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Executive Summary
This report evaluates several additional categories of transport user benefits and economic benefits arising from the
Let’s Get Welly Moving (LGWM) programme, which is also known as the Ngauranga to Airport project. The benefits
evaluated in this report have not previously been assessed for the LGWM programme, and hence can be added to
previous estimates of transport user benefits.
This report assesses two categories of public transport user benefits: improvements in journey time reliability and
benefits from reduced vehicle crowding during peak periods. It also analyses three categories of non-user benefits:
health benefits from added walking to public transport stops / stations, reduced vehicle emissions from changes to bus
fleet operation, and agglomeration benefits, ie the impact of improved access between firms and workers on economic
productivity. Agglomeration benefits are calculated under a ‘static’ land use scenario and hence should not doublecount productivity benefits arising from ‘dynamic’ land use responses, which were considered in our earlier report.
These five benefits account for a significant share of the overall benefits of recent major public transport investments in
Auckland and Australia. This reflects the fact that these investments respond to issues with unreliable public transport
journey times, which can arise when buses are running in mixed traffic or in large volumes in constrained corridors like
Courtenay Place / Lambton Quay, and transport capacity constraints for journeys to major employment centres. There
is therefore a strong case to consider them to avoid downward bias to benefit-cost ratios (BCRs).
The following table summarises the categories of benefits that have been assessed for LGWM, both in previous analysis
and in this report. There are a few minor categories of benefits that have not been assessed, such as reduced vehicle
noise, tax wedge on increased employment, urban renewal / redevelopment benefits, and reduced infrastructure costs.
In our experience, these categories of benefits are difficult to model and, with the exception of urban renewal /
redevelopment benefits, are unlikely to be large.
Table 1: Benefits from major transport projects
Transport user benefits

Included in EEM?

Assessed in previous
analysis?

Assessed in this report?

Faster journeys for public transport users

Yes

Yes

Improved quality/comfort of PT journeys

Yes

Yes

More reliable journeys for PT users

Yes

Yes

Reduced crowding for PT users

No

Yes

Faster journeys for other road users (decongestion
benefits)

Yes

Yes

Faster journeys for cyclists

Yes

Yes

Reduced delay for pedestrians at intersections

Yes

Yes

Improved quality of walking experience

No

Yes

Safety benefits due to reduced road crashes

Yes

Yes

Health benefits of added walking and cycling, including
walking to access PT

Yes

Yes

Reduced greenhouse gas emissions

Yes

Yes

Reduced particulate matter emissions

Yes

Reduced vehicle noise

Yes

Health and environmental benefits

Yes

Yes

Wider economic benefits
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‘Static’ agglomeration economies

Yes

Imperfect competition

Yes

Tax wedge on increased employment

Yes

Residual value of infrastructure

Partially

Yes
Yes

Land use change benefits
‘Dynamic’ agglomeration economies

No

Yes

Move to more productive jobs

No

Yes

Urban renewal / redevelopment benefits

No

Indirectly

Reduced infrastructure costs

No

Our assessment is based on a comparison of outcomes between the Do Minimum scenario and the LGWM Full
Programme in a single model year of 2036. It employs outputs from the WTSM strategic transport model to estimate
demands, average journey times, and generalised costs of travel, plus additional data on economic productivity,
observed variability in public transport journey times, and air quality. We have used parameters and procedures from
the NZ Transport Agency’s Economic Evaluation Manual where appropriate, and supplemented them with overseas
guidance in some cases.
The following table summarises the key findings from this analysis. This suggests that improved reliability is likely to
lead to annual public transport user benefits of $2.9 to $6.4 million, while reduced crowding is likely to lead to annual
benefits of $3.7 to $7.7 million. Actual outcomes are likely to lie somewhere in between these two limits.
Table 2: Summary of annual benefits in 2036 model year
Benefit category

Low estimate

High estimate

More reliable journeys for PT users

$2.9 million

$6.4 million

Reduced crowding for PT users

$3.7 million

$7.7 million

Health benefits of added walking to access PT

Full programme: $2.4 million
Full programme plus $5 cordon charge: $14.9 million

Reduced greenhouse gas and particulate
matter emissions

Full programme: $110,000
Full programme plus $5 cordon charge: $1,286,000

Agglomeration benefits

Full programme: $95.9 million
Full programme plus $5 cordon charge: $21.0 million

This reflects the predicted impact of improved public transport vehicle priority on eight key corridors entering the city
centre, which will reduce day-to-day variation in public transport travel times that people have to factor in while
travelling, as well as the fact that larger public transport vehicles will reduce peak crowding and hence reduce the
discomfort of standing in aisles or squeezing into seats. As shown in the following table, we estimate that the the
annual ‘costs’ of poor reliability are estimated to rise from $4.3 million in 2018 to between $5.7 million and $7.4 million
in 2036, while the annual ‘costs’ of PT crowding will rise from $0.5 million in 2018 to between $2.9 million and $7.8
million in 2036. The full programme will significantly reduce these costs, leading to a more efficient and comfortable
public transport experience.
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Table 3: Annual 'costs' of poor reliability and crowding on public transport
Costs

Base (2018)

Reliability

$4.3 million

Crowding

$500,000

Do Minimum (2036)
Low

High

$5.7 million

$7.4 million

Low

High

$2.9 million

$7.8 million

Health benefits from added walking to access PT are estimated at $2.4 million per annum, rising to $14.9 million if a $5
cordon charge is also implemented. These benefits arise as a result of the fact that mode shift from driving to using
public transport is associated with increased physical activity while with walking to and from a bus stop or railway
station. Health benefits are larger when a toll is included as this encourages additional mode shift.
Emissions reductions benefits arise from both mode shift from driving to public transport and a shift in the composition
of the public transport fleet, with a reduction in buses and an increase in light rail vehicles. We consider both carbon
dioxide (CO2) emissions, which have global and national environmental impacts, and fine particulate (PM10, or particles
with a diameter of less than 10 microns) emissions, which have a significant negative effect on health. Other pollutants
are likely to have smaller (although not necessarily negligible) effects. We estimate small annual benefits of up to
$0.1 million in 2036.
Lastly, we estimated agglomeration benefits as a result of improved accessibility between firms and workers leading to
increased economic productivity. Applying the EEM procedures for modelling agglomeration economies results in an
annual benefit of $95.9 million in 2036 for the Full Programme. This falls to $21.0 million if a $5 cordon charge is
included, which reflects the fact that strategic transport models value travel time savings from road pricing as being
‘worth’ less than the financial charge. We suggest taking this finding with a grain of salt as there are other advantages
from road pricing that are not necessarily captured by existing modelling.
To put these results in context, we consider them alongside previous analysis of transport user benefits. As discussed in
our companion report on land use change impacts of the LGWM programme, previous modelling indicates that the Full
Programme will deliver roughly $1,020 million in benefits for PT users and $400–800 million in benefits for other road
users, in present value terms.
While the above figures are stated in annual terms, rather than present value terms, a rough approach to annualise
benefits over a 40-year evaluation period at a 6% discount rate suggests that the benefits estimated in this report may
equate to a present value on the order of $1 billion. This is material in the context of the overall programme benefits
and is likely to significantly improve the programme’s BCR.
Table 4: Summary of present value of benefits
Benefit category

Annual benefit (2036)

Present value benefit
(40 years, 6% discount rate)

More reliable journeys for PT users (high estimate)

$6.4 million

$68.0 million

Reduced crowding for PT users (high estimate)

$7.7 million

$82.3 million

Health benefits of added walking to access PT (full programme)

$2.4 million

$30.0 million

Reduced greenhouse gas and particulate matter emissions (full programme)

$0.1 million

$1.1m

Agglomeration benefits (full programme)

$95.9m

$827.0m

Total

$112.6m

$1,008.4m
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Introduction

Let’s Get Welly Moving (LGWM) is a multi-modal programme of transport improvements that aims to improve access to
and through the central parts of Wellington. This includes:
•
•
•
•

Development of a new rapid transit spine
Regional public transport network improvements
Walking and cycling improvements concentrated in but not exclusively focused on the city centre
Upgrades to the State Highway 1 corridor between the Terrace and Mount Victoria tunnels.

In addition, the LGWM programme is considering a cordon charge for vehicles entering the city centre, excluding those
passing through en route to other destinations. A full description of the programme is available in other documents.
An economic evaluation of the LGWM “Recommended Programme of Investment” (RPI) has been carried out by the
LGWM project team. In this report, we provide an analysis of additional transport benefits arising from the LGWM full
programme of investment.
This analysis is based on the most recent available modelling of the LGWM recommended programme, which was
provided by the LGWM project team in July 2018. We used outputs from the Wellington Transport Strategic Model
(WTSM), which models public transport and car journeys between 225 model zones and for multiple time periods, to
estimate the effects of the recommended programme.
This report is structured as follows:
•
•
•
•
•

Overview of the existing economic analysis
Identification of potential gaps in the economic analysis
Description of our approach to valuing additional benefits
Assessment of additional transport benefits
Description of our approach to valuing other benefits that are not quantified in this report
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2

Overview of existing transport economics analysis

Major urban transport investments can result in a variety of benefits for transport users and for health, environmental
quality, economic productivity, and urban amenity and vitality. While many of these benefits arise within the transport
system, evaluation guidelines such as the NZ Transport Agency’s Economic Evaluation Manual (EEM) increasingly
recognise benefits that arise outside the transport system.
Conventional transport appraisal methods often focus on valuing the ‘first-order’ benefits of transport projects that
accrue directly to transport users. These include:
•
•
•
•

Travel time savings due to faster or more reliable journey times;
Cost savings due to the availability of cheaper transport options (eg avoiding paying parking charges in the CBD);
Improved quality of travel experience, eg due to more comfortable journeys or reduced frustration from delays
in congestion or waiting for buses; and
Increased safety due to prevention of road crashes.

Evaluation procedures have been extended to capture a range of ‘second-order’ benefits that arise from the impact of
transport activities on society, economic activity, and the environment. These include:
•
•
•

Health benefits of increased uptake of walking and cycling;
Environmental and health benefits from reduced emissions (carbon dioxide, particulates) and transport noise;
Wider economic benefits (‘static WEBs’) resulting from the impact of improved accessibility on productivity,
labour force participation, and competition.

Second-order benefits often have the same ‘sign’ as transport user benefits. For instance, a project that results in larger
travel time savings and improvements in the quality of experience will also tend to have larger benefits for productivity
and labour force participation, as it will do more to improve access between firms and workers.
These second-order benefits can arise under a ‘static’ land use scenario in which firms and workers do not relocate to
take advantage of transport improvements. However, additional second-order benefits may arise from changes to land
use resulting from a transport improvement, if improved accessibility and urban amenity encourage some people to
relocate. These ‘dynamic’ land use benefits are discussed in our companion report on the impact of LGWM on the
distribution of population and employment in the Wellington Region, and hence we do not analyse them here.
The following table summarises key categories of benefits and identifies benefits that have previously been assessed.
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Table 5: Benefits from major transport projects
Transport user benefits

Included in EEM?

Assessed in previous
analysis?

Assessed in this report?

Faster journeys for public transport users

Yes

Yes

Improved quality/comfort of PT journeys

Yes

Yes

More reliable journeys for PT users

Yes

Yes

Reduced crowding for PT users

No

Yes

Faster journeys for other road users (decongestion
benefits)

Yes

Yes

Faster journeys for cyclists

Yes

Yes

Reduced delay for pedestrians at intersections

Yes

Yes

Improved quality of walking experience

No

Yes

Safety benefits due to reduced road crashes

Yes

Yes

Health benefits of added walking and cycling, including
walking to access PT

Yes

Yes

Reduced greenhouse gas emissions

Yes

Yes

Reduced particulate matter emissions

Yes

Reduced vehicle noise

Yes

Health and environmental benefits

Yes

Yes

Wider economic benefits
‘Static’ agglomeration economies

Yes

Imperfect competition

Yes

Tax wedge on increased employment

Yes

Residual value of infrastructure

Partially

Yes
Yes

Land use change benefits
‘Dynamic’ agglomeration economies

No

Yes

Move to more productive jobs

No

Yes

Urban renewal / redevelopment benefits

No

Indirectly – via land value
uplift

Reduced infrastructure costs

No
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3

Approach to estimating additional benefits

In this section we identify benefits that were not captured in the existing economic evaluation. We also identify
benefits for which we may be able to provide an alternative assessment approach. Table 6 below briefly describes
project benefits for which we are providing a new or alternative estimate and identifies sources for our estimates. The
following sections explain in more detail the methodology for calculating these benefits.
Table 6: Benefits that have been assessed as part of this supplementary analysis.
Benefit

Description

Data sources

Public transport
reliability benefits

Benefits to PT users from improved reliability of travel times
relative to on-street running in mixed traffic. This is conditional
on providing an adequate level of separation for rapid transit,
including priority through intersections.

MRCagney utilised demand from the WTSM model at
key cordon points entering Wellington CBD. It also used
March 2016 travel time data, with reliability
represented as one standard deviation from the
average travel time on the present routes.

Public transport
comfort and
crowding benefits

Benefits to PT users from addition of more services on crowded
PT corridors. Increased transport capacity on core CBD-bound
routes will (a) reduce the discomfort that users experience as a
result of crowded buses, (b) reduce journey times due to
reduced odds of being passed by multiple full buses during
peak periods, and (c) increase the number of people who can
travel into or through the CBD, which may enable land use
change.

MRCagney used WTSM model demands and guidance
from the Australian Transport Council to estimate
passenger comfort and crowding benefits and to
incorporate a generalised cost penalty for time spent
travelling in crowded PT vehicles.

Health benefits from
added walking

Increased public transport use also increases walking to and
from stations / stops, resulting in some health benefits.

MRCagney calculated the health benefits based on the
change in car trips between options and the average
increase in metres walked for each trip diverted from
car. We used EEM values to monetise the resultant
health benefits.

We note that Wellington already has a high active mode share,
so an increase in PT use may result in health dis-benefits for
those passengers who switch from using active modes to PT.
Thus, we propose to base this analysis on the reduction in car
trips in WTSM, rather than the increase in PT trips. An avoided
car trip will tend to result in more active mode participation,
whether due to shifting to using PT or using active modes for
the full trip.
Emission reduction
benefits due to mode
shift from car to
public transport

Mode shift from car to public transport reduces vehicle
emissions affecting the environment (carbon dioxide) and
human health (fine particulates).

MRCagney calculated emission reduction benefits
based on the difference in kilometres travelled by car.
EEM values were used to monetise benefits.

Agglomeration
benefits

Reduced journey times between firms and workers results in
higher economic productivity

MRCagney calculated this using a method derived for
Auckland Transport model outputs: Model outputs
were used to estimate reduction in the generalised cost
of commuting and work purpose trips, by car and PT.
EEM procedures were used to estimate resulting
percentage change in productivity within individual
model zones based on the increased number of jobs
accessible.

3.1

Value of travel time savings

The value of travel time savings for public transport user benefits was $13.55/hour. This value was derived by the
LGWM project team from the EEM. The base values of time for vehicle occupants in 2002 $/h were adjusted to 2017
values using the benefit update factor of 1.47. A weighted average of the values of time by trip purpose was then
calculated based on the modelled number of trips within each model category of trip purpose.
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3.2

Public transport reliability benefits

Public transport reliability benefits reflect reductions in variability of travel time resulting from improved public
transport vehicle priority. By reliability we mean consistency of travel times for journeys taking place on the same
corridor at similar times. It can be measured by looking at the distribution of travel times for repeated journeys. A
common approach to valuing improved reliability is to calculate the reduction in the standard deviation of travel times
resulting from the project (EEM Appendix A4.5; Small and Verhoef, 2007). Under this approach, users are expected to
time their departures to arrive on time or early roughly 85 per cent of the time.
The benefit of improved journey time reliability is additional to the benefit of reduced average journey times. Improved
reliability reduces the uncertainty about how long it will take to reach a destination, an uncertainty that creates
schedule delay for users by requiring them to leave earlier to offset the potential for delays en route. Reliability may
worsen over time, reflecting increased congestion impacting on buses if no new facilities are provided.
We valued public transport reliability benefits using analysis of real-time data on Wellington bus routes and
supplementary estimates about the typical variability of travel time in various settings with different levels of public
transport vehicle priority. For an individual corridor, benefits from improved reliability were estimated using the
following formula:
𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠 = 𝐷 ∗

21
81
21
81
𝑅01
− 𝑅456
+ 𝑅01
− 𝑅456

∗𝑣∗𝑎

Where:
𝐷 = weighted average number of passengers on this corridor in the AM peak hour
21
𝑅01
= a measure of journey time variability in the AM peak for the Do Minimum scenario, noting that
subscripts/superscripts indicate:
• 𝐴𝑀 = AM peak period
• 𝑃𝑀 = PM peak period
• 𝐷𝑀 = do minimum scenario
• 𝑂𝑝𝑡 = the option being considered.
𝑣 = value of travel time
𝑎 = annualisation factor
Note that this formula assumes bidirectional trips taken in the peak, and accounts for reliability benefits in the AM and
PM peaks separately. Reliability benefits are only estimated for the peak periods, as variations in travel times are
usually smaller in interpeak periods.
We calculated reliability benefits using both 2036 Do Minimum and RPI demands. In calculating these benefits for the
1
RPI demands, the rule of half is applied. This assumes that an existing public transport passenger receives the full
benefit of reduced travel time variability, but a new user will receive, on average, half the benefit.

3.2.1

Estimating average demands

The LGWM project team provided AM peak hour demands at peak load points at ten cordon points representing key
corridors entering the CBD, and journey time and distance data for existing routes on these corridors. These demands
were provided for 2018 base case, 2036 Do Minimum, and 2036 RPI.
For the purpose of estimating the reliability benefits accruing to the average passenger on each corridor, we scaled
down the peak loads to an estimate of the weighted average demand on the length of each corridor (i.e., the total
passenger-kilometres on the corridor divided by the length of the corridor). As detailed information about passengerkilometres or passenger loading profiles along the corridor was not available, we estimated the passenger-kilometres
based on the following assumptions:

1

NZEEM (2016 update), section 4.3.3, page 4-68.
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•

Peak load points on each corridor occur at the cordon points where services enter the CBD, prior to
where they enter Golden Mile and start dropping off passengers

•

At peak times, corridors are at or near their peak load from from Hataitai Shops, Newtown Shops,
Brooklyn Shops, Victoria University, and Karori Tunnel
Significant boardings/alightings occur at key nodes: Newtown, Hataitai, Miramar, and Wellington Hospital
The remaining passenger boardings are spread evenly along the length of each corridor

•
•

Using these assumptions, the weighted average passenger demand on each corridor is estimated to lie between 45%
and 83% of the demand at the peak load point on each corridor.

3.2.2

Estimating journey time variability

The measure of reliability used is the standard deviation (SD) in travel time on the corridor in a month. This figure
reflects the degree to which users face a ‘downside’ scenario for journey time, e.g., due to congestion or intersection
delays affecting bus performance. Users must account for the potential for delay when planning journeys, as longer
delays may affect the likelihood of arriving to appointments on time. Note that in previous economic evaluations (e.g.,
for the North Shore Rapid Transit Network for Auckland Transport) we have used a reliability measure based on the
difference in travel time per kilometre between the P50 (median) journey and the P90 (upper decile) journey in a
month. This measure tends to result in a slightly larger range for journey time variability than the standard deviation.
The LGWM project team provided average journey times and standard deviations in journey time for existing routes on
key corridors entering the CBD based on March 2016 data. The route assumptions used to assign these data to the
corridors defined by cordon points, are summarised in Table 7, along with the average and standard deviation of travel
times for these routes.
Table 7: Do Minimum travel time and reliability assumptions.
Cordon point
Oriental Parade (Freyburg)

Current route(s)

Route used for traveltime data

14, 24

Average travel time in
AM peak (min)

Travel time SD in AM
peak (min)

N/A*

Cambridge Terrace (Vivian Street)

1

1

37.7

7.4

Elizabeth Street (Kent Terrace)

2

2

44.2

8.3

1, 2, 3

3

37.1

9.5

Taranaki St (Webb St)

3

3

37.1

9.5

Willis Street (Abel Smith Street)

7

7

30.7

6.6

LRT - Memorial Park

Kelburn Parade (Victoria University)

21, 22

N/A*

Tinakori Road (Bowen Street)

2

2

44.2

8.3

Murphy Street (Wellington Girl's High)

91

91

29.2

6.1

Thorndon Quay (Motorway overbridge)

52

52

30.3

7.2

* No travel time data was provided for routes 14, 21, 22 or 24 so reliability benefits have not been calculated for these corridors. We note that these
bus routes serve relatively circuitous local catchments, so the level of bus priority that can be applied on these corridors may be limited relative to the
routes for which reliability benefits were estimated.

To estimate improvements in public transport journey time variability, we assume priority improvements are applied to
all corridors. For bus and BRT, these improvements target selected pinch points where delays are worst, whereas LRT is
given a high level of priority along the entire corridor resulting in virtually no delays.
Do Minimum journey time variabilities were estimated based on the standard deviation of journey times for the length
of existing routes corresponding to the key corridors in the proposed network. AM and PM peak journey time
variabilities were calculated separately, as PM peak travel times in 2016 were considerably less variable than AM peak
12
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travel times. We tested two scenarios for Do Minimum journey time variability to provide an upper and lower range on
future conditions in 2036:
•

Low estimate: We assume both AM and PM peak journey time variability remain similar in 2036 to the
variability observed today

•

High estimate: We assume PM peak variability gets worse by 2036 to become similar to present-day AM
peak variability

However, we note that both these estimates are conservative, because overall travel demands are estimated to
increase in future and, in the absence of bus lanes or other public transport priority improvements, this will result in
slower travel times and worsen journey time variability for both the AM and PM peaks.
We also tested two scenarios for the option journey time variability to provide an upper and lower range on our
estimate of benefits resulting from public transport reliability improvements.
•
•

Low estimate: We assume PT priority enables AM and PM peak journey time variability to decrease to the
same level as interpeak variability
High estimate: We assume PT priority provides a fixed percentage reduction in AM and PM peak
variability

For the low estimate, the interpeak journey time variabilities from 2016 were used to benchmark the expected
variation for buses in the RPI option in 2036, as variations in travel times are usually smaller in interpeak periods. The
ratio of travel time standard deviations to average travel times was used to compare the difference between peak and
interpeak travel time variabilities. Table 8 shows this ratio for each route in each time period.
On average, interpeak travel time variability was found to be around 9% of average travel time, whereas this ratio
increased to around 12% in the PM peak and over 20% in the AM peak. Thus, we calculated the option travel time
variability for bus routes as 9% of the average travel time.
For LRT, we expect a greater increase in reliability due to the higher level of priority that will be provided along this
route, so we assumed a variability of 4% of the average travel time. This reflects the expectation, based on service and
infrastructure planning, that light rail will run in a dedicated corridor, with no mixed traffic and little ‘friction’ from
turning movements or parking, and that signal pre-emption will be used to minimise delays at intersections. Light rail
systems that employ this approach (eg Gold Coast Light Rail) are typically highly reliable.
We assume that LGWM will not result in significant reliability benefits for the rail network. Although LGWM includes
some rail improvements, we are not aware of any significant issues with travel time variability on the rail network at
present. In addition, Wellington’s network has recently received new electric trains and is undergoing some track
renewals and improvements, which are likely to maintain reliability.
Table 8: Standard deviation of route travel time as a proportion of average travel time.
Route

Standard deviation as a proportion of average duration
AM peak (inbound)

Interpeak (inbound)

Interpeak (outbound)

PM peak (outbound)

1

20%

10%

11%

9%

2

19%

7%

8%

10%

3

26%

8%

9%

10%

7

22%

11%

8%

12%

52

24%

8%

8%

15%

91

21%

8%

8%

13%
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For the high estimate, we assumed that on the bus / BRT corridors we could achieve a 70% reduction in variability by
targeting the 20% of locations where delays are worst, while for LRT we assume 100% priority and a 90% reduction in
variability.
We applied these percentage margins for travel time variability to estimated average travel times on key bus routes
under the Do-Minimum and Option scenarios. In the future, this approach could in theory be incorporated as a ‘postmodel’ adjustment to WTSM travel time matrices for affected origin-destination pairs.

3.2.3

Annualisation

We assume that public transport priority improvements provide the most benefit during the peak hours, as reliability
during the interpeak tends to be significantly better than during the peak, and some priority measures like bus lanes
may only operate during peak periods. Thus, we have assumed an annualisation factor equal to 500, based on 2 hours
in each peak (AM and PM) and 250 working days in a year. Note that higher overall travel demands in future years may
cause interpeak reliability to worsen, and the implementation of all-day public transport priority measures would result
in higher reliability benefits than what we have estimated.

3.3

Public transport comfort and crowding benefits

Public transport journeys on crowded vehicles are uncomfortable for users, as they must stand in aisles or squeeze into
seats. This impact can be particularly strong for unstable individuals, such as the elderly, when getting on and off PT
vehicles and can act as a strong disincentive to using PT. Consequently, improvements to PT capacity can lead to
increased patronage and therefore increased benefits for users due to lower levels of crowding.
The EEM (2016) does not provide specific parameters to value these benefits, reflecting the fact that it was developed
at a time when PT in New Zealand was ‘uncrowded’. As a result, we have drawn upon evaluation guidance from the
Australian Transport Council (ATC, 2006). The methodology in the ATC guidance recommends incorporating a
generalised cost penalty for time spent travelling in crowded PT vehicles. This is conceptually similar to the procedures
outlined in the EEM for valuing quality improvements to public transport stops, stations, and vehicles.
However, this approach differs slightly from the crowding deterrence function that we previously applied to estimate
potential suppression of city centre employment growth due to transport capacity constraints. That approach also
assumed that crowded vehicles would become increasingly uncomfortable for users, eventually deterring further
growth in patronage. The crowding deterrence function uses similar cut-off thresholds for discomfort, but unlike the
ATC approach it does not attempt to quantify the ‘cost’ of that discomfort to users.
We implemented this approach in a three-step process.
First, we used modelled AM peak patronage to estimate average PT vehicle loadings by corridor segment. Demands and
2
capacities were provided as the average for one hour in the morning peak period. Load factors per segment are
calculated as follows:
𝐿@A =

𝐷@A
𝑉@A 𝑘@A

where Lam is the load factor during the one-hour morning peak period, expressed as the ratio of passengers to total
seats; D is the one-hour AM peak demand at the segment (average demand per hour from 7 am to 9 am); Vam is the

2

Our analysis did not differentiate between peak and shoulder periods. Therefore, the crowding disbenefits estimated for an average peak hour
would most likely be lower in the peak shoulders and higher in the peak of the peak. Due to the higher number of passengers experiencing crowding
disbenefits in the peak of the peak, the net effect of separating out the peak and shoulder periods is likely to be higher overall crowding disbenefits –
and thus greater benefits from increasing capacity.
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average number of PT vehicles running during the one-hour AM peak; and k is the average seated capacity of these PT
vehicles.
We use a modified version of this formula for light rail, as LRT vehicles are typically designed with comparatively few
3
seats, with most of the capacity being provided as standing room. International guidance (such as TCQSM )
recommends defining crowding on vehicles designed mostly for standing passengers based on floor space per
passenger instead of load factor (seats per passenger). However, in the absence of detailed vehicle specification
information, and to simplify the benefit calculations, we have assumed that passengers begin to experience crowding
disbenefits when LRT vehicles reach 80% of their total capacity. This is in line with the approach used to assess
crowding on the proposed City to Māngere LRT line in Auckland. We suggest that future iterations of the LGWM
economic evaluation could use a more nuanced approach based on space per passenger to estimate the crowding costs
and benefits for LRT passengers.
Second, we use ATC parameters to value the costs of crowding to users under each option. The following formula
explains how crowding costs are calculated for each segment.

𝐶=

𝐷 ∗ 𝑓 ∗ 𝑇 ∗ 𝑃FG@6,IJKLJMN ,
1
𝐿−1
𝐷 ∗ 𝑓 ∗ 𝑇 ∗ ∗ 𝑃FG@6,KLJMN +
∗ 𝑃F6@SN,KLJMN ,
𝐿
𝐿

𝑖𝑓 𝐿 ≤ 1.0
𝑖𝑓 𝐿 > 1.0

where C is the in-vehicle time cost, including crowding penalties, for the peak hour; T is the time (in minutes) to travel
along this segment of the corridor (assumed to be fixed between the Do-Min and Option); and the P variables are
defined in the table below.
Table 9: Time multipliers for seated and standing passengers, from ATC (2006), Volume 4, Table A.2.
Parameter

Value

Description

PSeat,NoCrowd

1.0

In-vehicle time multiplier for seated passengers when PT vehicles are not crowded (i.e. load factor < 1.0)

PSeat,Crowd

1.1

In-vehicle time multiplier for seated passengers when PT vehicles are past seated capacity (i.e. load factor > 1.0)

PStand,Crowd

1.4

In-vehicle time multiplier for standing passengers when PT vehicles are past seated capacity (i.e. load factor > 1.0)
2

Note: ATC also defines IVT multipliers for ‘crush capacity’ loads, which it defines as 6 passengers per m of vehicle space. These are 1.3 for seated
passengers and 2.0 for standing passengers.

Third, we performed the above calculations for each scenario in the LGWM project to calculate the average additional
time to added to each journey by the travel time penalty. In-vehicle time and demand are held constant between the
Do Minimum and Option scenarios, so the difference should reflect the benefits from reduced crowding.
𝐶𝑟𝑜𝑤𝑑𝑖𝑛𝑔 𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠 = 𝐶@A,01 − 𝐶@A,456 ∗ 𝑣 ∗ 𝑎
where 𝑣 = value of travel time for PT users and 𝑎 is an annualisation factor equal to 1000, reflecting the number of
commuter peak hours per annum (four hours each day and 250 working days in a year).
Our analysis did not consider crowding on the rail network. However, the same approach can be applied to passenger
volumes and capacities on the rail network to obtain an estimate of the current costs of crowding. The multipliers in
Table 9, together with EEM values of time, indicate that crowding costs are between 2c and 23c per minute per
passenger on a vehicle above seated capacity, in addition to travel time costs.

3.3.1

Vehicle capacity assumptions

Two scenarios for vehicle capacities were tested. Both used the same assumptions for seated capacity, but different
assumptions for total capacity, which affected the application of “crush capacity” multipliers above.
3

rd

Transit Capacity and Quality of Service Manual (TCQSM 3 Edition), Chapter 5, pp 22–24.
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The lower-capacity scenario used capacities derived from the WTSM modelling outputs, while the higher-capacity
scenario was based the service frequencies from the WTSM modelling outputs and the vehicle capacity assumptions
outlined in Table 11 below. Table 10 summarises the low and high capacity assumptions used, as well as the seated
capacities for the Do Minimum and RPI options.
Table 10: Vehicle capacity assumptions for each corridor included in the benefits analysis.
2036 Do Minimum

2036 RPI (v2)

Vehicles/
hour

Seated
capacity

Total
capacity
(low)

Total
capacity
(high)

Vehicles/
hour

Seated
capacity

Total
capacity
(low)

Total
capacity
(high)

Oriental Parade (Freyburg)

7

350

420

490

7

350

420

490

Cambridge Terrace (Vivian Street)

16

1120

1280

1376

9

900

900

990

Elizabeth Street (Kent Terrace)

21

1050

1260

1470

12

1200

1200

1320

LRT - Memorial Park

0

0

0

0

12

2880*

3600

3600

Taranaki St (Webb St)

11

550

630

770

6

300

360

420

Willis Street (Abel Smith Street)

14

700

810

980

14

1400

1400

1540

Kelburn Parade (Victoria University)

12

600

720

840

12

600

720

840

Tinakori Road (Bowen Street)

15

750

870

1050

15

1500

1650

1650

Murphy Street (Wellington Girl's High)

14

700

840

980

14

1050

1260

1260

Thorndon Quay (Motorway overbridge)

34

2380

2380

2924

32

3200

3200

3520

Link

* As noted above, we define crowded conditions for LRT based on the proportion of total capacity. Thus, the “seated capacity” assumption provided
in this table is 80% of total capacity for LRT; the actual seated capacity in the peak hour on LRT is 1200 passengers,

Table 11: Vehicle capacity assumptions used for crowding analysis.
Vehicle type

Seated

Total

Standard bus

50

70

BRT / double decker bus

100

110

LRT

100

300

3.3.2

Crowding duration assumptions

The LGWM project team provided AM peak hour demands at peak load points at ten cordon points representing key
corridors entering the CBD. Note that using demands and capacities for a corridor instead of a route could hide that
some services on a corridor are crowded while others have excess capacity.
Working on the assumption that passenger volumes per vehicle remain relatively constant between the point crowding
first occurs and the point at which large numbers of passengers begin to alight (in this case, along the Golden Mile), we
estimated crowding benefits using the cordon demands provided, estimates of where crowding begins – also provided
by the LGWM project team – and average travel times for existing routes on each corridor. The estimated duration for
which crowding is experienced by passengers on each corridor is summarised in Table 12.
MRCagney suggest that in the future, a more accurate analysis of passenger crowding on public transport services on a
segment-by-segment basis could be carried out using information about demands and travel times broken down by
each segment (link between stops or stations) on each route.
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Table 12: Locations and average service speeds used to estimate the duration for which passengers experience
crowding on each corridor.
Distance
from CBD
(km)

Route used for
travel time data

Crowded
duration
(min)

Link
Oriental Parade (Freyburg)

Oriental Bay

1

14, 24

Average

14.4

4.2

Cambridge Terrace (Vivian Street)

Newtown Shops

3

1

1

13.2

13.6

Elizabeth Street (Kent Terrace)

Hataitai Shops

2

2

2

13.6

8.8

LRT - Memorial Park

Newtown Shops

3

1, 2, 3

3

13.7

13.1

Taranaki St (Webb St)

Newtown Shops

3

3

3

13.7

13.1

Willis Street (Abel Smith Street)

Brooklyn Shops

3

7

7

12.3

14.6

Kelburn Parade (Victoria University)

Victoria University

2

21, 22

Average

14.4

8.4

Tinakori Road (Bowen Street)

Karori Tunnel

3

2

2

13.6

13.3

Murphy Street (Wellington Girl's High)

Thorndon

1

91

91

17.9

3.4

Thorndon Quay (Motorway overbridge)

Thorndon

1

52

52

24.6

2.4

3.3.3

Current
route(s)

Average
speed
(km/h)

Location capacity is
reached

Demand estimates for crowding benefits

In order to compare crowding benefits from increased public transport service capacities, in-vehicle time and demand
must be held constant between the Do Minimum and Option scenarios; this means the difference in crowding costs
should reflect the benefits from reduced crowding. If demand is not held constant, the cost of crowding is higher in the
RPI option than in the Do Minimum because of higher passenger demands or induced demand resulting from the RPI.
Two approaches were used to compare crowding benefits on a like-by-like basis between scenarios with different
demands. For the first approach, we standardised the crowding costs for the Do Minimum and RPI scenarios by dividing
the total estimated cost by the total number of PT users in the scenario. This results in a conservative estimate of
crowding benefits from increased capacity, as many services in the analysis in each scenario do not experience
significant levels of crowding.
The second approach assigns forecast demands from the RPI option to the corridors with capacities from the 2036 Do
Minimum scenario. This provides an upper limit on the potential crowding benefits, as the modelled RPI demands are
highly unlikely to be reached if Do Minimum service capacities were provided due to passengers being crowded off.
For the second approach, demands from the LRT route in the RPI option were assigned as follows:
• Elizabeth St: 40%
• Cambridge Terrace: 40%
• Taranaki St: 20%

3.4

Health benefits from added walking to access PT

Health benefits are driven by the fact that a switch from driving to using PT will encourage people to walk a certain
distance to and from a bus or railway station. Using WTSM data and following the EEM, we compute this benefit via the
formula
𝐻𝑒𝑎𝑙𝑡ℎ 𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠 = 𝑛J − 𝑛\ 𝑑𝑘𝑎,
where no is the AM peak number of private car trips in the option scenario; nb is the AM peak number of private car
trips in the base scenario; d is the average walking distance of a public transport user; k is a health factor; a is an
annualisation factor. It is assumed that all trips which have moved from private car trips have moved to public transport
trips.
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To estimate the health benefits, we used the following parameter values:
Table 13: Health benefit parameter values.
Parameter

Value

Source

d

0.5 km

Estimated based on the typical walking distance to access public transport in Auckland.

k

$3.16/km

Calculated based on health benefit factors in EEM Table A20.3 and benefit update factors from EEM Table A12.3

a

1370

MRCagney (2014) This value reflects the ratio of public transport demand during a typical AM peak period to annual
public transport demand for routes that operate an all-day service pattern, as envisaged for the study area network.

3.5

Emission reduction benefits

The emissions benefit comes from lower tailpipe emissions from lower vehicle use, which can improve environmental
quality and reduce health costs. Here we consider carbon dioxide (CO2) and fine particulate (PM10, or particles with a
diameter of less than 10 microns) emissions only, because these have the largest negative effects and because we do
not have reliable data for other emissions. Using WTSM data for car use and following EEM Section A9.3, we compute
the benefit for a reduction in each emission type separately via the formula:
𝑑\,A − 𝑑J,A 𝑟A 𝑘𝑎A ,
where the sum is across car, m; db,m is the AM peak distance travelled in the base scenario for mode m; do,m is the AM
peak vehicle distance travelled in the option scenario for mode m; rm is the vehicle emission rate per unit of distance
travelled for mode m; k is the monetary emission factor; a_m is the annualisation factor for mode m.
We also considered the potential for emissions reductions from changes to the public transport vehicle fleet. In
previous evaluations, network changes that reduce bus volumes or switch from diesel-fuelled vehicles (ie conventional
buses) to electric vehicles (eg light rail vehicles) have resulted in reduced particulate emissions and positive impacts on
local health.
In this case, we see significant emissions benefits as less likely for two reasons:
•

•

First, Wellington is aiming to convert its bus fleet to hybrid or electric vehicles, including current roll-out of
electric buses on selected routes. If this proceeds as intended, it will reduce the scope for further reductions in
emissions from rationalising bus services or replacing them with light rail.
Second, detailed service and network planning has not yet been undertaken to identify changes in bus services
following light rail implementation. However, preliminary analysis suggests that bus service-kilometres freed
up by light rail may be redeployed to provide a higher-quality feeder network, rather than cut back. This may
reduce emissions in central areas of the city (where the largest number of people are exposed) while
increasing them in suburban areas.

However, we note that this may be a conservative assumption.
We use the following parameter values:
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Table 14: Emissions benefit parameter values
Parameter

Value

Source

rcar,CO2

212.2 g/km

See Table 16.

rcar,PM10

0.0398 g/km

See Table 16.

kCO2

$0.00004/g

EEM Section A9.4

kPM10

$0.22/g

Calculated in Table 15 below. This is lower than the figure of $399,000/tonne calculated
for Auckland by Nunns (2015). The Wellington figure is lower due to the region’s smaller
population (meaning fewer people are exposed) and wind patterns that disperse
pollutants more rapidly in many areas.

acar

1370

MRCagney (2014)

4

Table 15: Estimated social cost of PM10 emissions in Wellington Region
Parameter

Value

Source

Annual social cost of anthropogenic PM10
emissions in Wellington Region, 2006

$274 million

Health and Air Pollution in New Zealand study. See Table A1-6 in
overview report.

Estimated annual PM10 emissions in
Wellington Region, 1998

1500 tonnes

From a 2003 Ministry for the Environment survey of regional
6
emissions inventories. This is the most recent data available for
Wellington. If emissions declined from 1998 and 2006, this will result
in a conservative estimate of the social cost of emissions.

2017 value of statistical life

$4,210,000 / premature
death

Ministry of Transport 2017 Social Cost of Road Crashes and Injuries
7
report. This is 18% higher than the 2006 VOSL parameter used in
the HAPINZ report.

Estimated social cost of PM10 emissions in
Wellington

$220,000 / tonne PM10
(equal to $0.22/g)

Calculated by dividing annual social cost of PM10 emissions by
estimated total PM10 emissions and adjusting to reflect changes in
VOSL between 2006 and 2017.

5

Emission rates were derived based on data on current vehicle emissions in Auckland from Sridhar et al (2014) Table A.3.
The volume of pollutants emitted were divided by total vehicle kilometres travelled within relevant vehicle classes. Car
emission rates were based on the average across all vehicles except heavy vehicles and buses, which are not modelled.
9
The following table uses standard metric prefixes, e.g. Gm represents 10 meters.
Table 16: Emission rates; Sridhar et al (2014) Table A.3
Vehicle type

Distance (Gm)

CO2 (Mg)

CO2 (g/km)

PM10 (kg)

PM10 (g/km)

22.5

4902

217.9

336

0.0149

light commercial

1.1

298

270.9

15

0.0136

hybrid and electric

0.1

8.9

89

0.8

0.008

car

2.4

539

224.6

389

0.1621

light commercial diesel

3.7

1000

270.3

445

0.1203

heavy

1.8

1151

639.4

358

0.1989

bus

0.2

101

505

39

0.195

car

4

MRCagney, (2014). Bus Network Annualisation Factors. A report for Auckland Transport.
http://www.hapinz.org.nz/
6
http://www.mfe.govt.nz/publications/rma-air/emission-inventories-pm10-new-zealand/2-emission-inventories-new-zealand
7
The value of statistical life in 2015 was $4.06m. This reflects an increase from the 2014 value of $3.95m; see
http://www.transport.govt.nz/research/roadcrashstatistics/thesocialcostofroadcrashesandinjuries/.
5
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all vehicles

31.8

7999.9

251.6

1582.8

0.0498

all vehicles except buses and heavy vehicles

29.8

6747.9

212.2

1185.8

0.0398

To provide a more accurate estimate of emission reduction benefits, the parameter values in the two tables above
could be updated using a local estimate of the average health cost per tonne of particulate matter using the HAPINZ
model (which estimates health costs of exposure to particulates in different locations around NZ) and the best available
estimate of total quantity of PM10 emissions in the Wellington region.

3.6

Agglomeration benefits

Agglomeration benefits refer to increased economic productivity arising from improved accessibility between firms and
workers which better matches workers to jobs, better links supply chains between firms, and increases knowledge
spillovers between workers and firms. We calculate these benefits using the methodology laid out in the EEM.

3.6.1

Step 1: Calculate effective job density

The first step to calculate agglomeration benefits is to calculate the effective job density under the different scenarios.
Calculating the effective job density in each scenario involved the following formula:
𝑤^
^ 𝐶J,],^

𝑑J,] =

where the sum is over all zones j; wj is the number of full-time equivalent workers working in zone j for the scenario
year; Co,i,j is the (i,j)-entry of the transport cost matrix Co. In our base analysis, we use the weighted average generalised
cost of travel, ie the time and money costs of travel, across all modes and time periods. We also test an alternative
approach, which is to use journey time only, and exclude financial cost. Analogously, we compute the density db,i for the
base scenario and each zone i.
We note that WTSM estimates zero generalised cost for in-zone travel. As a result, we applied a weight of zero to ownzone employment. Sensitivity testing indicates that this results in a 3-5% over-estimate of changes in effective job
density between the Do-Minimum and Option scenarios. The resulting agglomeration benefit estimates may therefore
be over-stated by a small amount.

3.6.2

Step 2: Apply agglomeration elasticities

In the second step, we compute the percentage change in productivity pi for each zone i via the formula:
𝑝] =

𝑑J,]
𝑑\,]

_`

−1

𝜀] is the zone-specific agglomeration elasticity, ie the relationship between increases in effective job density and
increases in economic productivity. The EEM publishes agglomeration elasticities for individual ANZSIC industries. We
used these, plus data from Statistics New Zealand’s 2013 Census data on employment by industry and region, to
calculate a weighted average agglomeration elasticity for each individual Census area unit in the Wellington Region and
then spatially match these with WTSM zones.
Agglomeration elasticities vary between locations, reflecting the mix of industries in those locations. The Wellington
Region in general has a higher average agglomeration elasticity than most other region, reflecting its concentration of
high-productivity service industries. To illustrate, Table 17 summarises region-specific estimates of average
agglomeration elasticities based on industry mix. Wellington and Auckland are estimated to have the highest average
agglomeration elasticities, reflecting a comparatively high share of employment in high-productivity service industries
that benefit more from agglomeration economies.
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Moreover, agglomeration elasticities vary within the Wellington Region. They tend to be higher in central areas,
including the city centre, and lower in rural and suburban areas with predominantly agricultural- or retail-focused
economies.
We also sensitivity tested an agglomeration elasticity of 0.065, which is the EEM’s estimate of the average
agglomeration elasticity across all industries.
Table 17: Weighted average agglomeration elasticities for New Zealand regions (2017)
Region

Share of jobs in high-AE
industries (ANZSIC K, M, N, O)

...excluding government (ANZSIC
O)

Employment-weighted average
agglomeration elasticity

Total New Zealand

21%

16%

0.069

Northland Region

14%

9%

0.067

Auckland Region

25%

21%

0.072

Waikato Region

16%

11%

0.067

Bay of Plenty Region

17%

13%

0.067

Gisborne Region

13%

10%

0.063

Hawke's Bay Region

16%

12%

0.064

Taranaki Region

14%

11%

0.065

Manawatu-Wanganui Region

18%

9%

0.068

Wellington Region

35%

22%

0.074

Tasman Region

10%

9%

0.060

Nelson Region

18%

14%

0.070

Marlborough Region

14%

9%

0.063

West Coast Region

9%

6%

0.064

Canterbury Region

18%

14%

0.069

Otago Region

15%

10%

0.066

Southland Region

11%

7%

0.062

3.6.3

Step 3: Estimate changes in GDP

In the third step, we apply the percentage change in productivity in each zone to the estimated economic output (GDP)
in that zone to obtain an estimate of the total change in economic output arising from improved accessibility between
firms and workers. We calculate the increase in GDP Δ𝑔] for each zone i via the formula:
Δ𝑔] = 𝑝] 𝑔]
where 𝑔] is the estimated GDP within each individual model zone. We then summed up Δ𝑔] across all zones to obtain
estimated total agglomeration benefits.
To estimate 𝑔] , we used economic data from Statistics New Zealand. We began with Statistics New Zealand’s 2013
8
Regional GDP statistics broken down by 1-digit ANZSIC06 industry for the entire Wellington Region. For each industry,
we apportioned regional GDP to individual Census area units based on a combination of:

8

We excluded imputed GDP from owner-occupied property operation and excluded GDP associated with GST on imports and taxes on production. This results in a slightly conservative estimate of
GDP per worker.

21

Let’s Get Wellington Moving – Additional Transport Benefits
Final Report

•

•

The estimated number of full-time equivalent (FTE) workers in that industry, in that area unit, which we
estimated using Statistics NZ Business Demography data on paid employees, with an adjustment for the
average ratio of working proprietors, self-employed people, and part-time workers relative to total paid
9
employees based on a custom 2013 Census data request.
Relative incomes in that industry, for people employed in that location, which we used as a proxy for spatial
variations in productivity levels. We estimated intra-industry income variations using data from a custom 2013
10
Census data request, which we presented in Table 4 in our previous report on land use change.

This method is slightly more sophisticated than the base approach recommended by the EEM, which only captures
spatial variations in GDP per worker that are driven by variations in industry composition. We tested the simpler
approach outlined in the EEM and found that it resulted in low estimates of GDP per worker in central areas that could
not be reconciled with economic data that suggested significant wage premia for city centre-based work.
We then summed up GDP across all industries to obtain an estimate of the total GDP generated in each individual
Census area unit. We then spatially matched these estimates with WTSM model zones to obtain an estimate of total
GDP by model zone for the model’s 2013 base year. We divided model zone-level GDP estimates by 2013 jobs to
estimate GDP per worker, and then multiplied 2013 GDP per worker by the projected number of jobs in each model
zone in 2036 to obtain a zone-level estimate of total GDP.
This estimate holds GDP per worker constant over time, implicitly assuming no further growth in productivity or change
in the sectoral composition of jobs out to 2036. This is a conservative assumption and as a result we have also
sensitivity tested 0.8% growth in output per worker out to 2036, which would be equal to national productivity growth
over the past three decades, and 1.5% growth, which would represent faster growth in productivity.
The following map shows our estimates of GDP per full-time equivalent workers for Wellington area units. This shows
that the city centre has higher-than-average productivity. However, there are also some outlying area units with
relatively high productivity, such as areas of Lower Hutt. This reflects their specialisation in industries with particularly
high output per worker, including some manufacturing activities and utility services.

9

For instance, the construction industry has a relatively high share of self-employed people, while the retail industry has a lower share of self-employed people and a higher share of part-time
workers. Hence using data on employees will under-estimate the number of people working in construction relative to retail in a given location.
10
To mitigate bias from confidentialisation and cell suppression, we grouped industry-level data on incomes into the following areas: City centre, rest of Wellington City, Lower Hutt, Porirua, Upper
Hutt, Kapiti Coast, and Wairarapa.
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Figure 1: Estimated GDP per full-time equivalent worker in Wellington area units, 2013
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4

Economic assessment of additional benefits

4.1

Public transport reliability benefits

Our public transport reliability benefit estimates assume priority improvements are applied to all corridors. On bus and
BRT, these improvements target selected pinch points where delays are worst, whereas LRT is given a high level of
priority along the entire corridor resulting in virtually no delays.
We tested two scenarios for Do Minimum journey time variability and two scenarios for the option journey time
variability to provide an upper and lower range on our estimate of benefits resulting from public transport reliability
improvements.
For the 2036 Do Minimum, we tested
•

No change in peak travel time variability from 2016 data (Low), and

•

An increase in PM peak travel time variability (High)

For the 2036 option, we tested
•

Peak travel time variability was reduced to match current interpeak variability (Low), and

•

Peak travel time variability was reduced by a fixed percentage (High)

We also tested the impact of using either modelled Do Minimum or RPI demands on the reliability estimates.
Table 18 summarises the reliability benefits estimated using each combination of these scenarios. The range of
reliability benefits estimated is between $2.9 million and $6.4 million per annum. This equates to a benefit between 80c
and $1.60 per peak-hour passenger on the affected corridors, or equivalent to 3–7 minutes travel time savings per
peak-hour trip, with annual benefits of $390 to $790 per user (assuming two peak trips each working day).
Note that this reflects the impact of reliability improvements during the two-hour AM and PM peak periods only.
Annual reliability benefits may be significantly higher if reliability improvements are assumed to occur during the
interpeak too. Furthermore, even the high estimate of reliability improvements is likely to be conservative, as it does
not account for travel time variability getting worse in the AM peak and off-peak in future decades.
Table 18: Annual reliability benefits (relative to Do Minimum disbenefits) for different scenarios in 2036.
Annual benefits

Do Minimum demands

RPI demands

Low Option

High Option

Low Option

High Option

Low Do
Minimum

$2,931,000

$4,197,000

$3,475,000

$4,870,000

High Do
Minimum

$4,654,000

$5,485,000

$5,481,000

$6,394,000

In comparison, we estimate the Do Minimum disbenefit of travel time variability for the relevant corridors as
$5.7 million for the low-variability scenario and $7.4 million for the high-variability scenario in 2036, and as $4.3 million
in 2018. These results indicate that if travel time variability during peak times was halved, this could generate benefits
11
equating to two-thirds of the base case disbenefits.

4.2

Public transport comfort and crowding benefits

11

Comparing the scenarios with a higher future variability in the Do Minimum and a lower reduction in variability arising from the RPI, which
approximately equates to a 50% improvement in travel time variability.
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Crowding benefits were calculated for nine bus corridors plus the proposed LRT corridor during the peak periods only.
On the rest of the bus network outside of Wellington City and during the off-peak there are no significant crowding
issues. Thus, we focused on these corridors because they are a) most congested and b) where the investment in
additional capacity is likely to be focussed.
We calculated crowding costs for three different scenarios:
1. Do Minimum (2036),
2. Do Minimum (2036) with RPI demands,
3. RPI (2036).
The Do Minimum (2036) with RPI demands scenario reflects the amount of crowding that would occur under the Do
Minimum scenario if it had to deal with the induced demand created by the RPI.
We also performed sensitivity testing on these parameters with low and high vehicle capacity assumptions. We report
the more conservative low capacity scenarios for ease of reading; however, the high capacity results can be found in
the spreadsheet associated with this report.
Table 19 presents the crowding costs calculated by MRCagney. The ‘cost per user’ metric represents the average
12
crowding costs per peak passenger for each scenario. Unsurprisingly, the highest cost per user is associated with the
Do Minimum (2036) with RPI scenario at $400 per peak-hour user per year. Without adding the induced demand from
the RPI, the Do Minimum shows a smaller cost per user. However, it is still higher than the per user cost of RPI scenario.
Table 19: Annual crowding cost estimates for LGWM under low vehicle capacity assumptions
Scenario

Cost

Total
demand

Cost per user

Total cost based on RPI
demands

Do Minimum (2036)

$2,920,000

7,500

$195

$3,816,000

Do Minimum (2036) with RPI Demands

$7,845,000

9,800

$400

$7,845,000

$113,000

9,800

$6

$113,000

RPI (2036)

In comparison, we estimate the current cost of crowding in 2018 to be approximately $500,000 per annum.
In total, the annual benefits of reduced crowding in the RPI option are likely to fall between $3.7 million (on the basis of
total per-user costs compared to the Do Minimum) and $7.7 million (comparing Do Minimum capacities and RPI
demands). On a per-user rate, this equates to a benefit between 40c and 80c per peak-hour passenger on the affected
corridors, or up to 3.5 minutes travel time savings per peak-hour trip, with annual benefits of $190 to $390 per user
(assuming two peak trips each working day).
Table 20: Annual crowding benefits (relative to Do Minimum disbenefits) in 2036.
Scenario

Annual benefits

Do Minimum costs scaled up to RPI demands on a per-user basis

$3,703,000

RPI demands assigned to corridors with Do Minimum capacities

$7,731,000

These results indicate that if public transport capacity on key corridors during peak hours was increased by 50% relative
to the base case in 2036, this could generate benefits approaching 100% of the base case disbenefits.

4.3

Health and environmental benefits

12

The cost per user is calculated by dividing the in-vehicle time cost added due to crowding by the total demand per peak hour on the routes being
analysed – not the demand on the routes experiencing crowding. Thus, it represents the average cost of crowding spread across all passengers on the
network, not the cost per crowded passenger, which will be much higher.
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We calculated health benefits from increased walking to access PT and emissions reductions benefits using WTSM
output matrices. Table 21 presents the results of these benefits. Emissions reduction benefits are relatively small, while
health benefits rise considerably when a $5 cordon charge is modelled in addition to the Full Programme.
Table 21: Calculated benefits from the WTSM model
Benefits ($000s per annum, 2036 demands)
Health benefits from increased walking to access PT
Emissions reduction benefits (greenhouse gas emissions, fine particulates)

4.4

FP

FP + $5 Toll

$2,415

$14,948

$110

$1,286

Agglomeration benefits

As discussed in the methodology section, agglomeration benefits are calculated as a function of changes in accessibility
to jobs via the transport system. Figure 2 maps percentage changes in effective job density, which is a measure of
access to jobs, resulting from the LGWM Full Programme. This map shows that the LGWM programme will increase
accessibility to employment in most parts of Wellington. The largest increases (highlighted in white) will be experienced
in Newtown and Wellington’s southern suburbs, as well as some of Wellington City’s northern suburbs.
Figure 2: Modelled changes in effective job density by zone (2036)

26

Let’s Get Wellington Moving – Additional Transport Benefits
Final Report

Table 22 summarises the resulting estimates of agglomeration benefits for the entire region. The top row of this table
reports our central estimates, while subsequent rows show sensitivity tests of alternative agglomeration elasticities,
productivity growth assumptions, and the use of travel time rather than generalised costs.
Our central estimate is that the LGWM Full Programme will lift economic output by $95.9 million. Adding a $5 cordon
charge around the CBD would reduce agglomeration benefits to $21.0 million. This is due to the fact that the financial
cost of the toll would outweigh the value of the resulting decongestion benefits for the average user in the model.
Assuming non-zero productivity growth over the 2013-2036 period would lift estimated agglomeration benefits
considerably, and hence we suggest that our baseline estimates may be somewhat conservative. Conversely, assuming
a fixed agglomeration elasticity of 0.065 for all model zones would reduce estimated agglomeration benefits slightly.
In an unreported sensitivity test, we also calculated agglomeration benefits based on travel time alone, rather than
generalised cost of travel. This excludes the financial impact of the $5 cordon charge while keeping the decongestion
benefits of tolling. Under this scenario the agglomeration benefits of the Full Programme plus a toll would be higher
than the agglomeration benefits of the Full Programme without a toll.
Table 22: Modelled annual agglomeration benefits in 2036 (including sensitivity tests for productivity growth)
Transport cost used

Agglomeration
elasticity

Annual productivity
growth

Full Programme

Full Programme plus $5
Toll

Generalised cost (GC)

Varies by zone

0%

$95.9m

$21.0m

GC

Varies by zone

0.8%

$115.2m

$25.2m

GC

Varies by zone

1.5%

$135.1m

$29.6m

GC

0.065

0%

$88.3m

$19.7m

GC

0.065

0.8%

$106.1m

$23.7m

GC

0.065

1.5%

$124.4m

$27.8m

4.5

Summary of benefits

The following table summarises the key findings from this analysis. This suggests that improved reliability is likely to
lead to annual public transport user benefits of $2.9 to $6.4 million, while reduced crowding is likely to lead to annual
benefits of $3.7 to $7.7 million. Actual outcomes are likely to lie somewhere in between these two limits. Health
benefits from added walking to access PT are estimated at $2.4 million per annum, rising to $14.9 million if a $5 cordon
charge is also implemented. Emissions reductions benefits are estimated to be negligible, ranging between $0.1m and
$1.2m in 2036. Agglomeration benefits are estimated to be equal to $95.9 million per annum in 2036 for the Full
Programme. This falls to $21.0 million if a $5 cordon charge is included, which reflects the fact that strategic transport
models value travel time savings from road pricing as being ‘worth’ less than the financial charge. We suggest taking
this finding with a grain of salt as there are other advantages from road pricing that are not necessarily captured by
existing modelling.
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Table 23: Summary of annual benefits in 2036 model year
Benefit category

Low estimate

High estimate

More reliable journeys for PT users

$2.9 million

$6.4 million

Reduced crowding for PT users

$3.7 million

$7.7 million

Health benefits of added walking to access PT

Full programme: $2.4 million
Full programme plus $5 cordon charge: $14.9 million

Reduced greenhouse gas and particulate
matter emissions

Full programme: $110,000
Full programme plus $5 cordon charge: $1,286,000

Agglomeration benefits

Full programme: $95.9 million
Full programme plus $5 cordon charge: $21.0 million

To put these results in context, we consider them alongside previous analysis of transport user benefits. As discussed in
our companion report on land use change impacts of the LGWM programme, previous modelling indicates that the Full
Programme will deliver roughly $1,020 million in benefits for PT users and $400–800 million in benefits for other road
users, in present value terms.
While the above figures are stated in annual terms, we estimate that they equate to just over $1 billion in present value
terms, taking into account discounting of future benefits at a 6% discount rate, a 40 year evaluation period, and the
13
same benefit ramp-up assumptions that were used for the other elements of the programme. The following table
summarises annual and present value impacts.
Table 24: Summary of present value of benefits
Benefit category

Annual benefit (2036)

Present value benefit
(40 years, 6% discount rate)

More reliable journeys for PT users (high estimate)

$6.4 million

$68.0 million

Reduced crowding for PT users (high estimate)

$7.7 million

$82.3 million

Health benefits of added walking to access PT (full programme)

$2.4 million

$30.0 million

Reduced greenhouse gas and particulate matter emissions (full programme)

$0.1 million

$1.1m

Agglomeration benefits (full programme)

$95.9m

$827.0m

Total

$112.6m

$1,008.4m

13

For agglomeration benefits, we also incorporated regional employment growth between 2013 and 2036 into the ramp-up period, as the number of employees who would benefit from
agglomeration would be lower earlier in the period.

28

Let’s Get Wellington Moving – Additional Transport Benefits
Final Report

5

Assessment approach for other benefits

The table below provides a brief overview of five supplementary benefits that we have not quantified. The following
sub-sections outline the approach that could be used for each benefit.
Table 25: Additional benefits for which a suggested approach is provided.
Benefit

Description

Status

Reduced dwell time
benefits

Reduced journey times due to shorter boarding / alighting times at stops / stations – this
can be enabled by all-door boarding, larger vehicles, and off-board ticketing.

Implicitly included in
modelled travel times for LRT.

Imperfect
competition
benefits

Reduced journey times for work purpose trips result in an additional saving due to the
price-cost margin between travel costs and prices charged to customers

Estimated by the LGWM
project team.

Tax wedge on
increased labour
supply

Reduced journey times for commuting trips enable some people to enter the labour
market. This results in an additional benefit associated with the taxes that they pay on
labour income.

Not quantified at this stage
due to the additional level of
analysis required.

Residual value

Infrastructure may still have usable life at the end of the project period; the remaining
('residual') value of infrastructure can be counted as a project benefit – this is particularly
relevant for large PT infrastructure projects that may have a long life-span.

Not quantified at this stage.

Parking resource
cost correction
benefit

Mode shift from car to public transport for commuting journeys reduces the economic
costs of parking provision, ie the portion of parking costs that are not fully borne by users.

Not quantified at this stage
due to the additional level of
analysis required.

Pedestrian delay
reduction benefits

Reduced delay for pedestrians moving through Wellington CBD due to the proposed Te
Aro Vehicle Tunnel removing/reducing surface traffic and allowing space to be reallocated
for pedestrians.

Estimated by the LGWM
project team.

Pedestrian amenity
benefits

Improvements to the urban realm resulting from pedestrianising or reducing traffic on
Vivian Street and reallocating road space for green space or other amenity improvements.

Estimated by the LGWM
project team.

5.1

Reduced dwell time benefits

Reduced dwell time benefits can arise from reduced journey times due to shorter boarding and alighting times at
stops/stations – this can be enabled by all-door boarding, larger vehicles, and off-board ticketing. We understand that
reduced dwell times are implicitly included in the end-to-end travel times modelled for the proposed LRT line. Here we
outline an alternative approach that can be used to estimate the dwell time benefits of LRT separate from the PT user
benefits arising from faster and more reliable travel times between stations. The same approach can also be applied to
estimate dwell time reductions and benefits from off-board ticketing and multiple-door entry for the remaining buses
and BRT along the Golden Mile.
Benefits from reduced dwell times at an individual station or stop accrue to passengers boarding or alighting at the
station, as well as to the passengers continuing through on the vehicle. Average boarding and alighting times for each
vehicle can be calculated based on the following equations:
𝑃e21
×𝑊8,e
𝑉 21
21
𝑃2
= 21 ×𝑊8,2
𝑉

𝑊d,e =
𝑊d,2

where 𝑊d,e and 𝑊d,2 are the boarding and alighting times for each vehicle in the AM peak, respectively; 𝑃e21 and 𝑃221
are the number of passengers boarding and alighting in the AM peak, respectively; 𝑉 21 is the number of vehicles
arriving during the AM peak; 𝑊8,e and 𝑊8,2 are the average time required for a single passenger to board or alight,
respectively.
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The average time required for a single passenger to board or alight is dependent upon the vehicle type in question (and
its associated number of doors and boarding process). Indicative bus boarding and alighting times per passenger per
door are summarised in the table below. For rail (including light rail), boarding and alighting times are typically around
14
two seconds per passenger per door.
rd

Table 26: Typical boarding and alighting times per passenger (TCQSM 3 Edition).
Boarding time
(seconds/passenger)

Alighting time
(seconds/passenger)

Bus, level boarding with smart card

2.75

3.5

Bus, level boarding with no fare payment
(off-board ticketing)

1.75

1.75

Vehicle and ticketing type

Dwell times per vehicle at each station can be determined based on the number of passengers boarding and alighting at
the station, the number of doors available for boarding or alighting, and the boarding/alighting time per passenger.
Where separate doors are used for boarding and alighting, the dwell time is the greater of the estimated boarding or
alighting time; otherwise, boarding and alighting times are added to estimate total dwell time.
The typical boarding and alighting times for different conditions, together with EEM values of time, indicate that dwell
time benefits from off-board ticketing are on the order of 1c per passenger trip, with additional benefits accruing from
enabling boarding and alighting to occur via multiple doors simultaneously. Using the modelled LRT demands of 2,650
passengers in an average peak hour, and an annualization factor of 1370 for PT users in the two-hour peak, this
suggests off-board ticketing could provide annual benefits of $73,000 for the LRT line.

5.2

Calculating the imperfect competition benefit

The imperfect competition benefit comes from higher price cost margins from lower costs of work travel. Using WTSM
data and following EEM Section A10.5, the imperfect competition benefit can be computed via the formula:
𝑏𝑘𝑎,
where b is the transport benefit computed only for the work purpose trips; k is an imperfect competition factor; a is an
annualisation factor. The table below provides appropriate parameter values.
Table 27: Imperfect competition benefit parameter values
Parameter

Value

Source

k

0.107

EEM Section A10.5

a

500

Assumes two peak period commutes per working day and 250 working days per year

Our previous analysis of wider economic benefits for rapid transit projects in Auckland suggests imperfect competition
benefits are likely to be relatively small, comprising around 1% to 5% of total benefits.

5.3

Increased tax wedge benefits

The tax benefit comes from increased tax revenue from an increased labour force from lower commute costs. For
estimation in Auckland, MRCagney has previously made use of Auckland strategic transport model outputs and the
method from EEM Section A10.6. In Wellington, the outputs from the WTSM model can be used. To estimate the tax
wedge, MRCagney would compute the benefit in the following five steps, with suggested parameter values provided in
Table 28 below.
14

These are based on average values for different ticketing and door configurations from the Transit Capacity and Quality of Service Manual (TCQSM
rd
3 Edition), Chapter 6, Exhibit 6-4 and Chapter 8, Exhibits 8-12 and 8-13.
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First, MRCagney would compute the average change in commute costs per WTSM zone. We do this by computing the
matrix
𝑎

A

𝐺J,A − 𝐺\,A
A

𝑁J,A + 𝑁\,A

𝑁J,A + 𝑁\,A

,

where the sum is over all modes m (car and public transport); the individual matrices pertain to the commute purpose
and the AM peak period; No,m is the number of trips matrix for the option scenario and the mode m; Nb,m is the number
of trips matrix for the base scenario and mode m; Go,m is the generalized cost matrix for the option scenario and mode
m; Gb,m is the generalized cost matrix for the base scenario and mode m; a is an annualisation factor. We then sum
across its columns to get matrix (𝛿𝐺).
Second, MRCagney would compute the mean personal income si, and mean personal productivity pi for those who work
in zone i by taking weighted averages of those quantities across destination zones j:
𝑠] =

𝑝] =

^ 𝑠^ 𝑁J,],^
^ 𝑁J,],^
^ 𝑝^ 𝑁J,],^
^ 𝑁J,],^

,

where the sums are taken over all WTSM zones j; 𝑠^ is the mean personal income of workers working is zone j taken
from the economic data; No,i,j is the annual number of commute trips (car and public transport) from zone i to zone j in
the option scenario; 𝑝^ is the GDP of zone j divided by the number of full-time equivalent workers working in zone j.
Third, we estimate the change in employment per zone i via the formula
𝛿𝑒] =

𝜀𝛿𝐺]
,
𝑠] 1 − 𝜏

where 𝜀 is the elasticity of labour supply; 𝛿𝐺] is the i-entry of 𝛿𝐺; 𝜏 is the average tax rate.
Fourth, we compute the benefit for each zone via the formula
𝑏] = 𝑒] 𝑤] 𝑝] 𝜎,
where wi is the number of full-time equivalent workers working in zone i; 𝜎 is the average employment tax rate.
Finally, the tax benefit is the sum of the bi multiplied by a factor k to convert dollars from the year of the economic data
(2013) to the assessment year (y). In addition, modelled tax wedge benefits for future years would be scaled up to
reflect expected productivity growth throughout the modelling period.
Table 28: Tax benefit parameter values
Parameter

Value

Source

a

500

Assumes two peak period commutes per working day, and 250 working days per year

𝜀

0.4

EEM Section A10.6

𝜏

0.32

EEM Section A10.6

𝜎

0.26

EEM Section A10.6
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k

1.026

2016-2013

Accounts for price inflation and productivity increases over this period. Stats NZ labour productivity statistics used
to calculate productivity growth (0.6% per annum from 2013 to 2015), and Stats NZ implicit GDP price deflator
used to calculate inflation (e.g. 2.0% per annum from 2013 to 2016)

Our previous analysis of wider economic benefits for rapid transit projects in Auckland suggests tax wedge benefits are
likely to be small as a proportion of total benefits, but larger than imperfect competition benefits.

5.4

Calculating residual value benefits

Residual value benefits reflect the fact that assets may still have some value at the end of the appraisal period.
According to the Transport Analysis Guidance published by the UK Department for Transport (2014), residual asset
values should be included when assessing projects under a finite evaluation period. Residual values should be based on
the resale or scrap value of assets, including land and buildings; include any related clean-up costs; and account for
‘residual value risk’, the uncertainty around the future resale or scrap value.
Jones et al (2014) recommend estimating the residual value of assets based on straight-line depreciation, i.e. assuming
the value of assets diminishes to zero in continuous fashion over a defined time horizon. The following table sets out
the asset lifespans and annual depreciation rates used in analysis.
Table 29: Asset lifespan and annual depreciation (Adapted from Jones et al, 2014)
Infrastructure asset

Total lifespan (years)

Annual depreciation as percent of starting value

Land

150

0.7%

Running ways (bridges, tunnels)

60

1.7%

Stations and buildings

60

1.7%

5.5

Pedestrian delay reduction benefits

Pedestrian delay reduction benefits are expected to occur for pedestrians moving through Wellington CBD due to the
proposed Te Aro Vehicle Tunnel removing/reducing surface traffic. We understand that an analysis of pedestrian delay
at Wellington city centre intersections has already been conducted. MRCagney has carried out research quantifying
pedestrian delay at signalised intersections in Auckland, and we provide a brief overview here of our approach for this
work. A full description of the methodology is available in the associated report (MRCagney, 2017).
Our methodology for valuing pedestrian delay is based upon the NZ Transport Agency’s (2016) Economic Evaluation
Manual, and involves five key steps:
1.
2.
3.
4.
5.

Measure pedestrian movements through the intersection(s) being analysed
Estimate the average delay for each pedestrian movement
Combine these results to estimate total pedestrian delay during the selected time period
Convert total pedestrian delay into a monetary equivalent
Convert results to an annual estimate of the cost of pedestrian delay

Using this approach for a single busy intersection in the Auckland CBD, an average reduction in pedestrian delay of just
7 seconds per pedestrian was found to provide annual benefits of $1.5 million.

5.6

Pedestrian amenity benefits

Pedestrian delay reduction benefits are expected to occur for pedestrians moving through Wellington CBD due to the
proposed Te Aro Vehicle Tunnel removing/reducing surface traffic and allowing space to be reallocated for green space
or other amenity improvements, including potential improvements to the urban realm resulting from pedestrianising or
reducing traffic on Vivian Street. We understand that an analysis of pedestrian amenity benefits has already been
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conducted. MRCagney has been involved in projects quantifying urban realm benefits in Auckland, and we provide an
overview of the approach below. As a full description of the methodology is available elsewhere, we do not go into
details here (Boffa Miskell, 2017).
1.
2.
3.
4.
5.
6.
7.

Measure peak-hour and all-day pedestrian activity on the street block(s) being analysed
Assess the existing streetscape environment on-site using the Pedestrian Environment Review System (PERS)
Assess the future environment using PERS based on plans for the proposed option(s)
Evaluate the change streetscape environment between the existing and future scenarios
Combine these results with measured pedestrian activity to estimate total pedestrian benefits
Convert total pedestrian benefits into a monetary equivalent
Convert results to an annual estimate of the benefit of pedestrian amenity improvements

The application of this approach to several blocks in Auckland CBD estimated annual benefits of $40,000 to $700,000
per block, depending on level of improvement and number of people using each block.
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