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1 Executive summary
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The project deals with the key questions of whether PT uptake:

o

workers per hectare).

® has been explained as a function of socio-economic and/or urban form variables in
existing literature, domestically and internationally

® can be linked to socio-economic and/or urban form variables in New Zealand today

® has changed as a result of changes in socio-economic and/or urban form variables in
New Zealand over the 10 years to 2006

® is linked to different socio-economic and/or urban form variables in different urban

centres.

The implications for stakeholders of our study include support for a “build and they will
come” approach to PT development; a need to maintain PT uptake rates at greater distances
from CBDs; and the likely benefits to PT uptake of improving PT commuting speed through,
for instance, the use of bus lanes and transport interchanges / park and ride systems.

The project studied 1,054 census area units, representing the 18 largest urban centres in
New Zealand. It examined a range of socio-economic variables in addition to urban form
variables in order to build a series of multiple variable models to explain PT uptake. Key

findings of the study include the following:

® Most literature deals with provider-controlled factors that affect PT uptake, such as
price, frequency, and quality of service, which we will be examining in Year Two.
® Common themes we identified include:
6 Urban size plays a major role in uptake, while urban density plays a smaller

(sometimes insignificant) role.
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&b There is a negative relationship between PT uptake and active mode (cycling and
walking) uptake. This is supported by GIS analysis that suggests that as distances
from the CBD of urban centres grows, use of active modes is replaced by PT.

6  Access to a motor vehicle reduces demand for PT, as would be expected.

&> Higher personal incomes increase demand for PT, which counters some
arguments that PT is the preserve of those on lower incomes.

a5 PT uptake is consistently associated with higher shares of population identifying as
Asian. Given the specific profile of the population identifying as Asian in New
Zealand, this makes sense in that most migrants from the continent are from
countries with well-developed PT infrastructure.

® Little has changed in the variables associated with PT uptake between 1996 and 2006.
The model for 2006 has a more significant intercept, suggesting some other variable(s)
has entered the equation since 1996. One explanation for this may be oil price.

® Looking at four urban centres — Auckland, Wellington, Christchurch, and New Plymouth
— in more detail, we find:

@ The relationships developed across all 1,054 CAUs mostly hold. Vehicle access,
incomes, and active mode uptake all appear repeatedly in models, as does
ethnicity to a lesser degree.

& Wellington has higher rates of PT use out to greater distances from the CBD than
in other major cities. The literature would suggest this higher rate of PT use may
be due to accessibility and commuting speed, given the role of the railway network
in Wellington’s PT system.

> Auckland has strong urban density variables, with both residential and workplace
density being strongly related to PT uptake. As residential density rises, PT uptake
rises. As workplace density rises, PT uptake falls. This is likely because in areas
of Auckland where workplace density is high, active mode (AM) uptake is high. AM
substitutes for PT, as supported by our discovery of a strong relationship between
workplace density and AM uptake in Auckland (adjusted R? of 0.72).

@ The model for New Plymouth exhibits results counter to that in other urban centres,
with the signs for the coefficients of vehicle access and incomes pointing in
unexpected directions. These surprising results may be because of the low

number of observations in New Plymouth, making the model weaker.

There is a strong inverse relationship between AM and PT uptake. Models explaining
combined AM and PT uptake as a function of socio-economic and/or urban form variables
had significantly greater explanatory power than those explaining PT uptake alone, with
adjusted R? of between 0.74 and 0.87. This finding suggests that, in Year Two of the study,
we should examine the links between PT and AM uptake in addition to our work on supply-
side variables explaining PT uptake.
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2 Background and methodology

This report summarises the key findings of our first year of work on the links between PT
uptake and a range of demand-influencing factors. Our main focus is to determine what, if

any, impacts urban form has on PT uptake.

Demand-influencing factors could include variables such as the age profile, ethnicity,
income, or access to motor vehicles that characterise residents of a particular area in the
country. They could also include the industry profile of the area. For instance, we may find

that areas with a high concentration of employment

In Year Two, we intend broadening the study to look at supply-influencing factors on PT

uptake, such as the role of price, frequency of service, and quality of service.
2.1 Definitions of urban form, urban density, and urban size

A general definition of urban form is the physical layout and design of a city or urban area.
A description of the form of an urban centre could take into account urban density; street
layout; transportation; employment areas; urban design issues; and growth management

issues such as urban sprawl, growth patterns and phasing of developments.

Urban form in this study has a more limited definition. We limit our analysis to measures of

urban density and urban size.
Urban density in this study primarily refers to two variables:

® residential density (the number of residents per hectare within a geographic area)

® workplace density (the number of workers per hectare within a geographic area).

Other measures of urban density investigated include dwellings per hectare and households

per hectare.

Urban size refers to the size of the population of an area. In this study we primarily refer to
the size of the urban centre (of which there are 18 in the study) although we could also look

at different size populations at the suburb-level.

Our hypothesis, discussed in more detail in section 2.5.1, is that urban form, and specifically

urban size and urban density, are linked to PT uptake.
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2.2 New Zealand’s major urban centres

Our study considers 18 urban centres. A first look at the size of these 18 urban centres and

the average number of residents per hectare (urban density) is presented in Figure 2.1.

Figure 2.1 Urban centre size and density, 2006
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Urban centres range in population from 398,000 (Wellington Metro) to 32,500 (Gisborne).
There is significant variation in residential density as well, from 25.6 residents per hectare for

Central Auckland, to Hamilton, at just 1.68.

The figure shows that urban size is not necessarily accompanied by density in New Zealand.
While Hamilton is the seventh-largest urban centre, it has a lower population density than
Gisborne. Nevertheless, the general trend is that the larger urban centres have higher
densities.

Some could argue that we should group the four Auckland zones together as one “Metro” as
we have done with Wellington Metro (which incorporates predominantly urban areas within
Wellington City, Upper Hutt City, Hutt City, Porirua City and Kapiti Coast District), or
Hamilton Metro. The main reason for this is that although large numbers of residents of the
other Auckland zones work in the Central Zone, on average these zones enjoy greater
independence from Central Auckland than the cities clustered around Wellington. This is
particularly the case when one considers the share of population living in urban areas within
each City.
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2.3 The role of PT in New Zealand’s urban centres

Figure 2.2 shows levels of PT use (for travel to work) across the 18 largest urban centres in
New Zealand, with inset maps showing PT use in the three largest cities as well as New
Plymouth." Data is presented at the Census Area Unit (CAU) level. A total of 1,054 CAUs

are included in our study.

Figure 2.2 PT use in urban centres, 2006
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Key points evident from the figure and our analysis include:

' The 18 urban centres covered in this study are listed in section 7.

. 7 Passenger Transport Use and Urban Form in New Zealand
economics Key Stakeholders
July 2010




& Only Auckland, Wellington, Christchurch and Dunedin have travel to work PT rates
exceeding 2.5 percent.

® Wellington has by far the highest rates of PT use (14.5 percent overall).

® PT usage rates remain higher over far greater distances from the Wellington CBD than
elsewhere in the country (see Auckland for example, noting that all inset maps in the
figure are the same scale).

& Christchurch has low rates of PT use (4.00 percent) compared to Wellington (14.5
percent) and Auckland (5.8 percent).

® New Plymouth, one of our focus areas, has low rates of PT use (0.41 percent), with no

more than five percent of the population using PT in any of its CAUs in 2006.
2.4 Research questions

In this study, we examine the question of what links exist between PT and urban form by

looking at the four related questions:
What, if any, links are there between urban form (as in our limited definition) and PT uptake:

#® in previous research in New Zealand and/or internationally?
@ across all 1,054 CAUSs in the 18 urban centres covered in this study?
® over time, so that changes in urban form are accompanied by changes in PT uptake?

® In different urban centres across the country?

The next four chapters of this study cover the results of our investigation of these four

qguestions. Section 7 explains the terms and abbreviations used in the report.
25 Methodology

The purpose of this study is to determine what, if any, relationship exists between urban form
on the one hand, and PT use on the other. In this first year of the project, we limit ourselves

to factors on the demand-side that may explain PT uptake.
25.1 Hypothesis and approach

The guestion we wanted to test is whether there are links between urban density and PT

uptake.

Hypothesis: There is a link between urban form (whether urban size, urban density, or both)

and the uptake of PT within a geographical area.

In order to test this hypothesis, we followed the approach laid out in Figure 2.3. We began

with the four questions in the dark red boxes across the top of the chart. But in order to
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Figure 2.3 Flow-chart of project approach
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answer these, we had to consider what other factors may influence the demand side of PT

uptake, as represented by question five.

These five questions were answered by completing the tasks in the green boxes. Previous
research was examined through a literature review. This helped identify how the questions
were answered internationally, and also what kinds of other variables may explain changes
in PT use. The other three questions were answered using statistical analysis to provide

answers within a New Zealand context.
2.5.2 Literature review

The literature review involved five steps that fall into the three broader stages of search,
assessment and analysis. The first two steps involved designing the search parameters and
searching for relevant publications. The next two steps assessed the initial search results for
relevance, reviewed and summarised the relevant publications and identified overarching
themes in the literature. The analysis was framed in terms of the themes, and described the
characteristics and key findings of in the literature. The final step involved synthesising the

evidence base, and providing our interpretation and insights of the evidence.?
253 Data gathering and manipulation

A key early stage of the project was to determine what data was available, how to assemble
it, and how to present it. Significant amounts of data were sourced from Statistics New

Zealand census information for the three censuses 1996, 2001 and 2006.

We gathered data on 1,909 CAUs. A lengthy process of data manipulation followed, in order
to present data on the CAUs in the most appropriate, relevant way. These included
presenting age groups, ethnic groups, country of birth, industry profile, labour force
participation rate, and transport mode use for each CAU in percentage form. It also included
calculating urban densities using population, dwelling, household and employment data
divided by the geographic area of each CAU.

Other figures were presented as means or medians, such as median age or mean motor
vehicle access.

In order to answer the third of our four questions, we also presented data in terms of

changes between 1996 and 2006. For example, we considered what happened to the

2 A more comprehensive discussion of the methodology used can be found in the BERL report to stakeholders
Passenger transport and land values: drivers and linkages literature review. (2010).
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absolute level of PT use in a particular CAU between 1996 and 2006, along with absolute

changes in the range of potential explanatory variables.

The list of variables on which we gathered data, and which are referred to in abbreviated

form throughout this report, are presented in Table 2.1.

Often in this report, the variable names will be used with a suffix that represents the year to
which we are referring. For instance, Persinc2006 refers to median personal income by
CAU for 2006.

Table 2.1 Definitions of variables used in the study

Variable name Definition

% Active mode use % of employed residents of a CAU who travel to work by active modes (AM)

% PT use % of employed residents of a CAU who travel to work by passenger transport (PT)

% PT&AM use Sum of % of employed residents of a CAU who travel to work by PT or AM

%0-14 % of residents of a CAU aged 0 to 14

%15-24 % of residents of a CAU aged 15 to 24

%25-44 % of residents of a CAU aged 25 to 44

%45-64 % of residents of a CAU aged 45 to 64

%65+ % of residents of a CAU aged 65 and over

%Asian % of residents of a CAU who identify their ethnicity as Asian

%BusSvs % of workers in a CAU employed in business senices

%European % of residents of a CAU who identify their ethnicity as European

%Flats+ % of dwellings that are flats, units or apartments in a CAU

%Maori % of residents of a CAU who identify their ethnicity as Maori

%MfgConstr % of workers in a CAU employed in manufacturing and construction

%O/seasBorn % of residents of a CAU born owverseas

%0Other % of residents of a CAU who identify their ethnicity as Other

%Pacifika % of residents of a CAU who identify their ethnicity as Pacifika

%Prim % of workers in a CAU employed in primary industries

%RecSvs % of workers in a CAU employed in recreation senices

%Ret&Dist % of workers in a CAU employed in retail and distribution

%SocSvs % of workers in a CAU employed in social senices

%W orkAtHome % of employed residents of a CAU who work at home

BedroomsMean Mean number of bedrooms per dwelling, a measure of average house size in a CAU

Dwellings/ha Dwelling density of a CAU measured as dwellings divided by surface area in hectares

GDP/worker Average GDP per worker in a CAU

Hectares Surface area of a CAU in hectares

HholdInc Median household income of a CAU

Hholds Households in a CAU

Hholds/ha Household density of a CAU measured as households divided by surface area in hectares

LFPR Labour Force Participation Rate of residents of a CAU

MedianAge Median age of residents of a CAU

MetroPop Population of the urban centre in which the CAU is located (18 urban centres in the study)

MetroWorkers People employed in the urban centre in which the CAU is located

MotVehMean Average number of motor vehicles to which residents of a CAU hawe access

Persinc Median personal income of a CAU

Pop&emp/ha Sum of population and employment densities, giving a measure of total density for a CAU

Population Population of a CAU

Population/ha Population density of a CAU measured as population divided by surface area in hectares

Rent Median rent in a CAU

Workers Number of people working in a CAU

Workers/ha Employment density of a CAU measured as workers divided by surface area in hectares
@ . 11 Passenger Transport Use and Urban Form in New Zealand
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254 Coverage of the study

Of the 1,909 CAUSs, 1,054 are in the 18 urban centres as defined by Statistics New Zealand,
and that are the focus of this report. The 1,054 urban CAUs represent 2.89 million people,
or 72 percent of the 4.03 million people in New Zealand as at the 2006 census. The areas
covered range from Wellington Metro (398,000 residents in 2006) to Gisborne (32,500). The
study covers 1.19 million workers, or 75 percent of the 1.59 million total workers. The 1,054

CAUs produced an estimated 74 percent of national GDP in 2006.

Once the data had been assembled, we turned to answering the various quantitative

guestions (questions 2, 3 and 4) as posed in Figure 2.3.
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3 What does the literature say?

The first of the four questions we wished to answer was whether or not the literature
identifies factors, whether urban form-related or not, that influence demand for, or supply of,
PT.

The literature review aimed to build an understanding from the existing body of knowledge
on the economics of PT use and urban form. The review addressed the questions of what
drives PT use, as well as whether there are links between PT uptake and land values among

others.

3.1 PT use drivers

PT use depends on system design and service quality factors under the control of providers,

psychological factors and price.
3.1.1 General demand drivers

The literature highlights the following non-price factors of demand, which can be influenced

by providers, as being positively related to PT use:

e accessibility/availability and network linkages to both destinations and other transport
modes

e shorter journey time (or higher commuting speed)

e quality and reliability of services

e low cost (price effects are discussed further below)

Additional non-provider factors that affect transport mode choices include psychological

drivers such as peoples’ habits and safety concerns.
3.1.2 Transport mode choice and demographic factors

The New Zealand Household Travel Survey finds that most people travel by private car or as
a passenger in a private car, and that people on lower incomes also tend to make fewer trips
overall. Car ownership is found to have a negative effect on PT use in a number of surveys

and pieces of research.

PT patronage in New Zealand is low, at approximately 3.6 percent. In terms of PT modal

choices, bus use is higher:

e amongst younger age groups
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e amongst females than males aged 5-14 years and amongst males than females aged
15-29 years.
e Inrural areas (versus alternative PT modes)

e on weekends.

Train use is higher in major urban areas, which likely reflects its relative availability and
accessibility.

Transit oriented developments (TODs) have positive effects on PT use, especially for
overseas-born residents with a custom of PT use and demographic groups such as childless
couples and “empty-nesters”, which represent “ready-made consumer markets for housing
situated near transit nodes”.

3.1.3 Transport prices

The literature describes price as one of the key factors of demand that affect peoples’ use of
PT. Shocks such as gasoline price increases induce a shift from private transport to PT.
This response varies, though, according to the availability and accessibility of PT, and may
reflect that people view the shock as temporary so only travellers on the margin of swapping
do so.

Congestion charges, which may be interpreted as long term price shocks, encourage a
switch to PT. But the magnitude of this change depends critically on the capability and
quality of PT to absorb this extra demand.

3.2 Links between PT use and land values

The literature supports the conclusion that there are links between PT and land values.
There is a substantial body of literature that supports the conclusion that greater or better
quality PT increases land values. There is limited evidence, however, that higher land
values drive PT use. Therefore, we cannot draw the conclusion that land value and PT are

multi-directional.

The literature finds a general positive effect of PT on residential and commercial land values,
although there is some evidence that residential property prices might be depressed

immediately around the transport investment or station. This literature also shows that:

e the impact area of the transit system on prices in residential developments seems to be
wider than those for commercial developments.
¢ the impacts are more easily identified for tram and metro investments than for bus

investments. Most of the research has concentrated on urban rail systems.
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e contextual factors are important, so that similar transport investments will have different

impacts depending on the local economic conditions

TODs aim to maximise access to PT and often incorporate features to encourage transit
ridership. TODs tend to attract particular demographic groups, such as couples without
children, immigrants and “empty-nesters”. These groups represent “ready-made consumer
markets for housing situated near transit nodes”. Successful TODs create accessibility
advantages that can be capitalised into higher rents of greater occupancy, which increase
the potential value of land used in these developments. For example, TODs can “free-up

disposable income by reducing the need for more than one car and reducing driving costs”.

A TOD case study of Bogota found that the land values were positively associated with close
proximity to a newly constructed bus rapid transit system. The authors found a positive
association between use of the new system and affordable ticket prices, time savings and
quality of the service relative to the other systems available. Although the results suggest
that these are drivers of PT use, the authors caution against interpreting their results as

definitively proving a causal relationship.

However, there is New Zealand evidence that the dominance of private transport means that
rural land is relatively accessible, and growing residential demand puts pressure on rural
land prices. The dominant type of transport and its supporting infrastructure affects the
‘connectedness’ between a city’s or town’s centre and where people are willing to live. This
dynamic can influence the pattern of growth and the area’s urban form over time. For
example, the significant reliance on car-based travel in New Zealand makes town centres
readily accessible from rural areas. As a result, rural land is converted into residential land

over time as growth increases the demand for housing.

The literature reviewed suggests that there can be benefits from investing in PT links
between areas with high residential and commercial value. That is, land values may be
associated with the increased development of PT systems. However, land value appears to
have a secondary or indirect effect on PT use. In other words, the activities on the land are

the primary drivers of land value and PT use.

There is some analysis on the market size required to make various PT systems
economically viable. BERL’s 2007 analysis of the economic impact of the Auckland
Manukau Eastern Transport Initiative (AMET]I) project suggests that the planned transport
infrastructure and urban developments could generate high value, high density land uses. In
turn, this higher density would attract resident and working populations that would represent

a market for PT.
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3.3 Gaps and weaknesses in the literature reviewed

The literature focuses more on public transport (bus and rail) than on the broader area of PT,
which includes private PT, such as taxis. We identified a moderate evidence base on the
demographic factors related to PT use, but most research focuses more on overall travel
behaviour.

Access to quality PT systems has an amenity value for residential purposes, connectivity
value for commercial purposes and an accessibility and agglomeration value for industrial
purposes that lifts the value of proximate land. To the extent that higher value land is
involved with such economic activity, higher land values may be associated with greater
investment in PT, in order to serve those purposes.

The literature tends to focus on the connections between residential areas, commercial
activity and travel to work. We found little literature that specifically examined how

commercial versus industrial uses affects the pattern of PT use.

There does not appear to be a separate literature exploring how high value land might
influence the design, enhancement or expansion of transport infrastructure, and in particular
the supply and use of PT. Rather, such considerations tend to be subsumed into the sub-
literatures that examine land management interventions and policies, and urban and transit

oriented developments.
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4 Is there a relationship between PT uptake and

urban form across all urban centre CAUs?

The second question we wished to examine is whether there is quantitative evidence for PT
uptake across the 1,054 CAUs that make up the 18 urban centres studied.

4.1 Correlation

Before running a multiple variable analysis, we considered which of our range of more than
30 variables were likely to be highly correlated, in order to ensure we did not include
variables that measured the same thing.® The results of this analysis are shown in Table
4.1.

We thus eliminated a number of variables that appeared to be proxies for each other. For
example, Hholds2006 is very highly correlated with Population2006 (0.96) as one would
expect. We thus removed Hholds2006 from the analysis.

4.2 Economic theory

The next step was to consider what our hypothesis and economic theory suggest the signs
of the coefficients for each independent variable would be in explaining PT uptake. Our
predicted signs for each independent variable are summarised in Table 4.2.

® Urban density and urban size: Our hypothesis would be that higher PT uptake is
associated with higher urban densities and larger urban centres.

® Incomes: Anecdotal evidence suggests that higher PT uptake is associated with higher
incomes, as explained later in this report.

® Flats and vehicle access: We would also expect usage to be higher among people
living in flats, and those with limited access to motor vehicles.

® Industries: Industries requiring a larger surface area / worker would be likely to have
lower PT use. We thus expect %Prim to have a negative coefficient, for instance.

® Age profile: We may expect CAUs with high shares of people aged 0 to 14 to have
lower PT use as parents may take their younger children to school by car before heading
off to work. We would expect PT use among 15 to 44 year-olds to be relatively strong,

while we would expect the rate to be lower for over 65s.

® How we assembled data is explained in the Methodology section of this report.

. 17 Passenger Transport Use and Urban Form in New Zealand
economics Key Stakeholders
July 2010



Table 4.1 Correlations between variables, 2006
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6 1.00| 041] -0.13| 056| 0.16] 0.09| -0.06] 0.09) 0.03| 0.33| 0.52| 0.06] 0.19| 0.49 0.52| -0.13| -0.36| -0.13| 0.15| 0.11| 0.18] 0.07| -0.32| 0.20| -0.02| -0.07| 0.30| 0.27| -0.20| -0.08]  0.21] -0.18| 0.1 0.2 0.20] -0.29| 0.02
Y%0lseasBorn2
006 0.41| 1.00| -0.17| 0.48| 0.26] 0.25| -0.01| 0.25| 0.08| 0.42| 0.40| 0.01] 039| 0.50| 0.31| 0.40| -0.01| -0.30| -0.14| 0.12| 0.30| 0.04] 0.04| -0.12| 037| 0.02| -0.01| 0.50) -0.41] -0.34] 037 -0.36] -0.09| 0.30)

MedianAge20
06

-0.13| -0.17| 1.00[ -0.30| -0.11| -0.16] 0.24| 0.21| 0.37| -0.27| -0.19] 0.31] -0.12| 0.03| 0.00| -0.19| -0.02| 0.16] 0.06] -0.05 0.09] -0.11| 0.10[ 0.43| -0.15| -0.12| 0.39| -0.16 -0.31] -0.47) -0.21) 0.58| -0.16| -0.43|

Population/ha

2006 0.56| 0.48] -0.30] -0.16| -0.43| -0.30] 0.09] 0.15] 0.29| 0.14] -0.42 0.43| 0.36| -0.34| -0.05] 0.34| 046| -0.31) 0.00, 0.31] 0.32| -0.45] -0.09
Workers2006 0.16] 0.26/ -0.11 -0.01] -0.13| -0.02] 0.15] 0.20| -0.12| -0.01] -0.02 0.10] 0.15| -0.08| -0.07| 0.00f 0.27| -0.11) -0.36| 0.37| 0.19| -0.18| -0.05
\Workers/ha20

0.09| 0.25] -0.16|
LFPR2006 -0.06 -0.01| 0.24]
Hholdinc2006 | 0.09| 0.25| 0.21]
0.03| 0.08] 037

0.09| 0.18| -0.07| -0.09] -0.02) 0.26| -0.09| -0.40] 0.42| 0.21] -0.23| -0.10]

Pop&emp/ha2
OOGP i 0.33| 0.42| -0.27| -0.09 -0.30] -0.23] 0.10] 0.26] 0.10| 0.10| -0.25| 0.24| 0.57| -0.39] 0.27| 0.28] 0.31] -0.22| -0.09 0.14| 0.42| -0.22| -0.31] 0.47| 031 -0.39| -0.12
Dwellings/ha2

i 0.52| 0.40| -0.19| -0.18| -0.43| -0.30] 0.10] 0.21] 0.22| 0.19] -0.38 0.33] 0.36] -0.17| -0.11 0.14| 0.42| -0.17| -0.17| 0.28] 0.35| -0.39] 0.02
BedroomsMe
an2006 0.06| 0.01] 0.31] 0.11] 0.26] 0.03| -0.13| 0.03) 0.05| -0.03|] 0.35 0.06| -0.10| 0.24| -0.03| 0.00f 0.01] 0.30| 0.49| -0.03| -0.06] 0.40| -0.04]
96Flats+2006 0.19| 0.39] -0.12] -0.09 -0.32| -0.17| 0.14] 0.25] -0.01] 0.20[ -0.16 0.19| 0.36| -0.11| -0.10 0.04] 0.39] -0.15| -0.53| 0.46| 0.38] -0.33| 0.06]
Rent2006 0.49| 0.50| 0.03| -0.07[ -0.32| -0.13] 0.09] 0.34] 0.06| 0.11] -0.08 0.53| 0.34] 0.04| -0.28 -0.05| 0.48| -0.01] -0.07| 0.13| 0.33]| -0.10| -0.02

Hholds2005 IR 0.31] 0.00

Hholds/ha200
6 0.52| 0.40| -0.19
(GDP/worker20
06

-0.15| -0.36| -0.13| 0.16] 0.15| 0.12| 0.11] -0.29]| 0.21| 0.07| -0.14| 0.25] 0.30| 0.26] -0.03| -0.14 0.02| 0.32| -0.03| -0.05| 0.07] 0.22] -0.22| 0.16

-0.18| -0.43| -0.30| 0.10| 0.21] 0.22| 0.19| -0.39] 0.34] 0.31]| -035] 0.32| 0.33| 0.36[ -0.17| -0.11 0.14| 0.41]| -0.17| -0.16] 0.27| 0.35[ -0.39| 0.02

-0.13| -0.01| -0.02) -0.16| -0.01| -0.02| 0.16] 0.13| 0.10| -0.09| -0.18| 0.11] -0.09| -0.07| -0.15| -0.18] 1.00f 0.29| 0.09] 0.00| 0.15| -0.22| -0.07[ 0.16| -0.06| -0.11] 0.19] 0.01] 0.05] -0.01| -0.02] 0.03 0.06| -0.05| 0.00] 0.11] -0.04) 0.02| 0.10| -0.15
96Prim 2006 -0.36| -0.30| 0.16) -0.43| -0.13| -0.13|] 0.23| 0.11] 0.10] -0.30| -0.43| 0.26] -0.32| -0.32| -0.36| -0.43| 0.29] 1.00] 0.04] -0.19| -0.15| -0.25 —0.13 -0.28| -0.17| 0.41] -0.24| -0.21] -0.23| 0.18| 0.05 -0.14| -0.26] 0.23| 0.14| -0.14| -0.18] 0.35| -0.08
9aMfgConstr20
06

-0.13| -0.14| 0.06| -0.30| -0.02| -0.12| 0.13| -0.05| -0.01| -0.23| -0.30| 0.03| -0.17| -0.13| -0.13| -0.30| 0.09| 0.04] 1.00] 0.02| -0.18| -0.46| -0.28] 0.01| -0.07| -0.19| 0.17| -0.04| -0.06| -0.06] 0.05| 0.06 -0.02| -0.10{ 0.06| 0.11] -0.11] 0.03| 0.15| -0.08

96Ret&Dist200
6 0.15| 0.12 -0.05| 0.09| 0.15| 0.07| -0.07| -0.18| -0.14| 0.10] 0.10| -0.13| 0.14| 0.09] 0.16| 0.10| 0.00[ -0.19| 0.02| 1.00| -0.11| -0.37| -0.05| -0.16] 0.02| 0.02| -0.14| 0.06] 0.09| 0.06| -0.11] 0.02 0.05| 0.17| -0.11] -0.05| 0.02| 0.09| -0.12| 0.06
%BusSvs2006 | 0.11| 0.30] 0.09] 0.15| 0.20, 0.24| 0.22| 0.41] 0.39] 0.26] 0.21] 0.03] 0.25| 0.34| 0.15| 021 0.15| -0.15| -0.18| -0.11| 1.00| -0.28| 0.04| 0.11] 0.23| 0.16] 0.07) 0.25| 0.24| 0.28| 0.16] -0.30 -0.14)| 0.22] 0.13| -0.25] 0.10] 0.23| 0.09| -0.08
%SocSvs2006 | 0.18| 0.04| -0.11 0.29| -0.12| -0.04| -0.18| -0.14| -0.17| 0.10] 0.22| 0.05] -0.01| 0.06] 0.12| 0.22| -0.22| -0.25| -0.46| -0.37| -0.28| 1.00| -0.11| -0.31] 0.03| 0.07| -0.16| -0.03| -0.01| -0.06| -0.16] 0.15 0.20/ 0.00| -0.17) 0.19] 0.10| -0.07| -0.22| 0.12
%RecSvs2006 | 0.07| 0.04] 0.10[ 0.14| -0.01) 0.04] 0.01] 0.03| 0.07| 0.10] 0.19] -0.03] 0.20f 0.11] 0.11] 0.19| -0.07| -0.13| -0.28| -0.05| 0.04] -0.11] 1.00 0.01] 0.07| 0.19] -0.10} 0.02| 0.00] 0.05| 0.11] -0.03 -0.08) 0.00] 0.05| -0.18] 0.08] 0.08] 0.01] 0.12
90N orkAtHom
€2006 -0.32| -0.12| 0.43[ -0.42| -0.02| -0.07| 0.30] 0.40] 0.38| -0.25| -0.38| 0.35| -0.16| -0.08| -0.29| -0.39| 0.16| 0.01] -0.16] 0.11) -0.31) 0.01] 1.00| -0.21| -0.08] 0.52| -0.09] -0.03| -0.07| 0.42| -0.24 -0.29| -0.15| 0.36| -0.07| -0.16| -0.16] 0.55| 0.07
%PT use2006 | 0.20| 0.37| -0.15| 0.33| 0.04/ 0.11] 0.15| 0.27| 0.29] 0.24] 0.34 -0.11] 035/ 0.27| 0.21] 0.34| -0.06| -0.28| -0.07| 0.02| 0.23| 0.03] 0.07| -0.21] 1.00, 0.07, -0.14| -0.18| 0.18| 0.34| -0.12) -0.08) 0.11] 0.43| -0.21] -0.18

% Active

mode use2006| -0.02| 0.02| -0.12| 0.22| 0.53 -0.11] 0.57| 0.33 0.07| 0.07) 0.31] -0.11} -0.17| -0.19] 0.02| 0.16] 0.07| 0.19] -0.08] 0.07| 1.00| -0.48| -0.04| -0.22| 0.05| 0.12| -0.02 -0.14) 0.05| 0.01] -0.54| 0.58| 0.19| -0.26] 0.02
MotVehMean2

006 -0.07| -0.01] 0.39| -0.28| -0.26 0.51] -0.39[ -0.35 0.15| -0.14| -0.35| 0.19| 0.41] 0.17| -0.14] 0.07[ -0.16| -0.10[ 0.52| -0.24| -0.48| 1.00| -0.01] 0.15] -0.08] 0.37| -0.20 -0.13| -0.01) 0.41] 0.36| -0.18] 0.00] 0.59| -0.12

MetroPop2006| 0.30[ 0.50| -0.16| 0.37[ 0.11] 0.12| 0.11] 0.38| 031] 0.27| 032| -0.02| 0.27) 0.37] 0.25| 0.32| 0.01] -0.24| -0.04| 0.06] 0.25| -0.03| 0.02| -0.09| -0.04| -0.01) 1.00] 0.59 0.30] 0.42| -0.20] -0.01] 0.08] 0.37| -0.16| -0.23

MetroPopAKL
2006 0.06| 0.19| 053] 0.30| 0.33| 005| -0.21| -0.06| 0.09] 0.24] -0.01| 0.00| -0.03 -022| 0.15] 0.59] 1.00| 047 -0.38] -0.22|  0.41| 0.59| -0.38| 0.11] 0.06] 0.34| -0.19| -0.26|
MetroWorkers

2006 -0.10] 0.36| 0.34] 0.26] 0.36| -0.01| -0.23| -0.06| 0.06] 0.28| -0.06| 0.05| -0.07 1.00] -0.14| -0.30] 0.19| 0.41] -0.13| -0.13| 0.09| 0.41] -0.15]
%Europeanz0

06 0.24| -0.11| 0.04| -0.03| -0.17) -0.02| 0.18] 0.05] -0.11| 0.16| -0.16] 0.11| 0.42| -0.14] 0.12| 0.37| -0.21| -0.38

%Maori2006 -0.03| -0.10| -0.28| -0.14| -0.11] 0.03| 0.05 0.06] 0.02| -0.30| 0.15| -0.03| -0.24| -0.18| -0.02| -0.20| -0.29| -0.22

9tPacifika2006
96Asian2006

0.00] 0.04] -0.05| 0.02| 0.14] 0.06| -0.14| -0.02| 0.05| -0.14| 0.20| -0.08| -0.29| 0.18| -0.14| -0.13| 0.30| 0.41
0.01| 0.39| 048] 032 041] -0.05[ -0.26| -0.10| 0.17| 0.22| 0.00] 0.00| -0.15| 0.34] 0.05] -0.01| 0.42| 0.59

9%60ther2006 0.30 -0.15| -0.01] -0.03| -0.17| 0.00| 0.23| 0.06] -0.11| 0.13 -0.17| 0.05| 0.36| -0.12| 0.01] 0.41] -0.20| -0.38|

960-14 2006 0.49| -0.53| -0.07| -0.05| -0.16] 0.11| 0.14| 0.11] -0.05| -0.25[ 0.19| -0.18| -0.07| -0.08| -0.54| 0.36| -0.01| 0.11]

9615-24 2006 -0.03| 0.46| 0.13| 0.07| 0.27| -0.04| -0.14| -0.11| 0.02| 0.10] 0.10, 0.08] -0.16] 0.11| 0.58| -0.18| 0.08| 0.06

9425-44 2006 -0.06)/ 0.38] 0.33| 0.22| 0.35] 0.02] -0.18] 0.03| 0.09| 0.23] -0.07| 0.08] -0.16] 0.43| 0.19] 0.00] 0.37| 0.34 . . .

9645-64 2006 0.40| -0.33| -0.10] -0.22| -0.39| 0.10| 0.35] 0.15| -0.12| 0.09| -0.22| 0.01] 0.55 . :

%465+ 2006 -0.04| 0.06| -0.02| 0.16] 0.02| -0.15| -0.08| -0.08] 0.06| -0.08] 0.12] 0.12| 0.07 -0.19| 0.40| -0.13| 0.27| -0.25| -0.30| -0.42| 0.24| 1.00|
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Table 4.2 Hypotheses on signs of variables

Expected sign

%PT Use06 of coefficient
Population2006 +
Population/ha2006 +
Workers/ha2006 +
Persinc2006 +
%Flats+2006 +
Rent2006 +/-
GDP/worker2006 +
%Prim2006 -
%MfgConstr2006 -
%Ret&Dist2006 -
%BusSvs2006 +
%So0cSvs2006 +/-
%RecSvs2006 +/-
%WorkAtHome2006 -
% Active mode use2006 -
%European2006 +/-
%Maori2006 +/-
%Asian2006 +/-
Hectares2006 -
%0-14 2006 -
%15-24 2006 +
%25-44 2006 +
%45-64 2006 +/-
%65+ 2006 -
MotVehMean2006 -
MetroPop2006 +

4.3 Multiple variable regression modelling, 2006

The next step was to develop a model that explains a significant share of the total variation
in PT uptake across the 1,054 CAUs in this study. Itis important to remember again that at
this stage we are looking only at the demand side. i.e. we are not explaining PT use as a

function of access to services, pricing, or frequency at this stage.
Our initial model yielded the results in Table 4.3.

Table 4.3 Multiple variable regression model for PT uptake, 2006 census

%PT use = Variable t-stat
-9.62E+00 MotVehMean2006 -19.01
1.64E-05 MetroPop2006 18.45
3.60E-04 Persinc2006 16.57
1.80E-01 %15-24 2006 8.08
-1.87E-01 % Active mode use2006 -8.77
3.80E-02 %Asian2006 3.10
5.24E+00 Intercept 7.35
AdjR2: 0.599
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We found that 14 variables were statistically
significant, but adding the further eight
variables increases the adjusted R? by just
0.06. Invoking the Law of Parsimony, we
maintain our initial model, cognisant of the fact
that when we add supply-side variables in
Year Two of the project, we are likely to get far

stronger relationships.
Key points from Table 4.3 are:

® The adjusted R? is moderately strong.
This is likely because at this stage we are
only incorporating demand-side variables
into the equation. In Year Two of the
project we will incorporate supply-side
variables such as frequency of service.
We expect this will raise the adjusted R?
considerably.

® Urban size appears to explain PT uptake
well (adjusted R? of 0.438 on its own).

® Measures of urban density, such as
Population/ha or Workers/ha do not have
statistically-significant impacts on their

own.

We now discuss the variables in the model in
more detail. The analysis provides the
adjusted R?, t-stat, and coefficient for each
variable on its own (i.e. not in the model) as
well as the coefficient of the constant in that
single variable analysis. It then discusses the
role each variable plays in the multiple

variable model presented in Table 4.3.
43.1 Urban form variables

We first consider the role of urban form

variables in explaining PT uptake. In each

How to interpret regression model results

e AdjR%: The adjusted R*describes how well
the model explains observed values of the
independent variable. In Table 4.3, for
instance, the adjusted R? shows how well the
six variables in the model (such as personal
incomes or active mode use) explain PT
uptake. The higher the adjusted R?, the
better it explains PT uptake. Generally, a
model with an adjusted R? above 0.50 is seen
as a fairly robust model.

e t-stat: the t-statistic indicates whether or not
a variable is statistically-significant. Simply,
a higher t-stat means we have greater
confidence the variable is a valuable addition
to the model. The reason other variables
listed in Table 4.2 are not included in the
model is because their t-stats were lower
than those for variables included in the
model. As a general rule of thumb, variables
with a t-stat below 2.00 are seen as
statistically-insignificant.

. Intercept (Bo): the intercept is a “placeholder”
in the model for explanatory variables
missing from our model. The higher the t-
stat of the intercept, the more likely it is that
we are missing important variables from our
model. In Table 4.3, the intercept has a t-stat
of 7.35, meaning there are important
variables missing from the equation. These
are likely to include supply-side variables, not
currently captured in the model.

e  Coefficients (B.): The figures to the left of
each variable name in the model in Table 4.3
are variable coefficients. These are written in
scientific notation for display purposes as
some of these numbers are far smaller than
others. For instance, the coefficient for
MotorVehMean2006 is -9.62, while for
MetroPop2006 it is 0.0000164. A negative
coefficient means that as that variable
increases, PT uptake decreases. A positive
coefficient means that as the variable

increases, PT uptake increases.
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section, we provide the adjusted R? for the variable considered on its own as an explanatory

of PT uptake, as well as discussing its role when included with other variables in the model.

MetroPop2006

Adjusted R% 0.438 t-stat: 28.7 B.: 2.43E-05  Int (Bo): -1.30

There is a strong relationship between the population of the urban centre and PT uptake.
This result is comfortably supported by economic and urban form theory that suggests that

urban size tends to create the economies of scale that allow for higher rates of PT use.

When we look at this variable on its own, it is interesting to note the strongly negative
intercept (-1.30), which theoretically would mean negative PT use (an imaginary result) for
urban centres below 53,300 residents.

An initial thought was that this result may have been skewed by lower rates of PT use in the
four Auckland zones (Northern, Central, Southern and Western) and in Christchurch.
However, excluding these five urban centres from our analysis yielded even poorer results.
The actual reason for the strongly negative intercept appears to be that no urban centre with
a population under 100,000 (eight in total) had a PT use rate exceeding 1.39 percent of all

people travelling to work in 2006, as shown in Figure 4.1.

Figure 4.1 PT use by urban centre, 2006

Wellington Metro
Central Auckland Zone
Southern Auckland Zone
Christchurch

Northern Auckland Zone
Western Auckland Zone
Hamilton Metro
Napier-Hastings Metro
Dunedin

Tauranga

Palmerston North
Nelson
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New Plymouth
Whangarei

Invercargill

Wanganui

Gisborne

population under 200,000

population under 100,000

I@ 0.0 3.0 6.0 9.0 12.0 15.0
% PT use

Further support is given by a single variable regression plotting average PT uptake across

the 18 urban centres, which shows an adjusted R* of 0.634 for the size of the urban centre.
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In our multiple variable model of PT uptake, MetroPop2006 suggests that an urban area with
a population 60,900 higher than another is likely to have a PT uptake one percentage point

higher.

Population/ha2006

Population/ha2006 does not appear as an explanatory variable in the model presented in
Table 4.3. Yet on its own, Population/ha2006 has relatively strong explanatory power of PT

uptake, as summarised below:
Adjusted R* 0.108 t-stat: 11.3 B1: 1.38E-01  Int (Bg): 2.35

This variable does not explain the vast bulk of PT uptake, but it is, nevertheless, strongly

statistically significant.

It suggests that on its own, increasing residential density by 7.3 people per hectare raises PT
uptake by one percentage point. This makes economic sense in terms of our hypothesis, as
we believe higher residential densities create incentive for the establishment of PT systems,

and vice versa.

Figure 4.2 shows population densities for selected urban centres. Note that the vast majority
of New Zealand’s land area (99 percent) has an urban density of fewer than two people per

hectare.
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Figure 4.2 Population densities, 2006
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As the figure shows, very few places in New Zealand have a density exceeding 40. There

are some exceptions, including Linwood and Riccarton West in Christchurch; Auckland

Central, Ponsonby, Freeman’s Bay, Otahuhu, Sandringham, Mangere, and Burbank in

Auckland; and Kelburn, Lambton Quay, Mt Victoria West, and Mt Cook in Wellington. There

are no areas with densities greater than 40 in New Plymouth.

The fact that Population/ha2006 is not included in the multiple variable model seemed

counter-intuitive given that empirical evidence seems to indicate that high-density

neighbourhoods are better served by PT. There were a number of possibilities to explain the

apparent lack of relationship:

X
economics
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® Supply-side factors: As mentioned already, our analysis in this report is only on
demand-side factors. It could be that supply-side factors are playing such a limiting role
that even areas with higher urban densities do not have the PT uptake levels their
densities would suggest, resulting in statistically-insignificant results. Our literature
review found numerous studies, including Paulley et al (2006), Currie and Wallis (2008)
and Smith et al (2009) that point to the supply-side role in PT uptake.

® Urban density as an explanation of other variables: It was also possible that the
variables in Table 4.3 were themselves functions of urban density. Our earlier analysis
of the correlations between the various independent variables showed the correlations

between Population/ha2006 and the variables in our model as presented in Table 4.4.

Table 4.4 Correlations between Population/ha2006 and model variables

Pop/ha explaining

All 1,054 CAUs Correlation
MotVehMean2006 -0.28
MetroPop2006 0.37
Persinc2006 -0.05
%15-24 2006 0.31
%Active Mode use2006 0.22
%Asian2006 0.46

None of these correlations appear particularly strong, with the possible exception of
%Asian2006. This indicates that other variables are not capturing impacts that are in
fact due to urban density, so this explanation seems unlikely.

® PT use does not stand alone as a function of increased urban density, but rather,
acts in conjunction with Active Modes (AM, walking and cycling): There is economic
theory to support the possibility that certain more dense urban forms have higher rates of
PT and AM use, and that as travel distances within these areas lengthen, commuters
switch from AM to PT. Section 4.3.2 takes a closer look at the relationship between PT
and AM uptake on one hand, and a range of variables on the other.

4.3.2 Other variables

We now consider the non-urban form variables in our initial multiple variable model (shown
in Table 4.3) in more detail. In each section, we provide the adjusted R? for the variable
considered on its own as an explanatory of PT uptake, as well as discussing its role when
included with other variables in the model.
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MotorVehMean2006

Adjusted R% 0.057 t-stat: -8.01 By -4.10E+00 Int (Bo): 13.5

On its own, this variable has a fairly low adjusted R?, but its inclusion makes economic
sense, and adding it to the model improves the explanatory power of the equation
significantly. People who have access to motor vehicles are less likely to use PT; hence the

negative relationship.

The multiple variable model suggests that access to one additional motor vehicle reduces PT

uptake by 9.6 percentage points across the 1,054 CAUs.
Persinc2006
Adjusted R*: 0.083 t-stat: 9.79 B1: 2.18E-04  Int (By): -0.912

Some argue that PT is the domain of those on lower incomes: as incomes rise, people buy
cars and therefore PT use is likely to fall. Anecdotal evidence and this regression analysis
suggest the opposite. An explanation for this is that people who work in less well-paid jobs
tend to work in jobs that have variable or unusual schedules. Cleaners, fast-food restaurant
staff, service station workers, and workers in other retail industries that are characterised by

late-night shifts often do not have the option of PT, and must therefore use private transport.

Figure 4.3 shows where personal incomes are highest across the 18 urban centres, with
Auckland, Wellington, Christchurch and New Plymouth highlighted.
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Figure 4.3 Personal income, 2006
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Most urban centres were characterised by personal incomes of $24,000 to $36,000 as of
2006. However, substantial parts of central Auckland and Wellington (both central and

further north) had personal incomes exceeding $36,000 in 2006.

On its own, an increase in income of $4,590 is associated with a one percentage point
increase in PT use. Within our multiple variable model, however, an increase of around
$2,780 is associated with a one percentage point increase in PT use. To put this in
perspective, this would mean that a difference in personal incomes of $12,000 would result

in a change of 4.3 percentage points.
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%15-24 2006
Adjusted R% 0.010  t-stat: 3.49 By 7.90E-02  Int (By): 3.48

On its own, this variable does not explain PT uptake well, yet when included with other
variables in the model, it strengthens the equation considerably, and makes economic

sense.

Where this age group tends to live is highlighted in Figure 4.4, which shows the shares of the
population aged 15 to 24 across the 1,054 CAUSs, with inset maps for the three largest
centres and New Plymouth.

Figure 4.4 Share of population aged 15 to 24, 2006
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In the multiple variable model, an increase of 5.6 percentage points in the share of people
aged 15 to 24 is associated with a one percentage point rise in PT uptake. This makes
sense in that larger shares of this age group live in more densely-populated central urban

centres, and rely on PT rather than vehicle ownership.

Across most of the country, 10 to 15 percent of the population are aged 15 to 24. In many
CAUSs within Wellington and the Auckland zones, rates are significantly higher, reaching
above 20 percent in some parts. Much of this concentration of people aged 15 to 24 is
around tertiary institutions.

%Asian2006
Adjusted R?% 0.113 t-stat: 11.6 B.: 1.76E-01 Int (Bo): 3.10

Single variable regression analysis showed that there was a strong relationship between the
percentage of people identifying as Asian and PT uptake. Looking at %Asian2006 as an
explanation for PT uptake on its own, a 5.9 percentage point increase in those identifying as

Asian is associated with a one percentage point increase in PT use.

This makes economic and demographic sense. An analysis of where overseas-born
residents are from at a national aggregate level shows that 29 percent were from Asia in
2006 (up from 19 percent 10 years before), and that more than half of Asia-born residents
were from North-East Asia, which includes Japan, South Korea, China, and Taiwan, all
countries with extensive PT systems. These residents also tend to live in major urban

centres in New Zealand, which have higher levels of PT use.

% Active Mode use2006

Adjusted R* 0.003 t-stat: 2.15 B 4.48E-02  Int (Bo): 4.34

On its own, % Active Mode use2006 does not have a high adjusted R% However, it is an
important part of the multiple variable model. In the model, a 5.3 percentage point decline in
active mode use is associated with a one percentage point increase in PT uptake.

This makes economic sense. As travel distances rise, more people switch to PT use or
private vehicles from active modes. We can expect PT use to fall as AM rises and vice

versa.

Figure 4.5 highlights the major areas in which AM are used to get to work. The figure clearly
indicates that AM use is highest among people living in City Centres. AM use drops from

blue to red, then yellow and green as the distance from the City Centre grows.
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Figure 4.5 Active mode use, 2006
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When we compare Figure 4.5 with Figure 2.2, some interesting points are evident. While

AM use drops off fairly rapidly in Wellington, for instance, as we move from Lambton Quay /

Thorndon, PT usage remains high throughout the southern suburbs and up north along rail

corridors. Similarly, in Auckland, even when AM usage drops to two to five percent, PT use

remains between five and 10 percent. This supports the economic theory that AM gives way

to PT use further from the City Centre.

The strong link we see between AM and PT use that arises from our GIS analysis and

anecdotal evidence suggested it may be useful to look at the link between a combined PT

economics
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and AM variable on the one hand, and the range of other indicators on the other. This

analysis produced the robust model summarised in Table 4.5.

Table 4.5 Multiple variable regression model for PT and AM uptake, 2006 census

%PT&AM use : Variable t-stat

-2.02E+01 MotVehMean2006 -34.42
6.33E-01  %15-24 2006 27.05
4.33E-04  Persinc2006 13.36
1.42E-01 %European2006 14.26
1.15E-05 MetroPop2006 9.90
2.37E-01  %25-44 2006 8.46
5.46E-02  Workers/ha2006 6.71
5.38E+00 Intercept 4.81

AdjR2: 0.779

A further eight variables were statistically significant, but between them added only 0.03 to
the adjusted R®.

Key points from the table include:

=

=

The equation has strong explanatory power of variations in combined PT and AM
uptake, with an adjusted R? of 0.770.

MetroPop2006 (the measure for urban size) plays a strong role as in the model for PT
uptake alone.

Urban density is represented by the positive link between Workers/ha2006 and
combined AM and PT uptake.

Persinc2006 and MotVehMean2006 appear as in the PT uptake equation.

There are two age-related variables in the equation. This at first seemed to be allowing
for high levels of multi-collinearity in our equation. One would suspect that if, for
instance, the share of 0 to14 year olds was high, there would be a strong negative
relationship to the share of 15 to 24 year olds. However, the correlation coefficient
between the two variables is only 0.11.

%Asian2006 is absent from the equation despite being strongly significant in the PT
uptake equation. This seems to be because AM usage among this group is lower.
Instead, the %European2006 variable enters the equation.

We would suggest that there is support for looking in further depth at how AM gives

way to PT use at varying distances from a CBD in Year Two of the project, to examine

the interaction between PT and AM in greater detail.
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5 Do changes in urban form over time affect PT

uptake?

This question answers the third of the four research questions: are changes in PT uptake
between 1996 and 2006 linked to changes in urban form variables? The investigation is

once again at the 1,054 CAU (urban centres) level.

In the 10 years between 1996 and 2006, PT uptake increased slightly in New Zealand’s
urban centres, from 3.68 percent, to 3.99 percent. This section attempts to answer the

guestion of what may have caused this change.
To answer the question, we undertook two tests.
5.1 Modelling absolute change, 1996 to 2006

First, we modelled the absolute change in share of people travelling by PT between 1996

and 2006 across the 1,054 CAUs, against a similar range of variables as used in section 4.

Having calculated the changes in absolute value for each variable using 1996 and 2006
data, we undertook a correlation analysis to once again remove variables that were close

proxies for others.

Running a multiple variable regression, we found poor explanatory power between the
increase in PT uptake between 1996 and 2006 on the one hand, and the changes in the
independent variables on the other. Using 27 possible explanatory variables, we estimated
an equation with 14 independent variables that had an adjusted R? of only 0.273 between

them.

We therefore decided to examine whether the variables that best explained PT uptake had
changed between 1996 and 2006, by looking at which variables explained PT uptake in
1996.

5.2 Multiple variable regression modelling

If we build a model for 1996 using the same broad set of variables as in our earlier 2006
analysis, we get similar results, as highlighted in Table 5.1. Note that the 2006 table is

simply a replication of Table 4.3.
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Table 5.1 Multiple variable model for PT uptake, 1996 and 2006

1996 2006
¥PT use = Variable tstat
-8.34E+00 MotVehMean1996 -20.97 -9.62E+00 MotVehMean2006 -19.01
1.82E-05 MetroPop1996 22.03 1.64E-05 MetroPop2006 18.45
2.76E-04 Persinc1996 10.40 3.60E-04 PersInc2006 16.57
1.50E-01 %15-24 1996 8.41 1.80E-01 %15-24 2006 8.08
-2.05E-01 % Active mode use1996 -12.04 -1.87E-01 % Active mode use200 -8.77
1.71E-01 %25-44 1996 9.86 3.80E-02 %Asian2006 3.10
2.00E+00 Intercept 3.22 5.24E+00 Intercept 7.35

There were a further seven statistically-significant variables that added around 0.04 to the
adjusted R?.

Key points from Table 5.1 include:

® The six variables in the 1996 equation have slightly more explanatory power (adjusted
R? of 0.630) than the 2006 equation (0.599).

® The population of the urban centre (MetroPop) remains an important factor in
determining PT uptake. Once again, urban density variables are not significant.

B %15-24 replaces %Asian in the 1996 equation. A likely explanation for this is the large
increase in the population identifying as Asian over the 10 years, with an increase from
4.6 percent of the population to 8.3 percent (an 82 percent increase in the share of the
population identifying as Asian). Thus, while those residents identifying as Asian did not
play a major role in an equation explaining PT use in 1996, they played a far more
important role by 2006.

® The intercept in the 1996 equation is less significant than that of the 2006 equation. This
suggests that there may be something missing from the 2006 equation that is having an
effect in 2006 that was not as big a determiner in 1996. In other words, the need for an
intercept to capture what other variables are not capturing in 2006 strongly suggests that
some other factor, not as important in 1996, has since become a more important factor

in PT uptake.
5.3 A missing variable: oil price?

One possible factor that may be missing from the equation in Table 4.3 (PT uptake in 2006)
that may not have been as much of a factor in 1996, is the cost of petrol. Nation-wide
figures on the use of PT in comparison to petrol prices are not available. However, we do
have monthly data on PT use in Wellington Region (bus, train and ferry), and oil prices since
2000 (in real NZ$). While the data does not cover the full period from 1996 to 2006 that this
study considers, it does give some idea of how these two variables have changed and

interacted over time, as shown in Figure 5.1.
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Figure 5.1 Oil prices and Wellington PT use
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There does not seem to have been an obvious relationship between PT uptake and the real
price of oil between mid-2000 and mid-2002. However, since mid-2003, there has been a
strong relationship between the two. Over the six years to June 2009 (73 observations), the

adjusted R? for the two variables is 0.842.

While the price of fuel may not have been a major factor in choice of transport mode until
2003, the rapid rise in prices from late 2003 (at which point real oil prices in New Zealand

were at their lowest in the last 10 years) led to large-scale behavioural change.

The 2006 travel to work data is thus likely to be taking account of this change in behaviour
brought about by rapid oil price rises. In fact, over the 33 months from mid-2003 to March
2006, there is strong correlation for changes in oil price and PT use, with an adjusted R? of
0.891.

5.4 Multiple variable analysis of combined PT and AM uptake

We combined AM and PT uptake using 1996 data in the same way we did for 2006 data.
The results for 1996 are shown in Table 5.2, which also replicates the 2006 data as found in
Table 4.5.
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Table 5.2 Multiple variable regression model for PT and AM uptake, 1996 & 2006

1996 2006
-1.58E+01 MotVehMean1996 -28.30 -2.02E+01 MotVehMean2006 -34.42
6.41E-01 %15-24 1996 26.31 6.33E-01  %15-24 2006 27.05
4.03E-04  Persincl1996 9.74 4.33E-04 Persinc2006 13.36
3.22E-01 %65+ 1996 12.60 1.42E-01 %European2006 14.26
6.84E-06 MetroPop1996 5.53 1.15E-05 MetroPop2006 9.90
4.18E-01  %25-44 1996 14.69 2.37E-01 %25-44 2006 8.46
8.49E-02  Workers/hal996 9.28 5.46E-02  Workers/ha2006 6.71
6.32E-01 Intercept 0.54 5.38E+00 Intercept 4.81

Six variables are found in both the 1996 and 2006 data — MotVehMean, %15-24, Persinc,
MetroPop, %25-44, and Workers/ha. The 1996 data also includes a third age group — those

over 65 — while the 2006 model includes the percentage of people identifying as European.

These models give the first indicator of a link between urban density and PT/AM uptake.

As with the analysis of the 2006 data, this finding does suggest that our focus from
Year Two of the project should possibly be on the impact of a range of supply and

demand variables on the uptake of both PT and AM.
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6 Are urban form relationships different across

urban centres?

This section narrows the focus to New Zealand'’s four main urban centres — aggregated
Auckland Metro (the four urban centres combined), Wellington, Christchurch, and New
Plymouth. It asks whether the models that best explain PT uptake vary from centre to

centre.

The choice of the three larger cities is fairly self-explanatory; the previous sections of this
report have clearly shown the importance of the size of the urban centre in affecting PT
uptake. New Plymouth is an example of a medium-sized urban centre (49,300 residents as
of 2006), but has PT uptake of just 0.41 percent of all travel to work journeys, as shown in
Figure 6.1.

Figure 6.1 PT use, selected urban centres
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Across New Zealand, only Central Auckland has a PT uptake approaching that of

Wellington, at 8.5 percent compared with Wellington Metro’s 14.5 percent. The question that
arises is therefore what makes Wellington (and possibly Central Auckland) different in PT
uptake to other urban centres in New Zealand. And, if the aim is to increase PT uptake in
New Zealand, are the variables affecting PT use in these urban centres ones that can be

modified by policy in other urban centres?
6.1 Wellington Metro

The Wellington Metro consists of 159 CAUs from Kapiti down through Porirua to Wellington,
and from Upper Hutt through Hutt City to Wellington City. These CAUs are shown in Figure

6.2, along with rates of PT use in each of the constituent CAUs.
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Figure 6.2 PT use in Wellington Metro, 2006
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Before we look at what demand side variables may explain PT uptake in Wellington, it is
useful to consider what is observable from the map. The highest rates of PT use tend to be
in the southern and eastern suburbs, as well as Karori; and in pockets to the north. The
former are well-served by bus services. The latter fall mostly along railway lines, with
proportions above 15 percent through Ngaio and Johnsonville (the Johnsonville train line),
separately through Tawa and Linden, and again through Mana, Plimmerton, Pukerua Bay
and Paekakariki (the Paraparaumu line). Through the Hutt Valley, PT uptake is high again
along the railway corridors, in Petone, Waterloo, Epuni, and Taita (the Hutt Valley line).
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The lower proportions of PT use in Porirua and large parts of Hutt City and Upper Hutt may
be partially explained by the fact that significant numbers of people live and work locally

there (35 percent for Porirua, 38 percent for Upper Hutt, and 50 percent for Hutt City).

Low levels of PT use are recorded in Lambton Quay / The Terrace (5.0 percent) and
surrounding CAUs. This will be as most people in this area can walk or cycle to work, as
evidenced by the 60 percent active mode usage in the CAU (compared to a national average

of 7.2 percent and a Wellington average of 11 percent).

This initial analysis suggests that supply-side factors (provision of services) may play a
major role in whether or not people use PT in Wellington. That topic will be examined further
in Year Two of our project. This report focuses on what demand-side factors may help

explain PT uptake in Wellington Metro.
6.1.1 A multiple variable regression model of Wellington PT uptake

We began with the same set of variables used elsewhere in this study, and removed
variables that were highly correlated to others (i.e. had correlation coefficients over 0.60 at
the 159-CAU level and were easily explained as proxies for one another). An example is
HholdInc, which has a correlation coefficient of 0.90 with Persinc in Wellington for 2006. We

therefore excluded HholdInc from our analysis.
An initial model for Wellington Metro PT uptake is presented in Table 6.1.

Table 6.1 PT uptake model for Wellington, 2006

%PTuse = Variable t-stat
-1.50E+01 MotVehMean2006 -8.52
-4.67E-01 % Active mode use2006 -8.22
3.43E-01 %Asian2006 5.56
150E-01 %European2006 491
2.80E-04 PersInc2006 457
-8.96E-02 %BusSvs2006 -4.17
2.61E-01 %15-24 2006 3.29

1.90E-01 %25-44 2006 3.42
1.58E-02 Rent2006 3.40
8.30E+00 Intercept 3.57

Adj R2: 0.594

A further two variables were statistically-significant, but added just 0.023 to the adjusted R?

between them.

The model mostly fits with what we would expect based on economic theory and what we

have already seen previously in this report. Key points include:
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& The adjusted R’ is modest, at 0.594, suggesting that there are variables (probably on the
supply side) that explain a large share of uptake. Looking at the map in Figure 6.2, one
major factor is almost certainly proximity to a railway station.

® There are no clear indicators in this model that urban density plays a role. The fact that
Wellington is a large urban centre, however, and has a high share of PT use seems to
be supported by our findings on urban size, discussed in section 0. In other words, there
is a strong link between the size of the urban centre and its PT uptake.

® Access to a motor vehicle reduces PT uptake. Similarly, in areas where large shares of
people can walk or cycle to work (e.g Lambton Quay/The Terrace or Thorndon), PT use
is low.

® PT uptake is positively linked to the 15 to 24 and 25 to 44 age-groups, as in our previous
research.

® PT uptake is positively linked to the share of population identifying as European. This
was not as prominent a variable in looking at all 1,054 CAUSs in previous research.

There is a sufficiently low correlation between the European and Asian population (-
0.20) to warrant inclusion of both in the model.

® A higher rent is associated with higher PT use. An initial concern was that Rent2006
may be subject to multi-collinearity with personal incomes, as one would expect higher
incomes would correlate with higher rents. However, the correlation coefficient is
reasonable, at 0.46. This does nevertheless support the argument that PT is not
necessarily the mode of transport used by those with limited finances.

6.1.2 Multiple variable regression analysis of combined PT and AM uptake

Our initial correlation analysis of Wellington’s independent variables showed, as in previous
work, that there seems to be a strong relationship between AM and PT uptake, and also

between these variables combined and the range of independent variables.
We thus built a model to explain PT and AM uptake, as shown in Table 6.2.

Table 6.2 A model of PT and AM uptake in Wellington, 2006

%PT&AM use : Variable t-stat

-2.82E+01 MotVehMean2006 -17.07
8.03E-01  %15-24 2006 11.55
299E-01 %European2006 8.56
4.75E-04  Persinc2006 6.59
3.30E-01 %Asian2006 4.22
2.33E-01  9%25-44 2006 3.15
9.40E+00 Intercept 3.10

AdjR2:  0.859
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The model produces a particularly strong adjusted R? of 0.859. The variables in the model
are as seen elsewhere in this study, and once again suggest that in examining PT uptake

and urban form, an important factor is the interplay between PT and active mode uptake.

Looking at the maps in Figure 2.2 and Figure 4.5, we see that PT uptake rates remain higher
to greater distances in Wellington than elsewhere, even as active mode use drops. This
suggests that in Wellington, this higher rate of PT use may be linked to accessibility and

commuting speed, given the major role of the railway network in Wellington’s PT system.

Arising out of this is the question of how well these variables explain PT uptake in the other

urban centres, which we examine next.
6.2 Auckland Metro

A similar modelling process for Auckland Metro (334 CAUS) yields the results shown in Table
6.3.

Table 6.3 PT uptake model for Auckland, 2006

%PTuse= Variable t-stat
1.84E-01 %25-44 2006 8.47
5.63E-02 Population/ha2006 5.93
6.77E-02 %Flats+2006 6.58
1.75E-01 %15-24 2006 494
-2.23E+00 MotVehMean2006 -3.60
-3.65E-02 Workers/ha2006 -3.80
-8.50E-02 % Active mode use2006 -2.12
-7.45E-02 %Maori2006 -4.17
-5.34E-01 Intercept -0.36

Adj R2: 0.598
This model is quite different from that for Wellington. Key points include:

® Its adjusted R? is similar to that for Wellington (0.598 compared with 0.594 for
Wellington), but the explanatory variables in the Auckland model include the urban
density variables of population per hectare, and workers per hectare.

® In Auckland, as residential density rises, PT uptake rises. As workplace density rises,
PT uptake falls. This is likely because in areas of Auckland where workplace density is
high, AM uptake is high. AM substitutes for PT, as supported by our discovery of a
strong relationship between workplace density and AM uptake in Auckland (adjusted R?
of 0.72 for these two variables).

@ The share of people living in flats plays a major role. This variable seems as though it
might be a proxy for population per hectare, but in fact they have a correlation coefficient
of just 0.30 in Auckland.
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This model thus has the strongest links to urban density variables discovered so far in the
project, and suggests that in Year Two we may wish to examine further the differences in the

role of urban density across urban centres.

The link between AM and PT is once again evident in Auckland. Combining these two
variables and developing a model results in an adjusted R? of around 0.87 with population

per hectare, and workers per hectare both featuring again.
6.3 Christchurch
The PT uptake model for Christchurch is shown in Table 6.4.

Table 6.4 PT uptake model for Christchurch, 2006

%PTuse = Variable t-stat
2.60E-01 %Asian2006 9.85
-5.37E+00 MotVehMean2006 -7.41
1.29E-01 %European2006 5.97
1.72E-01 %Maori2006 5.89
2.61E-04 Population2006 3.13
-1.40E-01 % Active mode use2006 -4.76
9.34E-01 Intercept 0.93

AdjR2:  0.651
The variables in this model are not unfamiliar. Key points include:

® The model has a relatively strong adjusted R? at 0.651.

® The population of each CAU is statistically-significant, which appears to be an urban
form (urban size) variable operating at the intra-urban centre level.

® Asin many of the models in the study, %Asian, MotVehMean and %Active mode use are
highly significant.

® There are also strong relationships between PT uptake and two other ethnicity-based
variables — %European and %M a o rHowever, having three ethnicity variables in the
equation introduces large amounts of multi-collinearity. We therefore estimated the
model excluding %Maori (which had the lowest t-stat of the three), which yielded the

results in Table 6.5.

Table 6.5 Revised PT uptake model for Christchurch, 2006

%PTuse= Variable t-stat
2.01E-01 %Asian2006 7.26
-5.10E+00 MotVehMean2006 -6.22
9.56E-02 %European2006 4.05
-1.06E-01 % Active mode use2006 -3.23
3.38E-04 Population2006 3.63
3.88E+00 Intercept 3.92

Adj R2: 0.552
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Removing %Maori reduces the adjusted R? significantly, from 0.651 to 0.552. It also
weakens the t-stat of several other variables in the model although they are still all strongly

significant.
6.4 New Plymouth

Given the small number of CAUs in the New Plymouth urban centre (26), it is difficult to
estimate a model that makes economic sense and explains a large share of PT uptake in
New Plymouth, as highlighted in Table 6.6.

Table 6.6 PT uptake model for New Plymouth, 2006

%PTuse= Variable t-stat
-1.06E-04 PersiInc2006 -8.23
-1.34E-03 Hectares2006 -4.97
1.28E+00 MotVehMean2006 3.83
5.64E-02 %WorkAtHome2006 3.08
3.46E-02 %Prim2006 2.93
3.68E-02 %Maori2006 2.57
443E-01 Intercept 0.67

AdjR2:  0.825
A number of points are evident from the model:

® The adjusted R%is strong, at 0.825. This may well be linked to the low number of
observations skewing results, as the points below suggest.

® Hectares has a negative sign. In other words, PT uptake decreases as the size of the
CAU rises. This makes economic sense, in that a larger area is more difficult to service
by PT. Figure 6.3 shows the relationship between residential density and PT uptake

across selected urban centres.

Figure 6.3 Residential density, selected urban centres, 2006
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As the figure shows, in all urban centres other than Wellington, the share of people using
PT is well below the average number of people per hectare. In general, a lower
population and/or a larger surface area are associated with lower PT uptake, as the
model for New Plymouth shows, and as our earlier regression on PT uptake as a
function of urban centre size suggest.

® The signs for %MotVehMean, %WorkAtHome, and %Prim appear to point in the wrong
direction from a theoretical point of view. Again, this may be the result of the small
number of observations in the model.

® The sign for Persinc is also in the opposite direction to what we expected given the
models for Wellington and all 1,054 CAUs. This might mean that the small number of
observations is again causing economically unsound results, or that behaviour in New
Plymouth is different. While PT uptake may be positively linked to personal incomes in
other parts of the country, it is possible that in New Plymouth, where PT is relatively

underdeveloped, it is relied upon by lower income earners.*

“ Only 99 people travelled to work by PT in the 2006 census, out of 24,400 workers.

. 42 Passenger Transport Use and Urban Form in New Zealand
economics Key Stakeholders

July 2010



7 Implications for stakeholders

The results of the work so far suggest at least three implications for stakeholders.

& Build and they will come: Higher rates of PT use are associated with larger
populations. Whether the direction of causality is from large population to high PT use,
or the other way round, is debated. But the strong links in the literature (e.g. Royal
Institute of Chartered Surveyors, 2002; Dravitzki, 2007; Karp, 2008; Munoz-Raskin,
2010) between PT accessibility and land values suggest that people place strong dollar
values on access to PT. This supports a view that putting a quality PT system in place
will make an urban centre more attractive, raising land values and helping grow the local
population. We will explore the link to land values in the next stage of our work.

® Maintain PT uptake rates at greater distances from CBD: The maps in Figure 4.1 and
Figure 4.5 show rapid switches from active modes to PT in certain urban centres, and
then rapid drop-off in PT use. One way to overcome this will be to examine the distance
at which people switch from active modes to PT, and to develop a PT system that lifts
PT use out to greater distances from the CBD.

® Improve access to PT and commuting speed: Wellington maintains higher rates of PT
use to greater distances than in Auckland or Christchurch mainly because of its rail
network. The major advantage of the rail system in Wellington is accessibility and
commuting speed when compared with buses or private vehicles. This suggests that to
increase PT uptake in centres where as comprehensive a rail network may not be in
place, access and commuting speed of existing (bus) systems should increase. This
may be through the creation of bus lanes or new transport interchanges / park and ride

systems.
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Glossary

@ Census Area Unit (CAU): a geographical area as defined by Statistics New Zealand,

similar to a suburb in large urban centres, and for which census data is available.

® Dependent variable: %PT use, the variable we are trying to explain in terms of other

(independent) variables.

® Independent variables: a range of socio-economic variables that may explain the

dependent variables. In our study, these included:

&b
@b
@b
&b

&b

&b

&b

&b

&b

3b

b

size (Hectares)

urban size (MetroPop)

urban densities (Population/ha, Employment/ha, Dwellings/ha, Hholds/ha)
labour force participation rate (LFPR)

GDP/worker

average rent

median household income

median personal income

industry composition (primary, manufacturing and construction, retail and
distribution, business services, social services, recreation services)
share of work force working from home

share of residents born overseas

ethnicity (European, Maori, Pacifika, Asian, Other)

median age

age group (0-14, 15-24, 25-44, 45-64, 65+)

access to motor vehicles.

® Transport modes: how people travel (measured in terms of those travelling to work). It

includes public transport (PT — bus or train), active modes (travelling by foot or bicycle),

and motorised vehicles.

® Urban centres: A set of urban areas defined by Statistics New Zealand (although there

are significant peri-urban areas within some of these urban centres). Areas considered

in this study include:

b

& & & & &

&

&

Wellington Metro
Central Auckland Zone
Southern Auckland Zone
Christchurch

Northern Auckland Zone
Western Auckland Zone
Hamilton Metro

Napier-Hastings Metro
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& Dunedin
& Tauranga
& Palmerston North
@ Nelson
@b Rotorua
& New Plymouth
6  Whangarei
a6 Invercargill
#»  Wanganui
& Gisborne
® Urban density: a measure of the number of people living or working; or the number of
dwellings or households within the boundaries of a geographic area.
® Urban form: a description of the form of the 18 major urban areas in terms of urban
densities and urban size.
® Urban size: Urban size in this study is represented by the variable MetroPop at the

national level, and by Population at the intra-urban centre level.

. 45 Passenger Transport Use and Urban Form in New Zealand
economics Key Stakeholders
July 2010



9 References

Abley et al (2008). National Travel Profiles Part A - Description of Daily Travel Patterns.
NZTA Research report 353.

Currie, G and Wallis, | (2008). Effective ways to grow urban bus markets — a synthesis of
evidence. Journal of Transport Geography, 16, 419-429.

Dravitzki, V (2007). The influence of transport and building cycles on urban form and the
implications for strategic planning. International Cities, Town Centres & Communities Society
Inc. ICTC2007 Conference.

Karp, J (2008). Suburbs a Mile Too Far for Some. The Wall Street Journal.

Munoz-Raskin, R (2010). Walking accessibility to bus rapid transit: Does it affect property
values? The case if Bogota, Colombia. Transport Policy, 17, 72-84.

Paulley, N, et al (2006). The demand for public transport: the effects of fares, quality of
service, income and car ownership. Transport Policy, 13, 295-306.

Royal Institute of Chartered Surveyors (2002). Land value and public transport - Stage one
summary. RICS Policy Unit, London.

Smith J and Gihring T (2009). Financing Transit Systems Through Value Capture: An
Annotated Bibliography. www.vtpi.org/smith.pdf. Accessed 7 July 2010.

All work is done, and services rendered at the request of, and for the purposes of the client only. Neither BERL nor
any of its employees accepts any responsibility on any grounds whatsoever, including negligence, to any other

person.

While every effort is made by BERL to ensure that the information, opinions and forecasts provided to the client are
accurate and reliable, BERL shall not be liable for any adverse consequences of the client’s decisions made in
reliance of any report provided by BERL, nor shall BERL be held to have given or implied any warranty as to

whether any report provided by BERL will assist in the performance of the client’s functions.

. 46 Passenger Transport Use and Urban Form in New Zealand
economics Key Stakeholders
July 2010


http://www.vtpi.org/smith.pdf

