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Abstract

The current transport appraisal methodology is biased towards the status quo, fails to highlight
opportunities for improvement, misrepresents benefits, and lacks transparency in illustrating
transport impacts. This paper examines six appraisal methods, identifies their pros and cons,
and synthesises an accessibility appraisal methodology to integrate land-use and transport
policies better. This access-based methodology separates the uncertain analysis of travel
behaviour from changes in 'potential'. It aggregates access values by trip purpose, categorises
them by income quintile, and emphasises geographically granular features to highlight
environmental improvement opportunities. It filters outcomes that fail to meet emission targets.

Applied to a case study of Transmission Gully motorway investment, the methodology
measures access-based improvements, distinguishing realised benefits under current
conditions from potential gains contingent on land-use policy and emissions compliance.
Comparisons with a status quo appraisal reveal the integrated methodology’s advantages and
higher benefit—cost ratios, demonstrating its enhanced transparency and ability to inform
decision-makers effectively.

1 Introduction

The current transport appraisal approach has a long and well-researched history but notable
shortcomings. To improve its relevance for decision-making, enhancements are needed to
incorporate non-traditional objectives (International Transport Forum, 2022; Pells, 2023;
Principal Economics, 2023; Torshizian et al., 2022). Five key limitations affect its integration
with land-use and transport systems, outlined below and informing the Methodology section.

1.1 The current appraisal approach is biased towards the Status Quo (SQ)

The current appraisal approach is largely structured around the effect that is expected from a
project relative to a ‘do-minimum’ scenario. This conservative counterfactual is purposely
chosen to highlight the marginal and incremental benefits and costs of the proposed project.
However, it does bias the future towards the current state, which can be undesirable should
the current state have major flaws, such as diminishing biodiversity or rising greenhouse gases
(Pells, 2023). The SQ bias makes it difficult to both identify and justify radical changes, such
as a large vehicle-kilometres travelled (VKT), which is likely to involve land-use changes and
behavioural changes. The status quo bias appears in several stages of the current appraisal:

1. Value-for-money compares to ‘do-minimum’ rather than a preferred future state.
2. Transport modelling assumes fixed (exogenous) land use.

3. CBA is a partial equilibrium analysis.
4

Value-for-money compares to ‘do-minimum’ rather than a preferred future state, eg,
improved network efficiency.
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1.2 Preference for measurable and present effects

The current appraisal approach has been criticised for valuing what can be readily measured
rather than what is most meaningful. Three issues illustrate this:

¢ Non-transport impacts: Hard to quantify, especially externalities, though NZTA
includes composite values for some (NZTA, 2021, p. 102). Accessibility is rarely valued
directly due to estimation complexity and overlap with user benefits (Guers, 2020;
Schlickmann, 2018).

¢ Discounting and time horizon: Long-term impacts are downplayed by a 40-60 year
horizon and a 4% real discount rate (tested at 3—6%). This underweights long-run
public transport benefits and climate costs, misrepresenting intergenerational equity.

e Carbon valuation: Shadow prices of carbon, used for climate cost estimation, are
highly uncertain (NZ Treasury, 2020; Principal Economics, 2022).The MBCM uses the
whole-of-government agreed interim emission values, which the Treasury approved
(NZTA, 2021a).

1.3 Lack of distributional analysis

CBA typically ignores equity.” The most suitable approach consistent with the current CBA
approach is to weigh the benefits and costs by income and/or to describe the benefits and
costs for separate cohorts of people, but this approach is not widespread (Torshizian et al.,
2022a). The International Transport Forum report (2022) notes that a standard CBA assumes
that an intervention does not lead to significant changes in the distribution and growth of
population and employment.? The assumption is that population and employment do not
change between the do-minimum option and the proposed activity. Hence, the economic gains
estimated in a standard transport CBA are based purely on increased user cost efficiency
mainly driven by travel time savings. Hence, the International Transport Forum recommends
supplementing aggregate CBA with purpose-specific measures.

In CBA, accounting for distributional effects has similarities to imposing a tax on high-income
groups and providing a subsidy to the low-income (disadvantaged) group of the society.® A
government intervention in the economy, such as a taxing policy or an infrastructure
investment, often leads to the redistribution of resources away from their free market use. This
leads to market inefficiency, which means goods within the market are either overvalued or
undervalued. The outcomes of market inefficiency result in gains for some members of society
and losses for others. This is associated with supply and demand of goods or services not
being in equilibrium, which lead to a deadweight loss. Hence, the standard CBA approach
underestimates (or does not account for) the benefits of a transport investment with significant
distributional effects (for business activities and communities).

Combining accessibility and equity, an important shortcoming of the mobility-based approach
of the current CBA framework is its inconsistency with the more recent accessibility-based
approaches to equity,* which are more closely linked to Sen’s capability approach.

1.4 The current appraisal approach can misrepresent the benefits that are measured

Even with market valuations, inputs may be inaccurate, biasing decisions:

" Note that the parameter values within the benefit calculations are for the average person, applied in different
transport situations (Torshizian et al., 2022, p. 72).

2 CBA applies to marginal changes in all variables, not just population and employment.

3 A utilitarian approach requires each person’s utility to be weighted equally. An unweighted CBA based on
monetary equivalents does not do that. Using equity weights is a method for correcting for this measurement
bias. Therefore, accounting for equity in a CBA appraisal does not necessarily mean taking resources away from
the rich. It is often to correct for the pitfalls of a CBA appraisal.

4 These approaches are currently implemented outside CBA. See (Torshizian et al., 2022) for further discussion
on equity issues.
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o Welfare estimation assumptions: CBA relies on competitive market assumptions.
Changes in transport markets are assumed to reflect welfare changes, but this breaks
down in monopolistic or distorted markets (Boardman et al., 2011; Jara-Diaz, 1986).

e Valuation methods: Bray and Tisato (2007) identify five methods for benefit

assessment:
1. Basic CBA: Benefit = consumer surplus + perceived user costs — resource
costs.

2. NZTA MBCM: Merges user cost and resource cost into a resource correction.

3. Public transport CBA: Separates perceived/resource cost, adds fare revenue
to reflect net impact.

4. Welfare-based (ATAP): Benefit = willingness to pay - social generalised
costs.

5. Winners/losers: Sum of consumer and producer surplus.
All methods yield the same theoretical value, but assumptions vary.

1.5 The current appraisal approach has communication and judgment challenges

CBA is normative (Boardman et al., 2014; Hausman, 2018) and ranks options by allocative
efficiency—given fixed objectives and resources. It doesn’t test whether objectives are
optimal. Critical elements such as dynamic efficiency, equity, or implementation processes are
usually omitted (Jara-Diaz, 1986). CBA is considered a normative tool It ranks options
according to marginal allocative efficiency: given a preselected policy objective, existing
resource allocation, and current knowledge, it shows which option would better match people’s
preferences. It doesn’t test whether objectives are optimal. Critical elements, such as dynamic
efficiency®, equality®, and the implementation processes are usually omitted.

Even within the realms of peoples’ welfare, which is the domain of CBA, it is possible, indeed
likely, that a more optimal policy decision could be found or that the improvement in welfare
implied by CBA may not be realised as the compensation inherent in Kaldor-Hicks application
of Pareto efficiency may not occur.” These shortcomings of CBA suggest the approach is
suited to decisions where people are well informed and strongly self-interested (Hausman,
2018), which is not typically the case with issues of climate change. Hence, caution is
warranted. In practice, especially in New Zealand, CBA is embedded in staged planning and
business case processes. It is applied mainly in the later phases, when detailed options are
compared, rather than in the strategic phase, where policy objectives are selected and
screened chiefly through qualitative assessment. Other appraisal tools can therefore sit
alongside CBA.

The remainder of this paper is structured as follows: Section 2 provides a review of the
identified appraisal methods. We describe our identified methodology and available data in
Section 3. Section 4 presents our findings after applying the preferred method to our case
study, and Section 5 provides a brief conclusion.

2 Available transport appraisal methods

The identified methods (listed as one to six) are a mix of accessibility- and mobility-based
approaches. The sixth method investigates the possibility of a composite method (consisting
of a range of the presented methods). To ensure consideration of the pros and cons of an
environmental and accessibility-based appraisal methodology, we consider various possible

5 Dynamic efficiency occurs over time, as innovation reduces production costs.
6 Which highly depends on choice of the theory of justice — see Torshizian et al. (2022a).

7 This is appraisal of technical efficiency for delivery of a pre-selected policy objective. Torshizian et al.
(Work in progress) are currently investigate the use of CBA as a marginal analysis for the assessment
of transformational projects.
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improvements to the current appraisal framework and narrow down our choice of an
appropriate method through a systematic process.® This implies that we attempt to improve
every identified approach using combinations with identified measures and methods to
improve their usefulness for an appraisal methodology that is aligned with the requirements of
a land use and transport integrated urban environment. This will ensure that our evaluation of
each approach is unbiased to the Status Quo (SQ) limitations driven by various reasons such
as (possibly) slow update of the appraisal methodologies by government agencies.

Figure 1: Identified appraisal methodologies
Method 1 Method 2 Method 3 Method 4 Method 5 Method 6
Status quo with ﬁ.t:.t.isctq tuac:( v:::; Accessibility (Cay e | Alternative Sy
scenario e based appraisal acces.s|b|||ty urban ) accessibility
analysis rates of appraisal opportunity approach

= O cost approach
emission costs

Orthodox Heterodcb

Method 1: The SQ with scenario analysis

More scenario analysis can be used with the CBA to explore the (many) uncertain elements
of the future that will affect the outcome of the policy option under consideration. Three ways
that uncertainties can interact in a transport appraisal are shown in the figure below which
presents a standard representation of alternative future scenarios associated with the addition
of new road lanes in a growing city. Note, these are only three of the many possible scenarios
but are three that have a significant influence on the outcome. The first scenario, where the
lanes are added, can lead to induced traffic, often associated with city sprawl, which could
nullify any expectations of congestion relief, add to carbon emissions and reduce expected
agglomeration benefits.

Figure 2: Stylised alternative scenarios associated with the addition of new lanes

Evolving land use makes PT Agglomeration and
costly and - congestion relief not realised,
active travel less viable higher GHG

City sprawls and
traffic induced

Build more lanes

Pt and active travel Agglomeration increaes,
more viable [ congestion and GHG reduces

City planning and
costs allows greater density

Less agglomeration,
high congestion and GHG,
higher house prices
(and inequity)

City growth slows

The various scenarios associated with adding new road lanes highlight both opportunities and
challenges. For instance, while expanding infrastructure can lead to induced traffic and urban
sprawl with increased carbon emissions, alternative approaches focusing on public
transportation and active travel promise agglomeration benefits and lower externalities.
Explicitly considering induced traffic demand using tools recently developed by NZTA (2024)
can refine transport appraisals by emphasising non-use benefits and costs, such as
accessibility impacts and future carbon-related externalities. Additionally, equity-weighted cost
and benefit terms (NZTA, 2022) could provide valuable insights into how transport externalities
affect different income groups, though such analysis requires further research into
accessibility-based methodologies.

8 Generally, the more heterodox methodologies might be costlier to implement, given the innovative approaches
and sources of data required.
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Another potential appraisal approach involves integrating lower-GHG alternatives within
planning processes to mitigate future environmental impacts. For example, requiring NZTA
projects to include at least one lower-GHG option in their short lists could reinforce
environmentally adaptive decision-making. Moreover, understanding the transport demand
threshold at which PT becomes a viable alternative allows for better interconnection between
current infrastructure projects and future PT investments. Such measures highlight the
importance of using accessibility metrics to inform not only transport demand but also broader
environmental and socioeconomic outcomes.

Method 2: The SQ with indirect tax and with more focus on carbon emissions

Method 2 is a further variation of the current methodology, placing greater emphasis on carbon
effects. Method 2 can be applied in conjunction with or independently of Method 1. A
contentious issue within appraisal is the costing and weighting applied to carbon emissions.
The discussion below starts with examining the costs of carbon emissions appropriate to a NZ
CBA and then discusses the discount rate. Other carbon metrics outside of the CBA are then
discussed. These are largely changes that the DfT in England, UK have recently introduced
(DfT, 2024). A further option is then suggested as a means to structure the CBA relative to the
current carbon reduction strategies rather than the SQ. The discussion below is in terms of
the social cost of carbon. People may perceive the cost of carbon differently and have different
behavioural responses — these effects could be included within an accessibility analysis but
are not possible with SQ methods.

The cost of carbon emissions

As adopted by NZTA’'s MBCM (NZTA, 2021), a shadow cost of carbon is required for a CBA,
but the future cost of carbon emissions is highly uncertain, both in terms of NZ and
international net damage on infrastructure, people and activity, referred to as the social cost
of carbon (SSC) (Dennig, 2018), and in terms of the costs required to reduce carbon
emissions, referred to as the marginal abatement cost of carbon (MAC), typically reported as
a MAC curve (MACC). Denne (2020) advises that it is the abatement cost that is the relevant
shadow cost in NZ CBAs, consistent with the approach taken in the UK - see here. This does
not preclude other intergenerational costs from being considered in other transport effects (eg,
local air pollution), but MAC is appropriate for carbon emissions.

The Treasury and NZTA now specify the range of MACs by year to be used in NZ CBAs,
derived from estimates by the World Bank Group (2019). For example, the low, middle and
high MAC estimates for 2030 are NZ$104, NZ$155 and NZ$230 per tonne (MBCM, p59).

The logic behind use of the MAC is that (Ministry for the Environment, 2020):

e The abatement cost is the cost that will be incurred, subject to forecast error, by NZ as it
makes changes to meet its internationally agreed emission limits;

o ltis these costs that will be borne by people in New Zealand, as opposed to international
effects resulting from NZ carbon emissions.

The MAC also has the advantage of being less sensitive to assumptions than the SSC and is
based on models that can produce more timely results (BEIS, 2021). It is recommended that
Method 2 apply the ‘high” MAC within the MBCM (eg, NZ$230 for 2030) in the interim when
costing carbon emissions, until such time as the NZ Ministry for the Environment revise the
NZ MAC series. This higher rate was set at a level expected to align with the lower international
temperature limit, is likely to be more aligned to NZ's international costs, gives more weight to
probable inter-generational equity effects and takes a precautionary approach by making more
allowance for likely slippage in meeting targets.

Method 3: Accessibility-based appraisal

Accessibility has gained significant prominence in contemporary urban transportation
research, holding a crucial role in shaping policy decisions. Presently, the predominant
utilitarian approach in the SQ tends to centre around the 'average' user as a representation of
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the broader population's travel needs. Nonetheless, the absence of a consensus on how to
quantify accessibility (Handy, 2020) has posed challenges in its integration into the transport
appraisal framework. Accessibility is broadly defined as the ease of reaching valued
destinations (Hansen, 1959). Accessibility not only shows how fast people and goods can
travel around (mobility) but also the spatial distribution of opportunities (Torshizian et al.,
2022b). This is a key feature of an accessibility-based appraisal methodology compared to
the mobility-based approach.

Common accessibility metrics include contour, gravity-based, and utility-based measures, as
outlined by Geurs and van Wee (2004a). Contour metrics are widely used in geography and
urban planning research due to their simplicity and communicability. However, it assumes
uniform desirability for all opportunities, irrespective of the transportation mode and
commuters’ socio-economic characteristics. These limitations become particularly significant
in today’s urban mobility landscape, where individuals may have a multitude of transportation
options, trip choices, and varying valuations of their time. Enhanced versions of these metrics
have been proposed to address these limitations (van Wee et al., 2001; Dixit & Sivakumar,
2020). Incorporating preference heterogeneity into accessibility measures offers a valuable
step forward in understanding urban transportation.

Method 4: Carbon-based accessibility appraisal

Travel-time-based measures are closely linked with travel behaviour theory, whereas CO2
emissions are not necessarily a major determinant of travel decisions.® Kinigadner et al. (2021)
applied an accessibility-based appraisal framework to the Munich region. Their results
suggested that accessibility analysis enables a normative understanding of travel behaviour
as it ought to be. Kinigadner et al. (2021) offer a novel method of communicating the spatial
distribution of accessibility and emissions by substituting the travel cost component of
accessibility indicators with emission costs. Interpretation of these values is such that the
spatial distribution of accessibility and relative emission costs can be simultaneously
communicated to stakeholders for decision making. The output shows the level of accessibility
of locations across a range of travel modes given a set emissions limit.

The measurement of accessibility used by Kinigadner et al. (2019, 2021) aligns with the
measures provided by Geurs and Van Wee (2004b)."® We suggest that this measurement of
accessibility is relatively straightforward (and less costly), of particular importance is the ability
of the measure to clarify the specific issues at stake (Geurs & van Wee, 2004b).

9 In case of an ETS with full sector coverage, the CO2 price does factor into individual travel decisions.
However, there are caveats to this approach such as the market price may not equal marginal social
damages of emissions.

10 Geurs and van Wee (2004) identified four commonly used measures of accessibility in the literature, which can
be broadly classified as infrastructure, location, person and utility-based measures — for more information on the
measures see Torshizian et al. (2022a, p. 35).
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Figure 3: Different emissions tool types (Kinigadner et al., 2021, p. 4)
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Three functions play a pivotal role in measuring accessibility: the impedance function, the
deterrence function, and the saturation function. However, when it comes to greenhouse gas
(GHG) emissions, the deterrence and saturation functions are irrelevant. The key adjustment
lies within the impedance function), which must incorporate the cost of CO2 emissions into
the cost function “C”. This can be achieved through two distinct approaches: descriptive and
prescriptive.

The descriptive implementation of the environmental perspective concentrates on current
emissions, allowing for the comparison and ranking of alternatives based on their emissions
profiles. In contrast, the prescriptive approach hinges on predefined GHG reduction targets,
working backwards to assess alternatives and determine which one can effectively meet these
targets, charting the path to achieve them.

Another advantage of using the transport accessibility analysis is its applicability to both driving
and PT networks, facilitating comparisons based on GHG emissions. The relative disparity
(RD) between car and PT can be employed to scrutinise spatial discrepancies between the
accessibility of these two modes. When both PT and Car accessibilities are in equilibrium, the
RD approaches zero. Notably, when assessing accessibility solely based on travel time, cars
tend to exhibit greater relative accessibility. However, once external costs like the social
impact of CO2 emissions are considered, the balance begins to tilt in favour of PT.

Method 5: Hedonic and urban opportunity cost approaches

Hedonic pricing has been used within CBA to estimate the value of improved accessibility by
isolating its contribution to land prices (Abelson, 2016). Recent studies have refined the
method to better reflect the complex interplay between property values and built environment
features (e.g., Lieske et al., 2021).

A core limitation of the revealed preference approach is its assumption that consumers can
easily choose between alternatives. Additionally, housing consumption is inter-temporal—
buyers consider future amenities. For instance, using a difference-in-difference (DID)
approach, Torshizian (2018) found a 13% uplift in land values following the announcement of
Future Urban Zones, prior to any infrastructure investment. Static models miss such
anticipatory effects. Similarly, Young and Grimes (2010) showed that announcement of
Auckland’s Western Line upgrades raised property values near stations, highlighting
challenges in distinguishing cause from expectation.



ATRF 2025 Proceedings

Despite these issues, the hedonic method is valuable due to the scale and granularity of
housing data, enabling subgroup analysis, including environmental and social dimensions.
Torshizian (2017) contrasted hedonic pricing’s objective outputs with subjective well-being
approaches. However, expectations about future access or planning changes (e.g., Parker,
2015; Torshizian, 2015) complicate interpretation. Principal Economics (2021) reviewed the
determinants of house price growth and emphasized the need for better specifications to
understand land-price formation.

A less common but important variant considers how transport infrastructure affects the
opportunity cost of land—e.g., station footprints or parking. This shifts the focus to CBA’s cost
side, particularly where infrastructure locks in path-dependent land use. As Litman (2023)
notes, this approach requires high spatial granularity and detailed data due to land value
heterogeneity.

Hedonic price approaches have been used as a component input to estimating benefits within
a CBA (Abelson, 2016), where the impact of all factors on land prices is controlled for, and the
value of changes in accessibility to various destinations resulting from transport network
changes is estimated. Studies in recent years have explored a broad range of ways to add
nuance to this method’s ability to represent the complex relationships between property values
and the features of the surrounding built environment, e.g. Lieske et al. (2021).

Method 6: Synthesised accessibility appraisal methodology (SAAM)

Technically, in urban economics, this methodology is similar to the concept of spatial
equilibrium as described by Glaeser, Gottlieb, and Ziv (2014), who asked, ‘Why are the
residents of some cities persistently less happy? Given that they are, why do people choose
to live in unhappy cities?’ They recognised the existence of differences in self-reported well-
being across cities in the United States. However, this finding contradicts the concept of spatial
equilibrium, which posits that people cannot improve their overall utility levels by migrating
within the US; that is, there is no arbitrage opportunity across space. Therefore, the authors
concluded that subjective well-being is not equivalent to the economists’ concept of utility.
Their results imply that subjective well-being is one of many arguments of the utility function
and environmental outcomes could be considered as an additional component of the utility
function.

Another pure environmental approach to utility measurement will be to consider environmental
outcomes as the ultimate measure of social wellbeing and all other factors as predictors of the
environmental outcome. In this approach, economic wellbeing could be considered as a
comparator for assigning a dollar-value to the identified weights on each factor of
environmental utility.

At the national level, the environmental outcome could be measured using the equivalent
amount of CO2e. The measure of transport could be a (synthetic) accessibility measure. The
other sources of emission need to be considered as per their contribution to the national GHG
emissions. By subtracting the other sources of emissions from the total emissions, we could
focus on transport emissions as the outcome. This could be converted to a $value using a
carbon price, but the use of a carbon price will be controversial, due to uncertainty around the
appropriate carbon price. The factors of emission could be categorised by mode and
disaggregated by socio-economic features. This will provide information about the impacts on
each socio-economic group.

This is a novel approach closely related to carbon-based accessibility appraisal, where
emissions are optimised with respect to the accessibility outcomes of projects. Further
disaggregation will be possible by linking the carbon-based accessibility approach to demand
of communities, using the own- and cross-mode elasticities for each socioeconomic group.

3 Methodology

Expanding on the disadvantages of the SQ methods, the low technical integration of the SQ
methodology increases the risk of biased calculations due to potential double-counting. The
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lack of the required skillset is a contributing factor.'" Also, the addition of other market impacts
is also bounded by CBA's fixed land-use assumption, which limits its usefulness for appraising
transformative projects. The accessibility methods prioritise emission reduction by considering
the access of individuals instead of the mobility of vehicles. The accessibility method will
improve the identified SQ method shortcomings in the following ways:

1. The SQ bias. The accessibility measures enable focus on potential change, which
can be used in the standard manner at present to inform option selection (ie, within
the strategic business case or earlier planning stages) and can, in time, although not
within this project, be used more formally as a feedback mechanism to explore
changes in land use.?

2. The SQ is limited to monetised variables. The accessibility measures will provide an
extended range of measures, providing an alternative measure of value creation,
which also takes in the option value people place on having accessibility choices
rather than just the value on habitual trips and providing benefit disaggregation by
population cohorts.

3. Distributional effects. The disaggregated benefit analysis thus enables the refining of
investment options to meet distributional objectives.

4. Misrepresentation. Similarly, the benefit disaggregation enables the adjustment of
benefits to account for the income bias effect implicit in behavioural measures of
valuation, whether value of time or of access.

5. Communication and judgement challenges. The accessibility method enhances
communication through presenting large amount of information in accessibility maps,
and provides a more rigorous method to combine the multiple objectives into an
appraisal.™

6. The SQ is not suited to transformational projects. The above changes will make the
appraisal more suitable for transformational projects, especially if a feedback loop is
developed between the transport and land use models.

1.1. Data requirements

The data requirements for the carbon-based accessibility measurement depend on the
preferred accessibility measure and the level of geographic granularity required for the
accessibility analysis. Based on our parallel work on the preferred accessibility measure, a
robust analysis of future accessibility requires the data outlined in Table 1.

1.2. The ten steps of appraisal using the synthetic accessibility appraisal
approach (SAAM)

The high-level approach for SAAM is shown in Figure 4. While the appraisal methodology
should allow for a wide range of questions, the figure describes the usual process of appraising
an intervention (road/walking/cycling). However, the method provides a wide range of

" Markarian (2023) discusses that the most common criticisms of the CBA approach are already
addressed in the current state guidance, yet are often left out of individual business cases. He argues
that this selective implementation, combined with inconsistent parameter choices such as discount
rates, explains much of the perceived bias. Vine and Frost (2022) demonstrate that Australian and New
Zealand transport cost benefit analyses continue to understate or omit many negative effects even
though official manuals tell practitioners to capture “all benefits, positive and negative”. Vine and Frost
call for a common catalogue of monetisable disbenefits, with values that can be applied above or below
the line in every appraisal, arguing that such procedural reform would bring the existing framework
much closer to genuine welfare maximisation.

2 For example, linking accessibility to a spatial computational general equilibrium model
3 This reduces or removes the need for a multi-criteria analysis in investment decision making.
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parameters, which could be used to appraise various other interventions, such as the optimal
option for minimising emissions.

Figure 4: High-level description of SAAM
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Table 1: Accessibility measurement data - Torshizian and Isack (In publication)

Features

Socioeconomic

" Census, Integrated Data Infrastructure (IDI)
conditions

Land use Business demographics, Census, Overture Point of Interest (POI)

Travel behaviour | General Social Survey (GSS), Household Travel Survey (HTS)

Network Routing engines, Walking and Cycling layers (OpenStreetMap), Traffic data (TomTom™),
General Transit Feed Specification (GTFS) static

Impedance Network analysis + Walking and Cycling estimates, GTFS Realtime (GTFS-RT), Historical

function traffic data (TomTom)

Deterrence . . .

function High-Throughput Screening (HTS), Network analysis

Saturatlon Constructed using the data above

function

Grow Streets, Procedural city generation, General Transit Feed Specification (GTFS)

Future networks Editor

4 TomTom N.V. is a Netherlands-based location-technology organisation, established in 1991, that

produces digital maps, navigation software and real-time traffic-flow analysis for consumer, automotive
and enterprise use.

10
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The steps are as follows:

1. Choose periods for appraisal and define scenarios — this could be the year 2035 (for
comparing Greenhouse Gas (GHG) with Emissions Reduction Plan (ERP) targets'®)
or year 2050,

Calculate the accessibility measures for the identified period(s).

Choose a measure of accessibility for the analysis where the measures of access

must have the following features:

e Their impacts do not overlap: there needs to be an aggregating function
estimated for the identified measures of access such that their impacts (on a
measure of welfare) are measured in isolation — otherwise the estimated
impacts will be biased.

¢ They should jointly provide a valid explanation for social welfare — this could
be tested using a joint statistical significance (Wald) test.

e The identified measures must include a monetary valuation.'”

4. Report the Do-minimum Accessibility and the baseline GHG for the identified
scenarios, and timeframes.

5. Repeat steps 2 to 4 to calculate the difference in accessibility and GHG for the Do-
something scenario. Report the outputs.

6. For each period, if the change in emission satisfied the condition of the ERP budget,
then move to the next steps to estimate the change in access to opportunities.
Otherwise, the change in access for this particular origin—destination zone pair (O-D)
is equal to zero.

¢ If the condition is not satisfied, it will be useful to report the areas with highest
access gains and highest level of emission reduction that do not meet the
threshold. This then could be further investigated by decision-makers.

7. If the transport option survives the GHG rule (step 6) then calculate the value of
accessibility for the change in access identified in step 5 (across all cohorts, zones
and years).

8. Calculate difference in present value between Do Min and Option. Extrapolate the
value over 40 years and calculate the present value (using standard or chosen
discount rate). The usual sensitivity testing as per MBCM is applicable for the chosen
discount rate.

9. The benefits from GHG emissions, noise, and other externalities are additional (and

additive to the calculated benefits). Use the MBCM values to calculate those benefits.
10. Compare the total benefits with costs to derive the BCR.

SEN

The estimated cost of achieving the targeted utility and emission will be compared to the
benefit of utility gain.

It is recommended that net benefits and BCRs be reported for realised benefits as well as the
sum of realised and potential. Potential benefits include any negative impacts identified in the
accessibility analysis. The primary focus of an integrated land use and transport policy should
be to ensure the land use policy accommodates the required permission for improved
economic outcomes — this is part of the Business Development Capacity Assessment that
regional councils undertake, which now needs to be informed by incorporating major transport

5 The current ERP budget is reported for the period of 2021-2035.
6 To overlap with the net zero target.

7 In doing so, it is critical to ensure that access valuation does not risk double-counting with GHG
emissions, noise, and other externalities.
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projects into the accessibility analysis and identify the areas that require improved
serviceability across different sectors.

The total benefits considered for the BCR are the sum of reasonably expected potential
benefits after considering the Business Development Capacity Assessment on reasonably
expected to be realised capacity (ie plan-enabled and commercially feasible).

4 Results

The Wellington Northern Corridor is a major infrastructure project aimed at enhancing the
transportation network between Wellington and the lower North Island. The Corridor is
designed to provide safer, more efficient, and reliable travel for communities and businesses.
It encompasses several projects aimed at improving connections and supporting economic
growth by enhancing the flow of people, goods, and services throughout the region.'® Figure
5 shows change in aggregate access for each Statistical Area 1 (SA1). There are significant
variations in these measures which can be further used to inform policy decisions which can
be used to further investigate (and address) the underlying drivers of a decrease (or small
increase) in access.

Figure 5: Change in aggregate accessibility by purpose
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The best information we have about the cost
of the TG is $1.32 billion (2024 constant Table 2: Estimated impacts of TG"

8 For more information about the controversies about the environmental outcomes of this project, refer
to the business case available here.

9 Transmission Gully is a public—private partnership project in which the Wellington Gateway
Partnership (WGP) designs, builds, finances, operates and maintains the road for 25 years. The Crown
then pays a fixed availability fee once the motorway meets performance standards. It is not a user-paid
toll road (the “toll” is effectively paid by government).
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prices). Our estimated total benefits of the |- TG
TG are $0.9b, consisting of $0.8b of realised
benefits and $0.1b of potential benefits. This
implies a BCR of 0.7 after considering that | sQ method 0.41
the potential improvement in access will be
accommodated by land-use policy. Without
filtering benefits for the emission target, the | Total (Realised + Potential) 0.7
net benefits could rise to $4.6b, which
implies a BCR of 3.5 with accessibility
benefits. This is significantly higher than the [EPRITREISACIo)
current SQ method BCR of 0.41, which
shows the importance of considering the
potential unlocked by the project. A bulk of | Potential benefits $0.1
these benefits do not meet the
environmental target. Hence, we suggest
that if decision-makers could identify other | Realised benefits $3.6
policies to improve environmental outcomes, | potential benefits $1.0
such as complementing the investment with

a mode shift incentivising policy, then they Cost ($b) $1.3
could possibly claim a larger share of the Note: All costs are expressed in 2024 NZ
potential benefit. dollars.?

Net benefit ($b) or BCR BCR

Realised 0.6

Comparable 3.5

Realised benefits $0.8

Not pass the target ($b)

Conclusion

We explored the widest range of methods available for improving land-use and transport policy
integration, focusing on including accessibility frameworks. Transport investment usually leads
to travel behaviour change, sometimes associated with land use change. Considering each
scenario using accessibility indicators separates the complex and uncertain analysis of travel
behaviour change from the change in 'potential'. The "travel potential" analysis can be reported
using accessibility indicators to describe how the economic potential, social potential and
environmental potential are affected by the supply-side changes. For example, access to jobs
might improve by reducing journey times to more distant locations, but this could reduce the
environmental potential of encouraging people to access jobs more locally to where they live.
The supply-side accessibility analysis provides an indicator to the appraisal that represents
the change in the "potential" for travel demand reduction achieved by transport investment.
We identified the most promising approach and applied it to the Transmission Gully, a
significant Wellington motorway. The findings from the case studies suggest that the
synthesised approach provides a significant improvement compared to the SQ approach by:

1. Providing a transparent assessment that highlights the low-hanging fruits in terms of
potential improvement in access that require further investment to reach policy targets.

2. Enabling a relatively simple transition to an expanded appraisal that will more closely
analyse land use interactions, benefit distribution and environment impacts.

3. Enabling GHG objectives, or alternative objectives if required, to enter directly into the
appraisal.

4. Providing an alternative measure of the value of an investment or programme of
investments that can be used to validate an SQ valuation.

5. Intime, the development of a CGE add-on will allow us to test the sensitivity of
transformational land-transport combinations to economic and other objectives.

20 The February 2020 contract-variation payments (nominal NZ $191 m2°) are excluded because this
scenario represents the project as originally approved in 2014.
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