto'be lower than the level
that maximises total welfare if rail is the responsibility of coammercial investorsialone. This is because
passenger fares are the main source of funding thatywould’be available to cemmercial investors; they
would have no simple way of securing contributions*sfrom other groupssef beneficiaries that do not use
rail. Private rail providers may also find it difficult'to charge forany option and non-use values of rail
networks. If these values are significant they could be a justification,for public funding mechanisms.

If all funding came from passengers only, then there would be T trips per annum. However the existence of
external benefits means that the total demand across alléof society lies to the right of the demand curve of
passengers alone. The socially optimal/quantity ©of rail‘trips is T*.8

Apart from specific market failure'rationales forfunding rail, p6licymakers may also consider policy
rationales for subsidising forms of public transport. For instancg, subsidised public transport can provide
individuals in lower'secio-economic demagraphic groups or those*with disabilities with more affordable
transport options ahd may assistywith,promoting impreved social inclusion and other positive social and
health outéomes. °

However, even'if policymakers consider that more affordable transport options should be provided for
ceftain groups in the community, this does not necessarily mean that subsidised rail services are the most
appropriate means,of achieving this policy objective. For instance, it may be difficult to target subsidies to
only those considered,to be the desired recipients. Such practical difficulties may mean that a more
efficient approach isfto provide specific individuals or households with direct financial assistance which
could be,used for.transport purposes if required.

442 “How much funding should metropolitan rail receive?

Anypublic funding for rail should be based on a finding that the total social benefits exceed the total
social costs for a metropolitan rail network, or specific rail services or projects. That is, the net welfare
impact from rail services should be positive, where net welfare is the sum of direct use (consumer
surpluses) benefits, producer surpluses (profits) and positive externalities less negative externalities and
the costs associated with raising public funds.

8 It must be emphasised that the diagram is heuristic only. The task of estimating the position and slopes of the curves
remains, as does the analysis of how to collect co-payments from external beneficiaries.

9 For further discussion of these issues see Currie (2011).
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If the net welfare impact of rail is positive, it is not necessary that the public funding provided to rail
should equal the total benefits of rail. Rather, once a full cost-benefit analysis indicates that rail generates
a net overall benefit, the amount of funding provided should be limited to the amount necessary to cover
the efficient costs of providing rail services less farebox revenue.

Because of the cost structure of rail, particularly the rail network, determining efficient casts of rail
services is not straightforward. The rail network in New Zealand is almost certainly a natural monopoly.
This means that a single firm structure (rather than competing rail networks) is thedleast' costly way to
provide rail network services. Rail network services compete against road netwark services and against
other modes of transport (sea and air freight), but rail network services themSelves,are unlikely tonever be
competitively supplied. This means that the network provider potentially has market ‘power that could be
used to increase prices above cost.

To either test this hypothesis or establish pricing that mitigates anyymarketspower, it is necessary to
understand more precisely what is included in the ‘cost’ of thefnetwork,provider. To do'so,we draw on the
principles of regulatory cost estimation.

4.2.1 Revenue requirement methodology:

The network service provider needs sufficient reventieseach year to covetits efficient costs. In practice, the
‘efficient’ qualifier is addressed in two ways - by‘building incentiveymechanisms into a revenue allowance,
and by independent reviews of capital and operating expenditure plans. We do not need to discuss such
mechanisms here, but these are practical issues*that can besaddressed in the implementation of a cost
estimation methodology.'©

The required revenue in a yearsan be summarisedfas:
R'=V r D + O; (Equation 4.1)

Where R is the required revenue for year ‘t)\V i§the value of the,capital employed, r is a risk-adjusted rate
of return on capital, D is'the"depreciation allewance andO represents all operating expenses including
taxation. Regulators often try to ensure that the firm has incentives to minimise costs where possible; in
practice this caniaffect the allowance for'operating costs (Ot), the asset value (V[) and the treatment of new
capital expenditure.

Capital investment in yeart’ d6es not appear in equation 4.1 because it is not expensed in the year of
investment. Instead, it will be recovered over time (ie in future years) through the return on capital term (V,
r)andithe depreciation term (D[).

The main difficultiessin estimating this revenue requirement are in the first term of equation 4.1, where
both the@sset valtue (V[) and the rate of return on capital (r) are often contentious.’' The asset value term
can bé usefully split into two components: a base value and new investment.

Previded there are mechanisms in place to promote only efficient capital investment (as distinct from
excessive investment known as ‘gold plating’), it is reasonable to automatically roll new capital investment

10 An example of such an incentive mechanism is the efficiency benefit sharing scheme used in regulating energy
networks in Australia. See www.aemc.gov.au/electricity/rule-changes/completed/efficiency-benefit-sharing-scheme-and-
demand-management-expenditure-by-transmission-businesses.html.

1 Depreciation is somewhat less contentious because investors have ambiguous interests regarding the timing of
capital recoveries. While they require an expectation of full cost recovery over the life of the assets, most regulatory
regimes are structured in such a way that the return on capital (r) is only earned on capital that has not yet been
recovered through depreciation.
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into the asset base. Doing so ensures that desirable investments are made in a timely manner because the
investor is confident that there will be a reasonable payback through the revenue requirement. Therefore,
at least from the perspective of efficient investment, it is not strictly necessary to separate out operating
costs from capital expenditure from a cost recovery perspective.'? Both costs are combined into one
revenue annual requirement.

It is important to note, however, that processes for approving capital investment need te balance two
potential errors:

* excessive investment, which can arise either because of a profit motive, o simplysbecause operational
staff prefer to work with assets that err towards being over- rather than under-built

* insufficient investment, which can arise if there is a risk that invested capital will subsequently be
written out of the asset base, which induces investors to bednore hesitant and tesdeferiinvestment,
possibly for a long time.13

In the case of the New Zealand rail network, the base valuei(of original value) of the network could be
thought of as the price paid when the Crown acquired the‘hetwork in two steps in“2001 and 2004.
However it is also possible, and appears more in line 'with actual practicefor the base value to be set to
zero if the owner is comfortable with this approach. Thisicould begrationalised as implying that when the
Crown acquired the network it treated it as aycurkent period expense,©Or as a capital investment for which
the returns would accrue directly to various parties‘that derive value'from rail rather than to the Crown.

In summary, estimating the revenues required’y the moenopely"network provider requires:
* establishing the initial value“of capital employed-bysthe fetwork provider (the initial asset base)

* establishing a mechanism fér approving cdpital investments t6 ensure only efficient investments are
undertaken and theWValue'ef these is rolledin to the assetsbase

* estimating an_appropriate risk-adjdsted{cost of capital
* deciding on anappropriate depreciation methodoelogy*and setting out rules for its implementation

* establishing efficient operating expenses.
4.2,2%, Current practice in New Zealand

It'appears that mugh ofithie recent capital expenditure on the rail network in New Zealand is financed on a
pay-asfyou-go muodeljwhich is very different from the normal regulatory structure discussed above.

For instange, KiwiRaijl divides its costs into what could be summarised as two components:
® operational costs, including maintenance and overheads

* ¢ renewal costs.

12 There may nevertheless be merit in dividing costs into fixed and variable components for the purpose of raising
revenue. For example, if it is possible to use two-part tariffs then it will often be efficient to recover fixed costs through
a fixed fee and variable costs through a usage fee.

13 |n some regulatory regimes, the valuation concept includes regular ‘optimisation’ of the asset base. This was a
feature of regulatory asset valuation in New Zealand, but the recent work by the Commerce Commission on ‘input
methodologies’ proposes abandoning optimisation and this is also a trend in Australian regulation.
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The latter category seems to include capital expenditure that is expensed in the year it is incurred. Since
all capital seems to be treated this way, the capital accounting regime outlined above is not applicable. In
particular, there is no base value, no need to apply a rate of return and no depreciation component.

Two implications follow from this. First, the Crown is apparently not seeking any return on the capital
invested to acquire the network. Second, given this position of an effectively zero asset base, it would be
possible to expand capital investment in metropolitan rail by adopting a version of the'hormal regulatory
capital accounting method outlined above, without increasing the annual revenue réquiteément for KiwiRail.
Rather than using a pay-as-you-go basis for new capital investment, KiwiRail could herrew."This would
allow the current level of revenues to be leveraged by permitting returns to gapitaliinvestment ta'bhe
spread over time rather than funded entirely by contemporaneous revenué. Obviously, there wouldbe a
cost of debt financing, but by deferring capital repayment, this approach would allow an eXpansionjin the
investment programme should that be desired.

4.2.3 Marginal cost-based pricing and publicfunding

The revenue used to cover the costs of metropolitan railds typically’obtained from twé"main sources: fares
and public subsidies. In general, economic efficiency«equires that thoseenerating’costs by using a
specific service should fund those costs directly. This implies that thase using arparticular service should
cover the marginal costs of its provision. However, if.there are positive \externalities and/or economies of
scale, such as arise with metropolitan rail, there may be a strong case far some proportion to be funded
by subsidies.

To better ensure an efficient level of usage)of rail serviceés by passengers, the amount of fare subsidy
should be related to the positivesexternalities that aresgenerated. If subsidies are too low, there may be
insufficient usage relative to the pétential positive externalities. Conyersgly, it is also possible to provide
too much funding for rail gparticularcly given that this,funding couldibe usedfor other welfare-enhancing
purposes.

Economies of scale may alse,mean thattmarginhal cost pricingsmay not recover all fixed costs. This
suggests that either, fares may need to beypriced above marginalCosts to ensure that total costs are
covered, or thatyadditional public subsidies are provided. If fixed costs are to be recovered from
passengets, the efficient way'ef doing this is to charge a higher mark-up over marginal cost for customers
who are relatively insensitive to price changes.

Inmether sectors with similat cost structures, ‘two-part tariffs’ are often used to establish efficient prices
forfusage as well@s recover fixed costs. Examples include water and electricity, the marginal costs of
which may besrecovered via per unit prices for usage, with fixed costs being recovered using lump-sum
annual confnection fees.

Withinsrailjithis may mean that fares are higher for some users who may have relatively inelastic demand
(egpeaktime’commuters) than for others (eg passengers travelling for non-work purposes). However,
determining the optimal fare structure is not straightforward. The sensitivity of passenger demand to
fares \varies across a number of variables, including passenger characteristics, time of day, location, etc.
Ideally fares should be structured in such a way that people’s transport decisions are distorted as little as
possible, ie prices should reflect the marginal cost of providing services with allowance for any positive
and negative externalities.

We assume that such an approach cannot be replicated with rail because of practical issues regarding fare-
setting, specifically because of an inability to apply one-off annual ‘connection’ charges. As a result, our
analysis assumes that public funding would be used to cover the resulting shortfall brought about by
marginal cost pricing.
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4.3 How should public funding for rail be raised?

Once a policy justification for the subsidisation of rail services has been established and the magnitude of
the necessary public contribution has been estimated, the next issue to address is how these funds should
be raised. There are two broad principles that can inform decisions concerning how funds should be
raised. These are:

1 Economic efficiency - in which funds are raised in a manner which imposes the smallést negative
impact (least cost) on the economy and wider society

2 Equity - in which funds are raised in manner which is considered tofbeyfair given the parties that
benefit.

4.3.1 Economic efficiency considerations

Regarding the proportion of costs funded by public subsidies 4it is important for policymakers to consider
that the collection of revenue by central and local goverffiments imposes costs oh,the economy and the
wider society. The economic costs of raising the revenue needed to furdyrail subsidies consist of:'4

1 Administrative costs - these are the costsdncurred by the central or local government agencies
responsible for collecting revenue

2 Compliance costs - these are the costs, (both financial@expenditure and time costs) faced by those
required to pay, which are incurred in thé"process_oficomplying with revenue requirements. These
include the costs of complying withigovernment{requirements, gathering information, making
payments etc, but do notfinclude the amountofitaxyor levy itself (which is not a net cost to society but
a transfer from taxpayers 16 governments)

3 Deadweight costs(of taxation - thesefare the economic efficiency \¢osts (marginal excess burden) that
arise from the,distortionary effect of.taxes and chargés.tLeVying a tax on an activity or product creates
a disincentive to undertake thataectivity,or to produce/pirchase a product. If this results in lower
levels of thesactivity or fewer salesiof the product, itycan in turn reduce the economic welfare of
affectediindividuals.

Whethergathering revenue to,subsidise rail generates significant additional administrative and compliance
costsdepends on the precise,funding mechanisms used. If rail funding is sourced from existing tax
insttumeénts, eg petrel excise, road user charges and general taxation as collected by central government, or
preperty ratesf{collectedyby councils, then there is less likely to be any additional administrative and
compliance, costs generated. This is because rail funding would constitute only a small proportion of the
revenug’collected from these sources and so these costs would be incurred regardless of whether rail is
publicly funded.

The only additional cost that arises from funding rail through these mechanisms occurs in relation to the
increased rate of tax that is levied on these particular activities or assets. Because higher rates of tax,
excise and rates are required to fund rail subsidies, the deadweight cost of these instruments will result in
d loss of overall economic welfare in society. For instance, an increase in petrol excise increases the
disincentive to drive, causing some drivers to alter their behaviour, either by driving less or perhaps
purchasing smaller vehicles than they would otherwise. Similarly, an increase in income tax would result in
reduced work effort and output. To the extent that these distortionary effects cause individuals to alter

14 For a full discussion of these concepts and aspects see The Treasury (2001a; 2001b) and Tax Working Group (2009).
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their behaviour away from what they would otherwise do, this has the resulting effect of lowering overall
economic welfare.

These deadweight costs and resulting welfare losses of taxation may be somewhat minimised, however, if
the activity being taxed is relatively inelastic to tax.!> This means that the imposition of a tax, or change
in the tax rate, does little to change the quantity of the activity being undertaken or good being
purchased. In this regard, revenue from property rates levied by councils that are curréntlysused to
contribute towards rail subsidies is of particular interest. This is because property ewnershipgs generally
considered to be relatively inelastic to typical rates of taxation. Similarly, fuel excisesduties are also
generally considered to be less distortionary given the relatively inelastic demandfor fuel, at leaStin the
short run.'® However, perhaps the least distortionary of the funding sources currently used by the
Transport Agency are vehicle registration fees, as the demand for vehicle ownership is likelyto be less
elastic than vehicle usage.

4.3.2 Corrective taxes

One exception to this general result whereby increased rates of taxation generate increased deadweight
costs and welfare losses is if the tax instrument in question is a ‘corrective’ tax.'” Corrective taxes and
charges can used be to factor negative externalities_intoithetprices faced by purchasers. For instance, a
carbon charge can incorporate the external costyof'greenhouse gas emissions into prices incurred by
consumers or drivers. In this regard, corrective taxes can increase‘overall economic efficiency by providing
people or firms with an incentive to adjust their behaviour in aymanner that leads to better overall
outcomes for the wider society.

Another example of a correctivegax orcharge that issrelevant to metropolitan rail is congestion pricing
(charging). Although this may‘be ebnsidered as a potential method fér raising funds, congestion charging
may actually eliminate muéh of the rationale for subsidising rail.

This is because an appropriate congestion‘eharge would cause“car'drivers to internalise the negative
externalities that arise fromyroad congéstien during peak times¢ Consequently, congestion charging that
ensures motorists face'the true ‘social’ cost of their commuting“decisions would result in more
appropriate (optifmal) commuting decisions. This is because motorists would be forced to pay for the costs
that theirtravel decisions impese on others. If their private benefits do not exceed the total social cost,
their #esponse may be to@lter their'fcommuting patterns (eg time of day), or the mode of transport they
use, ordtheymay continue ‘unchanged.

Regardless of thefspecifictbehavioural changes, incorporating these costs eliminates the need for the
subsidisationof rail to reduce congestion because the negative externality would be internalised by
drivers viasthe prices faced for using roads. Instead, using funds raised from such an instrument for rail
may lead‘to the ‘excessive’ provision and use of rail and be economically and socially inefficient. However,
for the purpases of this report, we have assumed that the use of congestion pricing in Auckland and
Wellington is not a practical alternative to the funding of commuter rail.

The Treasury has previously stated that if metropolitan rail generates benefits to road users in the form of
redu’ced congestion then funding from road users via the NLTF would be appropriate (Treasury 2009).
Although this approach would internalise these external benefits of rail to some extent, a crucial aspect of

15 Note that although this approach is generally considered to be welfare maximising, this result may not apply in all
cases. See Creedy (2009).

16 Kennedy and Wallis (2007) estimated a short run price elasticity of demand for petrol in New Zealand at -0.15.

17 Also referred to as a Pigouvian tax.
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congestion reduction externalities is that they are highly location- and time-specific. Consequently,
sourcing rail subsidies from general fuel excise and road user charges would impose additional costs on
the motorists outside of congested routes or peak times. As a result, this may distort drivers’ road use
decisions leading to a loss in overall economic efficiency.

4.3.3 Equity considerations

As well as minimising the cost of raising funds, policy makers may also considegequity tosbe important.
Applying the principle of equity implies that funds should be raised from those who, benefit most from rail
services.'8

However, equity issues can raise additional complexity and may be more subjective. Ensuring ‘fair’
outcomes may be particularly important where costs are to be shared between two or more distinct
political entities, for instance between local and central governfments;sbetween distinet groups, eg road
users and local residents, or if network infrastructure is used by different services, ie,passenger and
freight services.

Cost allocation (funding) problems have been the subject of\considerable academic research in the field of
cooperative game theory. The motivating examplesyareisityations where ceeperation (involving some cost)
between several individuals or groups has the‘potential to yield mutualnet benefits, and the task is to find
a set of prices (cost allocations) that make it ratiohal for all patties te cooperate. If compulsion is not
feasible, this amounts to finding a set of‘subsidy-free’ prices (or centributions) which are defined as
amounts at which no agent is made worse offiby cooperating.

This literature is a useful startingypoint for metropolitan‘rail®cost allocation, but as will be seen below, it is
possible and useful to extend the analysis beyond thesefoundation®concepts. The reason is that
designing subsidy-free pricesyonly gives quite broad ranges for cost allocation. Incorporating demand side
factors can narrow these ranges‘while reflecting externalitiesland.direct sources of value.

Before describing(the coneept of subsidy:freeyprices, it is usefulte’explain the context used to derive
these results and therefore the (rather strict) meaningyof the term ‘subsidy’. Assume that a single facility
provides sérvices that benefit several users or groups and, the task is to recover the costs from those
users. Provided every user. is at least as well off as they would be without the facility, then no user
subsidises any other.

Byaway ofsexample, suppose it was found that the average motorist in Auckland attained time savings
valuedsat $10/week as aresult of metropolitan rail passengers not driving on the road. Asking (or
requiring) that motorist'to pay $10/week towards the cost of metropolitan rail does not involve any
subsidy bécause the' motorist is no worse off, compared to a world with no metropolitan rail and no
$10/week charge.

This strict definition of a subsidy is not particularly well understood. To mitigate any confusion, in what
follows we will use the strict definition of a subsidy but refer to contributions that might be sought from
non-passenger groups as ‘co-payments’. Voluntary cooperation requires ensuring that the co-payments

from each group are not so large as to involve an element of subsidy.

18 Another equity concept commonly applied in taxation issues is ‘ability to pay’, which means that those who are most
able to pay should contribute more than those less able to pay. This approach is used to justify progressive tax
structures despite the fact that such structures may impose greater efficiency costs.
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4.3.4 Subsidy-free pricing

Consider a simple example in which two nearby towns are considering the construction of water systems.
Assume there are economies of scale so it would be cheaper to build one large system, big enough for
both towns, than for each town to build its own separate smaller water system.

The cost of building separate water systems (known as the ‘stand-alone cost’) is $7m for Town A and $8m
for Town B, whereas the total cost of a system to serve both towns is $10m. Clearly, neither town would
be willing to pay more than its stand-alone cost so A cannot be charged more than $7Zm and B cannot be
charged more than $8m. The range of subsidy prices is therefore the set of waysithat $10m can_be
allocated between the towns, subject to this constraint. Both towns will participate ificharged prices within
this range and assuming the price is less than the gross benefits they receive from the water system. The
situation is depicted in figure 4.2.

Figure 4.2 Subsidy-free prices - two agent example

$10m |,

$8m

Town B

Town A S7m 510m

When costs are fully'and onlyjust recovered, there is another cost concept that is equivalent to the upper-
bound of theisubsidy fre€'price range defined by stand-alone cost, but can be more useful in practice. We
can define the ‘incremental.cost" for each town as the extra amount needed to accommodate that town’s
water needs, over.and above the costs already needed to serve the other town.

[fiwe start with the $7m project needed to serve Town A, then the incremental cost of adding Town B will
be $3m. Similarly. the incremental cost of including Town A in the water system plans of Town B is $2m.
Each town,must pay at least its incremental cost for the prices to be subsidy free. Otherwise, the other
town'wouldhe charged more than its stand-alone cost, and it would prefer to opt out of the joint project.
Careful examination of figure 4.2 will show that this version of the subsidy-free pricing rule yields exactly
the same’set of subsidy-free prices as the stand-alone cost rule.

These bounds on subsidy-free prices have been known for several decades (Faulhaber 1975, pp966-977).
They are based on the Pareto efficiency concept,'® because they seek to ensure that no party is worse off
as a result of cooperating with others. The bounds can be generalised to multiple parties and have the
effect of establishing very clear boundaries for allocating costs that are common to more than one activity.

19 An outcome is Pareto efficient if no party can be made better off without making others worse off.
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However, in situations where common costs are a large fraction of total cost (ie where direct attribution
rules for costs leave a large unexplained residual), there is a large gap between the minimum price
(incremental cost) and the maximum price (stand-alone cost) and so the range of permissible prices is also
very large. This opens up the potential for intense disputes about cost allocation, as there are a large
number of ‘fair’ prices, yet changing the cost allocation within this range will make some parties better off
and some worse off. Resolving these disputes can be costly and time-consuming.

4.3.5 Refining the cost allocation

In the case of metropolitan rail, the above analysis can be expanded to reflect'several important facts:
® The relevant groups include parties that do not directly use rail services:
* An element of coercion is available (ie taxes).

* It is likely to be desirable to narrow the range of acceptable cost allocations™to reflect other factors in
addition to incremental costs, such as benefits.

4.3.5.1 Indirect beneficiaries

There are several groups that are likely to benefit from metropolitan rail that, may not directly use rail
services. The following four main groups have been‘identified.

* road users, to the extent that congestion is‘lessened and/ok safety is improved by some persons
switching from road to rail transport

* owners of residential property located close to rail services, to the extent that the positive or negative
value of such services are capitalised into property values?°

* owners of businesses,or' ¢commercial property located close torail stations, to the extent that
additional foot traffic.génerates additional’ business

* the general publig, to'the extent thatthere are CO, reduction“benefits and/or public health and safety
benefits,

In addition, there ntay be some agglomeration benefits?! that accrue to the last three of these groups.?22

As well‘as the direct and indirect benefits of passenger rail services, certain investments in the passenger
rail network’(eg track upgrades) may also generate benefits for those using freight services.

Drawing on the.analysis ‘above, if every beneficiary group makes a co-payment that is no greater than the
valu€é of the indirect¢benefit it receives, then the group is no worse off from cooperating in the
metropolitan rail enterprise. Similarly, if any group suffers a detriment as a consequence of metropolitan
rail activities, it.should receive (in some form) a co-payment of at least a similar value.

20 There may be a positive value associated with being located close to a station, but a negative value associated with
being close to a track.

21 Agglomeration benefits can arise from economies of scale and network effects that arise when firms locate in close
physical proximity.

22 For further discussion of some of the potential wider impacts of infrastructure investment, including transport
infrastructure, see Grimes (2008).
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4.3.5.2 Coercion

It was noted above that there may be several sets of subsidy-free prices. When multilateral agreement is
required before investment can proceed, this can induce opportunistic behaviour as interest groups with-
hold agreement in an effort to contribute less.

In the case of metropolitan rail, however, there are some coercive mechanisms availablesthat could be
used to extract funding contributions from some of the indirect beneficiaries. For examplé, there may be
an equity rationale for converting some fraction of the revenues collected from roadusers, (via fuel excise
duties and road user charges) into co-payments for metropolitan rail. Similarly, loecal authorities have
existing systems for taxing property owners and methodologies that allowfargetedirates in certain
situations. Additionally, the central government’s legislative powers enable it tolequire central
governments to fund certain activities.

Notwithstanding these coercive mechanisms, the subsidy-free cancept, which is closely. linked with the
‘willingness to pay’ of a stakeholder group, remains relevant4o sefting ¢o-payments. Oneg reason is simply
that there is a strong equity argument for linking co-payments to,thé size of the,associated externality.
Additionally there are two efficiency rationales:

* Individuals have some ability to avoid such imposts‘by changing their conduct (eg road usage) or
location (eg buying or selling property), andysuch decisions should\be informed by efficient price
signals.

* If some beneficiary group is excused, the remaining groupsywillsface higher burdens that could exceed
their willingness to pay (assuming contributing is véluntary), in which case socially valued investments
may not occur.

4.3.5.3 Narrowing the range

In some situations it is possible to devise spegific cost allocationssrather than broad ranges. For multi-
party problems like thesfunding of metropolitanisail, in particularthesdllocation of funding of proposed
new rail projectsdetweeh central and loeal gévernment agencies, the only real prospect by which this
might be achiévedds through the Shapley value concept (Roth 1988). This concept can be implemented by
averaging the inckeméntal costs of each stakeholder group, across all possible orderings of groups. While
this may beyfeasible at a conceptual level, it would require information that is beyond the scope of this
projéct.

Nevertheless, it is still pessible to use the cost allocation principles in combination with other principles of
welfare®economics to develop useful guidance for metropolitan rail funding.

4.3.6 EQuity impacts and defining beneficiary groups

Altho@igh these who benefit from metropolitan rail can be classified in broad terms, there are practical
difficulties with identifying precisely those individuals who benefit, and therefore, who should contribute
according to the principle of equity.

For instance, although in general motorists benefit from less road congestion, the existence of
metropolitan rail does not benefit all motorists, but rather those motorists who travel at certain times of
peak usage to certain central city locations in Auckland and Wellington and use specific motorways and
arterial roads.23 Consequently, using some portion of revenue collected from vehicle registration revenue,

23 See http://newscenter.berkeley.edu/2012/12/20/cellphone-gps-data-suggest-new-strategy-for-alleviating-traffic-tie-
ups/
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petrol excise and/or road user charges could be considered by some to be unfair given that many
motorists obtain no congestion reduction benefit from metropolitan rail. Similar limitations to applying an
equity approach arise if funding is obtained from local government property rates which result in
contributions from a large number of households that do not obtain direct benefits from rail.

Some rail benefits may also accrue to taxpayers and the general public, such as health benefits from
reduced particulates in high traffic areas and potentially fewer crashes and reduced’associated emergency
costs. If so, a degree of funding from central government tax revenue may be appropriateffrom a fairness
perspective.

Similarly, the use of land value capture instruments may appear less controversial to the extent that these
instruments directly tax gains obtained by those property owners who benefit from rail. However, this
approach is also not without practical difficulties and equity conceérns. For instance, if targeted rates are
applied to all properties within a certain distance (eg a one kilometré“radius) of rail stations, this may not
account for differences in access arising from street layouts or the‘presence or'absence of accessways.

Another important consideration is the timing of any impactsiongproperty,values,of changes to rail
services. The value of nearby properties is likely to be affected when rail\services are improved, or
potentially beforehand when proposed service improvements are first announced. Therefore, any property
appreciation will accrue to those who own affected™properties at the time.this value appreciation occurs. It
will subsequently be realised by owners when'these properties are sold.

Consequently, for a land value capture mechanism to effectively capture some portion of the increased
land value from those who benefity it Wwould need to be applied,to those individuals or parties that owned
the property at the time the appreciation in value occupfed. 1f'such a mechanism is applied retrospectively,
ie only after property values’have incréased, it fmay be incurred bysSome current owners who did not own
the assets at the time it.increased n value. €onsequently, it would belunfair on these owners as they
would effectively be chargeditwice: oncedin higher purchase pricessand’a second time by a targeted
revenue measure,

Additionally,the corbllary of taxing those who benefitifrom an/appreciation in property values from rail
services isthatsthose'who suffer depreciation in land values because of a change in rail development or
change in rail'senVices should be compensated. For example, if services are increased by running services
earlier inithe morning and later in’the evening, properties close to railway lines may face greater
disturbance, reducing theirwalue. Similarly, while some businesses may benefit from rail because of
increased custom, other businesses with less favourable locations may suffer from this trade diversion
impact.

4.4 7 Application of principles

Publieintervention in the pricing and funding of metropolitan rail services may be justified because of
externalities from rail use and the existence of rail networks, and the natural monopoly characteristics of
rail networks. From the above discussion of economic principles, we can derive the following conclusions
about the funding of metropolitan rail.

1 It is desirable for the funds payable to track and train operators to be limited to an estimate of the
efficient costs of service (less farebox revenue) rather than to fully reimburse all expenditures.
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2 Passengers should pay at least the marginal (incremental) cost of their usage less the value of any
spillover benefits to other groups, otherwise the wider community would be better off with fewer rail
passengers.2*

3 Groups of non-users who benefit from the existence and usage of metropolitan rail should pay
amounts no greater than the value of their benefits, provided this can be achieved without incurring
unacceptable levels of transaction costs. In the absence of such payments, there niay be an
inefficiently low level of investment in metropolitan rail.

4 According to the principle of equity, any group of non-users that suffers harm fromthe existence
and/or usage of metropolitan rail should receive compensation, providédythis can be achieved without
incurring unacceptable levels of transaction costs.

5 The efficiency impacts of raising revenues from beneficiaries neged to be consideredswhenidesigning a
funding scheme. If these impacts have an effect on the finalqallocations, they willstendyto increase the
share allocated to relatively efficient forms of revenue rai§ingg/suchas property taxes.

The overall approach can be summarised using the followingtwo'equations#First, théestimation of total
efficient cost combines allowances for operating costs and for capital costs.

Total

Capital
cost
allowance

Operating

efficient
cost

cost
allowance

This total cost is then recovéred by charging thé beneficiaries_of ‘spillovers from rail usage an amount
equivalent to the value“ef benefits received,andgaising the (balanceof the costs from passengers via
fares.

LU Total

O Q o efficient
revenues other
cost
groups

24 The issues surrounding determining marginal costs are outlined in chapter 1.
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5 Marginal cost estimation

The provision of metropolitan rail services typically involves incurring substantial fixed costs. These fixed
costs relate predominantly to infrastructure such as tracks, stations and carriages although significant
proportions of other costs may also be fixed, eg corporate overhead. In comparisonVariable costs suchd@s
driver wages and fuel or electricity are a much smaller component of total costs. Fhis means that rail
services typically display large economies of scale - the average cost per passenger journey decreases as
total passenger journeys increase.

Applying an efficient pricing methodology of setting fares equal to thedmatginal (variable) cost of rail
services therefore results in losses as fares are not sufficient to cover fixed costs. Assuming that the
overall net benefit of rail services is positive, this means that revénue needs to be obtainedyfrom another

source.?>

Figure 5.1 Losses from setting P = marginal cost with scaleleconomies
$
A

Average cost

P, —

Marginal cost

Demand

> Quantity

Q.

This is illustrated in'the diagram above. If there are economies of scale, marginal cost is less than average
Cost. Atghe'efficient output level Q,, setting price (P)) equal to marginal cost (C) will imply an average loss
of (C¢= P )pertrip. The total loss is represented by the dark shaded area.

5«4 Short-run versus long-run measures

To determine the magnitude of the fare subsidies required by economies of scale and marginal cost
pricing, we have estimated the marginal cost of rail services in Auckland and Wellington. This can be done
in (at least) two ways:

25 For further discussion see Smart (2008) and Smart and Hefter (2012).
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® Short-run marginal cost (SRMC) is the extra cost of carrying one more passenger. On a train service
that is not operating at full capacity, SRMC is likely to be very low, typically close to zero. A less
extreme version of this approach would be to set the price at average variable cost.

* Long-run marginal cost (LRMC) takes a longer time horizon, and compares all anticipated extra costs
(including capital inputs) against the additional passenger trip enabled by incurring these costs. The
LRMC will depend heavily on the current and future states of the rail system.

Because of the ‘lumpy’ nature of rail costs, estimates of marginal costs can be highlyjsensitive to the time
period and ranges of patronage over which they are calculated. Given a specific service timetable, the
SRMC of carrying one extra passenger is likely to be close to zero unless agarticularservice or network is
operating at capacity.

If at capacity, additional carriages and/or other investment in expanding network capagity.may,be
necessary to facilitate additional patronage. In these cases, the incremental costs ofsservicing additional
passengers are likely to be substantial. There is consequently’a large gap between SRMC and LRMC and we
need a principled basis on which to select a cost conceptgndoing s6, we havethadiregard to the rather
different stages of network and urban development in Wellington and Augckland.

Wellington has a mature rail network with modest,patronage’growth.dtyreceivestinvestment primarily for
the purpose of replacing worn-out assets. An LRMC'eoncept would, attribute these replacement costs only
to the small number of extra passengers which would overstate the ‘¢osts that small group imposes on the
network. Thus, in Wellington, we adopt the average variable costiconcept as the measure of efficient fare.
In practice, this means that the sequehcetef replacement’costs over time is not charged to passengers.

The situation is different in Auckland for several reasons. Significant extra capacity is being added to the
rail network and more is anticipated, ie the City Rail Link\(CRL). Populationh growth is strong and expected
to remain so and some segments‘efshe network areyalready at capacity at peak times. Also, current rail
patronage levels are modest'compared with futdre expectations. Fhus, rail services in Auckland are likely
to be affecting the long:=term“decisions regardingywhere to live and work for a not insignificant number of
Auckland residents. The'result of these decisions in turnfimplies a certain pattern of physical investment
in housing and wofkspaces.

These facts lead usfto the viewsthat in Auckland the LRMC should be incorporated into fares. In practice,
this means thatver timeffares shotld be based on the recovery of all operating costs as well as all of the
additional capital costs of expanding network capacity,2® less any public subsidies that incorporate the
positive ‘externalitiesvof rail.

572 Estimates

We have used actual data and patronage forecasts to generate approximate estimates of the relevant
marginal costs. It shows two very different LRMC outlooks for Auckland and Wellington.

5.2.1 "Auckland

The situation regarding future costs and patronage is quite different in Auckland. There, strong passenger
growth is expected to follow the current electrification upgrade as well as after the planned CRL. Given
there is some uncertainty regarding aspects of the CRL, eg timing, cost, patronage, we have modelled two
scenarios: the first with electrification only and the second with electrification and the CRL.

26 For example, expanding network capacity in Auckland would include building the City Rail Link.
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5.2.1.1 Electrification only

We have calculated a net present value (NPV) for the cost of electrification (much of which will be incurred
in the next few years) and the other extra capital and operating costs that are expected. For passenger
growth, we adopt a Transport Agency forecast of 19.2 million trips in 2020. This is some 8.7 million trips
more than at present. We assume that from 2020 through to 2050 passenger growth will be in line with
population growth in Auckland, using Statistics New Zealand’s medium growth rate’of 165% per annumn.
Discounting future trips using the same rate as for the costs NPV results in a rarge ‘of LRMC estimates’ of
$4 to $5 per trip. The lower end of this range uses a discount rate of 6% perg@annumywhile the higher is
based on an 8% per annum discount rate.

5.2.1.2 Electrification and city rail link

The CRL would convert Britomart Station from a terminating station into a through stationwhich will allow
rail services to run in both directions through the city centre#Thisdwould more than,double capacity from
around 20 to 48 trains per hour into the station (SKM 2012). Infour cost modelling we have made the
following assumptions:

* |t would be completed in 2023. This is midway, between the AucklandyCouncil’s and the government’s
preferred completion dates of 2021 and 2026 respectively.

* The cost of $2.5 billion is spread evenly over six years.?”

* Patronage rises linearly from the pre-existing forecastfom2012to a level of 49.7 million in 2041 and
thereafter at 1.5% per annum in"line with expected population growth.

® Operating costs with the @RL are 50% higher.eachyear compared to the costs without the CRL.
* The estimation horizon tuns t02070 and we use discount rates ranging from 6% to 8%.

Under these assumptionssthe\LRMC of rdiltrips ranges from $5.57%using 6% as the discount rate, to $7.65
if we use 8% as theadiscountirate.

Using these margindl cost estimdtes, we can now estimate the/value of rail usage externalities to
determine‘thegmarginal social costs‘and’optimal fare subsidy. This is carried out in the next chapter.

5.2,.2% Wellington

Figufe 5.2 shows that pasSenger trips are forecast to increase modestly in Wellington over the next six
yearsyThe annualbgrowthirate is 1.5%. During this period some significant capital expenditures are
envisaged, with investment of over $150 million planned to occur between 2014 and 2016. However,
these investments. are largely replacement expenditures. They are not a reaction to materially increased
usages nopwillithey materially increase usage.

27 This figure exceeds the stated $2.234 used by SKM in the CCFAS because of an additional 10% contingency to
account for potential cost inflation. For further details regarding the CRL see:
www.aucklandtransport.govt.nz/improving-transport/city-rail-link/Pages/default.aspx.
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Figure 5.2 Forecast capital expenditure and patronage, Wellington
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6 Externality modelling and estimation

In this chapter we discuss the theory and quantitative results for estimating the external benefits of
metropolitan rail given the existing road and rail networks. This provides a basis for estimating the
efficient operating (short-run) subsidy in addition to that required from marginal cost’pricing.

The additional subsidy warranted by external benefits is illustrated below as theyredyshaded area below
the marginal cost curve. This reflects the difference between setting the price equaktothe private
marginal cost faced by rail operator (P)) and setting the price equal to thegnarginal social costas reflected
by the red dotted line (P,), where the marginal social cost incorporatesthe‘external benefits generated by
rail usage. Once these external benefits are accounted for, and the price redueed to P,,¢he volume of trips
undertaken increases from Q] to Qz.

Figure 6.1 External benefits and marginal social cost of rail
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For a given level of patronage of the rail network, people who do not use rail experience benefits. These
generally consist"ef reductions in congestion costs or other costs. Aside from the private benefits obtained
by users when they travel by rail, the main additional benefits that rail may generate are:

¢ savings of travel time and costs by road users due to reduced congestion, including schedule
rearrangement costs

® | environmental and health benefits from reduced airborne emissions
* safety benefits from less traffic and potentially fewer crashes

* agglomeration benefits which may arise from productivity improvements, a portion of which are
captured by the owners of firms rather than their employees who may use rail

* option value benefits obtained by households who have access to rail services regardless of whether
these services are used
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* social inclusion benefits that arise if the wider community values low-cost travel for disadvantaged or
disabled members of the society, and for which rail may provide a lower cost alternative than
alternative transport options (eg disabled taxis)

* transport network resilience benefits arising from the existence of an additional transport mode.

As well as these positive effects, metropolitan rail also generates negative externalities. Chiief amongst these
is noise disturbance, which may be incurred by households located close to rail networks. Qther negative
externalities from rail may include increased traffic delays and safety incidents arising fromylevel crossings.

There are two possible approaches to incorporating these external impacts of rail./One is to recagnise that
rail patronage, and hence road usage and emissions, depend partly on rail'fares and‘the relative price
between rail and road transport.?® Assuming some demand functions for road and rail trafsport that
depend on these prices, the rail fare that maximises total welfare and generates the optimal amount of rail
and road usage can be calculated. The optimal subsidy can thengbe ‘détermined by eempating this optimal
fare to the costs of the rail network. This would correct for cangestion and environmental externalities,
and to this estimate could be added estimates of the othersbenefitsdisted above.

The other approach is to estimate the total external henefits generated by a‘given level of rail patronage
and set the subsidy equal to this level. Rail fares can then be’set to reeever the remaining costs of the rail
network.

Both approaches have been developed and implemented by Smart (2008) and Smart and Hefter (2012) for
metropolitan rail in Sydney. The latter approachbased onstetaleffects rather than rail fare optimisation)
is simpler to implement and requires$ less data, and is the method adopted by the New South Wales
regulator for setting rail fares and subsidies in Sydneya(IPART 2012). Accordingly, we have adopted the
total externalities approach ofiSmart and Hefter (2012) in\our analysis.

We first discuss a model f congestion benefits of rail'and estimate the value of these benefits for
Wellington and Auckland. We thén considékenvironmental anfd“ether externalities that are not modelled by
Smart and Hefter (2012) ahd,estimate €hesadditional value ofithése.

6.1 Congestion benefits

Roadgstongestion is made(Worse because road users do not take account of the impact on other users of
their'decision to use ayroadi/A road user will base their decision to travel on their private benefits and
costs, including theirown, travel time, but will not consider that their decision to travel will increase the
travel times of other road users. The marginal social cost of using a road thus exceeds the marginal
private costy and degcision making based on private benefits and costs leads to excessive road usage and
excessive congestion. A welfare improvement is possible if road usage is reduced by some mechanism.

Traditional methods of quantifying the benefits of reducing congestion involve multiplying travel time
savings using appropriate values of time saved. However, there is a growing debate regarding whether this
is the\best method to evaluate these benefits (NZIER 2013). Some recent evidence suggests that such
congestion benefits may not be not fully realised because reduced travel times lead to changes to the
patterns of land use, eg increased suburban residential development. As a result, it may be that over the
longer term, the actual benefits of congestion reductions arise from land use changes rather than travel

28 The ‘price’ of road transport refers to the generalised cost faced by road users, including vehicle operating costs and
time costs.
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time savings. Ultimately these benefits may manifest in different forms such as higher wages, increased
productivity and economic output, higher property values and so on.

Despite this, in the absence of a widely established alternative valuation method, we have used the
traditional travel time saving approach to estimate this externality.

6.1.1 Principles

The welfare effects of road congestion are illustrated in figure 6.2. Road journeysygenerate some benefits,
and the blue line represents the benefit of an additional trip. The private costof@an additional trip'is
represented by the orange line, and includes fuel and vehicle operating €xpenses, and the value“of travel
time of the person making the additional journey. The red line adds the extérnal congestion costs to the
private costs, and includes the value of additional travel time expefienced by all other road users as a
result of someone making an additional trip by road.

Based on private benefits and costs, the total volume of read trips will be Q0. At this'level, the additional
benefit of an additional trip equals the additional private,cost. However, théyadditional benefit is less than
the additional social cost once congestion costs are@ccounted for. Total welfare can be increased by
reducing the number of trips to Q1, foregoing the henefitsfassociated withithese trips but generating cost
savings (including congestion costs) that exceed"the.foregone benefits:

One way to achieve this would be to increase the ‘price’ faced bywroad users from PO to P1, for example by
introducing road usage pricing or by otherindirect means that increase the generalised cost of travel by
car.?? If this is done correctly thengpfivate and social gosts willbe aligned, and the amount of road usage
will reduce to the level that maximises total welfare.

Figure 6.2 lllustration of foad congestion externalities

Benefits and costsof road use

Q1 Qo
Road passenger km

29 possibilities include fuel taxes and parking levies.
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However, for various reasons, congestion pricing is difficult and is not used in New Zealand.3? A second-
best policy is therefore subsidies that encourage road users to substitute to other modes of transport that
reduce road congestion, such as rail.

6.1.2 Theoretical model of congestion

We use the following model to estimate the total external road congestion benefits of a'given level of rail
patronage, following the methodology of Smart and Hefter (2012).

Our objective is to estimate the total value of travel time saved by road users dlie te‘reduced congestion
for a given level of rail patronage. Let Y(Q) be the average time required totravel one kilometre bytoad,
where Q is the number of road passenger-km travelled. Due to congestion, Y istincreasing in Q, ie'average
travel time increases as the total amount of road usage increases. If w"is, the average value of travel'time
per hour, then the total cost of travel time as a function of Q is:

T(Q) = wY(Q)Q (Equation 6.1)

To model externalities, we are interested in how T(Q) changesias @ changes:

T'(Q) = w[Y(Q) +X'(0)0] (Equation 6.2)

The change in total travel time resulting from an‘additional road passenger-km is thus composed of two
effects:

1 The value of the additional travelstimeyexperienced by the additional traveller: wY (Q)

2 The value of the additional traveltime&xperieneedyby ether road users as a result of the increase in
congestion: wY'(Q)Q.

Effect (1) is not an externalitys=athis‘reflects £he privaté costs taken into account by the additional traveller.
Effect (2) represents the externality on other road users.

These two effectsrare illdstrated in figure 6.3 The blue lihe represents the function Y(Q), ie the
relationship bétweéen average travel time and total road usage. Suppose that road passenger-km increases
from level QA to'@QB.4The yellow area represents additional travel time costs incurred by the additional
travelless. This is.effect (1) above, and is not an externality. The green rectangle represents the increase in
travel timé experienced by, thexroad users who were already travelling at QA. This is effect (2) above and
representsdhe congestion externality.

Eor simplicity in the quantitative analysis, following Smart and Hefter (2012), we assume that Y(Q) is a
linear functiohy

Y(Q)=A4Q+B (Equation 6.3)

whére 4fand B are parameters to be estimated, reflecting the relationship between average travel time and
totalyroad passenger-km.

With _this linear function, the marginal external congestion cost of road travel is:

£(Q) = wY'(Q)Q = wAQ (Equation 6.4)

30 Although congestion charges have not been implemented, there are some instances of ‘road pricing’, including the
Northern Gateway toll road in Auckland and ‘Route K’ in Tauranga. The Tauranga Eastern Link road now under
construction will also be a toll road. However, although these tolls are used to recover the costs of construction, these
charges do not incorporate any congestion externality costs.
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The function é(Q) represents the additional travel time cost experienced by other road users due to one
additional passenger-km of road travel. If road usage reduces due to rail patronage, then £(Q) reflects the
resulting external cost savings of road users. To calculate the total external benefit of a given level of rail
patronage we need to ‘add up’ these external cost savings over the relevant range of road usage.

The relevant range of road usage is bounded by the level of road usage at the current,level of rail
patronage and the level of road usage that would be generated if rail patronage wefe zero.

Figure 6.3 Relationship between road passenger km and travel time
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In particular, let Qj\be'tetal road passenger-km given current rail patronage during a particular time period
(eg the peakfperiod) and let Q, beitotal,road passenger:km assuming the rail network did not exist, where
clearly it is the'casepthat Q, > Q,. Then the total road congestion benefits of the current level of rail
patronage are given by:

(Equation 6.5)

Q; Q2 A
2% 900 = | wAQdQ =-[03 - 0F]
Q1 Q1

6.1.3 Interpretation

The abovesmodel of congestion can be interpreted in the following way. First imagine that the volume of
traffic on,roads and travel times is at its current level, given current rail patronage. Now imagine adding
extra passenger-km to the road network, up to the level that total road traffic would be if the rail network
did net exist. For each extra passenger-km added, calculate the additional travel time experienced by all
existing road users that is caused by the extra passenger-km. Place a dollar value on each of these
additions to travel time, and add up over the range of passenger-km added to the road network. The total
dollar value is the total congestion road cost saved by the current level of rail patronage.

Various studies have estimated total congestion costs for Auckland and other cities. The most recent
report for Auckland is Wallis and Lupton (2013). This study and others like it differ from ours as they seek
to estimate the total congestion cost, rather than congestion costs saved by rail.
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Estimating total congestion costs requires defining a standard against which the status quo is measured.
As discussed by Wallis and Lupton (2013), this can be done in different ways and the resulting estimates
of congestion costs can vary significantly. Wallis and Lupton estimate a cost for Auckland of $1250 million
per annum if free-flow is used as the baseline, versus $250 million per annum if ‘capacity’ is used as the
baseline, where capacity is defined as the level of road usage at which flow is maximised.

In contrast, as described above, our analysis measures congestion using an economic defiftition of congestion
externalities: the additional travel time experienced by existing road users as a result ofyan‘additional road
user’s decision to travel. For the purposes of our analysis this is a superior measure,to costs calculated against
free-flow or capacity baselines, as both of these are arbitrary standards that do not necessarily represent
optimal levels of use of the road network, once all benefits and costs are accounted, for.

6.1.4 Schedule rearrangement costs

A significant component of the Wallis and Lupton (2013) congeStion cost estimates for’/Auckland is what
they refer to as ‘schedule delay’ costs, which we refer to as ‘schedulegearrangement’ costs to avoid
confusion. These are costs incurred by road users who chiange their behaviour toytravel at a less-preferred
time to avoid peak congestion. In other words, someddrivers would have greferred to travel at peak
periods, but because of congestion they travel instead at,another timewAs a result they experience some
disbenefit from rearranging their travel plans.31

Wallis and Lupton (2013) estimate an upper bound for these gosts foriAuckland as being between 65% and
70% of the standard travel time congestion cost®Their methedologyassumes that travellers adjust their
schedules in such a way that those travelling in the houfs either side of the peak period are indifferent as
to whether they travel during that'time,or travel in thespeak. Since the travel time around the peak is less
than within the peak, the differencé in travel timelis assumed to reflect the disbenefit that people receive
from travelling outside their preferred time.

Wallis and Lupton correctly note'this is an“estimate of the maXimum schedule rearrangement cost, as
some people would have travelled immediately, before or, after the peak period for reasons other than
trying to avoidgpeak delays. For this reason we present schedulérearrangement costs separately and it
should be notedythat actual costs will beisomewhere between’zero and this maximum.

Schedule rearrangement costs are not estimated by Smart and Hefter (2012). We present estimates of
congestioh costs with and\witheut'an increment for schedule rearrangement costs, using the average
uplift (67.5%) estimated, by Wallis and Lupton (2013) for Auckland.3? The presence of schedule
rearrangement c@sts has the effect of significantly increasing the congestion cost estimate. This depends
on.the plausible but untested assumption that a significant proportion of road users change the timing of
their travelsto avieid periods of congestion. We also note that Wallis and Lupton (2013) describe their
schedulé‘reafrangement cost estimates as an upper bound, and do not offer an alternative lower bound.
We follow the,same approach and use a range starting at zero and ranging up to the upper bound.

6.M5% Quantification

To estimate the total road congestion benefits from rail patronage using the methodology described
above, the following four parameters need to be estimated:

31 Drivers may also ‘time-shift’ their journeys within peak times to reduce congestion delays.

32 |n the absence of other data on the appropriate uplift, we also apply this same parameter to Wellington. We caution
however, that this is based on Auckland data only and may not be a reliable estimate of the schedule delay costs for
Wellington.
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w: the average value of travel time per road passenger hour

A: change in average road travel time per km due to an additional road passenger-km
Q,: total road passenger-km given current rail patronage

Q,: total road passenger-km if the rail network did not exist.

We assume that average value of travel time does not vary by location. The EEM gives various estimates for:
valuing travel time.33 We assume a value for v of $20.22 per hour, reflecting the‘averagefvalue of gravel
time used by the Transport Agency for urban arterial and other urban roads3#

The other parameters 4, Q; and Q, are location-specific and depend onstheylevel of rail patronagesand the
road and rail transport networks in each location. We therefore use different values forthese parameters
for Wellington and Auckland.

6.1.5.1 Congestion relationship parameter

The parameter A will also vary at different times of the_day,dnd in"particular is'likely/to be greater during
peak periods than inter-peak periods, reflecting thegnore severe impactfof additional vehicles on average
travel time during times when roads are close to capacity of are already experiencing congestion.

This is illustrated by figure 6.4, which shows, the speedrand flow relationship that is typically observed for
any given section of road. Starting from a situationyof free flow (at the top left of the graph), which has a
low rate of flow but high vehicle speed, additional vehicles cause average speed to drop, but to a relatively
small extent so that flow is still ableste increase. At somejpoint (the nominal ‘capacity’ of the road), the
impact of additional vehicles is such that speed andflow both-diminish.

Figure 6.4 Typical relationshipsetween vehiclé speed and flow fora given road section
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33 See table A4.3 in the EEM.

34 This approach implies that the value of travel time is constant. However, we note that the relationship between travel
time and the value of time may be non-linear. For example, it may be that the value of 1,000 motorists saving 10
minutes each is larger than if 10,000 motorists saved one minute each, even though the total time saved is the same.
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The upper portion of the speed-flow curve includes congestion effects, in the sense that additional
vehicles cause delay for existing vehicles on the road. The lower portion of the curve is referred to as
‘hyper’ congestion, as additional vehicles cause very high amounts of delay. During peak periods, many
roads will be close to capacity or on the hyper congestion portion of the speed-flow curve. This means that
additional vehicles on the road will have relatively severe delay effects on existing vehicles on the road,
and the value of the parameter A in our model will be relatively high. Conversely, in intefr-peak periods,
most roads will be on the upper portion of the speed-flow curve and the value of A willbe'lower.

For both Auckland and Wellington we have used results from regional transportgnetwork models to
estimate the values of A in peak periods and at other times. These models in€lude a realistic
representation of the road and public transport networks, and incorporate calibrated speed-flow
relationships of the type illustrated in figure 6.4, for many different road segments. The madels can be
used to predict average speeds at different times of the day, for given road travel volumessandypublic
transport patronage.

6.1.5.2 Road passenger-km parameters

Data on total road passenger-km given current rail patfonage (@) is readilysavailable in existing transport
statistics. The total road passenger-km that would resuilt ifithe rail network didynot exist (Qz) must be
estimated using assumptions about traveller behaviotifuin the absence\of'rail and the average distance of
rail journeys.

Our objective is to estimate the congestion reduction benefitsiofithe,rail network given the current level of
patronage and given the existing road and other public tfansportinetworks. For the purpose of estimating
the optimal rail subsidy, we have assumed that the road and bus networks do not change from their
current form.3> The degree of substitution to othef modes then dependsyon travellers’ preferences and the
ability (capacity) of other transport networks totaccommaodate the_additional,demand.

We discuss our particularassumptions abeut'substitution from railito other transport modes in the
absence of rail for Wellingtofi*and Auckland below.

6.1.5.3 Congeéstion model resultsifor Wellington

Data was provided tofus by the Greater Wellington Regional Council based on analysis from its Strategic
Transport Model.sThis is an integrated model of transport in the Wellington region that incorporates road
andgoubli¢ transport modes.

The datayprovided was frem'a simulation exercise conducted in 2009 that estimated the effect of assigning
all'rail' transport demand to'roads. The impact on vehicle kilometres travelled (VKT), vehicle travel time or
vehicle hours ‘(VHR)and’speed was calculated for different scenarios in the AM peak period, inter-peak
period, and estimated overall annual effect.

The r0ad. network modelling results provided to us for the baseline scenario and the no-rail scenario in
Wellington are shown in table 6.1. The no-rail scenario assumes that all rail users switch to private cars in
the absence of rail. In reality it is likely that some of these people would use other forms of public
transport instead, and the impact on congestion may be less than assumed by allocating all rail demand to
private cars. These results therefore represent an upper bound on the likely congestion effect. We also
estimate results for alternative scenarios below.

35 Although we are aware that aspects of Auckland’s public transport network are to be reconfigured, incorporating
these prospective changes (which were not finalised at the time of writing) would require a substantial expansion of this
analysis to consider the optimal allocation of resources between road, bus, rail and all other transport modes. This is
beyond the scope of our report, thus we take the road and other public transport networks as given.
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Table 6.1 Congestion modelling results for Wellington (average per day)
Time period Scenario Total car VKT Ave speed
(km/h)
AM peak Baseline 1,430,244 49
No rail 1,669,583 31
Inter-peak Baseline 992,921 54
No rail 1,013,537 54

The Wellington transport model includes two time periods, with the AM’peak assumed to be also
representative of the PM peak, and inter-peak representing all other time perioeds. Absent rail, peak VKT is
estimated to increase by about 239,000km per day (17% relativesto baseline) and inter-peak VKT is
estimated to increase by about 21,000km per day (2% relative to'baseline).

The increase in peak VKT was estimated by the Wellingtontrafnsport model to'cause a significant
reduction in average travel speed of 17.5km/hour (36% relative#£o baselige), althéugh this is under the
assumption that all rail users switch to cars in thesabsence of rail. In the‘inter-peak period, there is no
significant effect on average travel speed due to roads being relatively uncongested.

These results were supported by the congestien observed on State Highway 2 during the seven-day
closure of the Hutt Line between Petone‘and Wellington inJune 2043 because of storm damage. Large
delays to traffic at peak periods resulted intravel times.of Up téxone hour 20 minutes between Melling and
Wellington. However, travel times‘during inter-peak periods appeared to be substantially less affected.3

Preliminary analysis undertaken by thefTransport Agency,also supperts our estimates. This analysis
predicted that if rail patronage’were transferred to the state highway network, journey times during the
AM peak would increase by up to one hour 42,mifutes (GWRC 2013, section 5.2). This is based on an
estimated additional 4972 vehicles (equivalént to 6811 railspassengers) travelling through Ngauranga
during the morning p&ak of 7:00anpuntil 9:00am in the absence of rail services. The Transport Agency
estimated that it would take untilfaround 11:00am for the quete to completely dissipate. This is shown in
figure 6.5.

36 See: www.stuff.co.nz/dominion-post/news/hutt-valley/8833240/Hutt-traffic-grinds-to-a-standstill
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Figure 6.5 Ngauranga Gorge, traffic congestion modelling
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Figure 6.6 Estimated relationship between AM peak daily road passenger-km and average hours per km in
Wellington

0.035 -
y = 9E-09x + 0.009 $

0.030
0.025 -

E 002 |

]

(=%

0

>

(<]

I

0.010

0.005 | Q
0000 -+ AN
0 500,000 1,000,000 00,0 000,

Figure 6.7 Estimated relationship en inter-peal passenger-km and average hours per km in
Wellington
0.0190

-09x + 0.015%

SRS
W

%

0.0185

0.0180

f T T T T T T S BB

0.0165

A

0 200,000 400,000 600,000 800,000 1,000,000 1,200,000 1,400,000 1,600,000
Passenger km

As mentioned above, the Wellington ‘no rail’ scenario assumes that all passengers travel by car in the
absence of rail. The most recent (2012) data from the Ministry of Transport’s New Zealand Household Travel
Survey indicates that all modes of public transport accounted for approximately 17% of travel to work
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kilometres and around 6% of all travel in the Wellington region.3” This suggests a high propensity to use cars
over public transport, but these results reflect the travel patterns of all travellers. Regular rail users may have
different preferences for using cars versus other public transport modes, if rail were not available.

We were also provided with some data indicating the behaviour of rail passengers in response to
announced rail network closures in Wellington, where replacement buses were provided. .The number of
such occurrences was small, thus the results must be interpreted cautiously. This datafindieated that
approximately 80% of rail passengers used replacement buses, while the remainderiused sonie other
unknown transport mode or did not travel. This suggests that the propensity ofyrail ¥sers to substitute to
other public transport modes in the absence of rail may be relatively high, although these result§weflect
temporary shutdowns only, where replacement bus services were provided that,closely mimicked'the
existing rail service and passengers were not required to use buses on.a permanent basis.

From this information, it is difficult to be precise about how Wellington‘railisers would traveliin the
absence of rail. The propensity of the average Wellington residént to use private cars is high, but rail users
may behave differently. As a result we consider two alternatives o the"scenarie of all rail users switching
to cars. In our first alternative scenario we double the househald travel survey pekcentages using private
cars and assume that in the absence of rail, around ohe third of rail users travel by other public transport
modes (ie bus) and two thirds use cars in peak perieds, and‘that similarly 12% use public transport and
88% use car in inter-peak periods. To generate results for this alternative’scenario we scale back the
increases in VKT between the baseline and fio-rail scenarios in table 6.1'by 34% in peak and 12% in inter-
peak periods. Our second alternative scenario assdmes that in‘thesabsence of rail, two thirds of current
rail users would use buses and one third €ars during peak periodss

Table 6.2 shows the estimated @gdngestion/benefitsofFail across these three scenarios. Given the current
level of patronage, the Wellingtendmetropolitan rail netwark is estimated/to generate congestion benefits
of somewhere between $21 millionand $67 million‘per@annum. To this can’be added estimated schedule
rearrangement benefits (as"noted above, basedfon analysis frem Auckland), potentially up to a maximum
of $45 million per annumy,depending en the'scenario. The vast majority of the benefits (over 90%) are in
the peak time period, with inter-peak,benefits being quiteismalls

Table 6.2 Congestion modelling resultsifor Wellington

Scenafio Congestion Maximum Maximum
benefit rearrangement total
($m/yr) benefit ($m/yr)

($m/yr)

All rail patronage'switches to cars 67 <45 $112

Alternative: Most tail patronage switches to cars 44 <30 $73

Alternativei’Most rail patronage switches to 21 <14 $35

buses

6.1.54 Congestion model results for Auckland

Transport data was provided to us by Auckland Council based on the Auckland Transport Model. As for
Wellington, this is an integrated model of road and public transport, and can be used to estimate VKT and
average speed during three time periods: AM peak, PM peak, and inter-peak. The model is calibrated using

37 See:
www.transport.govt.nz/research/Documents/Main%20urban%20area%20travel_2%20year%20moving%20av
erage_2003_2011.xls.
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2006 data, so the data provided to us was forecasts for 2011 transport volumes. We were also provided
with forecasts out to 2041 under medium and high population growth scenarios. We used the medium
growth forecasts in some of our analysis.

The road network modelling results provided to us for the 2011 baseline and estimated VKT if the
Auckland rail network did not exist are shown in table 6.3. These results suggest that,the effect of the rail
network on average road speeds across Auckland, and thus on congestion, is relatively small.

However it should be noted that the results provided to us are based on current patronage levels and
assume that in the absence of rail, the majority of rail passengers travel by,busdnstead, with no
corresponding increase in bus VKT and no impact of additional buses on‘congestion.

Table 6.3 Congestion modelling results for Auckland (average per day)
Time period Scenario Total car VKT Average speed
(km/h)
AM peak 2011 baseline 5,105,847 45.1
2011 no rail 5,137,046 44.9
Inter-peak 2011 baseline 4,302,856 49.0
2011 no rail 4,316,911 48.9
PM peak 2011 baseline 5,297,446 46.0
2011 no rail 5,317,593 45.9

To overcome these limitationsgwethave developed alterfiative scenarios for Auckland. The first is based on
the 2011 results but assumes that allirail passénger-km become car passenger-km in the absence of rail.
This is the same assumption'as oné of the Wellington/scenarios,and represents an upper bound on the
congestion benefits of rail¢

The development'ofthesescenarios. is shoewniin table 6.4. In/each case we start with the 2011 baseline
and add the sail passenger-km toicalculate car passenger-km,without rail. This is the same approach used
for WellindgtensThe values for car passenger-km with andwithout rail can be input into the congestion
model,as the values of Q @and Q..

The secondbaseline scenario wé have used is based on the forecasts provided to us is for 2031, and again
in‘that year we assume'that all rail passenger-km become car passenger-km in the absence of rail.

Table 6.4 Alternativeyroad congestion scenarios for Auckland (average per day)

Time period Car passenger- Rail passenger- Car passenger-
km with rail km km without rail

2011

AM peak 6,127,016 127,084 6,254,099

Inter-peak 5,163,427 39,704 5,203,130

PM peak 6,356,935 132,880 6,489,815

2031

AM peak 7,864,504 383,062 8,247,566

Inter-peak 7,355,075 102,775 7,457,850

PM peak 8,333,931 302,187 8,636,118

Source: Calculated from data provided by Auckland Council.
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To carry out the congestion analysis, we need an estimate of the relationship between total passenger-km
and average travel time (the parameter A in the theoretical congestion model). Figure 6.8 shows these
relationships for the scenarios provided to us. We have converted VKT to passenger-km assuming 1.2
passengers per car. The three relationships are approximately linear in nature, yielding values for A of
1.55E-09, 1.15E-09 and 1.92E-09 in the AM peak, inter-peak and PM peak time periods respectively.

Figure 6.8 Estimated relationships between daily road passenger-km and average travelfimedn Auckland
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Source: Calculated fromiscenaries provided by Auckland Council.

Table 6.5 shows the congestion modellingiresults for Auckland, under the three scenarios described
above. We use the same annualisation factors as for Wellington, to convert daily results to annual (245 for
the AM_and,PM peaks and 2038, for inter-peak). The congestion benefits of rail for 2011 vary between $7
millieh and $24 'million, plussschedule rearrangement benefits of between $5 million and $16 million. The
congestion benefits ingcrease’to a maximum of $84 million in 2031, plus schedule rearrangement benefits
of $57 million.

Table 6.5 Congestion modelling results for Auckland
Scenario Congestion Maximum Total ($m per
benefit ($m schedule annum)
per annum) rearrangement
benefit ($m per
annum)
2011
All rail patronage switches to cars 24 16 $40
Most rail patronage switches to cars 16 11 $26
Most rail patronage switches to buses 7 5 $12
2031
All rail patronage switches to cars 84 57 $141
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6.1.5.5 Comparing results for Auckland and Wellington

There are significant differences in the magnitude of the congestion benefits for rail in Auckland and
Wellington. These differences reflect differences in the level of rail patronage relative to road usage, and
different implications of increases in road traffic volumes for congestion and travel times in each city.

Table 6.6 illustrates the difference in the relative importance of rail - in Auckland aretind 2% of peak
passenger-km uses rail, compared with 17% in Wellington. In relative terms, the pfessure that rail
passenger demand would put on the road network in Wellington if rail were unavailable .i§ significantly
greater than in Auckland. We note, however, that these are region-wide averages andysome congestion in
some places in Auckland may be more significant, particularly for roads¢close toithe rail network:

Table 6.6 Comparison of rail and road passenger demands in Auckland and Welington

Auckland Wellington

AM peak

Road passenger-km 6,127,016 1,976,659

Rail passenger-km 127,084 330,777

Rail % 2% 17%

Inter-peak

Road passenger-km 5,163,427 1,372,260

Rail passenger-km 39,704 28,492

Rail % 1% 2%

PM peak

Road passenger-km 6,356,935 na

Rail passenger-km 132,880 na

Rail % 2% na

Source: Calculatedsfrom data provided'by Auckland Council‘and,Greater Wellington Regional Council.

The sécond reason for the'difference is the relative steepness of the relationship between road passenger-
knt and average travel time (thetvalue of the parameter A in the congestion model). Based on the
infefmation provided to\us, this relationship in peak times appears to be significantly steeper in
Wellington tham*Auckland, although total transport volumes are lower in Wellington (figure 6.9).

This suggestsithat Wellington’s road network is closer to its overall capacity than in Auckland, and
congestion effects if rail did not exist would be more severe. These results depend on the transport
modelling assumptions embedded in the two models and the results provided to us. To some extent these
résults are supported by the aftermath of the June 2013 storm events in Wellington.

Ipis‘also interesting to note the relative similarity of peak and inter-peak congestion relationships for
Auckland, while in Wellington there is a significant difference between peak and inter-peak. This likely
reflects relatively high traffic volumes on Auckland’s road network in inter-peak periods, something noted
by Wallis and Lupton (201 3).
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Figure 6.9 Comparison of the relationships between road passenger-km and average travel time between
Auckland and Wellington
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These differences between Auckland and Wellingtonsmay be at least partially explained by differences in
the geographical layout of theSe cities and the resulting road and rail networks. Specifically, there is a
substantial bottleneck in Wellingten’s road networkjustshorth ofsthie CBD where State Highway 1 and State

Highway 2 connect (figurex6:10),

Figure 6.10 Wellington with,selected elements of road networkdisplayed

Source: Google Maps
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Because the main railway lines run roughly parallel with these roads they provide an effective substitute
for individuals travelling south into the city centre in the AM peak and north out of the centre in the PM
peak.

In contrast, the bottlenecks in Auckland’s road network, at least on those routes for which rail provides a
viable alternative (figure 6.11) are much less pronounced. For instance, commuting into the isthmus from
the west, the main roadways include State Highway 16, Great North Road, New North Read and Blockhoéuse
Bay Road amongst others. For those travelling from the south there is State Highwayy1, State Highway 20,
Great South Road and the Ellerslie-Panmure Highway amongst other routes.

Furthermore, a substantial proportion of rail commuters in Auckland make, relatively short journeys.from
within the isthmus. If rail were not available there is wide range of road routes that these commuters
would use to enter the city centre. Additionally, within Auckland’sfisthmus other modes of.transport, such
as buses, cycling or walking may also provide an effective substituté tomail for many‘ef thése individuals.
This would tend to limit the congestion that would otherwise occurin the absence ofyrailyservices. This
differs from Wellington where the absence of rail would resualt'in aftarge number of commuters having to
travel through a single pinch-point in the road netwofk.

Figure 6.11 Auckland with selected elements of the road hnetwork displayed

Soufce:"Google Maps

0.2 Emissions externalities

Air emissions arise when fuel is burned by vehicles, or is burned to generate electricity for electric
vehicles. These emissions include ‘greenhouse gases’ (GHGs) such as carbon dioxide (Co) that lead to
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climate change, and airborne particulates that cause detriments to human health.38 Air pollution disperses
to such an extent that these effects can be considered to be felt by the entire population, not just
transport users.

To the extent that rail transport is more fuel efficient than road transport, usage of rail will reduce
emissions and the consequent reduction in externalities is a benefit of rail. As with congestion, if harmful
emissions are not appropriately priced, these externalities can justify a subsidy for railt

A further potential environmental externality of rail may arise if fewer private journeys inicars result ifi less
chemical ‘run-off’ from roads. Such run-off may have a negative impact on surrounding soil or waterways.
Although a potential benefit from rail, we consider that the incremental runfoff avoided is likely to be
insufficient to have any significant additional impact on the roadside environments in Auckland and
Wellington.

6.2.1 Principles

The economic principles of emissions externalities are essentially thé same as‘congestion externalities, as
illustrated in figure 6.2. The existence of emissions extérnalities means that the marginal social cost of
road transport exceeds the marginal private cost, andsoadyusage decisions based on private benefits and
costs lead to excessive travel by road. Welfare cah Bevingreased by reducing road usage, either by putting
a price on emissions, or by using subsidies to encourage road usérs to'dse other forms of transport.

6.2.1.1 Greenhouse gas emissions

CO, is very long lived and mixes thoroughly throughoutithe garth’s atmosphere. This means emissions of
CO, from New Zealand have a global impagt. Some estimates have been made of the global climate change
costs of an additional tonne of COgemitted, but the propertion of this cost borne by New Zealand is
extremely small. The margifial external damage costs experiencedsby New Zealand as a result of

New Zealand CO, emissionssare, for all intents,afd purposes, zeroxThis is the reason why climate change
is being tackled globally, asndividual countriesthave no incentive tosact unilaterally.

The cost to New/Zealand of emissions, of'€0, and other greenhouSe gases from New Zealand are better
measured as the.costssof New Zealand ceming into compliance with its obligations to limit emissions.
AlthoughdNew Zealand has chesen not to be bound by emission limitation commitments in the second
commitmentyperiod of thesKyotoWProtocol, it has effectively taken on commitments by continuing to
includesCertain emission sourcesvand sinks in the Emissions Trading Scheme (ETS). It may face additional
Costs aswasresult of;sthe ihternational community’s response to its lack of quantified commitments, but
these c6sts do not translate into marginal costs per unit of emissions.

Under the ETS, suppliérs of liquid fuels in New Zealand have obligations to surrender emission units in
proportién tefuel'sold for domestic consumption. The current obligation is one New Zealand unit (NZU)
per two tonnes of CO, emissions equivalent. The cost of these units is passed on in the fuel price. This 1-
for-2%ebligation is effectively an emissions obligation to New Zealand and results in an additional cost per
additional unit of fuel consumed. The national obligation is equivalent to the aggregate of the obligations
of the individual firms. GHG emission costs are thus already internalised in fuel prices via the ETS. The
level and nature of the obligation changes if the government takes on some new obligation, but it would
be expected that the costs of this would also be internalised via the ETS.

38 |n addition to airborne emissions, those living near to transport infrastructure may experience negative externalities
due to noise and visual amenity, and contaminated water run-off may affect the natural environment. These effects are
difficult to quantify reliably, so we focus on the effects of airborne emissions here.
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The existence of the ETS means that it would be inefficient to further adjust the relative price of rail via a
subsidy on the grounds that usage of rail reduces New Zealand’s emissions obligation. Doing so would
effectively double-count the emissions obligation benefits, and would lead to an inefficiently low level of
road usage and inefficiently high level of rail usage, everything else equal.

In summary, we do not estimate benefits of rail usage associated with reductions in CO, emissions, as any
associated benefits are already internalised by transport users via the operation ofshe ETS.

6.2.1.2 Particulate emissions and health effects

Airborne emissions from transport activity have direct negative effects onshuman health. These, effects.are
relatively localised (unlike the globally dispersed effects of CO, emissions)and affect transportusersras
well as any other individuals in the vicinity. If such costs created by transport activity are significant, a
subsidy for rail could be appropriate, if rail emissions are lowerhani for other transpert. modes.3°

Accordingly, we estimate the total value of external health benefitsifor a givendevel of rail patronage.
Denne (2006) examined the health costs of various types of,emissions in New'Zealand, and concluded that
only the effects of particular matter smaller than 10 microns ingdiameter{PM10) afid sulphur dioxide (SO,)
were significantly large enough to measure. The effect,of these emissionsyis to cause some people to die
earlier than they otherwise would. The cost of this is‘therefore theavalue of the lost years of life discounted
back to present value terms. We present mafginal external cost estimates’for PM10 and SO, in

New Zealand in section 6.2.3 below.

6.2.2 Theoretical model

Again we follow the approachsset out in'Smart andsHefter (2012). Vehicle emissions are proportional to
the number of litres of fuellburit. As'discussed above, the effectsiof BM10 and SO, emissions are felt by
the entire population. TAUSs it'is appropriaté to assume that allof the emissions effects of changes in the
amount of transport fuelsburnt are externalities. In other wordsyaniadditional passenger-km travelled by
car will generate $ome emisSions, and allhassociated health costsware counted as externalities.

With this in_ind, the quantity of'fuelfburnt depends /lakgely®en VKT, rather than passenger-km.

To illustrate, We use y,, to represent the marginal external health costs of emissions for an additional
passenger-km_travelled by mode m. For simplicity we assume that the marginal external costs associated
with emissions are constant with respect to the volume of travel on each mode. Thus the total external
emissions benefit associated with rail travel is given by:

¥ = R[0bus(Wbus = Yrai) + Ocar Wear — Prai)] (Equation 6.6)
Where;
R is total passenger-km travelled by rail
o,udis the change in passenger-km travelled by bus for a given change in passenger-km travelled by rail
a4y is the change in passenger-km travelled by car for a given change in passenger-km travelled by rail.

The parameters gy, and o, capture the rate of substitution between use of rail and use of other transport
modes. Given these rates of substitution, the emissions externalities depend on the difference between
the marginal external cost per passenger-km travelled by rail versus by bus and by car.

39 The metropolitan rail fleet in Wellington is electric and the Auckland network will be electrified within a few years.
Around half of New Zealand electricity generation is hydroelectric, with no emissions. The remaining generation
capacity is relatively efficient compared to vehicles and located away from population centres in many cases.
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6.2.3 Quantification

Denne (2006) reports estimates of the marginal external health costs of PM10 and SO, for New Zealand.
Our estimates are based on his figures, inflated to 2013 dollars. These calculations are shown in tables

6.6 and 6.7

Table 6.6 Estimated marginal external cost of PM10
g PM/ litre litres/100km g PM/km health cost $wper VKT
$/tonne PM
Car (petrol) 1.00 9 0.050 5850 0.00053
Bus (diesel) 3.40 30 0.060 5850 0.00597
Source: Calculated from Denne (2006).
Table 6.7 Estimated marginal external cost of SO?
g SO /litre litres/100km g SO27km health cost $upér VKT
$/tonne’SQO,
Car (petrol) 0.112 9 0.010 3,456 0.000035
Bus (diesel) 0.084 30 0.025 3,456 0.000087

Source: Calculated from Denne (2006).

Overall we estimate a marginal exteshal health cost per /KT of $0:000561 for cars and $0.00605 for
buses. On this basis, the marginal external'health costs associated with reduced vehicle emissions due to
rail usage are insignificant, evén if4We assume that all rail\passengers‘use cars in the absence of rail and
that the marginal externaldv@alth cost of rail isfzeroy*°

6.3 Agglomeration andicompetition benefits

Agglomeration extérnalities are productivity benefits arisingiin cities and other employment-dense
regions. There isia branch of the economics literature that examines these effects and develops methods
for quantifying them. Public transpost can generate agglomeration benefits by reducing the cost of travel
into@ CBD, with the change inprelative prices stimulating commuting activity by some people.

This topicthas beenscovered very well in New Zealand through recent work by Hazledine et al (2013).1n
that work, the agglomeration benefits of two projects were estimated. The central connector bus corridor
in‘Auckland,was estimated to produce almost $2 million of benefits per annum by 2021, which is 23% of
the ‘convéntional®benefits. The double tracking and electrification of the rail corridor to Waikanae was
estimatedt@ produce a total NPV benefit of $3.45 million which is only 3% of ‘conventional’ benefits.

Agglomeration benefits of this type only arise when more people travel. They are consequently most
relevantto the decisions over capital investment projects that will induce extra travel. While it is
theoretically valid to use estimates of agglomeration benefits as part of the gap between the private and
social calculus for rail usage, two factors need to be borne in mind with this approach to avoid double
counting:

40 Although Auckland services currently rely on diesel powered locomotives and multiple units, this analysis is based on
an electrified service, as electrification is scheduled to be completed within the next two years.
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* If agglomeration benefits are used to justify a capital subsidy for a construction project, it would not
then be valid to consider them again when setting optimal fares.

* If the congestion benefits of usage are evaluated based on an expectation that all current rail
passengers would travel by road in the absence of rail, then it is not valid to also add an
agglomeration benefit.

The second point may need some elaboration. Consider how a rail commuter would, respond if rail
services were no longer available. If they would travel by road, then the rail service,is contributing/to a
reduction in road congestion, and this effect should be counted as part of the,congestion externality. If
they would stay at home or work locally, then the rail service is contributing to an agglomerationibenefit,
but no congestion benefit.

For this project, we have included all rail trips as part of the congestion benefit andgse,we have not
estimated separate agglomeration benefits. While we consider this‘conservative.approach is appropriate in
relation to existing levels of rail patronage, agglomeration'benéfits may become relevant if any increase in
future rail patronage involves a significant number of journeys that would, net otherwise occur.

6.3.1 Increased commercial activity andycompetition

As well as agglomeration benefits, rail may alsotbenefit'businessesiwhichsare located near to rail stations.
Retail businesses in particular may obtain spilloveribenefits fromyrail services as a result of increased foot
traffic. Over time, such benefits are likely to, be seflected in higher commercial property rents and,
therefore, feed through into upwar@impacts on property values.

However, a substantial propostionief this additional,activity is likely to be a diversion of trade away from
other existing businesses. Thisddiversion effect would work to reduce the value of sites negatively affected
by rail. However, theregfiay remaifi a smalldpositive impact arising from_the fact that commuters have a
greater range of retail‘ehoices available toythém. Neverthelesspwe consider that the overall net impact is
likely to be neglidible oncesdiversion is factored into the(analysise

Similarly, if xail reduces road congestion and provides improved transport options, this reduction in the
generalisedicast ofstransport can result in increased competition between some firms, particularly those
that rely on road‘or rail transport, either directly or because their consumers rely on transport services.
Thi§ can'generate additional output and lower prices in these downstream markets. In the absence of
gquantitative estimates of theSe impacts we have used a conservative approach and considered these
benefits to be negligible:

6.4 _Crash’and safety benefits

The uselof rail results in fewer vehicle journeys which may result in fewer traffic crashes. Fewer crashes
may4n turn result in less physical harm, lower emergency and healthcare costs, and lower crash damage
costs. Some portion of these costs would constitute negative externalities arising from road transport.
Therefore to the extent that they are avoided because of increased rail use, these avoided negative
externalities of road transport constitute external benefits of rail.

Although less traffic is likely to mean fewer crashes, less congestion also means that traffic speeds are
higher. Consequently, while there may be fewer crashes in the absence of rail, those that do occur may be
more serious. Additionally, the presence of rail may lead to a small number of rail-related incidents, for
instance around level crossings with pedestrians. The external cost of these would work to offset the
benefits of rail to some degree.
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6.4.1 Principle

Fewer crashes arising from less road traffic would reduce total road crash costs. However, it is only the
proportion of crash costs that are externalities that are relevant to determining the external benefit of rail
that may justify subsidisation. Those crash costs that are effectively incorporated into the generalised cost
of transport faced by motorists (ie internalised), and therefore inform peoples’ decisionsgregarding which
mode of travel they choose, would not constitute externalities.

For instance, crash damage costs incurred by motorists, whether via insurance or by directdiability, as well
as healthcare costs covered by the Accident Compensation Corporation (ACC)fanddncorporated into
vehicle operating costs are implicitly factored into peoples’ decisions regarding theirchosen mode of
transport. This suggests that such costs are not true externalities. The exceptions to this are those\crash
costs, physical harm or emotional distress incurred by those others£han motorists who_have‘ehosen to
drive. This could include third parties affected by crashes, such as pedestrians, family members of crash
victims, property owners who suffer uninsured loss from roadfcrashes,iand taxpayers who are forced to
fund emergency service costs that are not covered by the ACC.

6.4.2 Quantification

One approach to estimating the possible scale of the potential external crash benefits of rail would be to
multiply the rate at which crashes occur by the VKI avoided by the existence of rail to establish an
estimate of the number of crashes. This number could then b&umultiplied by the average external costs of
traffic crashes.

Based on the transport modellingsoutlined in section 6.1.5¢ the absence of rail in Wellington would lead to,
at most, an additional 141.6 million?VKTyper year./The correspondingffigure for Auckland is 144.6 million
VKT per year. Given that these estimates are basedion scenarios in,which allyrail users would instead use
cars in the absence of rail, the"actual increase indVKT is likely to ‘lbe.much lower. Based on the scenarios we
have estimated, actuakincreases in VKT areamore likely to bé less, thanshalf of these figures, ie under 70
million VKT per year.

Over the entireyrodd network as a wholey road injury crashesteccur at a rate of around 25 per 100 million
VKT.4! However, whether crashes occur at the same rate over the roads that are affected by the existence
of rail i§ uncertain.

If crashfrates’on subutban'keads and city motorways in Auckland and Wellington are lower on a per
kilometreftravelled®basisithah on rural roads and state highways elsewhere, applying the rate above will
oVerestimate the actualtfhumber of crashes avoided. As a result, these figures suggest that the number of
injury crashes avoidedsbecause of rail may be in the order of around 10 to 15 per year in both Auckland
and Wellifigton. Although there may be a much larger number of non-injury crashes, more minor crashes
are less likely to generate significant externalities. However, if crashes are more likely to occur at higher
speeds¢then a reduction in speed caused by increased congestion may also reduce the rate at which
crashesioccur.

Given that a substantial proportion of resulting crash costs, such as damage costs, are not likely to be true
externalities, and because higher speeds resulting from less congestion could increase crash rates, we
have taken a conservative approach and assumed that the external crash and safety benefits of rail that
would justify subsidisation are negligible.

41 www.transport.govt.nz/ourwork/TMIF/Pages/SS014.aspx
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6.5 Option value benefits

Individuals may place a positive value on the existence of rail services irrespective of whether they use
these services. This value may stem from the fact that rail can provide an alternative form of transport
should other modes not be available. This is referred to as an option value.

Additionally, it is possible that some individuals may also obtain benefits from thefexistence of rail ariSing
from strong personal preferences for the wider use of rail over private vehicles oipmerelysfor aesthétic
reasons, ie train spotters. These benefits may arise as a result of environmefital €oncerns and a pekception
that rail has environmental advantages. These can be described as non-uSe, or existence, benefits.

The value that individuals place on having access to rail, or its existence, even,if they de not intend to use
rail services, are reflected in their ‘willingness to pay’ for the continued existence of rail services. This
willingness to pay is separate from any benefits that they may obtain from actual usage.

6.5.1 Quantification

In the absence of actual transactions in which individuals directly contribute towards the cost of rail, it is
necessary to estimate the willingness to pay of individualsfusing other meahs. In some cases hedonic
pricing analysis may be useful for estimating these“benefits. Such analysis could be used to determine the
additional value individuals place on properties,that have accessyto rail compared with properties that do
not. However, it would be difficult to determine the extentte.whichyany such rail premium related to any
option value residents obtained compared with any consumegsurplus benefit any residents obtained from
actual use. In any case, we did not obtain sufficient datasterallow us to undertake such analysis.

Another approach to estimatingsthe ‘option valde of rail issthroughsthe use of contingent valuation
methods which seek to.identify how much ifndividuals'would bewilling to pay to obtain, or maintain, rail
services. This is primarilysachieved using‘willifigness-to-pay surveys. While this approach has the
advantage of being,relatively straightforwardyto implement, willingness-to-pay surveys also have a number
of drawbacks . For instance, responses“may be highlysensitive to the framing of questions. Respondents’
answers todiypothetical questions‘maysalso not reflect what they would actually be prepared to pay in
practice, andiresponses may be affected by cognitive biases. In this case, it may also be difficult for
respondents to differentiate,between non-use values and any consumer surplus benefits from rail usage.

Because of these drawbacksumore complex methods such as choice experiments are increasingly being
usedybecause they provide more accurate estimates. Choice experiments involve the use of more complex,
detailed surveys that obtain information about the trade-offs individuals and households are prepared to
make in orderito obtain the benefits of a specific policy or investment.

Unfortunately no choice experiment studies relating to willingness to pay for rail have been conducted in
Auckland and Wellington. However, we are aware of willingness-to-pay studies regarding access to rail that
have'been carried out overseas,*? and one study recently undertaken in New Zealand. Wallis and Wignall
(2012) estimated option values and non-use values for public transport in several areas in New Zealand. In
particular, this study undertook a willingness-to-pay survey to generate estimates of the option and non-
Use values of commuter rail in three locations, Te Kuiti, Featherstone and Tuakau.

Data from this study suggests that the option and non-use value per household of rail is $86 in Tuakau
(60km south of Auckland) and $132 in Featherston (65km north of Wellington). These value estimates
were multiplied by the rail catchments in Auckland and Wellington, estimated at approximately 110,000

42 For instance see Geurs et al (2006).
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and 150,000 households respectively. This approach would suggest that total option value benefits may
be as high as $9.5 million in Auckland and $15 million in Wellington.

However, we believe that these estimates overestimate the likely option values for the majority of
households in these rail catchments. This is because alternative modes of public transport in Tuakau and
Featherston into the respective CBDs are either extremely limited or relatively expensive,Specifically, there
are likely to be few, if any, buses servicing Auckland and Wellington from these areas.and taxi journeys
may cost in excess of $100. In contrast, the majority of households in both rail catéhments are in less
remote, urban areas for which there are more abundant alternative transport alternatives, €g cycling,
walking, buses, taxis. Consequently, we consider that actual option value benefitsiare likely to bé
substantially smaller than these figures although in the absence of further infosmation it is not passibleto
estimate these values with any precision.

6.6 Wider social benefits

The benefits that disadvantaged individuals obtain from using,rail are directyuser benefits (ie consumer
surpluses) and therefore do not constitute external benefits of rail that justify subsidisation.*3 Aside from
these direct use benefits however, external gains may arkisetif'the wider community places a positive value
on the ability of certain groups to have sufficient access to'transport. That'isy there may be a willingness
to pay across the wider community to ensure that'disadvantaged individuals have access to the provision
of affordable transport services.

We presume it is this willingness to pay that,is reflected in the'existing subsidised taxi services available for
disabled individuals in both Auckland‘and Wellington_(NZ Transport Agency 2014). Individuals that qualify
for the taxi schemes are eligiblé forsSubsidies of 50% of taxi fares up t@ $80 per journey, ie the maximum
subsidy is $40.

Given the existence of subsidised taxis setvices, the provision=ef rail services for disabled users effectively
lowers the costs to the community (ie satepayers-and taxpayers) of providing specialised subsidised
services to these'individuals. Consequently, we have included thefvalue of disabled taxi subsidies that are
potentially avoided by the use of rail astan external benefit ofyrail.

6.6.1, Quantification

FiguresffromrAuckland Transport suggest there are currently around 45,000 rail journeys undertaken in
Aucklandsby disabled users ‘each year. As similar figures for Wellington are not available, we have assumed
that the proportion of disabled journeys to total journeys is similar to Auckland and applied this ratio to
total patronageyfigures. This suggests there are around 50,000 rail journeys per year in Wellington by
disableddndividuals.

We then assume that that each of these rail journeys would have otherwise have been undertaken in a
subsidised taxi, and that each journey would have attracted the maximum annual taxi subsidy of $40. This
implies that the cost avoided by the use of rail may be up to $1.8 million in Auckland and $2 million in
Wellington. Given that these figures assume that each of these journeys would have attracted the
maximum subsidy if taken by taxi, these estimates should be considered upper bounds as some
proportion of these journeys are likely to attracted subsidies lower than $40.

43 Concessionary fares provided to targeted groups can be thought of as transfers which increase the consumer
surpluses of these users at the expense of those who fund rail.
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6.7 Resilience

If an adverse event disrupts elements of the road networks in either Wellington or Auckland, metropolitan
rail may provide an alternative means of transportation. Consequently, rail improves the overall resilience
of the entire transport network. This may generate external benefits in the form of fewer delay costs
and/or the fewer losses of commercial and social activity that would otherwise occuf if road networks
were compromised.

Disruptions to the road network may range from relatively short term, eg a érash’may block a road\for
several hours, to more severe and longer lasting disruptions, for instance a natural disaster or
construction failure may close a motorway for a period of days or weeks. Similarly a severe shoek to oil
supplies could substantially curtail private motor vehicle use but leave electrified rail services
unaffected.*

Because resilience benefits arise largely from the existence’of the rail network/and are not affected by
changes in usage over time, it may be inappropriate to.interfialise/these behefits into fare subsidies.
However, it may still be appropriate for some degree of public contribution towards the overall total cost
of rail on the basis of network resilience impacts.

6.7.1 Quantification

Because of the high degree of uncertainty regarding the likélihood and'scale and possible disruptions to the
transport network, resilience benefitssare inherently diffictlt toyquantify. The magnitude of the contingency
benefit of rail is related to the diskuption costs that would/besayoided by using rail to bypass the road
network in the event usage of‘the road sMetwork is"curtailed. Disruption costs include the costs of delay and
the economic and social activity lostsas a result 'of road hetwork blackages. The expected resilience benefit
would be equal to the sum of aveided disrdption coests from all’possible types of road network disruptions
multiplied by the probability of each type ofiadverse event that would cause disruption.

We are unaware ofiany attempts to estimate these values for Auckland or Wellington, or for any other
similar jurisdiction averseas. We understand that most empirical studies regarding transport network
resilience tend to focus on transport modelling and network optimisation rather than quantifying
resilience benefits. Studiesthat do attempt to quantify resilience benefits typically consider specific
investmentsfor projects 43

Work,recently undertaken by Aecom for the Transport Agency established a general framework for
assessing resilience that could be applied to specific parts of the transport network.4® The framework
consideredyvarious features such as the importance of aspects of a piece of infrastructure or network and
the ability to tesolve potential disturbances, including existing network redundancy as well as the
organisational capability of network operators to address disturbances and to implement and manage
repairs. This may help inform the quantification of transport resilience benefits in the future.

4 The Transport Agency also defines resilience to include the ability of the transport network to more effectively handle
changes in transport patterns over time, for instance because of demographic changes. To the extent that such
changes directly impact on the congestion benefits arising from rail usage these issues may be more appropriately
dealt with by considering specific changes to traffic congestion costs over time. For a discussion of how demographic
changes may affect congestion costs in Auckland, see section 7.6.1.

45 For example, see: http://assets.dft.gov.uk/publications/winter-resilience-in-transport/an-assessment-of-the-case-for-
additional-investment.pdf.

46 See: www.nzta.govt.nz/resources/research/reports/546/
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In the absence of currently available data we have not attempted to generate an estimate of the external
resilience benefit of rail. Instead, we have considered several aspects of the road and rail networks in
Auckland and Wellington that may be suggestive of the potential magnitude of resilience benefits,
particularly in light of the likelihood of certain types of adverse events.

For rail to provide a resilience benefit, it must be useable in the event that there is a disruption to the road
network. This may be less likely in some areas and in relation to some adverse events#Fordnstance both
State Highway 1 and the Upper Hutt and Melling rail lines in Wellington run adjacentto€ach_other along
the side of the harbour north of the CBD. Any natural disaster that would seriously impact‘upon State
Highway 1 in this location, such as an earthquake or tsunami, is also likely to"adversely affect thé€wail
lines.4” Similarly, any large-scale seismic disturbance (eg new volcanic activity)ithat disrupted the'Seuthern
Motorway in Auckland may also affect the Southern Rail line which runs.in close proximity te the
motorway on the Auckland isthmus. In other areas rail lines may bg'sufficiently distantfrem.elements of
the road network that may be more susceptible to damage fromfhatural disasters, egthe Western line and
State Highway 16 in Auckland.

Road-specific disruptions are more likely to be the result of incidents such as traffic crashes. In the case of
severe crashes that render parts of the road networkwnusable; rail serviées may indeed provide useful
alternatives and provide a resilience benefit. Although more prevalentthan natural disasters, these
disturbances are likely to be relatively short-term, and require lessythan.one day to alleviate. Additionally,
unless road users have sufficient warning ofynetwork blockages they'may not be able to adjust their travel
plans to utilise rail.

Consequently, although there is a définite resilience benefitdfrom, the existence of rail, it would appear
that adverse events that would ténd tolgenerate thesgreatest potential disruption costs are likely to be
those that are perhaps less likely 40 ocecur, eg roading damage from natural disasters or oil shocks.
Conversely, road networkddisruptions that are"mare likely to occdr would possibly be relatively short-lived
and impose lower disruption costs, eg seriousitraffic crashes,

6.8 Disturbance externalities

The operation of rail serviceséthrough population centres creates noise and negative aesthetic impacts.
Thesegnegativelyfimpact upon the wider community, in particular residents of properties that are located
adjacent'to railway lines. It\also'generates delays for motorists and pedestrians at level crossings.

The negative effect of noise'disturbances and aesthetic impacts are likely to feed through into property
values that are lower for affected properties than they otherwise would be in the absence of rail.

These negative impacts are likely to be most highly correlated with train frequency rather than patronage.
Whereas the‘number of passengers on any given carriage makes no difference to noise disturbances and
traffic delaysythe more services in operation the greater these impacts. Therefore, a short-run perspective
would'suggest that it may not be appropriate for these impacts to be incorporated into fares, for instance
by reducing any specific per journey subsidies that are justified by other positive externalities.

HoWever, if over the long run usage were to increase, we would expect that increased patronage would
result in an increased frequency of services as existing services reach capacity. Therefore, in this case it

47 Where this rail corridor may provide some resilience benefit is in relation to its unintended function as a barrier
between the sea and the road. Although rail services were affected by the June 2013 storm events, State Highway 2 was
largely protected from sea damage.
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may be efficient for such externalities to be internalised into fares, similar to how fixed-cost investments
required to expand capacity are converted into long-run marginal costs.

Regardless of whether or not these impacts are incorporated into prices by adjusting fares, such impacts
should be included in any cost-benefit analysis of either rail in general or specific rail services.

6.8.1 Quantification

Estimating the value of disturbance externalities could be achieved by undertaking hedonic pricing
analysis of property values, provided sufficiently detailed property value infétmationis available. Such
analysis could estimate the amount by which properties values are lowerfif they‘are located nextute, rail
infrastructure taking all other relevant variables into account. As this would‘form part of a wider cost-
benefit analysis of rail and is not directly relevant to the setting ofsfares, it is outside the'scope of this

paper.

The cost of traffic delays created by level crossings could e estimated using total travel'time delays
multiplied by an appropriate value of value. Because thissimpact is not dire€tly correlated with rail usage,
at least insofar as service frequency is unaffected, along with an absence of readily available traffic
modelling data, we have not attempted to quantify‘thisiimpact. We also expect that overall traffic delay
impacts would tend to be relatively small wheh ¢empared with the total.congestion alleviation benefits of
rail, although we are aware that planned increased,service frequencyfin Auckland from 2016 may result in
significant delays at some crossings located close to majomarterials.
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7 Findings

7.1 Scope of findings

Assessing the overall optimal level of funding for rail, not only in relation to fare subsidies but also
network infrastructure, involves considering several issues. At a broad level, there is aypoalicy question
regarding the net impact on society of metropolitan rail as a whole, and whether public investment is
warranted at all. Determining this would require a full cost-benefit analysis ofsailyté evaluate the costsiand
benefits of different configurations of rail infrastructure against reasonable’alternatives.

However, such an extensive cost-benefit analysis was outside the scope of the research. Additionally, the
local and central government agencies responsible for rail have committed to funding faikinfrastructure
and services for the foreseeable future. Therefore, this report assumes that some foffmofpublic funding
will continue and takes as given the current and planned future configuration of rail infrastructure in
Auckland and Wellington. We refer to this as the ‘going cofcern™assumptionsbecausesit'reflects the fact
that all current planning decisions are based on the viewythat metropolitafitail should continue to operate.

We also treat as given the absence of efficient roadspricing, which contributes to’ congestion. Similarly, we
have taken as given the structure of other transportimodes, such@s buses, and ticketing systems at the
time this research was undertaken. To the éxtent that there is_currently unnecessary duplication of some
bus and train routes, the current structure of the public transpertmetwork may be sub-optimal and may
also contribute towards congestion. Should these networks be re-designed and integrated ticketing
introduced, some proportion of existing congestion might‘be alleviated.

Given these assumptions, this report estimates the level of fare revenue and total subsidies that are most
appropriate, and how public funding'for thesé subsidies’should be raised.Because of data limitations
regarding a number of key*variables, the estimates containedsin this report should not be considered as
highly precise or definitive. Rather this,reportyuses available information to provide an important first step
in understanding the optimal subsidisation of commuter rail in New Zealand.

7.2 Background

Metropolitan,rail services in bothvAuckland and Wellington currently support a similar level of patronage,
foughlytaréund 11_million trips per year. However, over the past decade Wellington has experienced
relativély stable passengervolumes whereas Auckland has experienced high levels of growth. In response
tolimprovemeénts ‘in infrastructure and services, patronage in Auckland increased from around two million
trips in 2000. These levels have subsequently dipped slightly since the peaks experienced during the
RugbysWorld Cup 2011. Closures during network upgrades have also reduced passenger volumes, with
total patfonage for the year to November 2013 being around 10.5 million trips. More recent figures
indicate that passenger volumes are again increasing.

The cost of operating urban rail services in Auckland in the 2011/12 financial year was $105 million.
Around one quarter of this ($28 million) was recovered from farebox revenue. The remaining $77 million
shortfall was split between the Transport Agency and Auckland Council on a 60:40 basis. This proportion
is set to change by 1% a year until the share of subsidy funding is 50:50.
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Figure 7.1 Metropolitan rail patronage, actual and forecast

20 A
18 - e Auckland
16

Wellington
14 -
12 -
10 -

o N M O
1

VO PO L PO
&S S &
AT AT AT AT AT AT DD

Continuing upgrades to the rail system in Auckland, including the rellout of electrified services, are expected
to increase costs to around $145 million per4qearyThis increase.includes many of the capital costs of
electrification, including new rolling stock. Patrohage is also forecast to increase, to around 19 million trips
per annum by 2020. Patronage will rise further if the proposeds$2.2 billion City Rail Link (CRL) is
constructed. If built, the CRL is projécted to increase patronageito nearly 50 million trips per annum by
2041.

The cost of operating passéngef rail services in Wellington in the 20111 /12 financial year was estimated at
around $77 million, with fareboxsevenue contributing approximately half of this amount ($39 million). As
in Auckland, 60% of thesshortfall has beemfunded by the Transporti/Agency with the remaining 40% funded
by Greater Wellington, although these proportions are to changey 1% a year until the share becomes
50:50. Total gapital.expenditure @n improvements to/Wellington’s rail system in 2012 was $129.7 million.
This has inctreased steadily from $24 million in 2007 because of a recent sequence of capital investments.

Table Z.1 Auckland and‘Wellington metropolitan railways, 2011/12 financial year
Auckland Wellington

Routedkm 100 175

Stations 38 49

Lines 3 5

Annualipatronage, trips 10.9m 11.3m

Total passenger km 145m 270m

Average trip length, km 15.2 23.8

Revenue and subsidies

Average fare $2.60 $3.50
Total farebox revenue $28m $39m
Average subsidy/trip $7.00 $3.30
Total subsidy $77m $37m
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7.2.1 Policy environment

As with the wider rail network, policy towards New Zealand’s metropolitan rail systems has fluctuated over
much of the past two decades. Policies regarding public funding, organisational structures and the level of
public ownership have changed several times over this period. Many of the capital investments in rail
networks during this period, particularly in Auckland, have been the result of one-off degisions rather than
components of an overarching, long-term framework that encompasses transport networks more widely.
Although successive governments have released general transport policy statementsythat,include brodd
principles regarding rail funding, it is not clear that all major rail funding decisions_ tave been arrived at
through in-depth, robust economic cost-benefit analysis.

7.3 Theoretical concepts and practicallimitations

Two economic concepts are important in determining the optimal level of public funding for, commuter
rail. These are the marginal costs of services, and externalitiesyfrom usage.

Ensuring that prices for rail services are economically efficient'means thatg@as a starting point, fares
should be based on the marginal (incremental) cost oftadditional usage. This @nsures that trips are only
undertaken if the value generated by that trip is gréaterthan the marginakcost incurred in facilitating it.
This is a fundamental starting point for economicgefficiency. However, a‘consequence of setting fares
based on marginal costs is that farebox revenue does not cover therelatively high fixed costs associated
with rail. Some other funding source is_thereforésfequired. to,meet the shortfall. The existing funding from
central and local government agenciés can'be seen as playing.thistype of role.

An alternative pricing method wéuld,be tosset faresq@at theyaverage costofiservice. In this case no additional
funding would be required. However, fares set at this level'would inefficiently deter usage of rail by some
passengers who are willing topay all of the cgsts they impose on thelrail system. We consider that this
inefficiency is incompatible withhe going ‘cencern assumptioA=Since trains are running anyway, all
passengers who are willingtte pay theirfimarginal costs shouldibe/accommodated, provided capacity exists.

The second importaht concept is that positive externalities arising from rail usage may justify additional
subsidisation to reduce fares below marginal cost. The primary positive externality from metropolitan rail
is reduged traffic.congestion, particularly at peak times. Where such positive spillovers exist, fares should
be reduced below marginal costs to encourage greater patronage to reflect the wider marginal social
benefits ofsfail usage.

Although these two economic concepts can provide a policy rationale for subsidising fares, practical
constraints can,make the precise implementation of efficient fares for rail services difficult. For instance,
while moyes to integrated ticketing could lead to more efficient public transport outcomes overall, they
could constrain the scope to set prices for individual rail services in isolation. Similarly, although regular
adjdstmeénts in fares might better reflect changes in externalities over time, such changes could cause
widesptead confusion amongst passengers. Furthermore, single fares must often be applied to large
groups of consumers despite the fact that the costs and/or externalities of certain services within these
greups may differ considerably.

Additionally, determining efficient fares to a high degree of precision requires extensive analysis of
detailed information regarding a range of different variables. The information required includes, amongst
other things, demand elasticities for rail services at different times, locations and by different groups of
users. Determining the precise optimal mix of funding sources would also require knowing the relative
economic efficiency costs of the multitude of different methods of raising revenue. In the absence of such
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detailed information, this analysis should be viewed as providing broad guidance rather than precise,
definitive policy prescriptions and detailed recommended prices.

In this regard, there are three key points to note regarding these estimates. First, estimates of the
marginal costs of rail services are sensitive to the treatment of the large capital investments currently
being undertaken and those planned for the future. Assumptions regarding future patronage levels also
have a material impact on these estimates.

Second, our analysis assumes any revenue shortfall brought about by marginal-cost peicifig is funded by
public subsidies. The other funding options we have disregarded are the use‘ef#wo-part tariffs or to set
fares above efficient levels (eg average cost pricing). This public funding’assumption is made'because
there are practical constraints to instituting lump sum ‘connection’ chargeson rail users that would be
necessary as part of any two-part tariff. Additionally, several sourcesiof public funds (eg property rates,
petrol excise and vehicle registration fees) are likely to impose ‘relativelyslow economigc efficiency costs in
comparison to higher rail fares. Nevertheless, should policymakersinot wish tofimplement marginal cost
pricing we have clearly separated this component in our results.

Third, subsidies reflecting the positive spillovers from rail usage shouldideally®vary for each individual rail
journey as these externalities are time- and locationsspecific. However, analysing these effects is highly
complex and there is substantial difficulty impleménting this in practices. Therefore we have adopted a
simplified approach and have estimated total‘annual externalities. As a result, the implications for the
optimal split between public funding andfarebox revenuefare thenidetermined on an aggregate basis.

Because of these and other uncertainties we have undertaken sensitivity analysis and present our
estimates as broad ranges.

7.4 Marginalcosts’of metropolitan, rail

To determine the@appropriaté level of publicifunding for fmetkepelitan rail we have undertaken a two-step
process. First,we have estimated the marginal cost of rail*sérvices in both Wellington and Auckland. This
provides astarting point for determining efficient fares‘and, consequently, how much public funding may
be justified to cover fixed costs if total farebox revenue is insufficient. The second step is to subtract from
marginal cost-based fares the positive externalities from rail usage.

Usingfavailable cost forecastiand passenger volume projections, we have generated approximate

estimatés of the appropriate long-run marginal cost measures. Because of the uncertainty inherent in
régarding futdre costs and patronage projections we have provided ranges of marginal costs; the extent of
the uncertainty,means these ranges are relatively wide.

Estimates for Auckland are subject to additional uncertainty as a result of the substantial changes to
servicesiand the network currently being undertaken. Recent and current investments totalling well over
$3, billion include replacement of rolling stock, electrification, redevelopment of a number of stations,
duplication of the Western Line, and various other safety and reliability improvements to the network. This
is forecast to lead to significant growth in passenger numbers which impacts on the estimated long-run
marginal cost.

A further complicating factor in Auckland is the proposed CRL. As it is not yet clear when, and if, this
project will commence, we have estimated the marginal cost of rail in Auckland both without the CRL and
with it. We have assumed that if it proceeds, it would be completed in 2023. This is midway between the
Auckland Council’s and the government’s preferred completion dates.
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We estimate that the appropriate long-run marginal cost measure for Auckland if the CRL is not included is
between $4 and $5 per trip depending on the discount rate chosen. Our estimated short-run marginal cost
of rail services in Wellington is between $4.10 and $5.30. Note that these estimates do not include the
value of positive externalities from rail usage (see section 7.2).

Table 7.2 Long-run marginal cost estimates, $ per passenger
Network Low High
Auckland - without CRL $4.00 $5.00
Wellington $4.10 $5.30

If the CRL is included in our analysis, our estimated range for long-run_marginal costs increases to
between $5.60 and $7.65.

These estimates are multiplied by patronage figures to determine the“hypothetical'totalifarebox recovery
that setting fares equal to marginal costs would generate. The'resulting total farebox reyenue figures are
then compared with the total costs of these services to estimate the amount’of uarecovered fixed costs
that would require subsidisation.

As indicated in table 7.2, setting average fares equalosthe midpoint estimate of marginal costs would
result in a revenue shortfall of around $100 millien (7Z0% of costs) in Auckland for the current year.
However, increased patronage would see thisyshortfall reduceehto around $58 million (40%) in 2020,
assuming operating costs remain unchanged.*3"For Wellingten the fevenue shortfall from efficient
(marginal cost) pricing would fall froam 38%of current c@sts0s32% in 2020 as patronage increases.

Table 7.3 Estimates of marginal costs;révenues and matginal cost priciig shortfalls (without CRL)
Auckland Wellington
2013 2020 2013 2020
Marginal cost ($/tsip)@ $4.50 $4.50 $4.70 $4.70
Patronage (m trips/year) 10 19 IN| 13
Fare revenue ($m) 45 87 53 63
Operdting costs ($m)® 145 145 85 85
Shortfall ($m) $100m $58m $32m $22m

@ Midpoint estimates, Auckland’estimate is without CRL

®) Assumed constant over time

7.5 <External benefits of rail

Havingdestablished estimates for marginal cost-based fares we have estimated the value of positive
externalities from rail usage. These values are subtracted from hypothetical total farebox revenue to
estimate the appropriate level of public subsidisation. To do this, we have generated quantitative
estimates on rail externalities based on the information and data available. In particular, traffic modelling
provided by the respective councils has helped inform congestion externality estimates. Where data is

48 |n practice, operating costs are likely to increase to some extent along with increased patronage although the rate of
increase is likely to be less than the increase in patronage.
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limited we have provided approximate estimates of potential magnitudes. Where data is unavailable we
have provided qualitative descriptions.

7.5.1 Reduced traffic congestion

The primary external benefit from metropolitan rail services is a reduction in congestion on road networks
and improved travel times for car drivers. Traditional methods of quantifying this benéfit involve multiplying
travel time savings using appropriate values of time saved. However, there is a growing‘debate about
whether this is the best method to evaluate these benefits. Some recent evidence suggests that such
congestion benefits may not be fully realised because reduced travel timesdeadto changes to the patterns’of
land use, eg increased suburban residential development. As a result, it fayibe that over the longer term,
the actual benefits of congestion reductions arise from land use changes rather’than travel time savings.

Despite this, in the absence of a widely established alternative valuatien.method, we havémused the
traditional travel time saving approach to estimate this extefnality.\We used rodd netwokk modelling
results provided by Greater Wellington Regional Council and.Auckland Councilito estimate the extent to
which the current level of rail patronage reduces congestion.

We modelled peak and inter-peak time periods separately and considered the extent to which average
travel times for road users would increase if the'railnetwork did not'exist, given the current levels of
patronage. For Auckland, because of expected,demographic changes'we also generated estimates based
on forecasts provided by Auckland Council of road and railusage 20 ‘years into the future.

In addition to the effect on road travehtimes, we alsoonsideted ‘schedule rearrangement’ impacts. These
are the costs that arise from some motarists choosing,toé travel at less preferred times to avoid
congestion. Our estimates of these ‘¢osts are based on modelling previously undertaken for the Transport
Agency. Given the uncertainty‘regafding thejimpacts, these estimates are provided as a broad range from
zero up to an estimatéd maximum uppertbound.

The congestion modellingsréquired estimating, the level of road usage if the rail networks in Auckland and
Wellington didrnot'exist, so as to,determifiethow much, congestion is prevented by current rail patronage.
We did thistundér three assumptions:

1 Alhrail passenger-kmbecame car passenger-km in the absence of rail.

24" Rail passengers substituted'to a mix of mostly cars and some other public transport modes.

3 “Rail'passengers substituted to a mix of mostly other public transport modes and some cars.

The first assumption’is an extreme case which generates a maximum upper estimate of the congestion benefit.

Current’estimates of congestion benefits of rail are significantly higher in Wellington than in Auckland.
Oup,prestimption is that this is because of the relatively high proportion of total travel by rail in Wellington
comparedywith Auckland, particularly in peak time. In Wellington rail comprises 17% of peak-time
passenger-km network. In contrast, Auckland’s rail usage comprises only 2% of peak-time passenger-km.

Table 7.4 Summary of congestion modelling results ($m per annum)
Without rail scenarios - Travel time Re-scheduling Total congestion
passengers switch to: benefit benefit benefits
Wellington
Cars only 67m 0-45m $67m-$112m
Mostly cars, some buses 44m 0-30m $44m-$74m
Mostly buses, some cars 21m 0-14m $21m-$35m
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Without rail scenarios - Travel time Re-scheduling Total congestion
passengers switch to: benefit benefit benefits
Auckland
Cars only 24m 0-16m $24m-$40m
Mostly cars, some buses 16m 0-11m $16m-%$27m
Mostly buses, some cars 7m 0-5m $7m-$12m
Auckland - 2031
Cars only 84m 0-57m $84m-$141m

We expect that severe road network bottlenecks on State Highways 1 and 2 in Wellington also mean that if
rail passengers were diverted away from rail this would have a relatively significant impact on‘travel times.
By comparison Auckland’s road system provides greater networkrdivefsity with fewersbottlenecks.
Although currently relatively small in comparison with Wellindgtongthe estimated congestion benefits for
Auckland are likely to grow over time as both road usage.and, rail patronage increase.

We note that congestion benefit estimates do not includeyany roading netwotk expansion costs that might
be incurred in the absence of rail. This is because,investments in expanding roading capacity are
undertaken primarily to reduce congestion. Thekefore, including roading&xpansion costs would effectively
double count congestion costs.

7.5.2 Health benefits from reduced*vehiclesemissions

To the extent that rail emissionsper‘passenger-km are |lower than other transport modes, there are health
externalities associated with rdil usage. Airborne émissions such as simall particulates affect human health
and can result in premature”deaths. The costssof this are'the valuesef additional years of life lost,
discounted to the present.

The best available estimates for thesecosts ih,New Zealand'are extremely small. The estimated marginal
external health€ost per vehicle-km due te. PM10 emissions,froms€ars is in the order of 0.03 cents per
vehicle-km. Estimated /marginal externalhhealth costs for other types of emissions are even smaller. Thus
even if rail had zerefemissions, the health externalities are negligible and do not justify a subsidy.
Similarly, any, change in externalicrash costs because of rail are also likely to be negligible.

7+5.3. Environmental benefits

GHG emissions from New Zealand vehicles have a global impact, not a local impact. The proportion of the
global climate changes«cost borne by New Zealand due to an additional tonne of GHG emissions is therefore
very small. Thus external damage costs experienced by New Zealand as a result of the country’s GHG
emissions from vehicles do not justify subsidising rail usage.

The costs to New Zealand of GHG emissions are better measured as the costs of coming into compliance
with New’Zealand’s obligations to limit these emissions. New Zealand has chosen not to be bound by
emissions commitments in the second commitment period of the Kyoto Protocol, but it has effectively
taken on commitments by including certain emissions sources and sinks in the ETS.

The ETS effectively creates an emissions obligation for New Zealand and results in an additional cost per
unit of liquid fuel consumed. To the extent that rail patronage uses less liquid fuel per passenger-km than
other transport modes, usage of rail reduces the emissions obligation cost for New Zealand and this is a
benefit.
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However, the ETS mechanism means that the relative cost of travelling by rail versus other modes already
reflects this benefit. This is because the ETS allows emissions obligation costs to flow through to liquids
fuels prices, which affect the relative costs of travel on different modes. A further subsidy for rail
(reducing the price of rail relative to other modes) would effectively double-count these benefits and is not
justified.

We also consider that other potential environmental impacts, such as reduced roadfrun:oeff or reduced
roading footprint as a result of fewer road capacity investments, are also insignificant.

7.5.4 Agglomeration benefits

Agglomeration benefits are factored into cost-benefit analyses for major roading projects. We agree with
the EEM that these benefits will only be material for ‘large and complex urban transport activities’, which
by definition includes metropolitan rail. The source and mechafiismdofiagglomeration, bénefits is as
follows:

* A step change in transport infrastructure reduces travel'costsfinto a large ukbandocation such as the
Auckland or Wellington CBD.

* In response, residents travel to that location mote frequently and at lower cost for work productivity
increases via localisation and urbanisation effects and the total predicted increase in GDP is regarded
as the size of the agglomeration benefit.

Agglomeration benefits are therefore a potehtial externalityiofrail that is relevant to the cost-benefit
analysis for new metro rail infrastructute. However the case forincluding agglomeration benefits as part
of a usage subsidy is weaker and should be considered jointly with the benefits of relieving road
congestion.

To the extent that railfpassengers would otherwisestravel by road, there'is no agglomeration benefit
because no extra people travel to centfal lo€ations. This is*the assumption we use here. To do otherwise,
we would need to'estimate the sharesof rail passengers that (in\the absence of rail) would not travel by
road, apply a@gglomeration effectsiforithose passengersyand«educe the congestion benefit for them to
avoid double counting.

While we consider this conservative approach is appropriate in relation to existing levels of rail patronage,
adglomeration benefits may be€ome relevant if any increase in future rail patronage involves a significant
numberof journeysythatiwould not otherwise occur.

7.5°5 Option value of rail

Households may obtain a benefit from having access to rail services even if they are not used. The option
to usetrail, whether directly or by visitors, provides a benefit to households located near the rail network.
This benefit is likely to be capitalised into higher values for these properties.

Theonly available data regarding potential option and non-use values of metropolitan rail suggests that
the value per household of rail access is $86 in Tuakau (60km south of Auckland) and $132 in Featherston
(65km north of Wellington). Using these option values across the rail catchments in Auckland
(@approximately 110,000 households) and Wellington (approximately 150,000 households) the total option
value benefits may be as high as $9.5 million and $15 million in Auckland and Wellington respectively.

However, these estimates probably overestimate the option values for the majority of households in these
rail catchments. This is because alternative modes of public transport in Tuakau and Featherston are
either relatively limited (buses) or relatively expensive (taxis). In contrast the majority of households in rail
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catchments are located in less remote, urban areas for which there are more abundant transport
alternatives, eg cycling, walking, buses, taxis. Consequently, we consider that actual option value benefits
are likely to be substantially smaller than these figures.

7.5.6 Wider social benefits

Although the direct use (consumer surplus) benefits of rail to disadvantaged individual§ do,not constitute
externalities, providing transport services to such groups can generate wider benefits. This occurs if the
community values the provision of low-cost transport services for certain individualsyeg disabled persons,
and there is a willingness to pay for it.

This willingness to pay is likely to be reflected in the existing subsidised taxi sekvices available for
disabled individuals in both Auckland and Wellington. To the extent that rail services might'be an
alternative method of providing more affordable transport services fordisabled users, theirexistence
could effectively lower the costs to the community (ie ratepayers and taxpayers) of subsidised taxi
services. Rail journeys can be an effective substitute for taxi sexvices when the,origin and destination
points are close to rail stations and these stations have disabled aecess. Therefore, a*feduction in total
disabled taxi subsidies, because of increased use of rail, Wwould constituté a wider social benefit of rail.

Based on annual disabled usage estimates of arotn@45;000 journeys in"Auckland and 50,000 in
Wellington, and assuming that each journey would have required the maximum available subsidy per
journey of $40 if taken by taxi, the annual stubsidy cost savedsby the tse of rail could be up to $1.8 million
in Auckland and $2 million in Wellington. Given'that thesesfigures assume each of the journeys would have
attracted the maximum subsidy if taken byitaxi, the estimates.are Upper bounds as the actual benefits are
likely to be lower than these figufes.

7.5.7 Improved transport system resilience

If an adverse event disrupts elements of the road network inseither Wellington or Auckland, the presence
of metropolitan rail may awveid delays and.enablethe transpartation of more people than would otherwise
be the case. Aveidance of loss of travel and travel delay costs woeuld constitute an external benefit of
metropolitan rails

The magnitude of resilience benefits_is related to the likelihood of road-specific transport disruptions and
the tfansportless and delay*costsithat would be imposed by these disruptions. In general, the less likely
the distuption the gréater the potential disruption costs, eg roading damage from a natural disaster or an
oil supply shock.£onversely, road network disruptions that are more likely to occur will probably be
relatively short lived and impose lower delay costs, eg traffic crashes.

7.5.8 ANegative external impacts

As well as positive externalities, metropolitan rail also generates negative externalities. These negative
impacts can include noise disturbances experienced by properties located near railway lines and are
reflected’in lower values for affected properties. Crashes and traffic delays incurred by motorists at level
crossings are another negative externality of rail.

These externalities are more closely related to the frequency of services and the existence of rail itself
rather than specific levels of patronage. For instance, noise disturbance, traffic delay and crash
externalities will arise regardless of whether carriages are empty or full. In this regard, these impacts may
be more relevant to any overall cost-benefit analysis of rail rather than an estimation of the optimal fare
subsidy, although over the longer term patronage levels may have some impact on service frequency and
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resulting negative externalities. Despite this, the difficulty in estimating these externalities means that
these impacts remain unquantified in this analysis.

7.5.9 Summary of external impacts

Based on transport network modelling provided by the respective councils, we estimate that the current
external usage-based benefits of metropolitan rail are likely to have a value of somewhere between $7
million and $40 million per year in Auckland, and $21 million to $112 million per year in Wellington®™Fhe
other external impacts of rail that are less correlated with patronage, but may nevertheless influence the
level of overall public funding, are also outlined in table 7.4.

Table 7.5 Summary of metropolitan rail externalities (2012)

Impact Auckland Wellington

Highly correlated with usage

Reduced congestion $7m-$24m $21m=$67m
Avoided schedule rearrangement <$16m <$45m
Environmental benefits $0 30
Health benefits $0 $0
Agglomeration $0 $0

Less correlated with usage

Option value %5$9.5m <$15m
Social benefits <§1.8m <$2m
Resilience (positive) Unquantified Unquantified
Disturbance (negative) Unquaditified Unquantified

Although the congestien externalities of rail in Auckland are significantly smaller than in Wellington, we
expect this to'change over time givemAuckland’s forecast pepulation growth. Congestion externalities
avoided from the usage of Auckland’s metropolitan rail services could become substantially larger given
its populationtisgprojectedyto grow by 33% (nearly 500,000) to just under two million by 2031. We estimate
that'the (undiscounted) annual value of positive congestion externalities from metropolitan rail could be in
the vicinity of $80 millien péryear by this time. Additional schedule rearrangement benefits could be up
to a‘further $60 _million per year.

7.6 _What.s the optimal subsidy for metropolitan rail?

Theroptimal subsidy for metropolitan rail depends on a number of factors, including the level of
investment in, and the pricing of, other modes of transport. However, considering all of these factors in
detail is outside the scope of this study. As a result we have taken the structure of the broader transport
network and the pricing of other modes as given. We have also assumed that rail will continue to be
publicly funded to some extent, which effectively presumes that there is a net benefit from the continued
existence of metropolitan rail.

To estimate the appropriate level of subsidy we have undertaken a two-step process. First, we have
estimated the marginal costs of rail services. This sets a benchmark for establishing efficient fares.
Second, we have estimated the externalities generated by rail which may justify subsidising fares below
marginal costs.
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Because of uncertainty regarding several aspects of this analysis, we have undertaken sensitivity analysis
and considered several scenarios. Consequently we present our estimates as broad ranges to reflect the
extent of uncertainty around several key variables.

One area of uncertainty is estimating the marginal cost of services. In particular there is a tension between
the use of short-run or long-run measures of marginal costs for the purposes of establishing efficient
fares. In the very short run the marginal cost of an additional passenger will be close 16 zero. Using this
measure would imply setting fares at very low levels, resulting in the need for a high degree of external
funding to cover fixed costs. In contrast over the very long run marginal costs will tendytowards average
costs. Using this measure fares would be set much higher and little subsidisation'would be required. to
cover fixed costs. While we have attempted to estimate the most appropriate measure of marginal\.eosts
for both rail networks based on the information provided, this may be.an issue that would benefit from
further study should more data become available.

We have also made several conservative assumptions regarding externalities in anfeffortto‘avoid
overestimating optimal fare subsidies. In particular, we have exeluded potential option value benefits from
our operating subsidy estimates. This is because the magnitude of'these behefitsyis subject to high
uncertainty and these benefits may be more closely tied to, operating schedules than to patronage
volumes. Likewise we have excluded an allowancesfer potential wider(Secial benefits, although the
maximum estimate for these effects is relativelylinsignificant.

Additionally, we have excluded the ‘cars only’scenarios fromfour congestion benefit estimate ranges. This
is because it is unlikely that in the absence of railall existifig, rail,passengers would switch to driving.
Instead we expect that if rail did not exist,'more extensive bussservices would be provided and these
would be utilised to a greater extent thanxXisting séfviges:

We also note that practical eenstfaints’can alsomake the implementation of,efficient rail fares difficult.
Historic (zonal) fare structures”and ticketing(systéms can potentially‘ecenstrain fare setting. Similarly, while
integrated ticketing ean lead.togmore efficient public transpgrt outcomes overall, it can limit the scope to
set prices for individual rail'services in‘iselation, Additionallyssingle fares must often be applied to large
groups of constimess despite the factithatithe costs and/orexternalities of certain services within these
groups may differ conSiderably.

Neverthieless, based on several‘assumiptions, such as taking the current configuration of rail infrastructure
and<thef transport modes as'given, our analysis suggests that the appropriate level of public funding for
railfares in"Auckland isycurrently somewhere between $102 million and $132 million per year. The
corresponding range for Wellington is $47 million to $85 million. Again, this estimated range takes
current rail and other infrastructure as given.

Table 7.6 Optimal subsidy estimates 2013, $m

Estimates Auckland Wellington

Total cost@ $145m $85m

Subsidy components

Shortfall from marginal cost pricing 95m - 105m 26m - 39m
Externality benefits 7m-27m 21m-74m
Total subsidy® $102m - $132m $47m - $85m

@ Excludes major network upgrades/replacements not funded by farebox revenue

® Where subsidy components exceed costs, subsidy capped to total cost
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Including the current electrification process, the total cost of operating rail services in Auckland is
estimated to have increased to $145 million per year. Excluding possible CRL costs, establishing
economically efficient prices based on long-run marginal costs suggests that average fares should be in
the vicinity of $4 to $5 per trip. Based on current patronage this would result in farebox revenue of
around $40 million to $50 million over a year. This would leave a shortfall of between $95 million to $105
million in unrecovered costs which would require funding.

Additionally, the positive externalities arising from rail use in Auckland, chiefly dvoidéed traffic congéstion,
could justify further subsidisation in the region of an additional $7 million te . $27Z'million. This implies
that total rail subsidies in Auckland should currently be somewhere in the'order,of 70% to 91%wef total
costs. The midpoint of this range implies an optimal subsidy rate of approximately 80% of total.costs.
Given current patronage this midpoint would result in an average fare of $2.60 per trip.

The cost of operating rail services in Wellington is estimated at"$85/million per year.Settingfares on the
basis of marginal costs, estimated to be around $4.10 to $5.30,pentrip, would'resultiin‘a shortfall of
approximately $26 million to $39 million. Additionally, rail'usagedn Wellington,generates external
benefits estimated to range from as low as $21 million to as high as $74 millien.

Consequently, our analysis suggests that the optimal subsidy is somewhere,between 55% and 100% of
total costs. The midpoint of this range suggests asubsidy rate of arotind,.three quarters of total costs
would be appropriate. Given current patronage,this,midpoint would'result in an average fare in the order
of $1.70 per trip.

Table 7.7 Optimal subsidy estimatesi2013, % of current total cests

Optimal subsidy Auckland Wellington
High estimate 91% 100%
Midpoint estimate 80% 78%
Low estimate 70% 55%

7.6.1 Impadct of future changes

These estimates are based on a number of factors, including present population levels, the existing
configuration of rail and ethertransport networks, and current rates of patronage and traffic congestion.
Consequently, optimal fare subsidies are likely to change over time as these variables change.

Thisvis particularly true'in Auckland where patronage is forecast to increase substantially. The increase in
patronage‘is inypart/because of improvements to rail services and restructuring of the bus network and in
part because ‘of continuing population growth. For a given level of average fares, this would result in
higherfarebox revenue and fewer unrecovered costs, reducing the funding necessary to cover fixed costs.
For instance, if patronage in Auckland rises to 19 million by 2020 as forecast, farebox revenue would
roughly double. Assuming average fares were unchanged, this change would decrease the level of
unrecovered costs that would need to be funded through subsidy by almost half.

Offsetting this effect to some extent is that Auckland’s ongoing population increase is also likely to
significantly increase traffic congestion, and in turn increase the positive spillover effects of rail usage. On
its own, this effect would suggest greater subsidisation of fares. Preliminary transport modelling suggests
that by 2031 the congestion costs avoided by rail could, under the worst congestion scenario, range from
$85 million to $140 million per year. These positive externalities would work to greatly increase the
optimal rail subsidy for Auckland. However, in the absence of additional transport modelling and analysis,
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it is not clear what the net impact of these two offsetting effects on the optimal subsidy will be in the
future.

Figure 7.2 Expected impact on optimal subsidy of population and patronage increases in Auckland

Congestion
externality

Marginal cost
pricing
shortfall

~
“ Tim

A further major complicating factor in Auckland is the proposed CRLAIf the CRL proceeds as proposed, it
would increase both costs and patronage (and associated positiverexternalities). These impacts would also
affect the optimal level of public funding i Auckland.

The CRL is forecast to cost $2.2¢billiony(2073 dollars). I isprojected tolead to annual patronage of nearly
50 million trips by 2041, more‘than double the volume expected without the CRL. Incorporating these
increased costs and increased patrefiage projectionstinto the analysis results in an estimated long-run
marginal cost that is highe¥than current estimdtes, ie between,$5.60 and $7.65 depending on the
discount rate used.*?

Using this estimated range of values for long-run marginal‘cost we subtract the current value of positive
externalities, estimated to range from $7»million to $27 million. At current patronage levels, the positive
externalitypamounts to between $0.67 and $2.57 per passenger. Subtracting these amounts from the
long-fun marginal cost estimate implies that the appropriate average fare would currently be somewhere
between $344and $7 pér trip:®® Using the midpoint estimate of long-run marginal cost ($6.63) narrows this
range to betweeng4vandi$6 per trip, depending on the magnitude of positive externalities.

There are twoppoints to'note regarding these estimates. First these estimated ranges are based on current
patronageslevelsiHowever, increased patronage from the CRL is likely to increase the value of the external
benefits from rail usage, particularly congestion reduction. This is especially so for those commuters who
would switchito rail as a result of the new routes and destinations that the CRL would provide. The City
centre future access study (SKM 2012) estimated the CRL would generate additional external benefits in
terms\of reduced road congestion with a present value of $400 million over a 30-year period. In isolation,
this effect would suggest that average fares should be further reduced below marginal cost by increasing
the level of optimal subsidy.

49 A 6% discount rate corresponds to the $5.60 estimate; an 8% discount rate corresponds to the $7.65 estimate.

50 positive externalities of $7 million correspond to the $7 fare estimate; positive externalities of $27 million
correspond to the $3 estimate.
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Counter to this effect, the projected increase in patronage and associated farebox revenue would, on its
own, imply a greater recovery of fixed costs. This would have the effect of reducing the optimal level of
subsidisation. In the absence of more detailed modelling, the overall net impact of these two effects on
the level of optimal subsidisation is uncertain.

Second, these estimates assume that fares within the ranges outlined above would not materially alter
future patronage levels from those which have been projected. To more accuratelysdetesmine the impact
of different fares on future patronage levels it would be necessary to undertakedmore complex analysis
using demand elasticity estimates. Such analysis is outside the scope of thisestudy.

In contrast to Auckland, Wellington’s public transport network is relatively,mature and the regional
population is forecast to grow at a more modest rate. This means that the optimal subsidy for Wellington
is likely to remain relatively stable over time.

7.7 How should funding be rais€d?

Having determined there are policy rationales for subsidising rail fares,#e outline two main principles that
should guide the choice of funding sources:

* economic efficiency
® equity (ie fairness).

From an economic efficiency perspective, the®funding required for subsidies should be raised in the
manner that imposes the lowestost onithe wider c@mmunity, The more costly (less efficient) the funding
mechanisms used to raise revenuejthedess subsidisation is justified.

Although we consider that economic efficiency'should be the primary,concern when raising public funds,
some revenue mechanismssgive'rise to equitysfairness) concerns-and may not be politically acceptable.
This means that policy makefs may wish,totrade-off efficieney and/equity concerns when deciding on
funding sources.

Practical constraints'are also importantiin other sectors Where marginal cost-based pricing is insufficient
to cover fixedicosts, shortfalls are often funded via two-part tariffs. For example, per unit usage prices for
gassandielectricity are typically sebwith usage being priced at marginal cost and any shortfall recovered
ffom JUmpsum connectiofingharges. Although these two-part tariffs are both equitable and efficient,
applying these to metropolitan rail would be problematic. Periodic lump sum ‘connection’ charges would
likely also haye a largetnegative impact on casual rail usage by occasional passengers, as would fares
based on average cost discussed above.

This afalysis therefore proceeds on the assumption that any revenue shortfall from marginal cost pricing
wollld bé publicly funded. There are several obvious sources of funding that are likely to have relatively
low efficiency costs (eg property rates, fuel excise and vehicle registration). However, recognising that
policymakers may wish to employ average cost pricing we have specifically estimated the funding
requirement that would arise from marginal cost-based pricing as opposed to that related to internalising
positive externalities (see table 7.5).

Similarly, the public funding of fare subsidies may also give rise to efficiency and equity trade-offs. For
instance, from an equity perspective those who benefit from rail should contribute towards funding, eg
tolls on motorists that benefit from reduced congestion. However, it can be difficult and costly to target
these individuals. This example also illustrates a further point. Such targeted congestion charges could
effectively provide efficient road pricing by internalising negative congestion externalities. This would
eliminate the road congestion rationale for subsidising rail fares below marginal cost.
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7.7.1 Economic efficiency

Public funds for rail subsidies should ideally be raised in the most economically efficient manner that is
practically possible.

Applying the principle of economic efficiency requires that the administration, compliance and economic
(deadweight) costs of revenue collection measures should be minimised. This implies that revenue
instruments should be simple, and easy to implement and comply with. Ensuring thatadministration
costs, compliance costs and the distortionary deadweight costs of taxation are minimisediint turn justifies
a larger degree of subsidisation. The higher the costs incurred in raising revenuejthe lower the level of
subsidisation that is justified.

To minimise efficiency costs, any revenue instrument should either cause as little distortionyto economic
activity as possible or alternatively should correct for some form of market failure, as iS thescase with
‘corrective’ taxes.

While most revenue instruments impose distortionary economiefcosts/, corrective taxes can improve the
overall welfare of the wider community to the extent that theyiinternalise négative,externalities. Examples
of these can include taxes on cigarettes, which seek to,internalise the external health costs arising from
smoking and lead to improved outcomes for the wider. community.

Importantly, applying the principle of economic efficiency does notsequire that the source of funds for rail
subsidies need be associated with the transpaort sector in anyfway. If existing revenue instruments broadly
meet the non-distortionary, economic.efficiency criteria, itmay be preferable to use these to avoid
incurring additional transitional and set-up costs inherént in“implementing new revenue instruments. For
example, if property-based rates’currentlysflevied by“cotncils are relatively efficient at raising revenue, it
may be appropriate to increaseithése rather than implement a new revenue instrument that imposes
additional administrative and compliance costs.

7.7.2 Equity

In contrast to e€onomicefficiency, the,principle of equity (fairness) implies that those who gain the most
from subsidisedymetrapolitan rail services should contribute the most towards public funding. Although
some revenue instriments may. be more economically efficient than others, some of the more efficient
instruments may be considered unfair by a significant proportion of the wider community. A lack of
perceived fairness camylimit.the extent that certain options are politically acceptable and sustainable.

For'instance, general taxation or property rates may be considered less equitable than fuel excise and
road user charges. This/is because funds would be sourced from taxpayers throughout the country, or
ratepayerssthroughout a region, as opposed to motorists, some of whom will directly benefit from reduced
congestion.Similarly, general fuel taxes may be considered less equitable than regional fuel taxes that
targét motorists in Auckland and Wellington. However, even regional fuel taxes would impose levies on a
large iumber of motorists who do not benefit from rail. This is because much of this tax revenue would
come from those who drive outside of peak times or on roads unaffected by rail. Similarly, parking levies
would apply to many motorists that do not benefit from rail and would also impose additional
administrative and compliance costs to establish and maintain.

Conversely revenue instruments that may be considered more equitable by the wider community could
give rise to serious economic efficiency problems. For instance, as outlined in more detail in section 7.7.8,
using congestion charges to fund rail is inefficient where these charges are applied to motorists that
benefit from reduced congestion because of rail. Instead, congestion charges are more appropriate as a
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revenue raising tool if applied to roads that are unaffected by rail. Although more economically efficient,
this counter-intuitive result is likely to be considered by the community as much less equitable.

7.7.3 Funding options

Because undertaking a detailed evaluation of each of these factors for all possible revenue instruments is
beyond the scope of this analysis, we have instead focused on a few key revenue instruments most likely
to be considered by policy makers. In so doing we note that there is no economic rationale*for fundifng
mechanisms to necessarily be related to transport in any way.

The funding options we considered include:
* property rates levied by councils

* fuel excise, road user charges and vehicle registration fees¢which.comprise thé'NETEadministered by
the Transport Agency

* general taxation collected by the central government
* regional fuel taxes and parking levies
* congestion charges

* |and value capture instruments.
7.7.4 Property rates

The instruments likely to impaoseithe fewest costs areyproperty rates levied by councils. These would exist
regardless of whether rail isf/sSubsidised, so they’would net incur additional administrative or compliance
costs. Additionally, the distoktionary effectsq«ie'deadweight costs)from levying tax on property are likely
to be relatively low.

Although some ratepayerssgain from rail'services, many [atepayers’in Auckland and Wellington do not
directly benefit fromsaccess to rail services or reducedtraffic congestion.?' Consequently, some may
consider that itsis unfair to use revenuefrom property rates to fund rail. A possible counter argument is
that ratepayers, within these regions benefit indirectly as a result of these cities having more efficient
transpott systems which may, make them more productive and more liveable.>?

/3745 sNational Land Transport Fund

Themext most efficient’source of current funding is vehicle registration fees, and to a lesser extent, fuel
excise andiyroad user charges (RUCs), which form the NLTF. These instruments impose some efficiency
costs,particularly fuel excise and RUCs because of their distortionary impact in reducing transport
activityasHowever, these efficiency costs are also likely to be relatively low because the elasticity of demand
for petrol(and presumably also diesel vehicle use) is relatively low. Additionally, these instruments would
exist regardless of whether rail is subsidised, so they would not incur additional administrative or
compliance costs.

From an equity perspective, taxes levied on motorists may be considered more equitable than other
sources like property rates and general taxation. However, the only motorists who gain from metropolitan

>1 For example, individuals who live in the southern and eastern suburbs of Wellington or on Auckland’s North Shore
may not obtain any direct benefit from rail.

52 See section 4.3.6 for a more detailed discussion of the issue of equity and identifying those groups that benefit from
metropolitan rail.
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rail are those who travel at peak times to certain central city locations in Auckland and Wellington using
motorways and arterial roads for which rail services are substitutes. Therefore sourcing revenue from the
NLTF is not necessarily an especially targeted approach from an equity perspective.

7.7.6 General taxation

Compared with council rates or the NLTF, using revenue from general taxation is likely/to impose higher
efficiency costs. This is because the distortionary effects of taxing other assets or activities, séich as
income or goods and services, are likely to be higher General taxation may be considered less equitable
than fuel excise and RUCs because funds would be sourced from taxpayers nationwide rather than from
motorists.

7.7.7 Regional fuel taxes and parking levies

Regional fuel taxes and parking levies would be a more equitable alternative to theNLTE as,they would
target motorists only in those areas where rail services exist."However, even regional fuel taxes and
parking levies would impose levies on a large number ofgmoteristsiwho do not benefitsfrom rail either
because they drive outside peak times or on roads unaffected by rail.

These instruments would also impose additional @dministrative and compliance costs, particularly with
regards to implementation. This means they mayybe‘less efficientéthan'the other existing measures
outlined above.

7.7.8 Congestion charges

While most revenue raising instgliments, have distoptioharyiimpacts and.incur economic costs, some may
have efficiency benefits and cah,improye the overall welfare of the wider/community. These include
‘corrective’ taxes which sgek to interfnalise negative ‘extérnalitiesd

Road congestion charges are an‘example ofisuch an efficien€y enhancing mechanism that can also be a
revenue raising tool. Such ¢harges can impreve overall welfaresto the extent that these internalise the
external congestiomdelay costs of vehicle'travel at peak'times and establish appropriate ‘road pricing’.
Although introducings&uch charges would generate additional'administrative and compliance costs, such
an instrument nevertheless has,the potential to improve overall economic efficiency by better allocating
scarcé resources, eg road space atgpeak times.

Despiteythis, there is anjimportant caveat regarding using road pricing initiatives to fund rail. In the
absence of efficient road pricing, road congestion can justify subsidising rail services, because rail reduces
the external cests)of congestion. However, if the costs of that congestion are internalised directly, as they
are with read pricing, then there is no longer a negative congestion externality. Therefore, if efficient
congestion charges are introduced the externality justification for subsidising rail disappears. This means
thatdroad pricing should be considered as a more efficient alternative for addressing congestion than
subsidising rail, rather than a means of raising funds.

In this situation, instituting rail subsidies as well as applying congestion charges to routes that already
benefit from rail would effectively ‘double count’ these externalities. This implies that congestion charges
should be instituted instead of rail subsidies. If this is not possible on routes for which rail is an effective
substitute, the revenue required to fund rail subsidies should be raised from congestion charges imposed
on routes that do not already benefit from rail.
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A third alternative is to ‘mix and match’ rail subsidies and congestion charges, by splitting the external
congestion cost and rail benefit across both modes. As an example, half the costs of congestion could be
reflected in rail subsidies and the other half in congestion charges.

Regardless of the mix of congestion charges and rail subsidies, the efficient approach of not charging
motorists for the congestion benefit they obtain from rail is counter to that dictated by the concept of
fairness. A more equitable, and less efficient approach, would be that those motorists who benefit most
from rail through reduced traffic congestion should contribute most to rail subsidies{

7.7.9 Land value capture

One group which benefits directly from metropolitan rail comprises those who obtain use of ‘cohsumer
surplus’, benefits. These surpluses consist of the total value userssplace on rail journeys-less the'amount
they are required to pay in fares. Although stemming from direCt usage;.these benefits areslikely to be
incorporated to some extent into the values of property located near the rail ngtwork. As a result, these
benefits may ultimately be captured by property owners, regardless of whether they use rail services.

Similarly, businesses near rail stations may also gaind from increased salés, although as with residential
properties, any increase in sales may be passed threugh tofproperty owners, in the form of higher rents
and, subsequently, capitalised into property valties:

Consequently, an instrument that could both betteptarget those'wha benefit from rail as well as have
relatively low efficiency costs is a land value capture mechanism:\This would be somewhat similar to
existing property rates except it wotild,be limited to properties close to railway stations and tax increases
in property value arising from the,benefits of being inycloseproximity to rail services.

In theory, such an approach would be relatively efficient because,fif set correctly, it would not distort
people’s transport, work'and living decisions. However, in practice many‘of the benefits of proximity to
existing rail services willshave already been eapitalised into preperty, values. As a result, many of these
gains will have alféady been'realised by fermer propertylowners‘who have since sold.

Therefore, iffused to fund existing,services this approach would effectively result in arbitrary lump sum
levies beingiimposed on some propekty owners who may not have obtained any benefits from rail. This
wouldepresent'serious eqdity concerns. This means that land value capture is a more appropriate funding
instrument for specifiefuturelinvestments that increase property values rather than to fund existing
services.

From'an equity perspective there may also be a rationale for compensation to the owners of commercial
properties who have been adversely affected by rail. For instance, some businesses and property owners
may hayé suffered”because of a diversion of custom to other firms that are located closer to the rail
network.
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Figure 7.8  Selected revenue instruments

Funding source

Pros

Cons

Property rates

Low efficiency costs
No admin and compliance costs

Some equity concerns

NLTF (fuel excise, RUCs, Low efficiency costs

vehicle registration)

No admin and compliance costs

Some equity concerns

Congestion charges

Potentially efficiency enhancing

Potential efficiency costs
depends on route

Additional ad

General taxation

Low or no admin and compliance
costs

Some efficiency cost

Regional fuel tax

Low equity concerns

Parking levies

Low equity concerns

Land value capture

Low efficiency costs
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8 Recommendations

The findings of this analysis have several policy implications. Our recommendations for addressing these
are as follows:

8.1 Optimal fare subsidy: Auckland

The amount of subsidy funding currently provided to rail in Auckland is slightlydess‘than the optimal
estimated range. The large majority of the optimal fare subsidy arises from the revenue shortfallthat
would arise if fares were set based on long-run marginal costs, rather than the external benefits of rail
use. However, if patronage increases as projected, much of this shortfall will be reducedas farebox
revenue rises. Therefore, over the near term the level of fare subsidisation that may be justified by
marginal cost pricing is likely to fall substantially.

In contrast, over the longer term expected demographiecxechangesfand the associatedfincrease in traffic
congestion are likely to increase the external benefits, of raili This woul@d have the opposite effect and
would work to increase the optimal subsidy. In the'absencé of further studys, it is not possible to
determine the net impact of these changes onthe"eptimal subsidy ovémtime.

Because of the relatively long-term natureyof decisions regardingwhere to live and work, and the possible
inertia surrounding shifts in modal patternsjithedTransport Agency,may wish to revisit this analysis in the
future and consider the optimal subsidysfor rail services in)/Auckland over a longer time period. Such a long-
run approach could have the benefit of promoting greater stability in fares and may avoid negative impacts
on the demand for rail services that cetld occurfif fares are significafitly adjusted on a regular basis.

8.2 Optimal fare'subsidy: Wellington

As with Auckland, the'ctirrent level‘of subsidisation in,Wellington may be lower than optimal, albeit only
slightly lowér than the estimated rangexln particular,;the,possibility that the external benefits of avoided
traffic congestiongenerated by rail in'Wellington are substantial may justify larger a subsidy than that
currently provided.

Unliké Auckland, the relatively maturity and stability of rail services, patronage and demographic trends in
Wellington means that the optimal level of subsidisation is unlikely to change significantly in the
foreseeable future.

8.3/ Source of public funds

Qverall, there does not appear to be a strong policy rationale for large-scale changes to current funding
sources. Revenue instruments such as property rates levied by councils and the NLTF are reasonably
efficient when compared with many other possible revenue instruments. However, further detailed analysis
of alternative mechanisms would provide more insight into the relative costs and benefits of different
approaches.
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8.4 National Farebox Recovery Policy

The National Farebox Recovery Policy requires councils to ensure that public transport users contribute
their fair share of the costs of services. This analysis can help inform the relevant councils in refining their
target farebox recovery ratios.

The National Farebox Recovery Policy has a stated aim of achieving an overall national average farebox
recovery rate for public transport of no less than 50%. Therefore, to the extent that the estimated optimal
subsidy funding for Auckland and Wellington is currently higher than 50%, this is, inconsistent with the
policy.

While it may still be possible for the overall national average rate of farebox recovery to bey50%, this may
require subsidies for public transport in other areas or for modes tofbe reduced to levels thatiare sub-
optimal. This suggests it may be appropriate to review the policy, itself:

8.5 Funding assistance rates

Funding assistance rates refer to the proportion of approved tfansport activityasubsidies that are funded
out of the NLTF.

The ongoing reduction in the Transport Agency’s funding assistanceyrates for rail, which requires councils
to contribute greater shares of subsidies, mayienhance overdll @eonomic efficiency. This is because a
greater share of funding will be source@from property rates levied by councils, which is likely to impose
fewer distortionary impacts and be ‘more economically efficient®han many other sources, including fuel
excise duties, RUCs and vehiclefregistration fees. This imyturn would justify greater subsidisation for rail,
improving the overall welfare ofithe widler communhity.

8.6 Economic evaluation'manual

The EEM is used by.organisations such, asicouncils for evaltating“and preparing funding applications to
the Transport Agéncyx

The findings, of this report do net directly impact on the EEM, although one issue raised in this analysis
that¢the Fransport Agencyamayawish to consider further is the approach to valuing the benefits of reduced
cgongestionsarising from,transport investments. The standard approach as used in this analysis is to
estimate the valué of timeitravel savings. However, the Transport Agency may wish to investigate
approaches that incorporate changes in land use patterns resulting from transport investments.
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Appendix A: Rationale for government buy-back of
rail assets

The specific justifications for the government buy-backs that occurred from 2002 to 2008 are outlined in
the following sources:

* A 2002 Treasury report National rail - how to progress the options recommended, the, government
negotiate with Tranz Rail to buy back the rail infrastructure, in order to furtherthe 'government
objectives of:

- network integrity - this being the ability to maintain and extend the network in terms of coverage
and maintenance levels

- service coverage - this is the ability to increase servicedevels or alter the type of services provided
- alternative operators - the ability for alternative operators tofaccess thie network.
* The National Infrastructure Unit’s (2010) National infrastructure planfstated:

Political and public concern about under-investmentiin the rail netwerk resulted in government buy-
back of the track network in 2004. Subsequent government concergabout an effective on-going
subsidy for the private rail operator, thkough public investment i, the track network, led eventually to
a full public ownership of the entire rail businéss in 2008..

* A 2004 infrastructure audit by PriceWaterhouseCoopersépainted to low levels of asset-replacement by
New Zealand Rail in the year$ sinceyprivatisation; résulting from its_poor financial performance.

* A speech by Finance Ministet Michael Culleh in)2008/expressed a political preference to subsidise a
state-owned enterprise instéad of a foreign-ewned company.

* A speech by Prime Ministeér Helen Clark in, 2008 stated:

Our government has bought backythexrail business foristrategic reasons... it also has become clear
that our rail&ysteim cannot survive without substantial government subsidies into the future. That,
together with the need to'develop a more sustainable and integrated transport system for our
country, mdkes the case.for public ownership compelling in the 21st century.
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Appendix B: Financial analysis

To complement our work on the distribution of metropolitan rail benefits, we also undertook a financial
analysis to indicate the outcome for particular groups of allocating costs in line with benefits. This was
achieved by building a spreadsheet model that holds recent and forecast cost data fof metropolitan railih
Wellington and Auckland.

The model allows users to explore a range of cost allocation scenarios and can accommodate theslotting-
in of different cost shares as these emerge from new information, furthersfesedrch, or negotiated
agreement. In its default form, the model uses the following parameter‘setifor the cost shares.

* farebox: 30% to 60% in steps of 10%

®* road users: 10% to 30% in steps of 10%

* central government: 15% to 25% in steps of 10%
* |ocal government: balance to 100%

The default parameter set is loosely based on recentexpesience, and these'values can be changed as
better information emerges. The balancing share which is labelled‘localkhgovernment’ could equally be
thought of as ‘owners of property near stations’ ormas some combination of this group and the wider
ratepayer community.

The model is also designed to illustrate,the differencé betweenya pay-go system for capital expenditure
and a depreciation-based alternative in which the capital costs are spread over time. In the latter case, the
model user can adjust bothfthe duration of time for recovering capital and the interest rate payable.
Annual capital charges are then allocated across,the benefitting,groups in the selected proportions.

B1 Data

The modeldisessTransport Agency dataion rail patronage rail passenger-km and rail vehicle-km, and
forecasts of thesegvariables out to 2078/19. It also draws on operating and capital cost data from the
Transport Agency and in the,caseof Wellington it uses the latest forecasts of capital expenditure provided
by thesGreater WellingtofeRegional Council.

An intefesting feature of the Wellington data is the very lumpy nature of the recent and forecast capital
expenditures/as shown'in figure B.1.
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Figure B.1 Actual and projected capital expenditure, Wellington ($m)
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Appendix B: Financial analysis

This figure is based on the following allocated shares:>3
* farebox 40%
* road users (NLTF) 20%
* central government>*  15%

* local government 25%

It will be noted that the average fare oscillates in line with total costs, which are | cause of capit
spending. Fares range from around $7 to around $2 in just a few years. B gure B.3,sho
same situation except with a smoothing out of capital spending throu use of debt fina n
interest rate of 6% per annum.

Figure B.3 Indicative cost allocation and average fares: Wellingta <¢A eciation over TQ'
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Another useful expetiment is to hold average fares constant and track the total subsidy required. As

hown i r elow (which uses Wellington data), the size of the subsidy depends heavily on the
treatment.of ital expenditure, with the time profile for the pay-go method again being much more
volatile:

53 These shares are used as an illustrative example and do not necessarily reflect the optimal amounts.
54 Sourced from general taxation.
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Figure B4  Wellington simulation with constant fares over forecast period
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Conversely, we might consider what happens to avera
simulation shown in figure B.5 we fix the total
recover the balance of cost. The same general patter

subsidy.

Figure B.5
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