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Introduction

Purpose of this manual

The Monetised benefits and costs manual (MBCM) is Waka KotahiNZTr ansport Agencyods
standardised guidance for assessing the monetised benefits and costs of proposed investments in

land transport (activities). The primary purpose of this manual is to establish consistency,

transparency and comparability between activities to aid the evaluation of their economic efficiency.

This manual is a substantial refresh of the earlier Economic evaluation manual (EEM). With the
introduction of appraisal summary tables (AST) for capturing a wider range of impacts in social costi
benefit analysis, including non-monetisable and monetisable impacts, this manual has been
refocused to only cover costs and monetised benefits (including disbenefits). This manual is one of
the primary tools for assessing economic efficiency.

The MBCM includes guidance for assessing the 12 monetised benefits of the 25 benefits within the
benefits framework. It is designed to be read in conjunction with the Land Transport Benefits
Framework measures manual and the Benefits management guidance on our website, as together
these will provide all the information necessary for preparing an AST.

Who this manual is for

The information contained within this manual is designed to assist three primary types of user.

Proposal submitters

The costi benefit analysis and appraisal concepts at the start of this manual should be used to guide
the development of investment proposals and options. They are references that will help ensure that
proposals have been correctly scoped.

Additionally, the summaries of monetised benefits will encourage the systematic identification of a
proposal® benefits and disbenefits.
Transport analysts

The procedures, values and worksheets in this manual have been designed to assist analysts in
developing fit-for-purpose evaluations for transport activities. The material in this manual enables
activities to be assessed using standardised approaches, however, professional judgement and
supporting evidence can be utilised for bespoke analyses.

Decision makers

Decision makers use benefiti cost ratios, an output of the monetised components of costi benefit
analysis as a decision support tool. By standardising the methods of evaluation, this manual is able to
assist decision makers when proposals are compared or put forward for funding decisions.
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1. Concepts > 1.1 Social costi benefit analysis

1. Concepts

1.1 Social costi benefit analysis

Social costi benefit analysis, generally referred to as economic costi benefit analysis or CBA, differs
from financial analysis by incorporating social, economic, environmental and cultural impacts. A CBA
measures costs and benefits at a national level and is a systematic method of organising information
about the costs and benefits of a proposed activity.

CBA is primarily a decision support tool and so the level of effort put into measuring impacts should
reflect the scale, scope and complexity of the decision that needs to be made. This manual sets out
standardised guidance for measuring impacts and monetising them, but a CBA can include non-
monetised costs and benefits.

Benefiti cost ratios, or BCRs, are often confused with CBA. BCRs are an indicator of economic
efficiency in the CBA framework, but they focus solely on monetised benefits and costs. Waka Kotahi
uses BCRs as one measure of efficiency, but decisions are further supported by the impacts captured
in the appraisal summary table (AST), including non-monetised benefits.

The appraisal summary table is a structured way to show the monetised and non-monetised
benefits and costs of short-listed options and the preferred solution. This tool plays a key role in
demonstrating how a preferred solution contributes to outcomes and also enables Waka Kotabhi to
track benefits.

BCRs indicate whether activities will generate more benefits than they cost, make it possible to
compare activities, and enable prioritisation of activities under funding constraints 7 all within a well-
defined framework. For this reason, they remain the primary measure of economic efficiency used by
Waka Kotahi when assessing an activity from a purely monetised point of view.

Refer to the Waka Kotahi Planning and Investment Knowledge Base for information on when a BCR
is required to support a funding application.

The process for preparing an analysis of an activity is detailed step by step throughout this section of
the manual and specific information about BCRs, and other appraisal tools, is discussed in section
1.10.

For a more in-depth discussion of social costi benefit analysis in a New Zealand context, please
refer t o Ghidegdmsscialrcgsitbsnefit analysis

1.2 Equity or distributional effects of land transport initiatives

The term equity is normally used to refer to the ethical desirability of distributional effects among
groups of individuals. Equity impacts of transport service activities should be quantified wherever
possible and reported as part of the evaluation (separately from the economic efficiency calculation).
The potential benefits related to distributional issues and implications have been also included in the
description of benefits in the Land Transport Benefits Framework.

While an analysis of the distribution of benefits and costs among different groups of people is not
required for economic efficiency analysis, evaluations of an activity should report the distribution of
benefits and costs, particularly where they relate to the needs of transport disadvantaged
populations. This reporting forms a part of the funding allocation process.

When it is required, distributional effects should be reported separately from, but alongside, the
CBA results.
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1.3 Steps in BCR calculation

~N
ADo-minimum
Almprovement alternatives and options
AConsider whether the improvement(s) should be part of a package and/or
programme of activities
J
N
ACollect data
Demand AUse of transport models and calibration
forecast J
~N
AMeasure and monetise the impacts (benefits and disbenefits) for the do-minimum
Benefits and options
estimates )
Ainvestigation and design )
AProperty
AConstruction, including preconstruction and supervision
AMaintenance, renewal and operation
(t:.OSttS ARisk management and mitigation of external impacts
SN AResidual values Y,
~N
AUndertake risk analysis when there are significant unpredictable events that may
Risk affect or be affected by the improvement activity
analysis )
~N
ADiscount the monetised benefits and costs over the analysis period to obtain present
values
Discounting
J
N\
ADetermine the benefit¢cost ratios (BCR) of the preferred option
BCR
calculation )
~N
Ause incremental costcbenefit analysis to select the preferred option for mutually
eremental exclusive options
analysis )
~N
APerform sensitivity tests on the preferred option to determine how robust the
- calculations are and whether a small change in one of the input parameters has a
Sensitivity large change on the evaluation outcome
analysis J
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1.4 Counterfactuals and the do-minimum

A counterfactual is a future in which a proposed activity does not occur. Typically, a CBA will analyse
counterfactuals known as the @o-nothingéand the @o-minimumo

There should be careful consideration of what the counterfactual is, as this is what the activity will be
measured against. Overstating or understating the counterfactual can have an adverse effect on the
CBA. Effort should therefore be applied early in the development of the analysis to define the future
state if an activity did not proceed in order to establish a realistic baseline that options can be
assessed against.

The analysis of the counterfactual should match the analysis period applied to the CBA (see section
1.6). The do-nothing and do-minimum will usually involve a multi-year forecast, as opposed to a point-
in-time estimate. Such forecasts should estimate the costs and benefits likely to occur in the absence
of further intervention. A common example is increased congestion in response to population growth.
In the case of greenhouse gas (GHG) emissions, the counterfactual should reflect baseline emissions
forecasts for the relevant network or region, using data and tools described in section 3.4.

In some cases it is possible that through a comprehensive CBA it is determined that the
counterfactual is the preferred option. This could occur if the expected costs of alternative options are
very high relative to their expected benefits.

Do-nothing

Most forms of activity evaluation involve choices between different options or courses of action. In
theory, every option should be compared with the option of doing nothing at all, ie the do-nothing.
However, this is often not practical as usually there is a minimum level of expenditure required to

keep a facility or service functioning.

Do-minimum

For many transport activities, it is often not practical to do nothing. A certain minimum level of
expenditure or activity may be required to maintain a minimum level of service. This minimum level of
expenditure or activity and the resultant performance is known as the do-minimum, and should be
used as the basis for evaluation, rather than the do-nothing. It is important not to overstate the scope
of the do-minimum.

The do-minimum may include maintaining the status quo and should account for committed and
funded transport activities. For the purposes of this manual, the do-minimum is defined as the least
cost option that provides a minimum level of service.

Particular caution is required if the cost of the do-minimum represents a significant proportion of, or
exceeds, the cost of the options being considered. In such cases, the do-minimum should be re-
examined to see if it is being overstated.

Ifana c t iswptidn yesults in cost savings compared with the developed do-minimum, then the
option becomes the new do-minimum that all other options should assessed against.

Do-minimum for safety activities

For safety activities where reducing the speed limit is a potential option, the do-nothing scenario is the
existing baseline conditions of the network, based on the existing speed limit, operating speed,
infrastructure and services.

Where a road controlling authority decides to introduce one or more interventions to address
unacceptable levels of collective and/or personal risk, to re-set the speed limit, and/or to manage
speeds on a particular piece of road, the do minimum can include benefits and costs of implementing
a new safe and appropriate operating speed.

In such situations the do-minimum should be compared to both the do-nothing and the other activity
options in order to determine whether the do-minimum is the preferred option (ie the optimal solution),
or whether additional improvements are justified over and above the do-minimum, and if these
additional improvements are therefore the preferred option.
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When undertaking safety interventions addressing speed the following information should be
referenced:

1 Land Transport Rule: Setting of Speed Limits 2017
1 the Waka Kotahi Speed management guide, and
1 the Waka Kotahi MegaMaps tool that is used with the Speed management guide.

1.5 Alternatives and options

Rigorous consideration of alternatives and options is a key component of the Waka Kotahi investment
process and a requirement of the Land Transport Management Act 2003 (LTMA).

Alternatives

Alternatives are different means of achieving the same objective as a proposed activity. Alternatives
should, amongst other things, try to consider whether non-transport solutions, such as changes to
existing policy, are suitable responses to an identified problem and can achieve the outcomes sought.

An alternative can be a response to a problem or opportunity by applying a whole-of-system approach
(this can include corridor or network planning). For example, exploring the potential for different land-
use arrangements or encouraging greater use of other modes to address projected growth in network
demand. Alternatives may have been identified as part of development strategies and spatial plans
but may also be developed as part of the business case development process. In developing
alternatives, it is important to consider the intervention hierarchy, which addresses:

1 demandi for example, ways in which the need for travel can be reduced
9 productivity T for example, by making sure the current system is optimised
1 supply i for example, provision of hew services or infrastructure.

Options

Options are variants of a proposed activity. Activity options may differ in scale, scope, or even
alignment, and all realistic options for addressing the problem must be evaluated.

It is a common mistake for evaluations to concentrate on a single preferred option. Typically, this is
caused by a failure to understand the problem that needs to be addressed, by overstating the do-
minimum, or from narrowing the scope of analysis too early.

Some options may be classed as being mutually exclusive. Mutually exclusive options occur when
proceeding with a specific option would preclude another option from being progressed. For example,
when choosing between two different alignments for a road, the choice of one alignment precludes
the choice of the other alignment. The two alignment options are therefore mutually exclusive.

The concept of mutually exclusive options is important for incremental assessment.

Multi-modal options

When considering the possible options to solve a problem, the solutions should not be constrained to
a specific mode. Solutions to problems can come from different modes and can even be combinations
of interventions targeting multiple modes. These options should be considered in the analysis.

1.6 Period of analysis

The procedures outlined in this manual are time dependent. It is important to set appropriate critical

times and analysis periods. These periods should be applied consistently to all options, including the
do-minimum or do-nothing. There are three critical times to be set up for the analysis process which

are described in more detail below.

Time zero

Time zero is the date that all future cost and benefit streams are discounted to. Time zero for all
proposed activities is standardised to 1 July of the financial year in which the analysis is submitted.
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Time zero is independent of the construction date of a proposed activity and therefore all options
being assessed must use the same time zero.

Base date

The base date is used to standardise the valuation of all monetised impacts to a common year. The
base date for all proposed activities is standardised to 1 July of the financial year in which the analysis
is prepared.

The base date does not need to coincide with time zero. It is common for the base date to be one
year earlier than time zero.

This manual contains factors for converting the value of monetised impacts from earlier base years to
the current financial year.

Analysis period

The analysis period, starting from time zero, is the period for which all costs and benefits are included
in the BCR calculations.

The time period used in economic evaluations must be sufficient to cover all costs and benefits that
are significant in present value terms.

The standard analysis period is 40 years for a 4% discount rate.

An increase of the analysis period to 60 years is permitted where appropriate for the activity under

consideration and where the benefits and costs can reliably be forecast for up to 60 years, in order to

ensure that the whole-of-life costs and benefits of long-lived infrastructure activities are captured. An

extension of the analysis period increases the importance of demand forecasting. Emphasis should

be placed on developing a range of options and scenarios, and on reporting uncertainty in the

business case and economic evaluation, when the analysis period is extended. Examples of where it

can be appropriate to use a 60-year analysis period are for major infrastructure projects that have an
expected |ife of | east 60 years and potentially much
crossing or a new railway line to a major urban area,

The appropriate period of analysis may also be less than the standard 40 years. It is important to
consider the useful lifespan of an activity and adjust the analysis period accordingly. For activities with
short-lived assets, or activities where benefits dissipate quickly, it may only be necessary to assess
the activity over a 5- to 10-year period. In these circumstances changes to the analysis period should
be used as a sensitivity test.

1.7 Benefits

Benefits are any positive or negative impacts that are attributable to an activity. The benefits within
this manual have been named impacts to explicitly account for the generation of both positive benefits
and negative benefits (disbenefits).

The Waka Kotahi policy is that any expenditure on delivery, maintenance operations and renewal
is treated as a cost while all the negative impacts are treated as disbenefits.

The impacts of transport activities may affect individuals outside of the transport system.
Externalities T the impacts that affect individuals outside the transport system i must be considered in
the BCR calculation, as the analysis is conducted from a national viewpoint.

As arule, only changes to real resources should be considered an impact in the analysis. Where
there is a transfer of resources between parties, such as a road user paying a toll, this should be left
out of the BCR. Similarly, any change in resources that is not attributable to the activity should be left
out of the BCR.

If there is no change in resources between the do-minimum and the activity scenario then there can
be no impact.
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This manual provides standardised methodologies for monetising a range of impacts generated by
transport activities.

Transfers

Care must be taken to ensure that a change in real resources for one set of individuals is not offset by
a change of real resources in the opposite direction for another set of individuals. Where this transfer
occurs, there is no net effect on national resources and therefore these transfer payments must be
excluded from the BCR calculation.

Specifically, tolls, which are a cost to transport system users, simultaneously benefit transport
operators and are excluded from the BCR. It is important, however, that tolls are considered during
demand estimation.

Similarly, any changes to business or retail profitability as a result of a transport activity are also
considered transfers and must be excluded from the BCR unless there are economy-wide efficiencies
from increased competition. In this instance the wider economic impact procedures for calculating
reductions in imperfect competition, contained within section 3.12 of this manual, must be followed.

Double counting

The benefits listed in this manual generally constitute the total economic impact of improved levels of
service, accessibility or safety.

Certain external impacts of activities, such as increased land values, may arise because of an
improved level of service and accessibility, but these impacts must be excluded from the BCR
calculation. The capitalisation of reduced travel costs leads to an increase in the underlying land
value, but including this in the BCR would be double counting as direct travel-cost benefits and wider
economic benefits should already have been calculated using the benefits in this manual.

Wider economic impacts

In some instances, second order impacts may be generated by transport activities of significant scale
and scope. These are termed wider economic impacts as they can alter the distribution of economic
activity generated by firms, households and workers.

Wider economic impacts are additional to conventional transport system benefits, but care must be
taken to ensure that they are not already captured within the analysis to avoid double counting.

Level of data collection and analysis

The primary impacts of transport activities and the monetised parameter values associated with these
impacts need to be included in the BCR calculations. This manual contains defined parameter values
and assessment procedures to estimate the economic costs and benefits of transport activities.

The level of work associated with collecting information on parameters (and their associated values),
and the data needed for economic analysis, should be commensurate with the likely impact of those
parameters on the analysis together with the decision-making needs of both the activity proponents
and Waka Kotahi.

This manual also contains both full procedures (extensive) and simplified procedures for the BCR
calculations. The simplified procedures contain standardised default assumptions, which can be used
to assess the majority of transport activities, and they match the level of effort to the appropriate level
of complexity of the activity. In many cases the full procedures analysis will be proceeded by a
simplified analysis to indicate whether the BCR will be sufficiently viable to continue with a fuller and
more expensive analysis. Activities should be considered on a case-by-case basis to determine the
appropriate level of data collection and analysis to apply.

Monetisation

After benefits have been quantified they should be monetised, where possible. Chapter 3 of this
manual contains all impacts ascribed standardised monetary values for transport appraisal in New
Zealand. Section 3.15 contains advice on approaches for monetising impacts not contained in this
manual, while the Land Transport Benefits Framework measures manual contains information on
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non-monetised measures, namely quantitative and qualitative measures, for all of the benefits
included in the benefits framework.

Types of monetised benefits
There are two broad types of monetised benefits.

The first type of benefit, market benefits, have values that can be directly derived from real world
goods and services. For example, vehicle operating cost benefits are comprised of changes in the
costs of fuel, tyres, repairs and maintenance, oil, and depreciation, all of which have market values,
and therefore vehicle operating cost benefits are a market value.

Non-market benefits form the second type of benefit. While non-market benefits have standardised
monetised values, the benefits are not based on traded goods and services, and therefore they do not
have directly observable values. The valuation must instead be established through research,
typically via surveys or indirect valuation methodologies.

While market and non-market benefits can be compared, in many instances the market prices for
goods and services do not equal their resource cost due to taxes or market imperfections. It is
necessary in those situations to substitute the market price with a shadow price that is adjusted to
equate the market benefit with its true resource cost. All the benefits in this manual take into account
any differences between market prices and resource costs, and therefore they do not require any
further adjustment.

Rule of half

The rule of half is a simplifying assumption used to calculate the benefits that accrue to transport
system users who change their travel behaviour, such as by switching their mode of travel, as a result
of changes to the cost or quality of travel.

In the do-minimum, users experience benefits from their existing travel behaviour. If they choose to
change their travel behaviour in response to a new or improved activity, then it must be the case that
they experience a higher level of benefits as a result of the activity. However, upon changing their
travel behaviour, the users must also forgo the benefits of their previous travel behaviour in the do-
minimum, which offsets the increase in benefits after the change. Therefore, the transport system
users who change their travel behaviour receive only an incremental increase in benefits between the
do-minimum and activity scenarios.

The rule of half assumes that, on average, transport system users will receive half of the incremental
benefits after changing their travel behaviour.

In the case of transport system users who change their mode of travel, some new users may have
been almost indifferent between the two modes in the do-minimum. After changing their behaviour in
response to an improvement in the activity scenario, they receive the full value of the incremental
benefits. Other new users may only be marginally better off in the activity scenario compared with the
do-minimum, and they receive almost zero benefit from the improvement. If it is assumed that new
users are evenly distributed along the demand curve, then the average new user gains one half of the
maximum incremental benefits. The sum of new user benefits can then be approximated by
multiplying half of the maximum incremental benefit by the number of new users. This is also known
as a consumer surplus calculation.

Without this assumption extensive surveys of potential travel behaviour change would be required to
establish the willingness to pay of any improvements, which is not realistically feasible for the majority
of activities.

A worked example of consumer surplus and the rule of half is provided in Appendix 8: Worked
examples.

1.8 Costs

The costs taken into account in a BCR calculation include all costs necessary for the planning and
investigation, delivery, maintenance, operation and renewal of a transport activity. These whole-of-life
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costs cover all resource costs incurred at any time during the analysis period including indirect and
administration costs incurred by the approved organisation or by Waka Kotabhi.

Indirect costs

Indirect costs are costs that are not directly attributable to a specific activity. They are indirectly
applied, typically by way of a separate allocation, for example overheads. Indirect costs may be either
fixed or variable, and include administration and personnel costs.

Administration costs

Administration costs are an overhead cost incurred in the delivery of activities. They are not integral to
the delivery of an activity but must be provided to support the delivery of the activity.

Expected cost

The costs included in the BCR calculation should be expected costs, which are the 50th percentile, or
p50, costs.

The expected cost is based on probability and risk theory. That is, if the activity was theoretically
delivered 100 times, in 50 instances the total cost of delivery would be below the expected cost and
the total cost of delivery for the remaining 50 instances would be above the expected cost. Full
information on estimating expected costs is contained within the Waka Kotahi Cost estimation manual
(SM014).

The expected cost must include any contingency that has been allowed for in the cost estimate.

In some instances, it may be appropriate to use 95th percentile, or p95, costs as a sensitivity test of
the cost risks of an activity.

Sunk costs

Sunk costs are costs that have been irrevocably committed and which have no realisable value
through resale or salvage.

Sunk costs that have already been incurred, such as prior investigation or design costs, must not be
included in the BCR calculation. If a pre-committed cost has a market value that could be realised in
the future, such as land, then this must continue to be included in the BCR calculation.

Avoided costs and cost savings

An activity may prevent costs in the do-minimum from being incurred. These avoided costs must be
included in the BCR calculation as a cost saving.

Typically avoided costs relate to reductions in ongoing maintenance or operation costs, but can
include cost savings from deferring future physical infrastructure. For technology projects there may
be cost savings as a result of corporate efficiencies or reduced staffing costs. These avoided costs
must be considered where they are applicable.

Interest costs

Interest payments are generally excluded from BCR calculations irrespective of any arrangements to
finance an activity by way of loans. Interest is excluded as it forms part of the cost of capital and is
accounted for in the discount rate. In the analysis, capital costs should be included as cash flows in
future years according to when the costs are incurred.

An exception to the interest payment rule applies only when Waka Kotahi borrows to fund its share of
an activity, whether this is through a traditional loan or alternative funding arrangements such as
public private partnerships (PPPs). In this instance the costs are treated as cash flows from the
National Land Transport Fund (NLTF) in the future years that actual payment is predicted to occur.
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Escalation

Costs must be measured in real terms and reported in constant present-day dollars using the base
date year. In practical terms, this means that escalation is not applied to future costs and that all costs
must be calculated according to the prices of inputs in the financial year that the analysis is prepared.

Inflation and escalation are often confused. Inflation is defined as an increase in general prices
throughout the full economy. Escalation refers to an increase in the cost of inputs relevant to an
activity. The rate of escalation can be different to the inflation rate, and the rate of escalation may
even differ between inputs. Full information on cost estimation and escalation is available in the Cost
estimation manual (SM014).

No adjustments to the discount rate should be made to account for future inflation or escalation, as
the discount rates in this manual are real discount rates.

Funding gap

All BCR calculation procedures in this manual use economic costs based on changes to real
resources. This differs from financial analysis, which does include the effects of transfer payments
between parties.

The simplified and full procedures for public transport services require an additional step that includes
financial analysis of the expected funding gap between future revenue and cost of operating a
service.

The funding gap is the deficit in cash flow that needs to be funded by local and central government if
the activity is to be financially viabl eewfbasedn t he p
on the best estimate of service provider revenue an

u b
d
The service provider costs can be compared with the predicted revenue or increase in revenue if

there is a pre-existing service, using a net present value methodology to determine whether or not the
activity is viable in a financial sense.

Full information on conducting funding gap analysis for public transport services is contained within
section 4.4 of this manual.

1.9 Discounting

There is a trade-off between consuming resources now and in the future. In most instances people
demonstrate a preference in favour of immediate consumption rather than delaying consumption to
future years. This preference is the time preference or, alternatively, the time value of money.

Over a 40-year analysis period activities will have a profile of costs and benefits that are generated
over time. Furthermore, different activities will generate, often quite substantially, different profiles of
costs and benefits. However, due to the time value of money, costs and benefits in one period cannot
be treated with the same weighting as costs and benefits in another period. To ensure that costs and
benefits that occur in the future are given less weight than those incurred today, and to ensure that
costs and benefits from different years and different activities can be compared in a common unit,
they must be discounted.

Discount rate

The discount rate serves two purposes. Firstly, the discount rate represents the rate at which society
is willing to trade off present benefits and costs against future benefits and costs, thus capturing the
time value of money. In this instance, a high discount rate indicates a high degree of impatience in the
time value of money or more simply a greater preference towards immediate consumption of
resources.

Secondly, as resources committed to one activity preclude those resources being committed to
another purpose, the discount rate reflects the opportunity costs of resource expenditure. Here a high
discount rate indicates that the committed resources may have a higher return if put to an alternative
use.

In either case a high discount rate means costs and benefits incurred in future years are given much
less weight than those occurring immediately or in the near term. Therefore, particular care must be
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taken when allocating cost and benefit flows to the first five years of the analysis period as this can
havealargei mpact on an activityds economic efficiency con
in future years.

Waka Kotahi has revised the discount rate from 6% to 4%. This is based on the social opportunity
cost of resources methodology.

Further information on the methodology used to calculate and revise the discount rate can be found in
Heerdegen (2013) and Waka Kotahi NZ Transport Agency (2019a).

Present value

The discount rate is used to calculate discount factors for future years according to the formula:

1
@+in

where: n is time in years after time zero; and
i is the discount rate expressed as a decimal, ie for 4% i = 0.04.

The discount factor for each year is then applied to the costs and benefits that occur in that year,
yielding a present value of costs and benefits.

The present value of a future benefit or cost is therefore its value discounted back to the present day
or, more commonly for transport activities, to the base date.

As an activity will have a series of benefits occurring over the analysis period, the present value of net
benefits is found by summing the discounted benefits from all years in the analysis period. Similarly,
the present value of net costs is found by summing the discounted costs. It is these present values of
net costs and benefits that enable activities to be compared with the do-minimum and other activities,
despite their different cost and benefit profiles.

Chapter 5 of this manual contains the formulas used to calculate discount factors, while Appendix 6:
Discount factors contains tables of discount factors for 3%, 4% and 6% discount rates to assist in
calculating the present value of costs and benefits.

1.10 Benefiti cost ratios and other appraisal tools

The primary purpose of conducting a CBA is to support decision making. The CBA indicates to
decision makers whether the benefits of proceeding with an activity outweigh its costs, indicates the
optimal timing for delivering an activity, or, when comparing activities, indicates activity is the most
economically efficient.

BCRs are the primary measure of economic efficiency with the CBA framework used by Waka Kotahi

when assessing an activity from a purely monetised point of view. A BCR must be developed for any

activity submitted for funding from the NLTF, and it is expected that BCRs will be reported for all
shortlisted options assessed. Addi ti onal ly, further information on an
first year rate of return may be required.

Benefiti cost ratio

The benefiti cost ratio (BCR) of an activity is calculated by dividing the present value of net benefits
by the present value of net costs.

A BCR greater than 1.0 indicates that an activity generates benefits in excess of its costs, while a
BCR less than 1.0 indicates that the costs are greater than its benefits.

Additionally, it is possible for an activity to have a negative BCR. This can occur when an activity
generates net disbenefits when evaluated against the do-minimum. If an option is of lower cost than
the do-minimum, then the option is treated as the new do-minimum.
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BCRs are used as an aid for prioritising project and programme options against other options. An
option with a higher BCR than another option indicates that the option with the higher BCR delivers
greater benefits per dollar of cost (to the extent that all costs and benefits can be monetised).

There are two types of BCR in this manual, the national benefiti cost ratio (BCRn) and the government
benefiti cost ratio (BCRg). The procedures for estimating these BCRs are included in Chapter 6. The
generic term BCR is used in this guidance for BCRn, which is a measure of economic efficiency from
a national perspective. A national benefiti cost ratio must be calculated for all the shortlisted options.
The BCReg is not an alternative to the BCRn. Rather the BCRa is additional information that is helpful
when considering the business case and the financing for an activity or a programme of activities.

Net present value

The net present value (NPV) of an activity is simply the present value of net benefits less the present
value of net costs.

A positive NPV indicates that an activity generates more benefits than it costs, while a negative NPV
indicates that the costs of the activity outweigh its benefits.

The conceptual simplicity of an NPV is useful for communicating to decision makers whether an
activity is economically efficient, however, unlike BCRs, NPV should not be used to rank activities
when funding is constrained, as is the case of activities funded from the NLTF.

First year rate of return

First year rate of return (FYRR) helps indicate the optimal start date of an activity.

FYRR, expressed as a percentage, is calculated by dividing the present value of benefits in the first
fulyear foll owing completion of construction by t
formula for FYRR is given by:

present value of the activity benefits in first full year following completion x 100
present value of thactivity costs over the analysis period

FYRR

The FYRR is useful for sequencing activities when funding is constrained, but it should not be used to
evaluate whether an activity is economically efficient. The FYRR indicates the extent to which the

benefits of an activity arise immediately, or are dependent on future growth, but the overall economic
efficiency cannot be evaluated on the basis of t

It is a requirement that the FYRR is reported for the preferred option of any activity submitted for
funding from the NLTF. Ideally, the FYRR should be calculated and reported for a range of possible
implementation start dates. This allows changes in the FYRR over time to inform the optimal timing of
investment.

[ Back to 1.1 Social costi benefit analysis >> ]

1.11 Sensitivity analysis

Conducting a CBA requires making assumptions and predictions about the future. Moreover, it
requires not only predicting what the future looks like if an activity went ahead, but also what the
future would look like in a situatonwh er e t h e a tproceed. Asyhe futoreis umknowable, it
is entirely possible, indeed even likely, that these futures do not come to pass.

Due to the inherent uncertainty involved in predicting the future it is important to test the sensitivity of
the assumptions and predictions that underlie the analysis.

Chapter 7 of this manual details the methodologies that should be followed to undertake sensitivity
and risk analysis. It is important, however, to record the assumptions and predictions that have been
made during the development of a proposal, and keep in mind at all times the risks and uncertainties
that could have a material impact on the analysis.
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Risk and uncertainty

The terms risk and uncertainty are often confused with each other or used interchangeably.
References to risk and uncertainty in this manual are established upon formal definitions of risk and
uncertainty based on probability theory.

A risk has known objective probabilities of outcomes occurring. The simplest example of a risk is
calling a coin toss. There is a 50% risk of the coin landing on heads when tails has been called.

Uncertainties arise when it is impossible to define all possible outcomes or when the objective
probabilities of outcomes occurring are unknown. Future population growth is classed as an
uncertainty because it is both impossible to define all possible outcomes, and it is impossible to define
the probability of those outcomes occurring.

Care needs to be taken when assessing risks and uncertainties to ensure that uncertainties are not
misclassified as risks by relying on subjective probabilities. A subjective probability is a best guess
estimate of the probability of outcomes occurring that combines probability data with personal
judgements about the probability distribution.

Scenario testing

One of the most powerful sensitivity analysis tool available is scenario testing. Scenarios are plausible
states of the future and are developed by changing key assumptions such as population and
employment growth rates, future land use patterns and future travel behaviour.

Before defining the do-minimum or developing alternatives and options, consideration should be given
to how sensitive the problem being addressed is to changes in the assumptions being made about the
future. If the nature or scale of the problem is likely to change substantially based on changes in the
assumptions, then multiple do-minimums and scenarios should be developed. Doing so early will
ensure that an appropriate range of alternatives and options are developed that are adaptable to
forecasting uncertainties.

Sensitivity testing

Sensitivity testing is a simple method of checking the sensitivity of a BCR to changes in assumptions

and uncertain input variables. The most basic method of sensitivity testing involves manipulating a
single variabl e, such a@esofwalnesteproduce a BORGamgecAonmre, f or
robust method, which can highlight interactions between assumptions, is to manipulate multiple

variables at the same time. This should be used as a precursor to full risk analysis.

Sensitivity testing is useful for quickly testing the veracity of the analysis and demonstrating to
decision makers the robustness of the BCR to often extreme changes in key assumptions. It should
be noted, however, that sensitivity testing is unable to provide information on the probability of
outcomes occurring, and the choice of variables tested can greatly impact on the credibility of the
analysis.

When conducting sensitivity testing focus should be given to variables that have the highest impact
and are uncertain.
Risk analysis

Risk analysis is a more detailed type of sensitivity testing that involves describing the probability
distributions of the input variables and those of the resulting estimates of benefits and costs. For a risk
analysis to be possible, both the benefits and costs arising from each of the possible outcomes and
their probability of occurrence have to be estimated.

Risk analysis can support the development of methods for minimising, mitigating and managing
uncertainties.

Adaptive decision-making

Adaptive decision-making involves considering all possible outcomes when selecting options for
further investigation where there is deep uncertainty. It provides the analyst with additional analysis
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options and methods during the assessment process. For further information on adaptive decision-
making refer to section 7.6.
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2. Demand estimation and mode share

This chapter brings together the different elements of travel demand estimation, which play a more
significant role in economic assessments. It provides information and some guidance to assist with a
systematic and balanced approach to demand estimation carried out as part of an economic
assessment.

2.1 Demand estimates and importance to economics

A demand estimate is a prediction of the use of a transport facility, service or travel mode. The term
@emand estimatedcan be applied to the production of any representation of trip-making in an area or
location, including both base-year (existing/current) and future-year trip-making levels.

The term dorecastingdis generally used in reference to the production of future-year trip-making
levels.

How demand estimates will be developed for the assessment of a transport activity will vary
depending on such factors as the type, significance, and location of the activity. For example, different
approaches are likely to be deployed for a rural intersection upgrade in Southland compared to a
large-scale public transport project in Auckland.

Demand estimates are important in most economic assessments because the amount of predicted
use of the facility, service, or mode is often a key, if not critical, driver of the potential benefits.

Demand estimation covers a wide range of information, factors and aspects related to transport trip-
making. For example, mode choice is just one of many components that make up a potential demand
estimate i this starts from whether an individual person has a desire/need to make a trip, where they
start from, the purpose of the trip, where they wish to go, the modes available to get there (or to other
destinations related to the same purpose), down to details such as the departure time and route
chosen.

This chapter broadly covers the following areas:

high-level principles of demand estimation and key concepts related to it

clarification of important definitions and linkages noted with key industry guidelines

key considerations around inputs that are likely to affect demand estimates and forecasts

broad description of key elements in the New Zealand context, for example, the availability of

transport models

9 the influence demand estimates and particularly forecasts can play on economic
assessments, and key considerations such as optimism bias

9 broad considerations related to the application of different methods for estimating demands,
including transport modelling aspects

1 considerations relating to fixed and variable trip matrix approaches.

9 aspects of uncertainty in demand estimation and forecasts.

=A =4 -4 A

Sensitivity and risk analysis of demand estimation is included in Chapter 7: Sensitivity and risk
analysis. Further considerations and high-level guidance can be found in these sections on carrying
out sensitivity and risk assessment relating to demand estimates.

Appendix 1: Demand estimation methods and guidance contains more detailed information, some
specific technical information and guidance on applying certain methodologies, and key factors such
as elasticity parameters.
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2.2 Key concepts
This section provides a definition of key terms and concepts related to demand estimation.

The following definitions are specifically and directly related to demand estimation.

Travel demand

The representation of movements (vehicles, persons, etc) across the area spatially and over time.
Commonly in the form of origini destination (OD) trip matrices and the profile of demand or
proportions through the time period modelled. (Transport model development guidelines (NZ
Transport Agency 2019)).

Trips

A trip is a journey made between a start and end point for a specific reason or purpose. A trip can
involve multiple modes, for example, a trip to work could involve walking from home to a bus stop,
catching the bus, getting off the bus at the bus stop and then scootering to the office i all of which is
one home-to-work trip. A trip chain is a series of linked trips made from point A to B, and then from
point B to point C, etc. Traditional regional transport models model trips rather than trip chains, which
are from a start point to an end point for an associated travel purpose. For example, a home-to-
recreation trip.

Demand estimation

The estimation of travel, including trip numbers, destination choices, mode choices, time choices,
route choices, etc. Demand estimation encompasses multiple and different types of analyses. One
example is developing vehicle trip origini destination matrices representing base or future years.
Another example is estimating future-year cycle link volumes or pedestrian crossing volumes at a
particular location.

Mode share

The percentage split of demand using a particular travel mode, typically related to person travel
demand. Typically assessed travel modes are: private vehicle/car (sometimes differentiated by driver
and passenger), public transport (bus, rail, ferry, etc), walking, and cycling. Freight (for example,
commercial vehicle trips) is usually considered separately and is not considered a travel mode.

Elasticities

Elasticity is a general term for the relative rate of change of demand when compared to a causal

variable. Economi sts refer to elasticities as the percentac
caused by a 1% change in its price or other characteristic. In transport demand estimation, elasticities

typically describe a percentage change associated with a demand response linked or related to a

change in the transport system or environment. For example, public transport elasticities are defined

as the percentage change in patronage resulting from a 1% change in the relevant transport service

attribute, for example, fare level or service frequency.

Elasticities are one of many methods that may be used to develop future demand and mode choice
estimations.

Rule of half

The rule of half is applied in situations where there is a difference in the travel demand (number of

trips between any origin and destination) in the study area between the do-minimum scenario and the

activity scenario for the same evaluation year. When estimating demands and carrying out economic

assessments, it is important to distinguish situations where theruleofh al f i s andinothem 6t appl
words what constitutes a gealddifference in trip numbers between the do-minimum and what does
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not. This is important for how economic benefits are calculated from the demands used in these
assessments. ( R e f eRule df lwalféin Chapter 1 for more information.)

The following elements of potential changes relating to travel may produce variable trip matrices in
the activity scenario and may have the rule of half applied. The four elements listed below may be
collectively described as 6édemand responses?o,
the do-minimum and activity scenarios.

Pure induced demand/supressed demand

Pure induced travel demand relates to entirely new trips that would not have been made without the
activity or supply. For example, if an activity (or collection of activities) improves access to a shopping
location, a person who in the do-minimum scenario would make an average of one trip to the shop
per week may make an average of two trips to the shop.

Supressed demand is effectively the opposite of induced demand. It is when people would like to
undertake trips but the travel impedance is too great for the trip to occur. It is also when people who
previously made a trip decide to no longer undertake that trip because travel impedance increased
(for example, congestion increases).

Re-distributed trips

A trip where the destination is changed due to the transport or land use activity causing the
impedance on travel to move around different areas of the network, making another destination more
attractive. For example, a home-to-shop trip, where the shopping destination alters as a particular
retail location has become easier to travel to or provides greater opportunities with the activity in
place.

Mode-shifted trips

A trip which switches from one travel mode to an alternative mode due to changes in the transport
system and/or land use bought about by the activity. For example, when a home-to-work trip
previously made by car changes to being made on public transport due to transport system changes
associated with the activity.

Macro-time shifted trips (from one discrete time period to another)

A trip which shifts from one discrete time period to be made in another period. For example, if the
morning commuter period is assessed as 7am to 9am, a trip which no longer occurs within this time
period and instead is made in the inter-peak (after 9am, and before the start of the afternoon or
evening period).

The following elements of potential changes relating to travel do not typically have the rule of half
applied.

Micro-time shifted trips (within discrete time periods)

A trip that has its departure time altered within a discrete time period. For example, a vehicle trip
which leaves 10 minutes later in the morning peak due to an activity reducing the travel time to reach
a destination. Thisal s o may be cal |l gidref@rpneetkincieasingetravelidetagséand
people leaving earlier or later to account for longer trip times.

Re-assigned (re-routed) trips

A trip which continues to travel from A to B in the same time period and by the same mode, but takes
a different route to get there. For example, a home-to-work car trip which travels on Road X in the do-
minimum, but which switches to Road Y with the activity in place due to changed conditions on the
road network.
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The study area for an economic assessment should be defined such that any potentially significant
reassignment effects associated with changes due to the activity are captured within the study area.
Where origini destination demand matrices are used in transport economic analyses and assessment,
the OD trip volumes in the do-minimum and activity scenarios should not differ due to reassignment
(re-routeing).

The following general terms and concepts have important links with demand estimation.

Land use

Land use is used in transport assessments to describe the data and characteristics relating to the use
of land parcels (often zones in a transport model, developed from census area units, statistical areas
or meshblocks) which is used as input to estimating travel demand. Typically includes information
such as the population, households, education roll numbers, employment numbers by type, and
further information relating to family units (for example, numbers of vehicles available, income, age
band, number of school-aged children, number of working aged adults, etc).

Generalised cost and generalised time

Broadly, generalised cost/time is the sum of monetary and non-monetary components of a trip across
all modes. For generalised cost, the non-monetary elements (for example, travel time or wait time) are
converted to monetary units using value of time. Generalised time is the same concept but expressed
in units of time (for example, hours or minutes) and converts the monetary elements (parking charges,
fuel costs, etc) to time units using vehicle operating costs. Generalised time is sometimes also
referred to as @eneralised costd

Travel/transport capacity

The maximum number of travellers or vehicles, typically by travel mode, that can pass through a
system or a specific point in a set period of time. For example, the maximum number of vehicles that
can pass through a traffic lane on a road each hour, or the maximum number of passengers on a bus,
or the maximum number of passengers that can be carried along a rail corridor in one direction in the
morning commuter period.

Travel/transport supply

The total available capacity in the transport system by travel mode and over a time period.

Supply influences people® choices in travel patterns, such as the destination, mode or route chosen.
As such, the transport system supply influences demand estimation.

Tolling

A fee charged for the use of part of a transport system, typically a road or waterway.
Road pricing
Fee charged for the use of roads. As well as tolling, the following are examples of road pricing:

9 distance or time-based charges
1 congestion charges

1 vehicle-type charges

1 fuel-type charges.
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2.3 Key industry guidance and references

In New Zealand there have been two main sources of guidance related to transport demand
estimation.

Historical Economic evaluation manual (EEM) and Monetised benefits and costs manual
(MBCM) guidance

Older versions of the EEM and MBCM have contained demand estimation guidance. The majority of
this content has been updated or redeveloped within this chapter and Appendix 1: Demand estimation
methods and guidance.

Waka Kotahi Transport model development guidelines

The key purpose of the Transport model development guidelines (TMDG) is to provide guidance for
the comparisons carried out between observed and modelled outputs, commonly during the base
model development phase of a project.

Given the focus of this chapter on estimating demand and particularly predicting future demand, there
is little-to-no crossover with the TMDG. This MBCM guidance naturally follows on from guidance in
the TMDG focused on dethaetypicgly repreeserdt buaenteoibexistirg dranspert
environments and conditions.

2.4 Methods for demand estimation

There are a number of potential approaches to estimate demand, which very broadly include:

9 First principle estimates: includes factoring, daily traffic volume estimates and broad simple
estimates of predicted facility use based on comparable examples in other locations.

1 Simple mathematical models: includes growth trend equations/calculations, trip generation
rate calculations, mathematical relationship models and elasticity techniques.

1 Project transport models: models which do not have the capability to provide travel demand
estimates from land use. May be fed by relatively simple trip generation (and potentially
distribution) calculations (or similar) to approximate future-year demand. May already exist in
a study area or be specifically developed for a project. May include the application of elasticity
techniques and/or other mathematical models.

1 Regional transport models: models with the capability to provide travel-demand estimates,
notably for future years, from land use inputs. May or may not have mode share estimation
capabilities. As described further in section 2.10, in New Zealand access to regional models,
which can provide future-year demand estimates, is relatively prevalent in urban areas. These
are typically maintained as transport planning assets and not developed for specific projects.
Some regional models have more comprehensive demand estimation capabilities (for
example, consideration of parking cost and supply or changes in real value-of-time over time),
particularly in the major urban centres. and some have more limited forecasting capabilities
(for example, vehicle trips only).

Given the wide availability of transport models in New Zealand with demand estimation capability,
models are likely to play some role in demand estimation in many economic assessments. This is
particularly notable in assessments involving estimating future use of a transport facility, service or
travel mode in an urban area. Because of this, some of the content of this chapter is focused on
transport modelling. However, the core principles and approaches to demand estimation apply,
irrespective of whether a more sophisticated transport model is applied or another method used (for
example, trend analysis, trip rate analysis, etc).

For transport activities within urban centres, the economic assessment of many transport activities will
involve transport modelling and often applying (and potentially developing) models in order to predict
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future demand estimates. Thi s i s particularly rel evacehtreswith New Ze al
populations greater than 100,000, and is likely to apply to urban areas and towns with populations

down to around 30,000, depending on the activity being assessed and the local transport

environment.

For these reasons, guidance in this chapter is intrinsically linked with the application of transport
models and estimating future-year demand. In effect, guidance and information is targeted towards
analysts utilising transport models and model outputs when carrying out economic assessments.
Some guidance is also provided in other areas not involving transport modelling, for example traffic
volume growth estimates. This information is briefer and more succinct because of the generally
greater complexity involved with applying transport models to estimate demand.

Table 1 provides some guidance on the potential suitability and availability of key sources of demand
estimation information in New Zealand, based around geographic context and transport environment.

Table 1. Guidance on potential suitability of sources of, and approaches to, demand
estimation for different geographic contexts and transport environments

Geographic Potential source/approach to demand estimation

context/transport Regional Regional Project Simple First

S model with model with  models mathematical principle
comprehensive more (may be models (eg estimates
forecasting limited fed by growth (eg

capability forecasting regional trends, trip engineering
capability model generation estimate of
and/or rate etc) facility use)
simple
math
models)

Major urban centre
Moderate urban centre
Small urban centre

Township U
Rural corridor ] U

S = Generally suitable and likely to be available
P = Potentially useful and possibly available
U = Generally unsuitable and/or unlikely to be available

For some locations, it will be preferable to use combinations of models and techniques. For example,
in major urban centres an analyst might apply a regional transport model that takes account of
changing land use patterns, changing public transport services and the impact of new infrastructure
on destination choice, in combination with a project model for more detailed and robust analysis of
route choice and/or estimation in changes in travel time for a specific mode (such as vehicle trips).

2.5 Definitions of transport model types

Table 1 above covers the broad range of methodologies that may be used to develop demand
estimates for an economic assessment: first principle estimates, mathematical models, project and
regional transport models. Project and regional transport models relate to more sophisticated forms of
transport models that are likely to be developed and applied using purpose-built transport modelling
software. The main transport models of this type can be broadly grouped and defined as:

1 Project/assignment model: a model that assigns demand (vehicles or persons) to a network
and has no direct incorporation of land use, demographics, mode choice etc. Examples
include traffic assignment models, where vehicles constitute the demand, and public transport
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(PT) assignment models, where people using PT make up the demand. This form of model
requires the demands to be specified as an input. They may be developed with a specific task
or transport project in mind. These models range from single intersections to entire inter-
urban areas, and are built using a wide range of types of software. Traffic assignment models
will generate travel times between zones, and may produce vehicle emissions, queues, etc.
PT assignment models will determine the number of people using each of the modes and
services incorporated, as well as calculating travel times for people and generating fare
revenues.

1 Regional transport model: a transport model that consists of an assignment model with a
demand model that responds to changes in land use and transport supply. These models are
concerned with the movement of people, vehicles, or goods. Some will provide information on
mode share, induced travel, heavy vehicle volumes, etc. Transport models are built on
relationships between factors such as land-use activity, demographics and transport supply,
and commonly cover the movement of transport demand across larger geographic areas
(although not necessarily regions). The forms of these models can be 3-stage (or step), 4-
stage, 5-stage, tour-based, or activity-based. May also be referred to as strategic,
macro(scopic), or demand models.

1 Land-use model: a model that estimates use of land parcels, including residential, industrial,
business, etc. It is often responding to accessibility provided by the supply. When
complemented with a transport model, it forms a land-use transport interaction (LUTI) model,
which balances the distribution of new land use with the accessibility of the transport system.

Project/assignment models and regional transport models are relevant to demand estimation and are
often directly applied to economic assessments. Currently land use models are not prevalent and less
directly used in transport activity economic assessments.

2.6 Future guidance development areas

The MBCM is a living document. Currently this chapter does not cover the following areas, but there
is the potential for guidance to be developed in these areas in the future:

1 coastal shipping

9 air transport

9 land use transport interaction (LUTI) modelling and how this may/can be deployed in
developing demand estimates used for economic assessments

9 significant technology disrupters such as autonomous vehicles (AV)

I dramatic shifts in current vehicle ownership models; for example, those brought about by car
sharing, AVs or other disruptions.

9 significant changes to mode share brought about by technology and/or significant policies
and/or behaviour changes; for example, micro mobility technologies, electric bicycle uptake,
large-scale climate change behaviour response, or significant climate change transport policy
changes.

The last two points above are currently impacting travel behaviour and are therefore of interest in
relation to transport demand estimation. Some aspects, for example micro mobility options (such as
e-scooter share services) and electric bicycle uptake, may already be having some effect on
transport. Section 7.3 Demand estimation sensitivity tests provides some further background to these
issues and some suggestions around sensitivity tests that may partially reflect these changes.
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Demand estimation principles and considerations

This section describes at a high level:

the drivers of trip-making and mode share

considerations relating to land-use projections and regional planning structures
transport modelling in New Zealand and how this relates to demand estimation

how demand estimates can influence economic assessments, and key factors and
elements related to this (such as optimism bias in demand forecasts), and some more
specific considerations relating to fixed trip or variable trip matrix assessments

i considerations relating to uncertainties in demand estimation.

= =] = =

2.7 Drivers of trip-making and mode share

This section describes important, high-level, background concepts that relate to transport demand
and mode share estimation.

Trip-making considerations

The demand for transport is derived, it is not an end in itself. People travel in order to satisfy a need
(for example, related to work, leisure or health), undertaking an activity at particular locations (Ortuzar
and Willumsen 2011). Transport demand is the distribution of these activities over space and time.
Transport demand and supply has a strong dynamic element, for example, in urban areas a large
proportion of this activity takes place during weekday morning and evening peak periods.

Transport demand (trip-making) is influenced by various economic and socio-economic factors such
as composition of household or family unit, household size, age (school or working age), employment
status, disposable income, accessibility to activities and services, and social and environmental
beliefs. Historically, trip-making was also considered to be influenced by vehicle availability and/or
ownership, although this is likely to be evolving, particularly in larger urban areas, with access to car-
sharing companies and a shift to more social and environmental responsibility.

Equilibrium of transport demand and supply

Transport demand and supply should be balanced or aligned. This has been equated with the
concept that the total demand in a network across a time period should not significantly exceed the
total network capacity

More generally, it is anticipated that transport demand and transport supply should be broadly

correlated, particularly during typical peak periods. For example, when carrying out a study in a small

town where through traffic is provided for by a two-lane road, it would be anticipated that demand

passing through the townwoul d ndét signi ficantly exceed (for exampl e,
capacity of a two-lane road for long periods of time (more than one to two hours) during typical peak

periods.

In New Ze a | @& maiad urban centres there are clearly cases where demand exceeds supply for

periods of time, and care is required in these circumstances. Some degr ee of O0reasonabl e
balance between supply and demand still applies in these locations; for example, it is unlikely that

people would choose to live in a location that would result in spending excessively long times (more

than several hours) in stationary queues during regular day-to-day travel.

Model developers consider and account for existing and potential future congestion where feasible.
For example, the current trend is to develop models (all forms) that cover increasingly larger
geographic areas and longer time periods. These two factors are likely to improve the application of
models to testing do-minimum and activity scenarios, and estimating economics values.

Analysts should identify in reporting scenarios where demand is exceeding supply for long periods of
time, detail any adjustments or treatments that have been applied to account for or improve the
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robustness of the assessment due to excess demand, and note how these aspects may effect
outcomes. If demand is significantly greater than supply, this will lead to undesirable situations where,
for example, the model may gridlock, there may be instability in the model results, and the models
may fail to reach convergence.

Mode choice considerations

Mode choice is important as it affects the general efficiency with which we can travel in urban areas,
the amount of urban space devoted to transport functions, and whether a range of choices is available
to travellers (Ortuzar and Willumsen 2011). The characteristics that influence mode choice include:

9 the characteristics of the trip maker: vehicle availability and/or ownership, driver licence,
household structure, income, cost sensitivity, residential density, and social or environmental
responsibility

1 the characteristics of the journey: trip purpose (for example, journey to work may be easier by
public transport), time of day, whether alone or with others, weather, and the origin and
destination and how well these align with access by the various available modes

1 the characteristics of the transport facility:

0 quantitative aspects: travel time (in-vehicle, waiting, modal transfers, and walking),
monetary costs (fares, tolls, fuel, etc), availability and cost of parking, reliability of
journey travel time, and regularity of service

0 qualitative aspects: comfort, convenience, safety, perception of safety, opportunity to
complete other tasks while travelling

o relativity of these aspects with other available modes and facilities.

Where there are several methods and/or routes available,an i ndi vi dufanodesanbehoi ce o
broadly reflected in the modelling system as minimising their generalised cost while considering

qualitative aspects that cannot be valued. In a transport model, the public transport generalised cost

is likely to be made up of some, or many, of the above quantitative aspects of the transport system

(as is the choice to travel by public transport). Some characteristics influencing mode choice cannot

be explicitly represented in a transport model and simplifications and/or factors are incorporated. For

example, it is difficult to explicitly model qualitative aspects of transport facilities, and the social and
environmental beliefs of individuals.

Estimating demands and mode share for the purpose of an economic assessment, particularly in
future years, effectively includes considering, and often accounting for, quantitative aspects (for
example, travel time) and qualitative aspects (for example comfort and perceived safety).

2.8 Land use projections and regional planning structures

As described in section 2.1: Key concepts, land use data is an input to regional transport models.
Future-year travel demand estimates are developed from the projected future land use, an agreed
description of the future transport supply (infrastructure, services, etc), and, for some models,
assumptions on policies and/or charges.

Population is a component of land use data. Importantly, Statistics NZ produces population estimates
and projections. In this context, estimates describe the size and characteristics of the population at a
past date. Projections describe trends to show what the population may be like in the future. These
population projections are a key driver of future travel demand and are likely to be an important input
to travel demand estimation.

Land use data is often provided by local authority planning departments. It is often their role to
develop and check this data, and transport planners may inherit this information for developing travel
demand estimates.
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In addition to population, other land use data that may be input to regional transport models includes
the number of households, household composition, work or labour force, vehicles, employment by
type, and school roll.

In some regions, the road controlling authorities have systems and structures in place that may

devel op a 0gi venoO pmjediongwWwhich aretsonretened linkaddo the Statistics NZ

population projections.| n addi tion, a 6égivend set of transport sy:
may exist. These in turn will feed an associated set of future-year travel demand estimates. In other

regions these structures may be less formalised.

This data and these regional systems and structures are important aspects to consider when
receiving and/or developing future demand estimates. Where regional assumptions around land use
projections are less structured, more effort may be required by the analyst to check the underlying
assumptions feeding demand estimates and to be particularly mindful of the potential for optimism
bias in these assumptions. Optimism bias relating to projections and demand estimates is described
further in the section 2.11.

An Excel workbook is available on the MBCM web page to record checks on model specification, as
well as coarse and detailed checks of model outputs. These are designed to help an analyst or peer
reviewer to carry out and record some of the required sense checks, and provide Waka Kotahi with
information for assurance purposes.

Where these regional structures do exist, a level of discussion and collaboration is anticipated
between the analyst and the organisations involved in the development of land use and/or transport
supply information, so that the underlying assumptions in the demand estimates used in an economic
assessment are well established and understood. For example, existing and future traffic demands for
a subset area of a regional transport model may be provided for a project model. In this case, it is
important to understand the assumptions in the regional transport model for the future year. What PT
services are anticipated? What is the assumption of PT fares or parking costs or parking availability?
All of these assumptions in the regional transport model will be inherent in the project model and the
analyst should have, and communicate, a clear understanding on the basis of the demand estimate.

2.9 Mathematical methodologies and elasticities

A range of mathematical methods, approaches, and models may be used in estimating the demand
for a transport activity. These range from a straightforward estimate of the number of people using a
particular facility, vehicle volume trend analysis or trip generation/distribution assessments, through to
more complex mathematical relationships.

Elasticity calculations and applications are one mathematical approach to estimating changes in
demand. As described in section 2.1: Key concepts, elasticities are defined as the relative change of
demand when compared to a causal variable. Elasticities may be used to estimate a range of demand
responses, more commonly the estimated change in public transport patronage due to a change in
the relevant transport service attribute (such as fares), estimated change in parking rates due to a
change in service attribute (for example, parking supply or parking costs), and estimated change in
freight by mode based on the relative price between road and rail transit. More information on
elasticities and cross-elasticities, including public transport and freight service values, are provided in

Appendix 1.

A mix of approaches and methods may be applied. For example, within a project/assignment
transport model a mathematical calculation of trip generation rates and assumed trip distribution may
be applied to estimate demands for a development area. Within the same model, an elasticity may be
used to predict some further aspect of demand response.

2.10 Demand estimation and transport modelling in New Zealand

As described in section 2.4, transport modelling is likely to play an important role in producing
demand estimates used in economic assessments in urban areas, depending on the transport activity
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being assessed. Broadly there are two types of models that are currently most relevant to the
estimation of demands and application in economic assessments:

1 regional models, which have some capability to estimate demand responses to changes in
land use and transport supply

1 project models, which have no direct incorporation of land use, demographics etc. where
demands are specified as an input to the model.

Many of New Zealandés urban centres with potedul ati ons

by a regional model. All urban areas with populations above 100,000 are represented by a regional
model.

The larger the population the more complex the transport environment, and generally the more
components and aspects to the transport model system that are available. The transport models that
cover the main urban regions (Auckland, Tauranga, Waikato, Wellington, Christchurch, Queenstown
Lakes and Dunedin) have, or are likely to have in the future, some aspect of mode choice estimation
capability. Some smaller urban area models have an aspect of mode choice capability, but most of
these types do not.

A list of transport models is provided in the first table in Appendix A in Urban transport modelling in
New Zealand i _data and practice and resourcing (Smith 2019). This largely focuses on regional
models T that is, models with capability to produce future-year demand estimates. As it is only a
shapshot taken at a certain time, it cannot be considered a comprehensive list of available transport
models. However, it does provide a good indication of the coverage of this form of transport model
across New Zealandds urban centres.

2.11 Optimism bias

Demand estimates are often an important, if not key, driver of estimated benefits. If the use of a
transport activity is projected to be low, it is more probable that the economic returns will be low and,
conversely, if projected use is estimated to be high there is a higher probability that the economic
returns will be greater. The following examples illustrate this point.

9 If one aspect of upgrading a priority intersection to an alternative intersection form is related
to reducing travel delays, the projected future-year volumes at the intersection are likely to be
an important driver of the estimated value of travel time benefits in the economic outcomes.

9 If assessing a significant public transport project in an urban centre, the estimated change in
mode share is likely to drive a number of important economic elements, such as the benefits
to PT users, potential reduction in other travel modes (for example, reducing the volume of
private car trips) and the associated travel time saving benefits for these modes.

Optimism bias is an important consideration due to the likely correlation between demand estimates
and economic outcomes. Optimism bias (or appraisal optimism) is the demonstrated systematic
tendency for people to be overly optimistic about the outcome of planned actions. This includes
overestimating the likelihood of positive events and underestimating the likelihood of negative events
(Charles 2011).

In economic assessments, optimism bias has been described and recorded as resulting in costs
tending to be underestimated and/or demand (and hence benefits) overestimated (Australian
Transport Assessment and Planning 2018c).

Overestimation of demand and, notably, the projected use of a transport activity in economic
assessments is an important concern and the analyst should be mindful of responding appropriately
to this when developing and using demand estimates.

Sensitivity tests are one potential response to optimism bias in demand estimation. The following
examples demonstrate this point.
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1 Using lower levels of land use uptake to produce alternative future-year demand estimation
scenarios with fewer vehicle trips.
1 Adjusting a model input, parameter or assumption that is sensitive and known to reduce PT
mode share to produce an alternative future-year demand estimation with a higher volume of
vehicle trips and lower number of PT trips (or vice versa). For example, reducing the
frequencyofpl anned PT services, increasing modal trans’
general dislike of transferring.

See section 7.3: Demand estimation sensitivity tests for further discussion around sensitivity tests
relating to demand estimates.

Other reasonable responses to optimism bias include:

1 analysts and clients being aware of the potential for it to occur and simply taking steps to
avoid or reduce the influence of optimism bias (for example, by not basing economic
assessments on a single demand estimation scenario with potentially high population levels
and land use development)

1 clearly identifying in reporting any areas of the assessment/analysis where optimism bias may
be present and noting the effect it may have on outcomes.

2.12 Factors and considerations influencing demand estimation

As noted, when developing demand estimates there are a wide range of elements and factors that
influence trip-making and mode choice. In some locations, environments and scenarios these factors
will have little to no affect, because they are unlikely to change or influence travel responses in the
future and therefore will have no real effect on the assessment of transport activities. For example,
the cost of parking has no impact in a rural town where parking is predominantly free, abundant, and
likely to remain so in the future. In other situations and locations, certain elements and factors will play
an important role in demand estimation; for example, PT mode choice in a major urban centre with a
congested road network and a significant supply of reliable PT services.

Table 2 and Table 3 provide overview guidance on when certain elements may influence demand
estimation and may need to be considered when developing or using demand estimates in an
economic assessment. While these should not be considered a comprehensive list of all the potential
elements influencing demand estimation, they provide context of the type and form of certain aspects
and where and/or when these may be important.

Table 2 is focused on project models that do not have demand estimates fed by regional models,
calculations, spreadsheet methodologies, trend analyses and similar. Table 3 is focused on regional
transport modelling.
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Table 2: Guidance on factors affecting demand i project model and calculation focus

Factors affecting demand estimates Project model/calculation approaches

Network Short Spreadsheet Straightforward
project corridor/ or similar calculations
model intersection | equations/

(not linked model (not | models/
to/fed by linked calculations
regional to/fed by
model) regional

model)

Suitability and appropriateness of
elasticity methods, relationships and
values

Knowledge and certainty of local land
use changes

Knowledge and certainty of local
transport system and supply changes

Source and suitability of trip rates

Source, method and appropriateness
of distribution analysis

Suitability of factors/trends selected in
factoring methods

Robustness and sample size of
historical data used in trend analysis
Suitability/appropriateness of
engineering estimate methods of
predicted facility use

| = Generally an important element
P = Potentially or partially important
U = Generally unimportant and non-critical

Expanding on Table 2, some key high-level considerations relating to each of the elements, methods
and approaches that may be used to develop demand and mode share estimates are noted below.

1 Elasticity methods, relationships and values: elasticities are based on historical and
international studies into the relationships and responses in transport demand and
characteristics of the supply. An elasticity value, such as the public transport demand change
response to a fare change, may be based on analysis from a particular city over a particular
time period. The relevance and suitability of any elasticities used need to be carefully
considered when applying them to a particular activity in a certain location. Sensitivity tests i
that is, varying the elasticity value or values used i are one approach to examine the
response and suitability in relation to the specific activity in the local context.

9 Local land use changes: understanding local land use changes, and the degree of certainty
related to them, are an important consideration when accounting for them in demand
estimations. Examples include new residential or retail developments nearby but outside the
study area, the impact of which will affect the demand estimate. Optimism bias may be an
issue; for example, assuming all potential plan changes occur, and are fully developed, within
a short-term horizon could overestimate future demands and the benefits associated with a
particular activity.
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2. Demand estimation and mode share > 2.12 Factors and considerations influencing demand estimation

1 Local transport system and supply changes: as with land use, the degree of certainty
around local potential transport system and supply changes and the timing of these may be
an important consideration.

1 Trip rates: the suitability of trip rates used in the development of existing and future demand
estimations should be checked and understood. For example, a retirement village trip rate
based on a small number of surveys in urban Sydney may not be relevant to a rural town in
New Zealand.

91 Distribution analysis: the method and data used to develop first principle trip distributions
associated with a certain area and/or specific land use activity should be carefully considered.
Depending on the location and scale of the activity, if a first principle distribution approach is
used to estimate origini destination demands it may be appropriate to check the estimated
distribution against observed data (for example, a vehicle number plate survey determining a
key distribution aspect, such as the number of trips passing directly through a town centre).

1 Factoring methods: the relevance and suitability of any factors used to estimate demand
and mode share should be considered when applying this approach to a particular activity in a
certain location. For example, annual freight growth rates in rural Southland may not be
appropriate in urban locations with low volumes of freight passing through the study area.

1 Trend analysis: trend analysis, which is used in the development of existing and future
demand estimations, should be carried out in a careful and considered manner. Seemingly
small inaccuracies in a trend analysis may have a significant effect on future projections; for
example, using a small sample of historical counts to estimate an annual growth rate and
applying this growth rate to predict 20, 30 or 40 years into the future. As an example of
checks and considerations, if historic traffic counts are used to estimate growth these should
be based on a sufficient sample (the number of robust data points over time) and be checked
for robustness (such as consistent vehicle classification data, seasonality effects, local
issues/events, longer term patterns in the wider economy, etc.). Sensitivity tests may be one
approach to account for broader issues such as wider economic patterns.

1 Engineering estimates of predicted facility use: similar to elasticities and trip rates, the
relevance and suitability of an engineering estimate approach should be considered when
applying a method to a particular activity in a certain location. Again, using approaches that
are based on examples in major urban areas and applying these to more rural locations is an
example of relevancy or suitability check, and sensitivity testing may be one approach to
account for this form of issue.

Table 3 provides some high-level guidance on elements that may influence demand estimation,
focused on regional transport modelling.
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Table 3: Guidance on factors affecting demand i transport modelling focus

Factors affecting demand estimates Geographic context/transport environment
Major urban  Moderate Small urban  Township,
centre urban centre rural
(population  centre (population  corridor/

roughly (population  ~30,000i area

greater than roughly 100,000) (population

500,000) between roughly less
100,000t than
500,000) 30,000)

Population structure/make-up
(particularly age)

Household/family structure (retired,
school-age children, in workforce, etc)

Vehicle availability/access to a vehicle

Access to alternatives modes and
infrastructure (public transport, cycling,
etc)

Public transport i service coverage,
service frequency, charges

Residential density i accessibility to
activities

Parking i charge and availability of
supply

Road congestion/delay

Road pricing/tolling

Route choice

Policies and practices (work hours,
working from home, travel plans, etc)

Technology influencing behaviour
(online shopping, work/school travel
plans)

| = Generally an important element
P = Potentially or partially important
U = Generally unimportant and non-critical

Expanding on Table 3, key high-level considerations relating to each of the elements, methods and
approaches that may be used to develop demand and mode share estimates are noted below.

1 Population structure/make-up: ap e r s age fas example, school age, working age,
retirement age) and characteristics (for example, whether they are in the workforce or not) are
a key driver for transport demand. This is particularly important considering localised demand
around specific attractors such as schools.

1 Household/family structure: the household or family unit strongly drives transport demand
in terms of the number of trips for certain purposes.

1 Vehicle availability/access to a vehicle: access to a vehicle influences mode choice and
was historically a measure of overall trip-making, with households with more cars generally
undertaking more trips.

Monetised benefits and costs manual b version 1.6.1, June 2023 // 41



Back to contents page >>

2. Demand estimation and mode share > 2.13 Fixed trip matrix and variable trip matrix assessments

1 Access to alternative modes and infrastructure: examples include proximity at both ends
of a trip to a bus stop/service, or whether there is a quality cycleway available. These
elements will influence both transport demand (including the destination a person chooses)
and mode choice.

1 Public transport coveragel/frequency/charges: access to a bus stop, a public transport
servicewi t h good connectivity between a personds ori
service, and the monetary fares will all influence demand by mode and also the destination
selected (for example, for shopping, recreation, etc).

1 Residential density: how close a person is to activities (for example, shops or school) is a
key driver of demand (destination chosen and the resulting trip length) and mode choice.

1 Parking: parking charges, availability of supply, and location of supply relative to the final
destination influence mode choice and demand (destination selected, particularly for
discretionary trips such as shopping or recreation).

1 Road congestion/delay: travel times by road are a key driver of choice of mode, for
example, rail verses car. Congestion and delays are a significant factor in which route a driver
chooses, and a primary component of a demand estimate, for example, the demand for a
proposed new bypass.

1 Road pricing/tolling: monetary charges are a key driver of the mode a person selects,
heavily influenced by the reason why that person is travelling. For example, a business
traveller is more likely to pay higher out-of-pocket costs to minimise the time they are not
productive. Human responses also need to be considered, as theoretically @heaperéchoices
are not necessarily preferred by all people.

1 Route choice: the route people choose, whether by road, cycleway, or public transport
service, influences the demand for each element of the transport system (for example,
specific roads).

1 Policy and practices: these include government policies and commercial and/or employment
practices. Examples include whether employers offer more flexible working hours or working
from home, and the influence of work or school travel plans.

I Technology influences: examples of technologies that influence demand and/or mode
choice are online shopping, food delivery services, car sharing companies, and electric bikes
and electric scooters. These technological advances influence travel behaviour in terms of
how people choose to travel and where they decide to go, particularly for discretionary trips.

2.13 Fixed trip matrix and variable trip matrix assessments

As described in section 2.1: Key concepts, demand estimates assigned to the transport network are
commonly represented in the form of origini destination (OD) trip matrices. When considering the OD
demand matrix in a study area for an economic assessment, there are broadly two approaches that
may be carried out:

1 fixed trip matrix (FTM): over time, the OD demand for a particular travel mode is the same in
the do-minimum and activity scenarios

1 variable trip matrix (VTM): over time, the OD demand for a particular travel mode is different
between the do-minimum and the activity scenario due to the influence on demand response
in the study area from the activity.

How significantly the demand for a particular travel mode in the study area is influenced by the activity
and, associated with this, whether an FTM or VTM approach may be required, is an important
consideration.
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2. Demand estimation and mode share > 2.13 Fixed trip matrix and variable trip matrix assessments

Theuledf-halfld i s a si mpl ithayis usey todhe saleutate the lmenefits to transport
system users where there is a difference in the do-minimum and activity demand estimates. That is,
the rule-of-half is applied in VTM analyses.

Demand responses that would typically result in a VTM assessment and have the rule-of-half applied
include:

1 pureinduced demand: entirely new trips that would not have occurred without the activity
1 re-distributed trips: trip destination is changed due to the activity

1 mode shifted trips: trip changes from one travel mode to an alternative due to the activity
1 macro-time shifted trips: trip shifts from one discrete time period to another.

The following elements of potential changes relating to travel do not typically have the rule-of-half
applied. Or, in other words, these responses do not result in a difference in OD demand matrices
used in the do- minimum and activity scenarios;

1 micro-time shifted trips: trip departure time is changed within a discrete period (more
information is provided in Applying peak spreading in Appendix 1)

1 re-assigned trips: a trip travelling from A to B in the same period and by the same mode but
takes a different route to get there.

The above demand responses are described further in section 2: Key concepts.

Table 4 provides some high-level guidance on when VTM and FTM approaches may need to be
considered.

Table 4: High-level guidance on potential for VTM or FTM approaches

Factors influencing variable or fixed Geographic context/transport environment
trip matrix approaches Major urban  Moderate Small Township,
centre urban centre  urban rural
(population (population centre corridor/
roughly roughly (population area
greater than between ~ 30,0001 (population
500,000) 100,000i 100,000) roughly
500,000) less than
30,000)
Large-scale PT/active mode activity VTM VTM VTM VTM

Moderate-scale PT/active mode VTM VTM VTM
activity

Smaller-scale PT/active mode activity
Large-scale roading-based activity
Moderate-scale roading-based activity
Smaller-scale roading-based activity

VTM = Probable that activity will influence modal demand significantly, VTM likely
P = Potential for VTM or FTM approach
FTM = Unlikely activity will influence modal demand significantly, FTM likely

Table 4 provides general guidance, rather than specifying a prescribed approach. For example, there
are cases where an FTM approach could be applied to assess a large-scale roading activity in a
major urban centre. This could involve assigning the do-minimum demands to the activity network
scenario (or vice versa, assigning the activity demands to the do-minimum) directly in the regional
model; the FTM and/or VTM approaches may be considered as a sensitivity test.

Methods for applying FTM and VTM techniques are described further in Appendix 1 (Fixed trip
matrices and Variable trip matrices).
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Applying regional transport models

As indicated in Table 4, a more significant activity focused on public transport and active travel
modes, and which has a key or supporting objective of driving mode change and may achieve a level
of demand response, is likely to involve a VTM approach for vehicle, person, and active mode
demand estimations. Similarly, a large-scale roading activity in a major urban centre would also be
likely to involve a VTM approach.

Where a demand response is anticipated, inNewZe al andds main urban centres de
and, to some degree, assessing economics outcomes of the activity is likely to involve some form of

application of existing regional transport models. Review of the model is required to determine if it is

suitable for the assessment. For example, the assessment of a major new cycleway in an urban area

would need to consider how cyclists are represented in the modelling tools available. See section

2.10 for more information on the availability of regional models in New Zealand.

2.14 Demand estimation uncertainty

Demand estimates, and particularly estimates of future-year forecasts, all have some degree of
uncertainty. This should not be considered a weakness, or necessarily a problem, but acknowledged
as a reality. In many cases this can present an opportunity to test and understand the range of
potential outcomes associated with an activity; for example, by considering key uncertainties in the
demand estimates a range of forecasts could be developed and used as sensitivity tests on economic
outcomes.

Section 7.2: Demand estimation sensitivity tests contains information and guidance relating to
sensitivity tests and risk assessment with particular reference to demand forecasts.

In transport demand forecasting, there is necessarily some reliance on past and current trip-making,
travel behaviour and trends. The current awareness around local and global environmental issues
highlights a need to be flexible moving forward. In developing future transport estimates, analysts and
the methodologies applied should consider the ability to adapt, adjust and examine elements that
could have a large impact on travel demand. Important considerations into the future can and may
include:

1 climate change: particularly government policy responses and personal behavioural changes
that affect transport and travel

I social equity in transport: analysts may need to consider the structure and specification of
models and their resulting ability to assess and interrogate transport equity changes and
outcomes

1 technology disruption: particularly those leading to changes in vehicle ownership levels; for
example, autonomous vehicles, micro-mobility, e-mobility, etc. Other potential future changes
will bring another dimension to consider.

Forecast horizons and uncertainty

The standard analysis period is 40 years (see section 1.6). Although there are exceptions (for
example, short-lived operations activities such as signal optimisation), carrying out an economic
assessment will generally involve development of one or a number of future-year demand estimates.
Economic inputs are then typically projected (for example, with a linear trend) between the different
assessment years (for example, base year and future year(s)).

Generally, the further the forecast horizon (that is, future-year demand estimate) is from the current or
base year, the greater the associated uncertainty will be. One way to think of this is that the longer the
forecast horizon, the wider the range of possible futures.

The analyst will need to determine an approach to estimating the inputs to the economic assessment
across the analysis period. This will include weighing up the increasing uncertainty in future-year
forecasts, along with potential demand/capacity challenges in longer-term forecasts, against the
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