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NON-TECHNICAL SUMMARY

Transport scheme appraisal in the UK has focussed on measuring the aggregate benefits of
schemes without explicitly identifying which groups in society benefit. Recent updates to the
Government's Green Book and DfT appraisal guidance have raised the importance of
accounting for distributional impacts in appraisal and in particular the potential for using
distributive weights as a way of recognising variations in the marginal utility of income across
the income spectrum.

This is challenging for appraisal practice in general and especially so for an intermediate good
like transport. Transport benefits to some extent pass through the economy into changes in
prices, wages and land rents. The initial (transport user) and final beneficiaries are not always
the same. Whereas transport economic efficiency analysis finesses this by tacitly assuming
that one unit of benefit is worth the same whoever ultimately receives it, an approach
incorporating distributive weights renders that assumption problematic.

The first best approach would be to specify Distributive Weights by income segment,
underpinned by a spatial multi-market model capable of representing the interactions
between transport and final markets, with Distributive Weights by income segment within
each market. This would also assist the Department in its response to the demands of place
based analysis. Doing this would require commitment to a programme of work over several
years on the economic modelling and underpinning data requirements for use with
confidence at scheme appraisal level. This is Option 1, the long term aspiration (R3).

By contrast, our assessment is that, in practice, DfT is operating in a second best world in
which the choices are:

O Specify Distributive Weights by income segment, restricted to the transport market
only (Option 2a).

O Specify Distributive Weights by mode/purpose/distance (and possibly other)
segments, again restricted to the transport market only (Option 2b)

Our report favours Option 2a. If the goal is to weight the benefits to different income groups
differently, we think this implies a need to segment directly by income group and apply
weights at income group level. This is challenging because it would require the development
of income segmented models. However, if the Department gives policy priority to this (DW)
problem, then this is the medium term way forward (R2). There are major implications here
for the design of any future national Value of Time Study.

We can understand the Department's interest in pursuing Option 2b of segmenting by mode,
purpose and other dimensions already available in transport models, as the most immediately
implementable approach. Considerable effort has been put into developing this approach in-
house at desktop level. Our assessment is that this is an unconventional approach, so we think
there is a particular onus on the Department to demonstrate analytical and policy assurance.
Our report provides a series of recommendations (R5) on how that should happen. These are
in the areas of a review of the robustness of the National Travel Survey for this purpose, road
testing of the results across a range of projects and policies, and comparisons of the results
with the status quo method.
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EXECUTIVE SUMMARY

Introduction

1.

Understanding the distributional impacts of transport investments is an increasingly
important topic for policymakers and practitioners. Traditionally, cost-benefit analysis
and transport scheme appraisal in the UK, as in many other countries, have focussed
on identifying the aggregate benefits of schemes, often without explicitly identifying
which groups in society ultimately benefit.

However, recent updates to HM Treasury’s Green Book (HMT, 2022) and Department
for Transport (DfT) guidance (DfT, 2024) have raised the importance of accounting for
equity and distributional impacts—and in particular the potential for employing
‘distributional weights’ (DWs) to reflect variations in the marginal utility of income
across beneficiaries in transport appraisal.

The specific motivation for this study emerges from a recognition that the ‘default’
implicit assumptions of appraisal practice pertaining to distributional impacts are both
strong and potentially open to challenge. The implicit assumptions are that:

i) all user benefits are retained by transport users, or

ii) all those affected by the transfer of benefits to other markets/agents
(ultimate beneficiaries, including transport users) have the same marginal
utility of income.

Against the above background, DfT's Transport Appraisal and Strategic Modelling
(TASM) division commissioned Systra and ITS Leeds to review a substantive body of
work which DfT has undertaken in-house, to develop specific proposals for the
implementation of DWs in Transport Analysis Guidance (TAG).

DfT’s internal workstream devotes detailed attention to the concept of a
‘distributionally-weighted value of travel time savings’ (DW_VTTS), alongside
pragmatic proposals for the treatment of both other transport impacts (e.g. safety,
externalities, etc.) and the downstream impacts of transport in other markets (e.g.
land, labour, etc.).

Aims and objectives of the study

6. The overarching aim of the study was to:

“provide a robust, defensible basis for applying DW within UK transport
appraisal, which can be acceptable to both His Majesty’s Treasury and
stakeholders within DfT”

7. This aim was underpinned by three objectives:
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To identify where the benefits of transport investment ultimately accrue
within society—whether to firms (return to capital), households and
workers (via wages or prices), land and property owners (including effects
on rental values), or government—and to develop reasonable default
assumptions for this allocation.

To address conceptual and empirical issues underlying the use of

distributional weights, especially those related to the appropriate measure
of income, how it is defined and used in practice, and the implications for
appraisal and policy.

To provide practical recommendations and guidance on whether, and how,
standard transport modelling approaches should be refined to ensure
robust distributional analysis, including reviewing the feasibility of
implementing income segmentation in established modelling tools.

Findings

8.

10.

11.

Whilst we find the conceptual and policy arguments for distributional weighting
persuasive, we think that there are non-trivial barriers to their practical application in
UK transport appraisal, in particular:

the availability of income-segmented transport models;

the availability of representative income data at an appropriate level of
disaggregation; and

the ability to identify and quantify the final beneficiaries of transport investment.

In principle, the first-best approach for applying DWs in UK transport appraisal would
be as follows:

Option 1: Specify DWs by income segment, underpinned by a multi-sectoral
model explicitly showing the flow of benefits and costs from the initial stimulus
in the transport market to final beneficiaries in other goods and factor
markets.

We think that this finding is difficult to challenge.

We undertook a literature review and our own empirical analysis to seek to quantify
the extent to which the final benefits of transport investment are retained in the
transport market or passed through to the land, labour and final goods markets.
However, this exercise proved challenging, and within the resources of this study at
least, we were unable to deliver evidence or formulae that would be practically useful.
That said, we identified some literature and methods which demonstrated promise
and could be developed further in this direction.

The inability to resolve the secondary market problem is, in our view, a significant
obstacle to the adoption of DWs in transport. We are doubtful that Boardman et al.'s

9
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12.

13.

14.

15.

16.

17.

18.

(2018) argument — that secondary-market effects can be ignored on the grounds that
price/quantity combinations observed before and after policy interventions will
reflect secondary market effects and thus provide a close approximation to general
equilibrium —is transferable to transport, given transport's role as a key intermediate
good interacting especially with the land market.

We surveyed the current availability of income-segmented transport models within
UK transport planning practice — and were able to identify only a handful of such
models. Even these models are used sparingly, since income segmentation can
substantially increase run times.

Another significant problem, in our opinion, is that the available income data (NTS or
NRTS in the case of travellers, ONS in the case of taxpayers) is not sufficiently granular
to allow fine spatial differentiation down to the level of detail used by most transport
models (i.e. especially when segmenting by mode, purpose and distance). This
inadequacy is compounded by other factors such as the sample size, wide income
bands, and significant proportions of imputed responses within the NTS.

Given the previous three points, our assessment is that, if the Department wishes to
proceed with the implementation of DWs, then it is operating in a second-best world
in terms of the analytical approaches at its disposal. We think that these challenges
are especially pertinent to transport, relative to other sectors and government
departments considering the adoption of DWs in official appraisal methods.

Against this background, the practical questions facing the Department are:

given the balance of analytical and policy considerations, does the Department wish
to proceed with implementing some form of DWs in TAG, even if this entails a second-
best approach? (at least in the short-term pending further analytical development in
the medium-term);

of the second-best approaches, which is the most defensible?

Our appreciation is that there are essentially two second-best approaches on the
table:

Option 2a: Specify DWs by income segment, restricted to the transport market
only

Option 2b: Specify DWs by mode/purpose/distance (and possibly other)
segments, restricted to the transport market only

In terms of these second-best approaches, this report expresses a strong preference
for Option 2a over 2b. However, even this approach would be challenging, since it
requires the sector to commit substantial resources to developing income-segmented
transport models.

Recognising that largescale implementation of income-segmented DWs would be a
significant endeavour, we can understand the Department's interest in promoting the
alternative second-best approach of segmenting by mode, purpose and other
dimensions already available in transport models.

10
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19.

o

20.

21.

We have however set out several concerns around this approach, which can be
summarised as follows:

Aggregation issues: we have highlighted issues which arise when deriving
representative averages of distributionally-weighted willingness-to-pay (e.g.
DW_VTTS, in the case of travel time savings) by mode/purpose/distance segment.
These issues have implications for: a) the ability to discern the distinct influences of
the two components of the aforementioned average, namely the distributional weight
(i.e. DW) and the willingness-to-pay (e.g. VTTS); and b) the ability to combine
different impacts (e.g. travel time, safety, air quality) in a consistent manner within
the overall benefits calculus.

Representativeness of values: it seems to us almost inevitable that income will show
more variability within mode/purpose/distance segments than within income
segments. However, Option 2b applies the same average distributionally-weighted
willingness-to-pay (e.g. DW_VTTS) to all trips within a given mode/purpose/distance
segment, imposing a form of ‘equity’ value which is not dissimilar to the current TAG
approach for non-work journeys. As a consequence, we are concerned that Option 2b
will suppress the influence of income variation, when this is precisely the
phenomenon which motivates distributional weighting.

Robustness of income data: This report has highlighted several anomalies in the
average DWs reported by DfT for mode/purpose/distance segments. An underlying
problem, we suspect, is the robustness of NTS and NRTS income data at finer levels of
disaggregation.

Policy transparency: It stands to reason that, in segmenting by
mode/purpose/distance, Option 2b is unable to report the distribution of benefits and
disbenefits from a given scheme among richer vs. poorer travellers —which is precisely
the purpose of distributive weighting.

Policy applicability: This report has highlighted several policy cases where we think
Option 2b could be restrictive. Whilst the policy cases we have identified may
represent outliers, they would at the very least impede DfT's aspiration to apply
Option 2b in a consistent and comparable manner across all schemes

Our overriding reflection is that the mode/purpose/distance-segmented approach
promoted by DfT is —in DW terms at least — unconventional. Although DWs are rarely
used in official policy work worldwide, and not at all in transport, there does exist an
extensive technical literature on DWs — and this literature is focussed almost entirely
on income-segmented DWs. Against this background, we think that there is a
particular onus on the Department to demonstrate analytical and policy assurance
around their proposed approach.

Whilst not specific to Option 2b, we have highlighted issues around the relative
applicability of the social welfare (i.e. using DWs) and efficiency approaches to scheme
selection. In particular, efficiency-based appraisal lends itself to both the rating (e.g.
via the NPV) and ranking (via the BCR) of schemes, whilst welfare-based appraisal
lends itself only to the ranking of schemes (via an alternative form of BCR).
Importantly, the efficiency-based BCR is scaled differently to the welfare-based BCR,

11
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22.

23.

24.

and the two metrics are not comparable. This point has implications for DfT's VfM's
categories, which may require reformulation if DWs are adopted in TAG.

This report has identified several specific concerns and anomalies around Option 2b,
in terms of the implied DWs for different segments and the applicability of the
approach to specific policy cases. An underlying problem, we suspect, is the
robustness of NTS income data at finer levels of disaggregation.

Given the above concerns, if DfT wishes to proceed with Option 2b, then we think that
various actions need to be taken to build the policy case and strengthen analytical
assurance, including the following:

There needs to be road-testing across the full range of policy interventions — an
objective approach would be to apply the approach retrospectively to all schemes
submitted for funding since the previous spending review and consider whether the
same schemes would be selected. Our hypothesis is that some schemes, for instance
bus lanes in large provincial cities, might not be supported under Option 2b.

Additionally, we encourage the evaluation of schemes providing societal benefits
going beyond time savings, such that the relative contribution (and thereby the
prioritisation) of different types of societal benefits can be ascertained. Our intuition
is that Option 2b lowers the net importance of travel time savings in the grand scheme
of things.

There needs to be demonstration that when segmented by mode/purpose (or
similar), NTS and NRTS data is representative in terms of income.

There needs to be demonstration of the relationships between DW_VTTS, VTTS and
DW and income, through a plotting exercise by mode/purpose/distance segment.

Moreover, there needs to be demonstration of the policy benefits of undertaking
distributional analysis in this manner, vis-a-vis the status quo of equity-weighted VTTS
in combination with qualitative analysis of distributional impacts (i.e. as per TAG A-
4.2).

We commend the DfT's efforts to this point and are supportive of taking it to the next
stage.

Recommendations

25.

26.

From a policy perspective, this report has concluded that there is a lack of clarity
around the kinds of policies and schemes to which DfT intends to apply DWs. Consider
for example the distinction between Programme vs. Megaproject vs. National policy
vs Scheme. Does DfT envisage applying DWs in the same way with the same level of
detail across all of the above? Or will their application be restricted to interventions
where DWs are expected to make a difference?

Moreover, where will DWs feature in the business case process and what policy
judgements will they inform? Most fundamentally, what is the objective problem —
maximising efficiency or welfare — and if the latter how will VfM guidance be redrafted
accordingly?

12
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R1: DfT should set out a preliminary policy position for the application of DWs,
encompassing:

e The kinds of interventions which lend themselves to DWs.

e The kinds of impacts (e.g. time savings, WEIs, health and safety, etc.) which
lend themselves to DWs, and how they would be dealt with individually and
collectively.

e How the insights from DWs would be used to inform policy, dealing
especially with the issue of rating vs. ranking schemes, and how objective
comparisons would be drawn if some interventions were subject to DWs
and some were not.

e Any considerations around proportionality.

27. This report has expressed a strong preference for the income-segmented approach to
DWs, but a significant practical obstacle is the dearth of income-segmented models in
UK transport modelling practice.

R2: DfT should formulate a strategy for promoting the development and adoption
of income-segmented models in transport modelling practice. This might require a
tailored approach depending on the policy context and the analytical resources
available to different scheme promoters.

28. This report has concluded that, in contrast to other sectors, the secondary markets
issue is highly pertinent to transport appraisal, but that methods and evidence are
presently lacking to robustly account for this issue within DWs.

R3: DT should undertake further work to make progress on the secondary markets
issue, in the following three areas (ordered in ascending complexity):

e Examination of how transport induced cost changes accrue to producers and
consumers in the primary transport market and secondary factor or goods
markets through the inherent elasticity relationships.

e Examination of transport-land use interactions through LUTI models,
especially in dependent development contexts.

e Examination of multi-sector interactions through SEM and SCGE models.

29. This report has acknowledged the influential role played by the value of travel time
savings (VTTS) in scheme appraisal, and the potential implications of DWs for the
formulation of that parameter.

R4: If DfT wishes to develop the income-segmented approach, whether now or in
the longer-term, then future national VTTS studies should report representative
national average values by appropriate income segments (ideally deciles or
quintiles), as well as by mode, purpose and distance segments.

13
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30. This report has acknowledged that DfT has undertaken a substantial amount of work

31.

developing the alternative mode/purpose/distance/geography segmentation
approach to DWs. Whilst the approach is well-motivated, formulating DWs on
dimensions which readily exist in transport models, we have noted that the approach
is without precedent in transport appraisal practice. We have also identified several
technical concerns and empirical anomalies in DfT's implementation of this approach.

R5: If DfT wishes to continue developing the mode/purpose/distance-segmented
approach, then the following actions should be taken to build the policy case and
strengthen analytical assurance:

e There needs to be demonstration that when segmented by
mode/purpose/distance, NTS and/or NRTS data is representative in terms of
income. Although beyond our brief, we suspect that if NTS and NRTS are to be
used for this purpose, this may imply some redesign of NTS/NRTS and/or
changes to the sampling strategy.

e The VTTS sample enumeration should be updated for the latest NTS years
available.

e There needs to be demonstration that the approach delivers intuitive results
across a broad portfolio of schemes, encompassing the range of modes and
journey lengths (potentially expanding the distance bands currently employed
by DfT), as well as the kind of schemes promoted by LAs and CAs vs. those
promoted by DfT and NH.

e There needs to be comparative analysis of the mode/purpose/distance-
segmented approach vis-a-vis a) the status quo of equity-weighted VTTS in
combination with qualitative analysis of distributional impacts and b) income-
segmented DWs. Such an analysis needs to be as objective as possible, and this
report has identified several points of detail on which both a) and b) could be
strengthened. Also, any such comparison should include scheme contexts which
could elicit different policy implications from a) and b) — thereby highlighting the
policy limits of either approach.

e There needs to be demonstration that the results from the
mode/purpose/distance-segmented  approach are explainable and
understandable in policy terms. This should include tabulation of relevant policy
metrics (behavioural VTTS, equity VTTS, distributive weights and distributively-
weighted VTTS) by income deciles, which clearly articulates the impact of
moving from the current TAG position.

Finally, informed by R1 to R5, there is a need for DfT to set out its overall strategic
direction on distributive weighting.

R6: DfT should set out the policy and analysis case for distributive weighting and
how its preferred approach (or approaches) — whether segmented by income or by
other dimensions, and whether focussed on the primary market only or secondary
markets also — respond to that case.

14
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1. INTRODUCTION
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1.2.2

Background to the study

Understanding the distributional impacts of transport investments is an increasingly
important topic for policymakers and practitioners. Traditionally, cost-benefit
analysis and transport scheme appraisal in the UK, as in many other countries, have
focussed on identifying the aggregate benefits of schemes, often without explicitly
identifying which groups in society ultimately benefit.

Recent updates to HM Treasury’s Green Book (HMT, 2022) and Department for
Transport (DfT) guidance (DfT, 2024a) have however raised the importance of
accounting for equity and distributional impacts and in particular the potential for
employing distributional weights (DWs) to reflect variations in the marginal utility of
income across beneficiaries in transport appraisal.

As set out in the request for proposal (DfT, 2024b), the specific motivation for this
study emerges from a recognition that the ‘default’ implicit assumptions of appraisal
practice pertaining to distributional impacts are both strong and potentially open to
challenge. The implicit assumptions are that:

i) all user benefits are retained by transport users, or

i) all those affected by the transfer of benefits to other markets/agents
(ultimate beneficiaries, including transport users) have the same
marginal utility of income.

Against the above background, DfT's Transport Appraisal and Strategic Modelling
(TASM) division commissioned Systra and ITS Leeds to review a substantive body of
work which DfT has undertaken in-house, to develop specific proposals for the
implementation of DWs in Transport Analysis Guidance (TAG).

Aims and objectives

The overarching aim of the study was to:

“provide a robust, defensible basis for applying DW within UK transport
appraisal, which can be acceptable to both His Majesty’s Treasury and
stakeholders within DfT”

This aim was underpinned by three objectives:

a) To identify where the benefits of transport investment ultimately

accrue within society—whether to firms (return to capital), households
and workers (via wages or prices), land and property owners (including
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1.2.3

1.3
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1.3.2
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effects on rental values), or government—and to develop reasonable
default assumptions for this allocation.

b) To address conceptual and empirical issues underlying the use of
distributional weights, especially those related to the appropriate
measure of income, how it is defined and used in practice, and the
implications for appraisal and policy.

c) To provide practical recommendations and guidance on whether, and
how, standard transport modelling approaches should be refined to
ensure robust distributional analysis, including reviewing the feasibility
of implementing income segmentation in established modelling tools.

As conceived, the study was intended to support more equitable and theoretically-
grounded practice by developing ‘defensible, quantified rules of thumb’, even if all
relevant complexities could not be resolved within the scope of this work.

Rescoping following literature review

At project inception, a key initial task was to undertake a rapid and targeted literature
review!—including academic and grey sources—to evaluate the state-of-the-art in
theory and empirical practice regarding the incidence of transport benefits and the
application of distributive weights. The intention was to identify robust evidence and
established methods which could be used to parameterise practical rules for
appraisal (e.g., “proportions for each type of benefit allocated to each social and/or
income group in society”).

However, as the review progressed, it became apparent that there was little useful
information in the existing literature and available empirical sources to directly
answer the above question. Key gaps were identified in both theory and evidence
concerning benefit incidence, the responsiveness of secondary markets, tax and
income flows, and the technical implementation of DWs. The evidence base, whilst
conceptually rich in some areas, proved insufficient for deriving specific, defensible
allocations or parameter values necessary for practical guidance.

Consequently, the project was rescoped, with an increased emphasis on:
Clarifying and articulating the underlying conceptual and empirical challenges;

Providing best-practice recommendations drawing on economic theory and
secondary data analysis where available; and

Identifying areas where further research or data collection would be required to close
critical evidence gaps.

Therefore, while this report sets out the principles and available evidence relating to
the distributional incidence of transport investment benefits, it also documents the
limitations encountered, practical options, and recommendations for the

! Involving a small number of days of effort.
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implementation and further development of distributive weighting in UK transport
appraisal.

This report is structured around a series of tasks within the study, with each initially
producing a technical note as its deliverable. These technical notes are each
organised as a chapter in this report. The remaining chapters provide introductory
and synthesising/concluding material. The report is organised as per Table 1.

Table 1. Layout of report

CHAPTER TITLE AND SCOPE

1 Introduction
2 Non-technical background
3 Technical background

Empirical evidence to populate
4 distributive weights — rapid review of
literature

Applying distributive weights in the
5 primary (transport) market — including
summary of DfT’s proposed approach

Definition of income for distributive
weighting

7 The secondary market problem

Benefit  capture/pass-through in
8 Delta/Ultra — a potential solution to
the secondary market problem?

Our assessment of DfT’s proposed
9 approach to distributive weighting —
principles

Our assessment of DfT’s proposed
10 approach to distributive weighting —
practicalities

11 Findings and recommendations

References

DfT (2024a) TAG unit A4-2 distributional impact appraisal.
DfT (2024b) Schedule 7 - Proposal Request Form: THRE0O042, Research into the
distributional incidence of the benefits from transport investment.
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1.5 Glossary of key terms and acronyms

1.5.1 Table 2 provides a glossary of terms and acronyms used in this report.

Table 2. Glossary of terms and acronyms

TERM/ACRONYM DEFINITION

Appraisal A structured process to assess the economic, social, and
environmental impacts of a proposed policy, programme,
or project.

AbLUTA Accessibility Based land-use/transport appraisal — an

appraisal method that uses rule-of-half applied to changes
in accessibility instead of generalised costs. It can appraise
transport schemes and land-use changes including the
impact of land-use changes induced by transport schemes
and policies.

BCA Benefit Cost Analysis — American term that is the
equivalent of UK term Cost Benefit Analysis (CBA).

BCR Benefit Cost Ratio is a metric that divides total project
benefits by total project costs.

ASHE Annual Survey of Hours and Earnings conducted by the
Office for National Statistics (ONS) in the United Kingdom.
Itis a 1% sample of employees who are members of HM
Customs and Revenue PAYE (Pay as You Earn) tax system.

Benefit incidence The analysis of how the benefits (or costs) of a policy or
project are distributed among different groups in society.

Bergsonian The Bergsonian welfare function is a type of social welfare
function introduced by economist Abram Bergson in his
seminal 1938 paper, ‘A Reformulation of Certain Aspects
of Welfare Economics’. It provides a formal and explicit
way to represent society’s welfare as a function of the
well-being (utility) of all individuals in society,
incorporating value judgments about how these utilities
should be combined. Bergson’s formalism underlies much
of today’s ‘welfare economics’, including the discussion of
distributive weights in cost-benefit analysis.

BRONTE BRONTE is a land-use and transport interaction model of
the North of England.
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TERM/ACRONYM DEFINITION

CBA Cost-Benefit Analysis (CBA) — a method of evaluating
projects or policies by comparing their total expected
costs to their total expected benefits, both expressed in
monetary terms.

CGE models Computable General Equilibrium (GCE) models are
guantitative economic models used to analyse how an
economy reacts to changes in policy, technology, or
external shocks. They are based on economic theory and
simulate how different sectors and agents within an
economy interact and reach an equilibrium, where supply
equals demand in all markets simultaneously.

Cobb-Douglas function The Cobb-Douglas utility function is a widely used form in
microeconomics to represent consumer preferences over
multiple goods. It assumes that the consumer’s utility
depends on the product of the quantities of goods
consumed, powered by exponents representing
preferences. It is a special case of the Stone-Geary (or
Klein-Rubin) function, where all subsistence is zero.

CS Consumer Surplus is the difference between the amount
consumers are willing to pay for a good or service and the
actual price they pay.

CSA Cost Saving Approach — an approach to valuing business
travel time savings in which the value of a time change is
taken to be equal to the gross of tax wage rate of the
person making the saving.

DELTA DELTA is a land-use model used in the UK and
internationally.

DfT Department for Transport (DfT) — the UK government
department responsible for the English transport network.

DIA Distributional Impact Assessment — as in TAG unit A4.2,
which sets out how to assess which social groups are
affected by a transport intervention and whether the
impacts are distributed fairly.

DM Do-Minimum — the ‘business as usual’ transport network
against which the Do-Something option is appraised.

DS Do-Something — the transport network option being
appraised.
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TERM/ACRONYM

DW

DWP
EB

Elasticity of Marginal
Utility of Income (p or
eta)

Equity

Equivalised income

FRS

GB

GOR

Harberger efficiency

SVYSTIF

DEFINITION

Distributive Weighting (DW) — an approach in economic
appraisal that applies weights to the benefits or costs
experienced by different groups (e.g. income groups) to
reflect societal preferences for fairness.

Department for Work and Pensions.
Employer’s Business.

A parameter that measures how the additional utility
(well-being) gained from each extra unit of income
diminishes as income rises.

Fairness or justice in the way people are treated, often
referring to the distribution of benefits and costs.

In the UK, the income equivalisation method has
traditionally been known as the ‘McClements scale’, after
W. H. McClements, who developed the methodology for
adjusting household incomes in the context of UK living
standards analysis. The method reflects the household's
resources as if they were a single-adult household, by
applying weights to each member of the household — with
higher weights for adults and progressively lower weights
for younger children.

The Family Resources Survey (FRS) is an ongoing survey of
about 18,000 households per year providing rich data on
the income, economic circumstances, and composition of
UK households. It is critical for social policy analysis,
poverty measurement, and welfare system monitoring.

Green Book — UK Treasury guidance that details the
official process for economic appraisal and evaluation of
government policies, projects, and programmes in the UK.

Government Office Region — nine regions covering
England, originally established for administrative
coordination but now mainly used for statistical reporting
and analysis.

A practical test of whether an economic change or project
increases overall welfare efficiency, measured by the net
effect on consumer and producer surplus. It is
foundational in cost-benefit analysis, especially for market
and policy evaluations.
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TERM/ACRONYM

HMT

HRP

loD

Klein-Rubin function

Lagrangean problem

Level 1 benefits

Level 2 benefits

SVYSTIF

DEFINITION

His Majesty’s Treasury — the UK government’s central
economic and finance department, responsible for fiscal,
economic, and appraisal policy, including the Green Book.

The Household Reference Person (HRP) is the
householder with the highest income (or, if tied, the
oldest) and is used as the main reference individual for
classifying and analysing household characteristics.

The Indices of Deprivation are official statistical measures
used to identify and compare levels of deprivation
(disadvantage) across small geographic areas within the
UK, most notably for England, but similar indices exist for
Scotland, Wales, and Northern Ireland.

The Kaldor-Hicks compensation principle — an efficiency
principle in cost-benefit analysis: a project is desirable if
those that benefit could in principle compensate the losers
and still be better off (actual compensation is not
required).

The Klein-Rubin function refers to a utility model with
subsistence minima, mathematically identical to the
Stone-Geary specification. Its central role is in the Linear
Expenditure System, which models consumer demand by
dividing income between subsistence needs and
discretionary spending according to fixed preference
shares. See also Cobb-Douglas and Stone-Geary.

A Lagrangean problem refers to a method for solving
constrained optimisation problems introducing
(Lagrangean) multipliers to represent the constraints. The
technique was introduced by Joseph-Louis Lagrange in the
18th century and is commonly used in economics
(especially in utility maximisation and cost minimisation),
engineering, and mathematical optimisation.

TAG defines three levels of benefits. Level 1 (core)
includes effects that well established techniques for
estimating benefits (travel time savings, operating costs,
casualties, noise, air quality, carbon etc).

Level 2 benefits (wider economic benefits) include
productivity, static agglomeration and changes in
imperfect competition — measurement of which rely on
developing/emerging techniques.
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TERM/ACRONYM DEFINITION

Level 3 benefits Level 3 benefits (move to more productive jobs) rely on
techniques such as land-use models that are not widely
used in UK transport modelling.

LFS The Labour Force Survey (LFS) is a major, continuous
household survey carried out by the Office for National
Statistics (ONS) in the United Kingdom to measure
employment, unemployment, and economic activity. It
gathers data from around 40,000 households each
quarter, interviewing households in repeat waves over five

quarters.
LonLUTI A land-use and transport interaction model of London.
LSOA Lower Layer Super Output Area (LSOA) is a geographical

unit (typically containing about 1,500 residents of 650
households) created by the UK Office for National
Statistics (ONS) for reporting and analysing small-area
statistical data.

LUMIT A simplified approach to linking a land-use model to a
transport model without fully capturing the two-way
effects.

LUTI Land-use and transport interaction (LUTI) models capture

and simulate the complex two-way relationships between
land use patterns and transport systems within urban or
regional areas.

METB Marginal Excess Tax Burden (METB) refers to the
additional economic cost, above the amount of tax
revenue collected, that results from a small increase in a
tax. In other words, it measures the economic inefficiency,
or the "deadweight loss," associated with raising an extra
pound of tax revenue.

MoTiON A multi-modal transport model of London.

MSOA Middle Layer Super Output Area is a geographical unit
(typically containing about 7,200 residents of 3000
households) within the UK statistical system aggregating
LSOAs.

MUY Marginal Utility of Income — the amount of additional
satisfaction (utility) gained from an extra unit of income.
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TERM/ACRONYM DEFINITION

NATA New Approach to Appraisal — a predecessor to TAG, a
former UK transport appraisal framework.

NH National Highways is the government-owned company
responsible for operating, maintaining, and improving
England’s strategic road network (SRN).

NRTS National Rail Travel Survey — a very old survey of rail
travel with most data gathered around 2004.

NPV Net Present Value — Present Value of Benefits mins
Present Value of Costs

NSB Net Social Benefit — benefits minus costs but not
discounted, unlike NPV

NTM National Transport Model — is the UK Department for
Transport’s central forecasting tool for predicting travel
demand, assessing policy impacts, and supporting
strategic transport planning at a national scale.

NTS National Travel Survey — a continuous household survey
conducted in the United Kingdom to collect data on
personal travel patterns, gathering data from about
14,000 households each year.

ONS Office for National Statistics — is the UK’s independent
authority for collecting and publishing vital statistics about
the economy, society, and population, ensuring that
policymakers and the public have robust, impartial, and
authoritative data.

Parameter p (mu) The specific parameter representing the elasticity of
marginal utility of income, used to determine the
appropriate distributional weights. The assumption in the
Green Book is that mu=1.3.

PVB Present Value of Benefits the sum of a stream of benefits
using the discounted cash flow technique —in UK
transport appraisal this is a 60-year stream of benefits
using a discount factor of 3.5% pa for the first 30 years and
3% pa thereafter.

PVC Present Value of Costs — discounted stream of project
costs over the appraisal period
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TERM/ACRONYM DEFINITION

QSM Quantitative Spatial Models (QSM) incorporate
geography into economic modelling, capturing how
location, spatial relationships, and geographic features
influence outcomes such as productivity, income
distribution, and the effects of policies (including transport

initiatives).
RfP Request for Proposal.
RTM Regional Transport Models — a suite of five overlapping

transport models covering regions of England, owned by
National Highways.

RRCPL Relative Regional Consumer Price Level is an index used
to compare the cost of living, conduct economic analysis,
estimate purchasing power differences, and inform wage
or compensation adjustments between regions.

Secondary markets In transport economics and appraisal, secondary markets
refer to indirect or induced markets that emerge from
changes in a primary market such as improvements in
transport infrastructure.

Example: A new rail line (primary market) can increase
demand and therefore prices for housing and commercial
property (secondary markets) near stations, as
accessibility improves.

SP Stated Preference is a survey-based technique used to
gather information on individuals' preferences by
presenting them with hypothetical scenarios and asking
how they would choose between different options.

SRN Strategic Road Network — the network of roads managed
by National Highways, which includes all the motorways
and the more important A roads. The SRN carries about
one third of the private traffic and two thirds of the freight
traffic in England

Stone-Geary function The Stone-Geary utility function is a specific type of utility
function used in microeconomics to model consumer
preferences, particularly featuring the concept of
subsistence levels for goods, minimum amounts that must
be consumed before any further utility or satisfaction is
derived (see also Klein-Rubin and Cobb-Douglas).
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TERM/ACRONYM

TAG

TelMoS
TfL

Trip-based Modelling

ULTrA

Utility

Value Judgments

ViM

VoSL or VSL

SVYSTIF

DEFINITION

Social Welfare refers to the overall well-being or quality of
life of a society, aggregated from the well-being of its
individual members. In welfare economics, social welfare
is typically conceptualized as a function (the social welfare
function) that combines the individual utilities or well-
being levels of all members of society into a single
measure.

Transport Appraisal Guidance — a set of web-based
guidance documents produced by the UK's Department
for Transport (DfT) for practitioners involved in the
appraisal and evaluation of transport projects,
programmes and policies.

A LUTI model of Scotland.
Transport for London.

A form of transport modelling that estimates benefits
based on the number and characteristics of trips, rather
than specific people or households.

Appraisal software for applying the AbLUTA framework to
LUTI models that use the DELTA software.

In welfare economics, utility refers to a numerical
representation of an individual's level of well-being,
satisfaction, or happiness derived from the consumption
of goods and services, or from the overall state of their life
circumstances. Utility is a theoretical construct; it is not
directly observable but can be inferred from choices
(revealed preference) or stated preferences (surveys).
Welfare economists often use money metrics, such as
willingness to pay (WTP), as proxies for changes in utility.

Choices in appraisal that reflect ethical or social
preferences, such as prioritising the well-being of lower-
income groups over others.

Value for money — measured using BCR in UK transport
appraisals.

The Value of Statistical Life is an American term used

internationally (e.g., by OECD, World Bank, US DOT)
equivalent to UK’s VPF.
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TERM/ACRONYM DEFINITION

VPF

VTTS

WTP

Value of Prevented Fatality — monetary amount assigned
to the societal benefit of avoiding one fatality through risk
reduction, used to ensure transparent, evidence-based
investment decisions in transport safety.

Value of Travel Time Savings.
Willingness to Pay: the maximum amount an individual

would spend to obtain a good or avoid something
undesired.
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2. NON-TECHNICAL BACKGROUND

2.1

211

2.1.2

2.1.3

2.1.4

2.15

2.16

2.1.7

Introduction

In essence, this study is intended to assist DfT in exploring the applicability of two
concepts of microeconomic theory — a) distributive weights (DWs) and b) secondary
markets — to transport scheme appraisal.

As will become apparent in due course, these concepts are inherently technical, but
the purpose of this chapter is to provide (as far as possible) a non-technical
interpretation of the status quo and an identification of the challenges of
implementing HM Green Book guidance (HMT, 2022) as it relates to DWs and
secondary markets.

Cost Benefit Analysis (CBA) as practised in the UK transport sector is governed by
Transport Analysis Guidance (TAG) which is effectively the transport sector
implementation manual of Green Book guidance. Any changes to Green Book
guidance should lead to a reconsideration of sector practice. This commission is part
of that process.

At a very broad level, transport sector appraisal practice has relied on the Kaldor-
Hicks (K-H) (Hicks, 1939; Kaldor, 1939) test of project worth, which poses the
qguestion “does the monetary value of the gain (from a project or other intervention)
to the gainers outweigh the monetary value of the loss to the losers?”. If the answer
is 'ves', then the project passes the test, if the answer is 'no’, then it fails. Numerous
points could be added concerning the treatment of budget constraints (via Benefit-
Cost Ratios (BCRs)), risk (via certainty equivalence), mutually exclusive alternatives
etc., but these do not change the fundamentals.

However, from the earliest days of appraisal practice, the K-H test has been modified
in a significant way by using ‘standard’ values for some key components of CBA; in a
transport context, examples would be the value of travel time savings (VTTS) and the
value of preventing a fatality (VPF). This is for a mixture of pragmatic and principled
reasons. Implementing the K-H test in a complete way at scheme level would require
evidence of scheme-specific values of travel time which would be onerous and costly
to obtain.

But beyond that, the Department has historically taken a policy decision that society
does not wish to value a unit of travel time saving to a better off person more highly
than the same unit to a poorer person. So the variation in the value of non-work
travel time which relates to income is removed. Similarly, standard values of safety
benefits are applied rather than income-related values. The use of standard values
rather than scheme-specific values probably changes the ranking order of schemes
significantly, sufficiently to say that practice utilises a modified form of the K-H test.

One consequence of unweighted adding up of costs and benefits is that the question
of who really gets the benefits is disregarded in the aggregation. At the broadest
level, £1 worth of travel time benefits is worth £1 whether it ends up with the
traveller, the employer, the property owner or the Government. In other words, a
key proposition is that the value of the initial benefit to the traveller is equal to the
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2.1.8

2.1.9

2.1.10

value of the final benefit to society. This is a very convenient simplification of a
complex reality.

Successive versions of the Green Book have treated issues around the distribution of
impacts across income groups and the use of distributive weights more explicitly. The
authors of the 2003 Green Book stated that: “In principle, each monetary cost and
benefit should be weighted according to the relative prosperity of those receiving the
benefits or bearing the cost”; effectively introducing the notion of a social welfare
function which might be different from unweighted adding up. They added a
footnote about non-monetary benefits alluding to the DfT's use of average time
values as an example of implicit equity weighting.

A crucial parameter in this approach is the elasticity of the marginal utility of income
which is the metric from which to derive the relative weights. Box 5.1 of the 2003
Green Book, based on work by Pearce & Ulph (1995), gave an estimate of this
elasticity in the range 0.7 to 1.5 with a value of 1 considered defensible. Note that in
the special case where the value of this elasticity was indeed unity and values of non-
work time were proportional to income, then the use of a correctly chosen average
value would be a ‘correct’ measure of the social value of a unit of time savings.

The review of international evidence undertaken by Layard et al (2008) was quoted
in the 2022 Green Book as the basis for revising the best estimate of the elasticity of
the marginal utility of income upwards to 1.32. This is a major motivation for the
present study, since it does potentially influence the appraisal ‘attitude’ to the
question of who really gets the benefits of transport improvements.

2.2 Travel time savings

221

2.2.2

2.2.3

2.2.4

2.25

Against the above background, it will be useful to examine travel time benefits in
more detail. At the outset, it is appropriate to make the following observations:

The standard TAG analysis is founded on the principle that transport is a derived
demand for other factors and goods — implying that it is adequate in most cases to
measure benefits and costs in the transport market alone (as proxy for relevant factor
and goods markets).

Transport user benefits is a standard component of all TAG business cases, and
indeed for many transport infrastructure projects, travel time accounts for a
significant proportion of scheme benefits.

In the case of non-work, travel time savings are unambiguously a non-market benefit,
meaning that VTTS affects the willingness-to-pay for travel but not its (monetary)
price — by implication, VTTS affects consumer surplus (i.e. transport user benefit) but
not producer surplus.

In the case of employers business, travel time is closely related to the wage rate and
thus proxies for factor cost — by implication, the business value of travel time savings

2 This guidance has been retained by the 2026 Green Book, just released as the present report was
being completed.
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(BVTTS) affects both consumer surplus and producer surplus in the factor market,
since employers demand labour and employees supply labour.

2.3 Business travel time

231

2.3.2

2.3.3

234

Cost Saving Approach

The traditional basis for estimating the value of business travel time savings (VBTTS)
in the UK and many other countries has been the Cost Saving Approach (CSA), under
which the value of a time change is taken to be equal to the gross of tax wage rate of
the person making the saving. In practice, a ‘wage plus’ approach was implemented,
whereby the resource cost of time spent travelling in the course of work (i.e.
excluding commuting) was calculated as being equal to the gross wage rate plus non-
wage labour costs (e.g. national insurance, pensions, etc.), thus:

VBTTS=w+c¢ (2.1)

where:
w is the gross wage
¢ is non-wage labour costs.

The natural interpretation of the CSA is that time benefits for employees are assumed
to accrue to the employer via increased productivity — and thus manifest as profit or
producer surplus. No attempt is made to trace the benefit past the firm to consumers
or shareholders. In principle, standard values should not be used, but in practice
averages of relevant categories of worker are used for pragmatic reasons.

In the case of professional drivers such as bus, coach and taxi drivers and heavy
commercial and delivery drivers, this interpretation remains the TAG approach to the
present day. This is the special case in which travel time is unproductive, the labour
market is competitive and there is 100% pass through from employee to employer.
However, this approach has come under increasing challenge in the case of freight,
due to its failure to account for the value of the load in addition to the value of the
driver. National Highways and DfT have recently commissioned research to address
this research gap.

Turning to ‘briefcase’ business travel, although the CSA was the predominant model
of valuation for many years in the UK, its validity is less clear cut than for professional
drivers:

e Travel time may be partially productive; some work tasks may be
undertaken while travelling.

e Whereas professional drivers are operating under schedules and rules
(drivers’ hours etc), white collar workers are more likely to be working
on flexible hours so that the benefit of any travel time change is more
likely to be split between employer and employee.
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2.3.5

2.3.6

2.3.7

2.3.8

2.3.9

e The market for professionals is more likely to be imperfectly
competitive.

e However, identifying how to gather data which captures these effects
in the modern economy with choices such as internet/remote versus
in person, travel vs not travel etc is challenging.

In other words, some proportion of travel time benefits could accrue to the employee
as consumer surplus, and the remainder to the employer as producer surplus.

Hensher Approach

The essence of the problem was set out many years ago by Hensher (1977) in the so-
called ‘Hensher Equation’ (HE):

VBTTS ={1—p-q—71}-MPL+MPF+{1—7}-VW +7r-VL (2.2)

where:

p is the proportion of business travel time saved that would have been spent
working;

q is the productivity of working whilst travelling relative to working at the workplace;
7 is the proportion of business travel time saved that is allocated to leisure;

MPL is the value of the marginal product of labour;

MPF is the value of extra output due to reduced travel fatigue;

VW is the difference between the employee's valuations of 'contracted’ work time
and business travel time;

VL is the difference between the employee's valuations of leisure time and business
travel time.

The p and r parameters are distinguished from their counterpart p* and r*
parameters, where the latter refer to overall business travel time and the former
refer to savings in business travel time.

The full HE formulation (2.2) is arguably more a theoretical construct than an
empirical one — because of the difficulty of estimation. As discussed in Mackie et al.
(2003), the MPF term is usually omitted from (2.2), whilst some researchers have
introduced other restrictions. Wardman et al. (2015) summarised three reduced
forms which have been most actively used in practice, referred to as HE1-3 (we will
not elaborate further here).

Willingness-to-Pay Approach

Having reviewed each of the candidate approaches, the 2014/15 UK national VTTS
study opted to replace the CSA with the willingness-to-pay (WTP) approach —relaxing
the restrictive assumptions of the former, whilst avoiding the complexities of the HE.
In principle, the willingness-to-pay approach simply involves inviting the relevant
economic agents to declare/reveal their WTP for saving journey time in the course of
business, i.e.

31



SVYSTIF

2.3.10

2.3.11

2.3.12

2.3.13

23.14

2.3.15

VBTTS = WTP (2.3)

where WTP equals the willingness-to-pay to save journey time in the conduct of
business.

Despite its apparent pragmatism, the WTP approach is not without its practical
complexities — key among these is the question of which economic agent(s) to survey,
should it be the employer and/or employee? Theory suggests that, in this context,
the employer's interests should be predominant, since it is the employer who decides
how many labour units to employ, and how to utilise those units. Indeed, it is
sometimes argued that, provided business travel time and work are explicitly linked
(in the form of overtime for any travel encroaching upon leisure) then, apart from a
tax adjustment, all costs or benefits will fall ultimately to the employer. The present
study will explore the conditions in which VBTTS benefits are retained/passed
through.

In practice it is relatively costly and onerous to survey firms/employers, whereas
employees can be surveyed at scale and modest cost. With these considerations in
mind, the business travel component of the 2014/15 study collected, and sought to
reconcile, three forms of WTP evidence — employer-based Stated Preference (SP),
employee-based SP, and employee-based Revealed Preference (RP). The survey also
collected data income and working hours, which allowed comparison with the CSA.

Generally speaking, the employer and employee SP surveys produced similar
estimates of VBTTS, which for some occupational types were also similar to the CSA.
This was particularly so for blue collar workers, who would be expected to have
relatively low productivity whilst travelling. For briefcase travellers, who are more
likely to be productive, SP-based values were lower than the CSA. Moreover, the
degree of similarity between the SP-based VBTTS and the CSA was partly dictated by
the trip length distribution and did not hold all over all distances. The self-employed
values were lower than those for employees — which is intuitive if time saved is taken
as leisure.

Turning to the properties of the VBTTS estimates, the CSA by definition embodies an
income elasticity of one and applies a constant unit value to all trips (e.g. irrespective
of time, cost, distance, travel conditions, productivity, etc.). By contrast, the SP-based
VBTTS from the 2014/15 study exhibited income elasticities within the range 0.3 to
0.4 (and significantly less than one), and significant variability by several of the
aforementioned dimensions (journey cost, journey time and distance, although these
dimensions were highly correlated). Thus, whilst there was some correspondence
between the actual estimates of VBTTS from the CSA and SP analyses, this
correspondence did not extend to key properties of those estimates.

All things considered, the 2014/15 study decided that the employee SP survey should
be the definitive source of evidence taken forward to TAG, giving the average values
over specified segmentations shown in Table 3.

The average distance-weighted personal income across the NTS sample was £46,615
(2014 prices and values). This gave a VBTTS in 2014 perceived prices of £28.27 using
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2.3.16

2.3.17

2.3.18

the CSA (second row, third column). This was close to the previous TAG VBTTS (also
CSA based), which had an all-modes value of £25.47 when uprated to 2014 (first row,
third column).

If we also compare these values to the 2014/15 SP-based values re-weighted for NTS
(third row), then we see that the VBTTS for employees' business across all modes is
£18.23. This is 72% of the previous TAG value.

We also find substantial variation by mode with ‘other PT’ lowest at £8.33 and rail
highest at £27.61 for the all-distance values. As proportions of the previous TAG
values, these range from 34% (‘other PT’) to 92% (rail).

From Table 3, it can be seen that at low distances, the 2014/15 (SP-based) values are
substantially lower than the previous TAG values, but as trip distances increase above
50 miles, the 2014/15 values are the higher of the two.

Table 3. VBTTS by method of calculation, mode and distance (2014 perceived prices and values (£/hr)

ALL ‘OTHER
SOURCE/METHOD DISTANCE MODES H RAIL

Previous TAG (2014

. All distances 25.47 24.43 15.64 24.72 30.07
prices and values)
CSA estimate from NTS
2010 to 2012 data . iconces 2827 2705  13.13 2633 36.46
(2014 prices and
values)
All distances 18.23 16.74 N/A 8.33 27.61
<5 miles 5.39 5.27 N/A 8.33 n/a

Employees’ business SP
from 2014/15 study re- 5-20 miles 8.84 8.79 N/A 8.28 10.19
weighted to NTS 2010-
2012 (2014 prices and

>=20 miles 21.14 19.51 N/A N/A 28.99
values)

>=50 miles 24.55 22.53 N/A N/A 32.56

>=100 miles 28.62 25.74 N/A N/A N/A

Notes: All modes. Distance-weighted, income option 1, SP1 At=10; Tool version 1.1. PT cost is imputed for a trip
with a zero cost, and employers paying for EB trips. TAG 'Other PT' is Underground passenger, TAG car EB is
weighted average of driver and passenger (vehicle occupancy of 1.2).

2.4 Commuting travel time

241

When speaking about values of time for commuting, it is are often tacitly assumed to
accrue to the commuter — thus manifesting as consumer surplus. Methods of study
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2.4.2

such as RP and SP focus on interpreting individual behaviour and choice making on
the premise that the traveller is the final beneficiary. The reweighting of the values
to remove the income effect on the VTTS also relies on the same premise.

This premise is obviously controversial. Changes in commuting time might flow
through partially into changes in real wages®. This would be the case if the wage
compensates the worker for work effort, foregone leisure time plus the generalised
cost of travel to work. Also changes in commuting time might be partially capitalised
in changes in property prices. The next step in considering this will be to set out the
results for combinations of elasticities in the land and labour markets. As part of the
present study, we reviewed the bid-rent model and other models of spatial location
which seek to relate accessibility to land rents (Alonso 1964)* Our interpretation of
the current position is that TAG is rather neutral on the question of who really gets
commuting benefits. So current practice relies heavily on the proposition that a
pound is worth a pound regardless of who ultimately gets it.

2.5 Other Non-Work travel time

251

The treatment here is essentially the same as the Commuting purpose. However, it
is plausible that the pattern of leisure, shopping, education and other non-work trips
made in a person’s own time budget is so variable across people and locations that
the assumption that time benefits accrue to the individual traveller is more credible
than for Commuting trips. Clearly there are counter examples. Tourist destinations,
sports industries and shopping have all developed because of their accessibility. Our
starting conjectures are that it would be difficult to justify assuming anything else
and that evidence will be particularly difficult to find.

2.6 Wider Economy Impacts

2.6.1

Following from the previous discussion about travel time savings, it is useful to draw
contrast with the case of Wider Economic Impacts. At the outset, it might be
observed that:

e WEIs are not included in Level 1 business cases but are included in a
partial manner at Level 2 and more fully at Level 3.

e In a similar manner to travel time benefits, WEIs can account for a
substantial proportion of scheme benefits (and disbenefits).

e Following SACTRA (1998), from 2005 TAG has included modules on
additional Wider Economy Impacts. These do not change the
treatment of direct transport benefits in themselves, but it is
interesting to reflect on their implications.

e Agglomeration benefits rely on changes in accessibility, stimulating
various forms of change in spatial behaviour the final effect of which

3 The theory behind these market linkages will be examined in Chapter 7.
4 Linkages between the transport and land market are considered in Chapter 8.
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2.6.2

2.7

271

2.7.2

2.7.3

2.7.4

2.7.5

2.7.6

2.7.7

is to increase productivity. Although there are cases where
agglomeration benefits can occur under fixed land use (Level 2), the
credibility of the posited micro mechanisms and the strength of the
response is likely to be greater with variable land use (Level 3).

e Similarly, some of the imperfect competition effects such as ‘move to
more productive jobs’ imply that time changes stimulate behavioural
responses which may be reflected partly in changes in wages.

These points need to be explored in more depth, but our initial observation is that
whereas the direct transport benefit modules of TAG tend to rest on the beneficiary
of an improvement being the traveller, the WEI modules take a much more elastic
view of the economic process whereby the initial benefits are at least partially passed
through and stimulate wider impacts.

Flow Charts

Below are a series of flow charts which attempts to describe the key processes by
which transport benefits flow into the economy.

Broadly speaking, business travel time savings may be retained by the traveller as
additional leisure or accrue to the employer as improvements in productivity (Figure
1). Depending on market structures this may then be passed to consumers in final
prices or to shareholders in profits or to landowners in business property rents. If
there are output effects, there will be indirect tax effects.

Similarly for commuters, the travel time benefits may accrue to the traveller or to the
employer (via induced changes in real wages as commuting costs change) (Figure 2).
The pattern of housing location rents will also change so some of the benefits will
accrue ultimately to landowners.

The above effects all redistribute the primary benefit around the economic actors.
But there may also be second round effects stimulated via the price/output effects.
These are the wider economy impacts via agglomeration and imperfect competition
which are additional to the direct benefits.

In a K-H world where the social value of one pound is considered the same whoever
receives it, the question of who really gets the benefits can be finessed. To some
extent the use of standard (or at least income-reweighted) values of time and safety
(Figure 3) have made this more acceptable than it otherwise would be.

However, if we move into a world of explicit distributive weights, then unless we can
assume that the income distributions of consumers, rentiers, taxpayers, travellers,
employees etc are identical (which seems very implausible), then we are faced much
more directly with the problem of tracing the primary accessibility benefits through
the economy.

At this point it is not appropriate to go beyond a list of bullet points representing the
likely challenges involved in doing this:
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e Models of the labour and goods markets will be required, or at the
minimum some elasticities to represent the accessibility---
price/wage/rent/output relationships.

e The treatment of ‘pass-through’ in Spatial Computable General
Equilibrium (SCGE) and land-use/transport interaction (LUTI) models
will need to be considered.

Providing a robust evidence base will be challenging. In particular,
establishing evidence on the distributive characteristics of the final
beneficiaries will be difficult.

e Relevant elasticities are very likely to vary across schemes according
to the pattern of journey purposes and spatial characteristics. So
providing robust defaults will be challenging.

In some cases, particularly land and property, the issue of the
treatment of foreign owners in CBA is bound to arise since the Green
Book is clear that the relevant beneficiaries are UK plc and its people.

First round effects Second round effects

Prices/wages/
quantitias

Bgglome rationM2KLP )

House location
rers

Commuting trave
Lime:

quan tities

Figure 1. Business and Commuting travel time

Locational
DtherNcrn.—Wr:rrk - The traveller distribution of
trave|time

activities

Figure 2. Other Non-Work travel time
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2.8 Recent DfT work on distributive weighting

2.8.1

2.8.2

2.8.3

Over the last 18 months, TASM has undertaken substantial work internally to develop
a methodology for applying Green Book-compliant DWs in transport appraisal (DfT,
2023a, 2023b). This focuses particularly on the notion of “distributionally-weighted
values of travel time savings’ (i.e. pertaining to Figure 1 and Figure 2), but also
extends to other impacts including travel costs, safety (Figure 3) and environmental
benefits (Figure 4).

The internal DfT work has previously been peer-reviewed by a team from Arup and
ITS Leeds (Arup & ITS Leeds, 2024). In its own terms, the methodology was found to
be a theoretically sound implementation of the Green Book guidance, and the
calculations undertaken to derive distributionally weighted values of travel time
savings were found to be free of error.

However, Arup/ITS Leeds identified a range of practical and theoretical questions
which needed to be addressed before the proposed methods could be robustly
deployed in transport modelling and appraisal in earnest. Among the more
substantive issues identified were:
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2.9
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1) Identifying the ultimate beneficiaries of transport interventions,
beyond just transport users.

2) Further exploring the role of income segmentation within transport
modelling, to support the application of differential DW by income
group.

3) Understanding the implications of moving to DW for the balance of
relative value for money (VfM) amongst different potential schemes
within DfT's investment portfolio.

The current study seeks to address the first two of these issues, and thereby support
TASM in potentially bringing forward changes to TAG which recommend the
applications of DWs in scheme appraisal.
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3. TECHNICAL BACKGROUND

3.1

3.11

3.2

3.21

3.2.2

3.2.3

3.24

3.3

3.3.1

3.3.2

Introduction

This chapter provides a technical primer on the specification and application of
distributional weights. Sections 3.2 and 3.3 introduce the efficiency and social
welfare approaches respectively. Sections 3.4 and 3.5 extend discussion of the latter
approach to consider practicalities of implementation and some implications. Section
3.6 then considers DfT’s extension of the social welfare approach to travel-time
savings specifically.

The efficiency approach

Consider a situation where government invests public funds in a scheme which
realises benefits across a society of i = 1, ..., I individuals.

According to the ‘efficiency’ approach to appraisal, the benefits of the scheme are
straightforwardly calculated via unweighted aggregation of income changes —
sometimes referred to as ‘income equivalents’ (i.e. compensating variation,
equivalent variation, etc.) — across individuals:

I

dB = z av, (3.1)

i=1
Where Y] is the income of individual i.

The costs of the scheme are then subtracted from the benefits, to arrive at a measure
of net benefit or efficiency.

It is conceivable that some individuals could benefit more than others, and indeed
that some individuals could incur disbenefits. According to Kaldor-Hicks, if the
‘winners’ from the scheme (i.e. dY; > 0) could in principle compensate the ‘losers’
(i.e. dY; <0), and the aggregate benefits (and disbenefits) across individuals
outweigh the costs of the scheme, then the compensation test is passed.

The social welfare approach

By contrast, according to the ‘social welfare’ approach to appraisal, the numeraire is
revised from money to welfare, and welfare is related to the utilities of individuals
comprising society via the construct of a social welfare function (SWF):

W =w(U; (YD), ... Ui(¥))  (3.2)
Where U; is the indirect utility to individual i, which is a function of income.

On this basis, the welfare benefits of the scheme are calculated via weighted
aggregation across individuals:
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dw = édw’dm dY, (3.3)
S 4idu; ay,
i=

Where:
dW /dU; is the social welfare (or ‘equity’) weight of individual i, and
dU;/dY; is the marginal utility of income of individual i.

333 Irrespective of the above formulations, the impacts of a project are in practice
experienced in terms of welfare/utilities. Whereas the efficiency approach converts
these impacts into monetary units, the social welfare approach converts the
efficiency impacts back into welfare/utility units. However, in conceptual terms this
is more than simply a change in units, since compensation does not take place (not
even hypothetically) under the social welfare approach.

3.3.4  Analogously to the efficiency approach, the welfare costs of the scheme are
subtracted from the welfare benefits, to arrive at a measure of net welfare.

3.3.5 In principle, the product of the social welfare weight and the marginal utility of
income represents the ‘distributional weight’, i.e.

_aw dy;

DW, =— — (34

3.3.6 In order to operationalise the above approach, it is necessary to assign further form
to both the social welfare weight and the marginal utility of income.

3.3.7 To this end, the general principle of ‘utilitarianism’ is admitted, such that individual
utility is cardinal and interpersonally comparable (e.g. Adler (2016)), and the
following specific formulation of the indirect utility function is commonly adopted:

1-p
Y; ifp# 1
1—u
log(Y;) ifu=1

U; = fori =1,..,1 (3.5)

Where (1 — p) is the elasticity of utility with respect to income.

3.3.8 This functional form was adopted by Layard et al. (2008) in the context of
distributional analysis and is the basis of Green Book® (HMT, 2022) guidance on DWs.

3.3.9 In statistics, the same functional form is referred to as a Box-Cox transformation —
and is designed to achieve better normality in data and stabilise any variance. In
economics, the function is often referred to as an isoelastic or power utility function.
In decision-making under risk, it is commonly referred to as a constant relative risk
aversion (CRRA) function.

5 Henceforth referred to as ‘GB’.
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3.3.11

3.3.12

3.3.13

3.3.14

3.3.15

3.3.16

3.3.17

3.3.18

From equation (3.5) the marginal utility of income (MUY) is derived:

i

dy;

MUY, =——=Y;"* (3.6)

And the elasticity of the marginal utility of income with respect to income is derived:

d(dU;/dY; Y;
@) Vi oo
dy, dU;/dy;

It is well-established in microeconomic theory that the marginal utility of income
decreases with income, such that the MUY of a rich individual will be less than that
of a poor individual, and the u parameter describes the degree of concavity of the
utility function.

It is instructive to consider the condition under which the social welfare approach
gives the same outcome as the efficiency approach, which is where:

pw, =W Wi eic1 1 (38
i—an av, - ori=1,..,1 (3.8)
ow 1
= — =
aU;, MUY,

In other words, the relevant condition is where the social welfare weight is equal to
the inverse of the marginal utility of income for all individuals across society.

More generally, since MUY, 5o > MUY,;cp, by definition, the implication of (3.8) is
that OW /0Uyicp > OW /0Upgey, i.e. richer individuals are given greater social
welfare weight than poorer individuals under the efficiency approach (when
interpreting net benefit as an equivalent change in social welfare).

The preceding result motivates the concept of distributional weights (DWs), which
are designed to ‘correct’ the distributional failure of the efficiency approach. This is
achieved by converting money into utility, such that welfare can be aggregated in a
neutral way without implicitly providing rich parts of the population with a higher
weight.

In effect, (3.8) motivates a Benthamite social welfare function, where everyone has
the same weight within the aggregation.

Substituting for MUY; using (3.6), (3.3) can be re-written:

1 aW L 1
dW=Zﬁ-Yi -in=ZDWi-in (3.9)
=1 ' =1

i

where:
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3.3.19 Now relaxing equivalence to the efficiency approach, equation (3.9) can in principle
account for the distributional impacts of a policy or scheme on social welfare via the
DW; term.

3.4 Practical implementation of the social welfare approach

3.4.1 For purposes of practical implementation, three conventions are commonly
followed.

Normalising the social welfare weight

3.4.2  First, itis typically assumed that 0W /dU; = 1 fori = 1, ..., I, such that all individuals
are given a common social welfare weight (in the theoretical literature, this case is
referred to as ‘normative utilitarian choice’), and the DW is thus reduced to the MUY
alone. Given that MUY,y > MUYcp, this normalisation corrects for the fact that
measuring welfare in money and interpreting this as a change in social welfare gives
rich people a higher weight.

Normalising the marginal utility of income

3.4.3 Second, since the focus is on the distribution of income across individuals, DWs are
typically reformulated in relative terms, with respect to a reference individual:

DWi =

MUY =< i )w (3.10)
MUYref Yref

Where DW; denotes the distributive weight of individual i expressed in
relative terms, and Y. is the income of the reference individual. Typical
references are the minimum, median, mode or average income®,

3.4.4  Since the choice of the denominator Y,..¢ is arbitrary, equation (3.10) confirms that
the social welfare ordering is independent of level and scale.

3.4.5  Onthis basis, relatively poor individuals will be characterised by Y40,/ Yrer < 1and
relatively rich individuals by Y. /Yrer > 1.

3.4.6  Empirical estimates are needed of the u parameter. The GB assumes i = 1.3, which
has the effect of eliciting DWs such that DFVVI,OOT > 1 whilst DW,;z, < 1. In this way,
the weighting of rich and poor individuals within the aggregation is ‘corrected’.

3.4.7 Combining the above two conventions, the change in social welfare can for practical
purposes be re-stated:

1
aw = Z DW;-dy; (3.11)
i=1

6 The GB approach to DWs normalises with respective to median income.
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Adjusting for the tax burden

3.4.8

3.4.9

3.5

3.5.1

3.5.2

3.5.3

354

3.55

Third, the representation of the income distribution is commonly adjusted to reflect
the progressive nature of taxation in most developed economies. This can be
achieved by formulating the MUY of the reference individual in terms of the tax-
weighted average’. On this basis, the distributional weight is re-stated:

. Y, \“
DW; tox = (3.12)

Yre f,tax

Where:

|

v :< =1 T )“
ref,tax €=1TiYi_H

and where Tj is the tax burden on individual i.

Implementing this within the SWF:
1
aw = Z DW; tax - dY;  (3.13)
i=1

Interpretation of money vs. utility units

According to the efficiency approach, benefits B are unambiguously expressed in
income units.

By contrast, according to the social welfare approach, benefits W are expressed in
welfare units or ‘utils’. Furthermore, whereas individual utilities U; are ‘cardinal’ (to
facilitate interpersonal comparison between individuals and aggregation across
individuals), the resulting social welfare measure W is ‘ordinal’. On this basis, U; is
uniquely defined with respect to increasing linear transformations, whereas W is
uniquely defined with respect to monotonic (order-preserving) transformations.

In effect, the normalisation (3.10) implies that all individual utilities are divided by a
common factor MUY,..¢. This transformation is permissible given the properties of
cardinal utility but does not change the units — which continue to be expressed in
utils. See also 3.4.4.

A caveat to the previous point is where the distributional weight is 1, i.e.

Y

-u
DWref=< > =1=Y, =Y oru=0 (3.14)

ref

In this case, the changes in benefit and welfare will be one-and-the-same: one pound
will correspond to one util. This is consistent with the statement in DfT (2023a) that:

7 Following from footnote 5, this weighted average deviates from the GB approach to DWs (but
arguably comes with stronger justification).
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3.5.6

3.5.7

3.5.8

3.5.9

3.5.10

‘In other words [1 /Yre f] is a conversion factor from utils to £s, such that the value of
a project giving each person [£1/1] is defined to be ‘worth’ £1 of social welfare’. And
also the subsequent statement that: ‘We can now solve for a reference level of
income...defined such that giving £1 to that person is worth £1 of social welfare’.

But as soon as the distributional weight deviates from one, benefit units will differ
from utils — and an efficiency objective will deviate from a social welfare objective.

In support of the normalisation (3.10), Acland & Greenberg (2023) state that:

“The problem...is that the utility of income is invariant to any affine transformation.
In other words, if U(Y) represents some preferences over income, then for any
constants a and b, U'(Y) =a+ b-U(Y) will represent the same preferences
(provided that b is positive). But because the two functions have different first
derivatives, they generate different marginal utilities and thus different measures of
weighted net benefits. The standard solution to this problem in the literature is, rather
than using the marginal utility of each individual at their current income level, to
instead use the ratio of their marginal utility at their current income to the marginal
utility they would have at some reference income, such as the median income in the
population...This ratio is the same across all affine transformations of the utility
function, because b is in both the numerator and the denominator (while a drops out
when taking derivatives)” (pp74-75).

It seems to us that Acland & Greenberg’s ‘solution’ is misguided — since division by
the MUY ‘at some reference income’ serves only to replace one affine transformation
with another one. Consider the following two functions, one specified at the
individual’s current income and a second specified at mean income, as directed by
A&G:

U)=a+b-UY) (3.15
U'(YY=a+b-UY) (3.16)
Where Y denotes average (or reference) income.

Adopting the utility specification (3.5), the respective marginal utilities are given by:

ou'(Y) au'(Y) du(y) _
ay — oUulY) dy

b-Y™* (3.17)

oU"(Y) ou"(Y) du(r)  __
ay — oau(y) dy b-¥™H (3.18)

Then dividing (3.17) by (3.18), as directed by A&G, to derive the ratio of the marginal
utilities at the current and mean income:

b-Y H Y\ H _
b_?_u:(7> =c-YH (3.19)
1
= C ==
Y-u
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3.5.11 In other words, Acland & Greenberg’s method replaces the b scale with the ¢ scale —
i.e. replaces one scaling of marginal utility with a different scaling but does not
‘remove’ scale from the ratio.

3.5.12 The annex to this chapter illustrates policy implications of this point.

3.6 Applying the social welfare approach to travel time savings

3.6.1 The particular focus of DfT’s interest is in applying the social welfare approach to
travel time savings as opposed to income equivalents — thus provoking a need to
work in travel time units rather than money units.

3.6.2  One could conceptualise the focus on travel time savings when all the benefits and
costs of transport investments are expressed in Generalised Journey Time. In that
case, time (savings) would be the unit of analysis, applying the conventional value of
travel time savings (VTTS) would bring the efficiency analysis in the realm of equation
(3.1), and merging the money conversion together with the correction for differences
in the marginal utility of income would be consistent with equation (3.11). But this
only holds if all project impacts are expressed in time units, or if any remaining
monetary costs and benefits are converted into utils using the same distributional
weights.

3.6.3  Following the essence® of Galvez & Jara-Diaz (1998) and Mackie et al. (2001), DfT’s
starting point for this analysis is the following identity, which is presented as an
analogy to (3.3):

1 I_,d;-MUY;-VTTS;

aw =
MUYref Z£=1di

dt; (3.20)

Where:

d; is travel distance

VTTS; is the value of travel time savings
t; is travel time

3.6.4  The following identity holds by definition:

MU
MUY, -VITS; = MUY, g = MUt (3.21)

Where MUt; denotes the marginal utility of travel time.

3.6.5  On this basis, (3.20) can be written more succinctly as:

8 In practice, DfT’s approach diverges from the cited references, by employing mode/purpose/distance
segmentation rather than income segmentation.
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3.6.6

3.6.7

3.6.8

3.6.9

3.6.10

3.6.11

MUt

dw = -
MUY,

dt; (3.22)

Where MU't is the distance-weighted average marginal utility of travel time
Mackie et al. (2001) refer to MUt/MUYref as the ‘social price of time’.

By contrast, the ‘equity VTTS’ would arise from the restricted case where the
marginal utility of travel time is assumed constant across all individuals (i.e. MUt;=
MUt foralli =1, ...,1). Galvez & Jara-Diaz (1998) and Mackie et al. (2001) provide
further elaboration on this point.

Returning to (3.20) but substituting for MUY; and MUY,..s using the functional form
(3.6):

1 I d; Y, *-VTTS;
dW — — . i=1%1 - L 1 tl'
Yref Zi=1 di

_ Xi_qd;- DW; - VTTS;
- I d.
=1

dt; (3.23)

Finally, if (3.23) is restricted to the case where each individual/traveller saves t = 1
(i.e. 1 minute), then:

I_,d;-DW;-VTTS;

1
i=1d;

AW | ey = = VTTSpyw (3.24)

This recovers the equation given in section 4.1 of DfT’s (2023a) paper, which is
referred to as the ‘distributionally-weighted VTTS'.

For the same reasons given earlier, it should be noted VT TSy, is quantified in utils
not money units.

3.7 Summary

3.7.1

3.7.2

3.7.3

3.74

The purpose of this chapter was to summarise the fundamental microeconomic
theory underpinning the concept of distributive weighting, by introducing the notion
of a social welfare function as a basis for drawing interpersonal comparisons, and
highlighting the key role played by income as the driver for those comparisons.

The policy objective of social welfare maximisation was compared against the more
standard policy objective of efficiency maximisation, and various implications were
noted.

DWs were derived both in terms of income units and travel time units — where the
latter is the focus of DfT’s interests.

An important point was highlighted around the interpretation of money vs. utility
units — which has implications for the policy application of DWs.
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3.9

3.9.1
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Appendix: Implications of scale for policy interpretation

Some examples from the recent academic literature — from papers advocating the
adoption of DWs — help to reinforce the discussion of money vs. util scaling. Having
discussed the normalisation of DWs in the manner detailed above, Liscow & Sunstein
(2024) illustrate how DWs can be applied in policy work.

“A stylized example shows how weighting would work in practice. Suppose that
FEMA has 510 million to spend on a levee. It can spend the funds on one of two
projects... In Project A, FEMA could spend it saving 50 owner-occupied homes
worth $210,000 from certain destruction in a higher-income community (for
total conventionally measured benefits of $10.5 million). Or, in Project B, it
could save 100 590,000 homes in a lower-income community (for total
conventionally measured benefits of S9 million). Suppose that these are the
only benefits. As BCA is conventionally practiced, Project A will win....

Consider how distributional weighting would change the analysis. Suppose that
annual household income is 150,000 in the richer community (Project A) and
550,000 in the poorer community (Project B). Assume too that all benefits are
incident on the homeowners; that is, the homeowners will enjoy those benefits.
Assume finally that utility can be modeled as the logarithm of income, as noted
a conventional assumption in economics (partly for its ease of analysis). If that
is the case, then the project in the lower-income community has vastly greater
welfare benefits, with welfare gains of 86 utils for the lower income community
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3.9.2

3.9.3

394

and only 33 utils for the higher-income community, even as the higher income
project is funded under conventional analysis. For a logarithmic utility function,
the weight is conveniently equal to one divided by income” (p231).

In other words, Liscow & Sunstein (2024) report welfare measures in utils not money,
and rank projects but do not rate them.

Ferranna et al. (2024) give a different example:

[Table 4] “..summarizes the results of conventional BCA and equity-sensitive
BCA. Conventional BCA sums the net benefits across the population. According
to conventional BCA, policies A and B are equally desirable and preferable to
policies C and D. Thus, the distribution of policy costs has no impact on the BCA
outcome, and policies that primarily benefit the disadvantaged are valued less
than similar policies with a more regressive distribution of health benefits. In
this specific example, all equity-sensitive BCAs agree on the ranking of policies
and recommend policy D over the alternatives” (p105).

Table 4. Results of conventional BCA compared to equity-sensitive BCA

Policy Policy Policy Policy Recommended
Approach A B C D intervention
Conventional

CBA 67.8 67.8 171 171 A and B equally

Utilitarianism 8.9  51.0 95 604  Poliov D, mot
Policy A

Note: Abridged version of Table 6 from Ferranna et al. (2024).

Thus, Ferranna et al. (2024) report welfare measures in ‘money’ (which, we suggest,
strictly applies only to ‘Conventional CBA’, but not to ‘Utilitarianism’), but continues
to rank (but not rate) projects. Importantly, there is no attempt to compare on a
cardinal basis the results of Conventional CBA against Utilitarianism — indeed, this
would not be valid, because the two sets of results are scaled differently. For
instance, in the case of Policy A, it would be an illusion to suggest that, having
introduced DWs, the value of Policy A has somehow deteriorated (i.e. from $67.8m
to -$8.9m).

48



SVYSTIF

4. EMPIRICAL EVIDENCE TO POPULATE DISTRIBUTIVE
WEIGHTS — RAPID REVIEW OF LITERATURE

4.1 Introduction
4.1.1 One of the three objectives of this study was to:

O ‘Undertake a literature review, and further quantitative (e.g. econometric) analysis
where necessary, to provide reasonable default assumptions for where the impacts of
transport investment ultimately accrue within society’.

4.1.2  This chapter will report a short synopsis of the review. The full review is available as
a separate technical note.

4.1.3 Thereview element of this objective was initially intended to be task of modest scale.
In practice however, the review proved to be wide-ranging, encompassing several
distinct lines of enquiry, as follows.

4.2 Economic theory of ‘direct’ secondary market effects

4.2.1 This material provided a useful starting point, by rehearsing the microeconomic
theory underpinning ‘direct’ effects on secondary markets.

4.2.2  We focussed especially upon the body of work by Mohring & Williamson (1969),
Dodgson (1973), Jara-Diaz (1986) and others, which examines the circumstances
under which the benefits of a transport improvement can be measured solely within
the primary (i.e. transport) market, even if those benefits are in practice ‘passed
through’ to secondary benefits (e.g. land, labour, and final goods) through market
transactions.

4.2.3 A key observation from the perspective of the current study is that, even if the
primary market offers an appropriate basis for measuring the overall societal benefits
of transport investment, it is unlikely to offer an appropriate basis for determining
the distribution of those benefits.

4.3 Economic theory of ‘indirect’ secondary market effects

4.3.1 Drawing upon work by Johansson (2021) and Johansson & de Rus (2018) among
others, this material gives a theoretical exposition of ‘indirect’ effects on secondary
markets, where pecuniary externalities arise because of substitutability or
complementarity between the two markets.

4.3.2 A good example would be where there is complementarity between the transport
and land markets, potentially leading to additionality in the secondary market which
would be omitted from a welfare assessment focussed upon the primary market.

4.3.3 The review considers two approaches developed by Johansson for dealing with
problems of this kind. The first (‘full’) approach can be seen as a sequential partial
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4.4

441

4.4.2

4.4.3

4.5

45.1

4.5.2

4.5.3

4.6

4.6.1

4.6.2

equilibrium approach, whereas the second (‘short-cut’) approach can be seen as a
less onerous approximation to the full approach.

A key limitation to highlight — given the focus of this review — is that the two
approaches deliver the correct measure of overall welfare, but the distributive
impacts across markets vary depending on the path of integration.

Microeconomic models of linkages between transport, labour & land
markets

We identified a small number of papers — by Tabuchi et al. (2023), Kim et al. (2001)
and Berg (2006) — which derive various measures of elasticity in the context of
transport, land and labour market interactions.

The Kim et al. (2001) paper is arguably the most interesting of the papers covered,
because it presents an empirical application (from the US) alongside a theoretical
model. However, it should be recognised that US urban economies differ from
European ones in important ways (e.g. Ahlfeldt & Pietrostefani, 2019). Even if Kim et
al.’s theoretical model is considered to have merit, then there will likely be issues of
transferability.

More fundamentally, it is arguably the case that transport policy seeks to change the
relationships captured within the microeconomic problems covered here, such that
the elasticities reported by the likes of Kim et al. (2001) reflect existing transport
quality and infrastructure design, rather than those to which an efficiency or welfare
analysis would point as optimal.

Opportunity cost of redistributive transfers

This material by the likes of Sudgen & Williams (1978) provided useful background
information of the shadow cost of public funds and similar concepts, but was not
considered to be on the critical path of the review.

That said, it should be highlighted that several papers in the literature explore the
theoretical interplay between the shadow cost of public funds and distributive
weighting.

We have recently been exploring these issues as part of a separate exercise and have
prepared a paper which can be supplied on request (Batley et al., 2025).

CGE and QSM modelling

With their origins in the economic geography and trade literatures, Computable
General Equilibrium (CGE) and Quantitative Spatial Models (QSMs) are micro-
founded economic models with a strong focus on the spatial dimension and observed
data.

In a recent review for the ‘Welfare Appraisal Under Land-Use Change’ DfT study
running parallel to the present study, Laird (2024) notes that a distinguishing feature
of QSMs is their highly granular representation of land rents, particularly in urban
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4.8

4.8.1

4.8.2

4.9

4.9.1

4.9.2

4.9.3

49.4

applications. Therefore, CGE and QSM models would, on the face of it, seem aligned
with the present study’s interest in primary-secondary market interactions and the
distribution of benefits.

Unfortunately, however, our review of this literature struggled to identify empirical
evidence on parameters/elasticities relating to these cross-market interactions
which could be readily extracted and exploited.

Spatial regression modelling

We identified a small literature exploiting econometric methods to explore bivariate
relationships (e.g. between transport costs and the supply of labour), but not higher
dimension interactions (e.g. also including the land/property market).

LUTI modelling

Laird (2024) characterises the class of LUTI models as comprising, in some shape or
form, the following functionalities: i) representing activities using land (or buildings
on land) in different zones (or other units) of a real town, city or region; ii) the ability
to forecast how these activities, and the land or buildings they occupy, will change in
response to specific changes in transport networks and services; and iii) the ability to
forecast changes in transport demands (and resulting congestion) given the transport
networks and services and the forecast land-using activities. Therefore, on the face
of it, LUTI models would seem to offer good alignment with the issues faced by the
present study.

Our review devoted particular focus to the DELTA/ULTRA model (e.g. DSC, 2019),
since this explicitly considers interactions between the primary (transport) and
secondary (specifically land and labour) markets of interest, and has previously been
applied to two case studies of distributive weighting. This material is covered in detail
Chapter 8 of this report.

Summary

The complete literature review is available as a separate technical note. Our
overarching reflection is that, despite considerable effort reviewing a diverse
literature, it proved very difficult to identify substantive theory or evidence which
satisfied the objective cited at the beginning of this chapter.

In other words, the review did not identify readily usable parameters and elasticities
which would support the implementation of distributive weights across primary and
secondary markets.

Given this outcome, it was agreed with the DfT client that the scope of the study
should be adjusted somewhat, directing effort towards the lines of enquiry which the
literature review had identified as most promising.

More specifically, it was agreed that the study should focus on generalised cost as
the key stimulus in the primary (transport) market, and to the extent that
consideration of secondary markets was feasible, the analysis of final beneficiaries
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4.9.5

4.9.6

4.10

should be restricted to the land and labour markets. Given our experience from the
literature review, even this reduced form problem appeared challenging.

On this basis, subsequent work was focussed upon the following tasks:

Transport market only — work was conducted exploring the principles and
practicalities of implementing distributive weights in the primary (transport) market
only. As part of this task, we reviewed draft guidance produced by DfT for applying
DW methodology to SR25 analysis.

Direct and indirect effects in secondary markets — work was conducted exploring the
principles and practicalities of both ‘direct’ effects (i.e. where there is a pass-through
of benefits associated with transactions between factor and final goods markets) and
‘indirect’ effects (i.e. where there is a pecuniary externality in a secondary market due
to substitutability or complementarity with the primary market).

LUTI models — work was undertaken to better understand the technical relationships
between the primary (transport) and secondary (land) markets within DELTA/ULTRA
and review the case study applications of distributional weighting.

The above three tasks are reported in Chapter 5, Chapter 7, and Chapter 8
respectively of this report.
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5. APPLYING DISTRIBUTIVE WEIGHTS IN THE PRIMARY
(TRANSPORT) MARKET — INCLUDING SUMMARY OF DFT’S

PROPOSED APPROACH
5.1 Introduction
5.1.1  This chapter reviews the practical implementation of DWs in transport appraisal in

5.1.2

5.1.3

5.14

5.2

5.21

5.2.2

5.2.3

GB. It explores the question of ‘how would we apply DW in a practical way’? As part
of this task, we review DfT’s preliminary DW methodology for SR25 analysis.

There are strong theoretical and empirical arguments for the use of DWs in CBA in
the general sense of the methodology (see Brent (2023) for a recent review) —i.e. not
specifically to transport. This is recognised in official appraisal guidance in the UK (HM
Treasury, 2022), where the use of DWs is recommended when it is appropriate and
proportionate to do so. But transport appraisal guidance, both in the UK and
worldwide, is yet to see the implementation of DWs. The purpose of this chapter is
to contribute towards taking this step in the transport sector.

The above should not be taken to mean that distributional considerations have been
completely absent from transport CBA. The widespread practical usage of ‘standard’
values of non-working travel time is a simple (but arguably imperfect) way of
mitigating for undesirable distributional effects. Their merits and limitations relative
to DWs have been discussed elsewhere (e.g. ITS & Arup (2023))°, but their adoption
in the UK is driven by a desire to average out observed income differences in WTPs
across various passenger groups.

Similarly, it should be noted that some have argued that the use of DWs is simply a
bias ‘corrective’ mechanism, “intended to correct the bias in WTP caused by
diminishing marginal utility of income” (Acland & Greenberg, 2023, p68)%¥.

Some general points

Many of the underpinning principles and practicalities have been discussed
elsewhere in this report and in our previous work for the DfT (ITS & Arup, 2023). We
will avoid repetition. However, it is worth re-stating and adding several points that
apply to the general case for DWs in CBA, before we move into the specifics of
transport, as follows.

It is widely accepted, backed by empirical evidence, that the marginal utility of
income (MUY) decreases as income increases — i.e. richer people value £1 less than
poor people.

The literature on DWs not only uses the term ‘income’, but also wealth (and
consumption), sometimes interchangeably (e.g. Hammit, 2021). Arguably an

® More generally, DfT (2024a) devotes an entire unit of guidance (TAG Unit A4-2) to distributional
considerations.

10 Technically, DWs and the use of standard values are two different concepts, even if they share a
common motivation for their use.
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5.2.6
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5.2.8

5.2.9

5.2.10

5.2.11

unresolved question is whether income is the correct measure of ‘richness’ to
underpin DWs: should it not be some amalgam of income and wealth? This issue is
considered in detail in Chapter 6 of this report.

Diminishing MUY is usually the main factor cited as the justification for DWs in CBA —
since this gives a definitive basis for weighting rich individuals differently to poor
individuals within the SWF.

However, Brent (2023) adds a neglected justification: the interdependence of utility
functions — “the rich individuals’ utility depends on what they consume, and what the
poor consume” (p5). This further reinforces the already well-established view that
impacts accruing to the poor should receive greater weight.

Estimates of DWs in the literature are invariably a function of income, using — in
various ways — the income position of a group n € N relative to a reference group
(e.g. an average income person or taxpayer). This function is typically modulated by
the elasticity of the MUY (Arup & ITS Leeds, 2024):

Y
DW, = (;—‘”’)“ (5.1)
n

The technical details of this specification are discussed in Chapter 3Error! Reference
source not found. of this report, which include important considerations on the
interpretation of u and the need for normalisation via some form of reference
income®l.

The above includes the case for unweighted CBA, when y = 0. The UK recommends
a value of 1.3, based on Layard et al (2008). Whilst the latter is somewhat dated, the
UK position is broadly supported by Acland & Greenberg’s (2023) extensive meta-
analysis, which reports a mean estimate for the UK (across 267 estimates and 48
studies) of 1.3 — but a somewhat higher mean of 1.612 across the entire dataset
(1711 estimates and 158 studies).

Acland & Greenberg (2023) make an important distinction, often missed in the
literature, between ‘utility weights’ and ‘equity weights’ (or ‘social welfare weights’,
using the terminology from Section 3). The former aim to correct a bias in WTP due
to diminishing marginal utility of income; the latter aim to account for external (e.g.,
decision-maker) concerns about disadvantaged groups. In this chapter, we refer to
DWs in the sense of ‘utility weights’.

They strongly argue that an ‘unweighted CBA’ does not represent welfare, in contrast
to others (e.g. Adler & Posner, 2006) who would see it as a ‘rough and ready proxy’
for welfare.

Partly related to the previous point, Acland & Greenberg (2023) also emphasise the
importance of being clear about the ‘units’ of the resulting metrics if DWs are used.
For any approach, there should be clarity about to what extent the resulting benefit
measures are expressed in ‘money’ units (e.g. £) or in ‘utils’.

11 We use notation “u” in this chapter to refer to the elasticity of the MUY.
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5.3 The application of DWs in transport

53.1

5.3.2

5.3.3

53.4

5.35

5.3.6

Let us assume that the aforementioned approach to defining DWs is accepted in line
with the literature, and a value of p is chosen. Assume also a decision is made on the
precise measurement of income (Y) — e.g. at personal/household level, including
decisions on the treatment of taxes, benefits and housing costs. All these decisions
will alter the final estimates, but will nonetheless provide a set of DWs, which is the
first essential step.

Much of the literature concentrates on this point, and no doubt efforts should be
placed here in the context of transport too. However, given that the Green Book
offers a specific approach to use in UK appraisal — the use of equivalised disposable
household income before housing costs — it would make sense for that to be the
default approach. Our view is that this step can always be tested and altered if
required at any time, but it is not the crux of the problem at hand. The main challenge
comes next.

Besides u, which is clearly prescribed in the Green Book, one must also determine
the definition of the groups n € N for which DWs will be estimated. There is no
established way of doing this. The Green Book, for instance, suggests the use of
income quintiles, which is a common approach in the literature (see Brent, 2023, p7).
This gives five DWs, one for each quintile, with values (depending on u) likely ranging
around 0.2-0.5 for the richest group (top quintile) and 2-3 for the poorest (bottom
quintile). The reference category is taken to be the taxpayer, assumed to have an
average income (median equivalised income).

It is interesting to note that the Green Book guidance talks about ‘programme
participants’, which in some way hints at an assumption of knowing who the
participants (beneficiaries) are, and their income (usually assumed to be relatively
low). Indeed, the common examples mentioned in the literature (e.g. Adler, 2016;
Brent, 2023; van der Pol et al., 2017) relate to interventions targeting specific
households or income groups (e.g. childcare programmes, cash transfers, etc.).

Below we briefly articulate key areas and issues that should be considered to develop
a practical approach for DWs in transport CBA. These will then be contrasted against
DfT’s proposed approach.

What is the main problem in transport for DWs?

Transport CBA measures benefits in terms of ‘trips’, not people or households
(‘participants’). Thus, implementing DWSs in transport requires the additional
challenge — relative to other sectors — that:

a) Trips are matched to the people making them (and their respective
income segment).
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b) If travellers are not the final — or only — beneficiaries, explicit

assumptions should made about the interactions between trips
(transport), the housing market and labour market.

5.3.7 There are in principle many ways to think about this process. The simplest
proposition is to ignore the interactions with housing/labour and focus on solving
problem a) first. Then build upon a solution to a) to incorporate assumptions on
market interactions b) in a pragmatic way. This is the approach taken in this chapter,
which we believe is the best practical option for the generality of transport scheme
appraisal applications.

5.3.8  Note that, apart from (the variety of) passenger groups, transport CBA also includes
impacts on other agents beyond passengers, such as businesses, freight users,
transport operators and taxpayers.

Key steps in implementing DWs in transport CBA

5.3.9 It would seem useful to define the key steps envisioned to implement DWs. For
instance:

O Define relevant groups/agents (for example, as follows)%:

Government and taxpayers

Transport operators

Passengers (split into segments based on income)
Freight users

Businesses (general)

Consumers (general)

Landowners.

O Obtain income data:
° Establish the availability of income data for each defined group
O Estimate and apply DWs:

° Calculate DWs for each group and apply these to the benefits and
costs for a weighted CBA.

5.3.10 Inprinciple, the above steps could be straightforward if all groups belonged to a well-
defined income group, regardless of the scheme in question. However, that is not the
case in practice. At the heart of the problem is the fact that each scheme will benefit
a specific group of passengers, and not all passengers have the same income. For
businesses and freight, how should their income/wealth and thus their DWs be
defined? Or are their impacts passed on to the economy as a whole, and thus
consumers and households are the final beneficiaries?

12 There will be overlaps across groups and dynamic effects (e.g. impacts being passed on from one
group to another). Assumptions would be required to determine at which level the analysis is
performed (e.g. who are the final beneficiaries of each impact category).
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5.3.17

Segmenting passenger groups

The main challenge is to set the groups n for which DWs will be estimated. If for every
trip forecasted we knew the individual making it (and their income), then there would
be no problem?3. Unfortunately, trips are forecasted at an aggregate level, and trip
data may be limited to OD, mode, purpose and distance information. With that in
mind, consideration should be given to the following factors.

Feasibility of income segmentation

What are the practical options to segment passenger groups by income, given the
constraints of the rest of the appraisal and modelling system?

One option is to use pre-existing segmentation levels (e.g. purpose, mode, and
possibly distance of trips). These would require a set of discrete DWs to be estimated,
with the advantage that these could be mapped into standard valuation metrics (e.g.
VTTS), if they contain income data.

Adequacy to address the distribution problem

Does the proposed solution address the fundamental problem of capturing the
distributional impacts of transport?

One criteria could be whether the ‘programme participants’ (using the Green Book
terminology) would be well identified — in a transport context, are the ‘participants’
simply the travellers benefitting from a particular scheme, and can we accurately
identify their income/wealth and assign appropriate DWs?*

For example, using pre-existing segmentations may work well for some schemes but
not others. Evidence indicates that bus users would be consistently identified as a
low-income group. Thus, such an approach would make a difference for schemes
targeting bus users (e.g. bus fare cap policies). However, what about typical mixed
mode (e.g. car and rail) schemes? A priori, it is not obvious how the income
distribution would play out, although it is likely that leisure/other non-work travellers
would be associated with higher DWs on average relative to their commuting
counterparts.

In other words, it is difficult to characterise the standard mode/purpose
segmentations in terms of income, and the distribution of richer and poorer
travellers will vary by location and scheme. Moreover, the policy concern may well

13 Technically the NTS gives us this but only for a representative sample and it would be onerous to
collect local data for every scheme case.

14 Admittedly, even in the GB case study, it is not entirely clear who the ultimate beneficiaries from
social security are.
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be the location of the transport intervention in question, e.g. a deprived area (and
not the mode/purpose split of travellers passing through the area)®.

The above suggests that there may be a trade-off between developing a general ‘off-
the-shelf” DW approach that works for any scheme (on the back of pre-existing
segmentation levels), vs. a more sophisticated DW approach capable of considering
location-specific income differences for policy cases where redistributive goals are a
key driver (i.e. bringing the DIA firmly within the quantified appraisal)!®. Or perhaps
both options are compatible. All this would need to be balanced against
proportionality, since there is a risk that small local transport projects might require
more sophisticated treatment than some larger projects.

On the other hand, one could argue that what really matters is that any given
approach produces DWs and behavioural values that are internally consistent with
each other within each group n —and, in this respect, the overriding consideration is
whether DWs have a material impact on value for money assessment. In other words,
one could be prepared to accept imperfections in the segmentation approach
provided these do not unduly bias the policy outcomes.

Separation and consistency between weights and valuations

For the most part, DWs should be applicable to any type of benefit or cost for a given
segment n (but some exceptions may apply on moral grounds, such as the value of a
statistical life — we will discuss this point further in Chapter 9). On this basis, DWs for
any given segment n should ideally be separated from the valuations of benefits or
costs for the corresponding segment. However, values and weights should apply to
the same identified groups, to ensure consistency in the marginal utility of income —
which is a component of both.

When presented separately, it would be possible to apply DWs consistently
throughout the appraisal, i.e., for any impacts. We further argue that this will
promote better quality applications and transparency in practice, since it is likely that
new guidance on DWs will introduce significant complexity for analysts. We also note
that, in principle, we would expect any given group n (associated with a given level
of income), to have only one and the same DW,, that is applied to any costs and
benefits relevant to that group.

15 Consider the case of having (national) average DWs for rail commute and leisure trips. It is possible
that, for an income-deprived area, these national DWs (and their counterpart behavioural WTPs) are
not representative of the population of rail users in that area (in terms of income). Thus, the use of
such DWs might not lead to a materially different result than current TAG practice, and may not
provide a deeper assessment of the distributional impacts (this is of course hypothetical and should
be tested using real case studies).

16 For example, Boardman et al. (2018, p552) suggest that distributive weighting should “be limited to
policies that meet the following two conditions: (1) they are targeted at the disadvantaged or treat the
advantaged and the disadvantaged differently, and (2) they result in reductions in overall social
efficiency but make low-income persons better off, or they increase social efficiency but make low-
income persons worse off”.
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5.4.2

5.4.3

5.4.4

545

In situations where values and weights cannot be segmented in a consistent manner,
thought should be given to a fallback approach, such as using some form of average
value for pragmatic reasons — but acknowledging that this could introduce
inconsistencies (especially if we expect the valuation for group n to deviate
significantly from the average).

Review of DfT’s proposed DW methodology (SR25)

The DfT has put forward a document (DfT, 2024b) that sets out a recommended
approach for DW implementation in the short term (for SR25 analysis) — while
awaiting the present study to be completed to inform a more definitive approach.
This section reviews DfT’s proposed approach and relates it to the above discussion.

As presented, the approach is structured with a focus on user benefits, while also
addressing ‘other impacts’ subsequently. The presentation starts somewhat directly
with a solution to the core problem of matching trips to income levels by means of a
passenger segmentation approach. This is built around VTTS values. However, it does
seem that the approach, in one way or another, covers the set of issues discussed
above.

The approach aims to implement the Green Book’s recommendations for DWs, and
thus it is taken as given that generally DWs will be defined as noted earlier in equation
(5.1), with the prescribed value of 1.3 for u:

Y,
DW, = (D™ (52)
n

While not explicitly stated, it seems the approach considers the need to apply
distributive weighting to the key agents in a transport CBA, as discussed earlier. For
instance, it mentions the following specific groups and their average DWs (Table 5).

Table 5. DWs proposed in DfT (2024)

WEIGHT
Traveller/wages 1.00
Return to capital and land 0.76
Consumer prices 1.09
Government 0.94

It would seem useful to provide a complete list of agents/groups considered and their
resulting DWs (or an indicative DW value based on expectations, e.g. around, above
or below 1). This information is contained in an accompanying spreadsheet rather
than stated upfront.
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5.4.7

The initial approach to DWs for passengers is linked to the VTTS and existing
segmentations by mode/purpose etc. (points 2.2 to 2.5 of DfT’s note). In addition,
the approach considers that “if income segmentation is available, it should be used
to provide a more refined estimate of DW’d benefits” (#2.6; p3). We interpret these
as two distinct segmentation approaches for implementing DWs in transport, as
follows.

i) Segmentation by income

For simplicity we start with the latter option of direct income segmentation based on
local data for a particular scheme. This seems a fairly standard and generalisable
approach to DWs, whereby:

O DWs are estimated by income groups
O DWsare applied to all impacts (both time and cost)
O Behavioural values of travel time are used in the benefits calculus

5.4.8

5.4.9

5.4.10

DfT’s proposed formulae are in line with conventional applications in the literature.
The RoH terms are an aggregate measure of the total measured benefits (e.g. At,)
considering the number of trips involved, and weighted benefits are obtained by
multiplying the estimated (behavioural) values of group n by its respective DWW;:

B_VTTS,

TAG VTTS,,
= DW,, - (B_VTTS,, - RoHE™® + RoHS%!)  (5.3)

Benefit?VW = DW,, - (TAG_VTTSn - - RoHLIme + RoH,gosf)

Where:

TAG_VTTS is the standard average VTTS (by income segment n)
B_VTTS is the behavioural or ‘raw’ VTTS (by income segment n)

It is not specified which groups might be identifiable or considered under this
approach for income segmentation (e.g. modes? specific areas?).

i) Segmentation by mode, purpose, distance and geography

Now moving to the alternative option of passenger segmentation:

O DWs are estimated by mode, purpose, distance and geography
O DWsare applied to all impacts (both time and cost)
O Behavioural values of travel time are used

54.11

DWs would be applied separately for time impacts (via VTTS) and for cost impacts,
“for whatever segments are available (mode, purpose, distance band). More
segments are better, but at a minimum benefits must be split by purpose”. Time and
cost benefits would be multiplied, respectively, by (noting that we have added the
subscript m to DfT’s original notation, as we believe this is needed):
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Multiplieryime,,
DW _VTTS,,
= Pusery, * m + (1 - puserm) *Wabstracted
B_VTTS,,

‘Tacvrrs, Y

Multipliercostm = Pusery, DWp, + (1 - puserm) *Wabstracted,, (5.5)
Where:

TAG_VTTS is the standard average VTTS (by purpose, mode and distance
segment m)

DW _VTTS is the distributionally-weighted VTTS (by purpose, mode and distance
—and, optionally, by region (GOR) — segment m)

B_VTTS is the behavioural or ‘raw’ VTTS (by purpose, mode and distance
segment m)

Duser is the assumed proportion of benefits retained by the transport user (by
purpose, mode and distance segment m)

Wepstracted 1S the average DWs for benefits abstracted away from travellers (by
purpose, mode and distance segment m).

In our understanding, the approach would broadly correspond to equation (5.3)
above, albeit with a different set of segments (not by income directly but by specific
groups by purpose, mode, distance and GOR). Another difference would be the
addition of components related to ‘dynamic effects’ in the second half of the right-
hand side of the equations (via Wypstracted)- The correspondence can be seen by
assuming pyser = 1, through the following expression:

Benefith" = pyser,, * DWp, - (B_VTTS,, - ROHE™® + RoHE*SY) + (1 —
puserm) * DWapstracted * (B—VTTSm ' ROHrtrl;me + ROHrCn?St) (5-6)

We leave the discussion of how to deal with ‘abstracted benefits’ until later. What
seems of the essence is to develop a robust approach for the first component of this
equation, namely, for the expression DW, - (B_VTTS,, * RoHL™® + RoHSOSt).
Several questions emerge, as follows.

The approach relies on having a prepopulated set of B_VTTS (for an ‘efficiency CBA’),
plus a set of DW and DW_VTTS (for a ‘social welfare CBA’) — noting the potential for
controversy around these different characterisations of CBA (we will expand on this
below).

In a challenge to many scholars, Acland & Greenberg (2023) argue that defining
‘unweighted CBA’ as a measure of ‘efficiency’ is problematic, because by valuing
goods in ‘unweighted dollars’, it does not actually involve maximising welfare. We
believe these arguments should be revisited thoroughly, in order to provide a clear
view on what the interpretation — and use — of an ‘unweighted CBA’ should be'’. In

7 This should explore also the role of unweighted CBA in modelling, since one of the positive aspects
of using behavioural WTPs (‘unweighted money’) is that they can improve predictions and, thus, the
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5.4.17

5.4.18

5.4.19

5.4.20

some ways, if one sees DWs as a ‘correction mechanism’, then it follows that the
‘unweighted CBA’ plays no welfare role, although its inputs (i.e. behavioural values)
can be useful for modelling and other aspects of the appraisal (e.g. to inform pricing
choices).

Is equation (5.6) correct? We have assumed that DW_VTTS,, = DW,,, - B_.VTTS,,;
but does that hold? And, if not, what would be the justification for a discrepancy? In
practice, the above identity will hold for an individual NTS trip, but differences may
arise in the aggregation process. Our understanding is that this can cause DWs to be
different for time impacts (VTTS) than for cost impacts (e.g. fare), even for the same
group/segment (with a given known income level). We believe that the issue of
possible variation in DWs within a given segment is theoretically problematic and
needs to be resolved®.

Does the calculation of the DW term require income data from the 2014/15 national
VTTS study? The DfT note suggests that there is a choice between the approaches
presented, depending on whether income segmentation is available. However, the
selection of which segmentation to use for distributive weighting is a defining feature
leading to distinct approaches, and there may be situations where both options are
available. Future guidance should clarify the implications of each option and the
position DfT takes on each approach — DfT (2024b) suggests that there is a preference
for employing standard segmentations such as mode and purpose.

In terms of the approach pivoting off standard segmentations, we note that the
selected segments are favoured “on the basis that in most cases user benefits will not
be mapped to income levels, given most transport models are not income segmented”
(DfT, 2024b, p2).

Other arguments mentioned in favour of this segmentation approach, which are
worth re-stating here are the following.

“Mapping user benefits to origin or trip production zones and then assigning local
area incomes, as sometimes done for DIA, will generally not be robust because of
significant intra-area income differences across modes” (DfT, 2024b, p2). However, it
may also be true that there are significant intra-mode income differences across
areas. How can we establish which approach is more robust? We think any approach
should be flexible enough to capture the key income differences in the most suitable
way (in some cases the proposed segmentation would be best, but in others an
income-area approach similar to DIA may be needed).

understanding of the actual impacts of transport (e.g. the demand given the actual WTPs of various
groups, considering actual ability to pay, etc.). Even if there is no role in appraisal for ‘unweighted
CBA/, there is a role in modelling for the use of behavioural values (i.e. the inputs of a completely
unweighted CBA).

18 Consider a simplistic project that gives the same time savings to a given group of travellers (with a
known income level). This group also must pay an increase in fares. Assume that the increase in fares
is exactly equal to the assumed value of time savings, so that the two would cancel out (NPV = 0). If
DWs are used, this should not affect the outcome in this case. However, if a different DW applies to
fares than to VTTS, then DWs would affect the outcome (leading to a NPV < 0 or NPV > 0), which
would be incorrect.
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5.4.22

5.4.23

5.4.24

5.4.25

5.4.26

DfT’s own work tested this question empirically and concluded that once mode,
purpose and distance are controlled, then location (at least at the GOR level)) has no
significant influence on DWSs. Our question would be whether such tests were
undertaken using the VTTS tool, or by re-running the choice models from the VTTS
study dataset. We wonder whether it is possible that the models, which control for
many variables (especially including income), had already captured location-specific
effects, which would explain why the VTTS tool failed to identify any (residual)
locational factors.

“Furthermore we distance weight VTTS in TAG, which skews heavily towards higher
income travellers who travel much more. Area based averages will not reflect this
dynamic. Our analysis shows that after controlling for mode, purpose and distance,
geography has relatively little impact on DW VTTS” (DfT, 2024b, p2). We think there
are separate arguments around ‘valuation’ and around ‘DW’. First, the VTTS results
will in themselves have limitations as to what they can tell us about segmentation —
as we know, there are complex interrelationships at play. But, second and most
importantly, even if the results show that “geography has relatively little impact on
DW VTTS” (DfT, 2024b, p2), that does not mean that geography has little impact on
income and thus DWs. Also, for distributive weighting it may be important to
consider not only possible regional variations, but also more localised income
variations that will never be part of a generic segmentation in VTTS data — how could
we capture that?

“VTTS are available by GOR, however, which can be used if desired (except for EB,
where for non-car modes, sample sizes are insufficient to robustly segment by GOR)”
(DfT, 2024b, p2). Indeed, the resultant behavioural VTTS by geography are
remarkably similar (identical across regions in most cases). What is the reason behind
this? Are there any possible model or data artefacts that prevent us from seeing
variation across regions? (e.g. the VTTS models, by already controlling for income,
are implicitly picking up any geographical variation — such as London vs rest of GB?).

Another possibility if income data is not available is the following (loD), taken from
the TAG DIA guidance: “2.1.7 If disaggregate income data is not available, it is
recommended that the national Indices of Deprivation (loD) income domain data is
used to illustrate the potential distribution of user benefits amongst different income
groups. See the discussion from paragraph 1.4.22 for further details and the caveats
of its use” (DfT TAG Unit A4.2, p18).

In the light of the two approaches proposed by DfT, it would seem useful to explore
whether they arrive at consistent answers using a sample of real schemes. More
generally, given the distinct features of each approach, thought should be given to
the circumstances under which guidance would direct the analyst to one approach
or the other.

Our preference would be for an option that clearly and explicitly separates the
estimation and presentation of DWs from valuation inputs. At present, this seems
more likely to occur with equation (5.3); however, in principle, it would seem possible
for the second option to be reworked to avoid using the conflated term DW_VTTS,
as in equation (5.6). We will return to this point in Chapter 9.
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Interactions with other markets in the DfT’s approach

As noted above, the proposed approach includes a mechanism to account for the
possibility that part of the benefits would not accrue to passengers and instead would
be transferred to other agents. This requires the calculation of DWs for those agents,
which includes land and capital owners and consumers. The proportion of abstracted
benefits (given by 1 — p,s.-) has been estimated for some groups, using a mix of
evidence and reasonable assumptions. For instance, the proposed parameters
suggest the following:

Commute trips: 26% of the benefits are passed on to land and capital owners, with a
DW that indicates their higher income (DW = 0.76).

Leisure trips: 13% of the benefits are passed on.

Business trips: 85% of the benefits are passed on to a combination of land and capital
owners, to consumers (via prices) and to government, leading to a combined weight
(DW = 0.93).

This part of approach requires deeper review, due to the multiple assumptions and
evidence sources that it draws upon. For example, what is the rationale for valuing
the ‘passed-on’ benefits to agents other than travellers (e.g. land-owners) using
B_VTTS as opposed to some form of representative average? That said, DfT’s
proposals in this regard do seem to be a pragmatic approach which shows potential
as an initial attempt to account for these complex dynamics in DWs.

5.5 Summary and conclusion

5.5.1

5.5.2

5.5.3

554

This chapter has discussed the practicalities of implementing distributive weights
only in the primary (transport) market, including a review of an initial approach
proposed by the DfT. From this exercise, we can draw out a few key points and
concluding remarks, while noting that this is only one component of the jigsaw and
therefore the goal here is not to arrive to a final judgement at this point.

The Green Book guidance on DWs outlines a set of principles that are largely aligned
with the state of the art (e.g. Brent, 2023; Adler, 2016). This gives us a definitive
functional form for the DW and its required parameter u = 1.3.

However, when it comes to the practicalities of distributive weighting, the guidance
provided in the Green Book for the general case turns out to be too simplistic for the
transport case. This is because, besides u, one must also determine the definition of
the groups for which DWs will be estimated. This step is far from straightforward,
even if we ignore all interdependencies with other markets and focus on the
transport market.

The crux of the problem is that transport CBA measures benefits in terms of ‘trips’,
and not people or households. In contrast, Green Book guidance talks about well-
identified ‘programme participants’ — normally corresponding to households in low-
income groups targeted by the intervention.
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In this chapter, we have tried to think through the key steps required to implement
DWs in transport. At the heart of this are: a) the need to come up with a DW for every
major group/agent typically included in a transport CBA and b) an approach to define
the groups for which DWs will be estimated.

We argue that the priority should be to develop a robust approach that includes DWs
within the current ‘transport market’ analysis. This could later be extended to
accommodate interactions with other markets.

Any approach should maintain a clear separation between DWs and valuation inputs
(i.e. estimate DWs that can be observed separately from the valuation counterparts
of the group they represent). In other words, any given DW would be applicable to
all benefits and costs accruing to that group.

Notwithstanding the above, there is merit in linking the estimation of DWs to the
main valuation inputs (e.g. VTTS in transport), since data on income and
segmentation can make this a feasible practical option. However, DWs should be
reported separately from behavioural VTTS for clarity and transparency.

Any approach must be assessed in terms of its adequacy to deal with the instances
where redistribution is likely to be important. In many cases, it is possible that a
generic approach pivoting off existing VTTS segmentation cannot deal with all
relevant instances. There should be thorough testing of the approaches and
assumptions for application to different scheme types, mindful of proportionality.

Thus, an approach should be flexible and/or include a mechanism to deal with area-
specific income differences, beyond what is captured in a general approach, for those
schemes where distributional concerns are of the essence.

In broad terms, DfT’s proposed approach to DWs is compliant with the Green Book.
It puts forward a concrete solution for each of the key building blocks. The DfT’s
approach puts forward two options for defining the groups for which DWs would be
applied — which is, arguably, the fundamental challenge to be addressed.

It is however unclear whether DfT’s approach has been assessed in terms of dealing
with situations where the chosen groups are too general to capture local income area
differences (especially if these are a key driver for the policy intervention). In our
view, the approach would also benefit from a more structured presentation that
clearly demarcates unit valuations and DWs as separate inputs to the CBA.

In addition, DfT’s proposed approach includes a pragmatic mechanism to
accommodate various sets of final beneficiaries (beyond the transport market) within
the measured benefits. This arguably is not a necessary feature and would certainly
benefit from more thinking, but is nonetheless a welcome first step in this direction.

A set of more fundamental and essential questions remain open, such as determining
the interpretation of the new benefits measures (with DWSs) and the interpretation
and use of the ‘unweighted CBA'.

Finally, this chapter, following the Green Book, has focused on distributional issues
and the implementation of distributive weighting in relation to income/money
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wealth. However, as widely acknowledged in the literature, there may be
distributional concerns on other factors too. In transport, a key factor is time. The
amount of (available) time for various groups may be something to consider more
explicitly in future research and possible applications of DWs, as recently flagged by
Goodwin (2025) —i.e. the degree to which some groups are ‘time poor’ or ‘time rich’.
Of course, while some of that is expected to be captured through appropriate
segmentation in the VTTS, it is an important consideration for a holistic appraisal
approach that addresses equity in transport.
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Appendix: A note on the use of DWs for business trips

It is obvious that there can be a long chain of actors from primary producers to
manufacturers to the logistics and distribution sector to retailers to final consumers.
A transport scheme such as the A66 Scotch Corner to Penrith dualling carries traffic
which is very diffuse in its origins and destinations and may be far removed from the
locations of the production/manufacturing processes and the final consumers. For
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that kind of national transport network project, we see little prospect of a spatially
disaggregated approach.

We think that the default generic assumption is that transport costs are a component
of the costs of doing business and that changes in the costs of EB and freight transport
flow through directly into costs. Furthermore, we think that the implicit assumption
is that markets are competitive and that cost changes will flow through fully into
changes in prices. Changes in prices impact on final consumers so that the
distribution of benefits can be assumed to be proportional to the distribution of
consumption (which might be different from the distribution of income).

The above arguably represents the status quo as well, given that the current
approach to VTTS simply uses behavioural values®® — moving away from any concerns
about equity, largely for the same reasons that business and freight trips are simply
‘costs’ of doing businesses more generally which affect the economy as a whole and
not specific individuals.

We now list some qualifiers to that generic proposition:

Some schemes of the dependent development type might have spatially specific
impacts on particular places and industries, sufficient to warrant a more disaggregate
approach.

Improvements to employers business trips may accrue partly to the employer and
partly to the employee making the trip. For example, the Hensher model splits the
benefits between employer and employee. So, it might be appropriate to assume that
a proportion of the benefits accrue to employees rather than going through into
changes in prices®. In that case, data would be required on the income characteristics
of employees undertaking employers business trips.

The product market might be imperfectly competitive as is tacitly assumed in the
wider impacts sections of TAG (though not, as we read it, in the direct transport
benefits sections of TAG). In imperfectly competitive markets, cost reductions would
not be expected to be fully reflected in price reductions, so increases in margins would
accrue to shareholders rather than consumers. This issue is examined more fully in
Chapter 7.

So, to move from the default to take account of these qualifiers would require a
significant increase in the amount of information even at the aggregate level. For
discussion is how far it is worth adding complexity in the treatment of EB and freight.

It may be possible to just use behavioural values, and allocate business trips a DW that
associates them with the median income in the simplest case (DW = 1). Or, to add
precision, to use a DW in line with their expected mix of beneficiaries (e.g. employer,
employees, landowners, consumers). Variation by mode and distance could be added
if this is part of a general approach based on the VTTS data that facilitates such
segmentation (e.g. as per the discussion above).

1%Subject to the caveat that travellers weighted by mileage are richer than consumers in general.
20 See Batley et al. (2025) for a discussion of the theory and evidence on this issue.
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6. DEFINITION OF INCOME FOR DISTRIBUTIVE WEIGHTING

6.1

6.1.1

6.1.2

6.2

6.2.1

6.2.2

6.2.3

6.2.4

Introduction

This chapter seeks to respond to three requirements set out in the RfP for the present
study:

‘Draw upon theory and empirical evidence to review the definition of income employed
within distributive weights (DWs) — a particular focus of this review would be the
distinction between equivalised disposable household income and equivalised
household consumption;

Review of regional price differentials, and the need to adjust DWs accordingly, taking
care to demonstrate that such effects are additive and not confounded with housing
costs or quality variations across goods and services;

Set out the precise theoretical conditions which motivate the existing Green Book
formulation of DWs’.

Each of these requirements is devoted a section of this chapter.

Income data

To implement the DW formulations introduced in Chapter 3, it is necessary to
populate their respective numerators and denominators with appropriate measures
of income.

In broad terms, the Green Book associates the numerator of the DW with the
‘beneficiaries’ of government investment, and the denominator with ‘taxpayers as
funders’ of government investment. Applying this dichotomy to the transport case,
DfT’s (2023a) paper defines the ‘beneficiaries’ as travellers and the ‘funders’ in the
same manner as the GB — which would seem reasonable.

With regards to the numerator of the DW, DfT (2023a) extracts data on incomes and
household composition from the National Travel Survey (NTS) for road-based travel
from 2010-12, and (due to its superior sample size) from the National Rail Travel
Survey (NRTS) for rail travel outside of the South East and London from 2004. Both
the NTS and NRTS record income data in terms of household gross income, albeit
with different bandings and different treatments of the average within each band.
Whilst different methods are applied in each case, both income datasets are uprated
to 2014, on the basis that the proportion of travellers in each income quantile is
constant over time — further discussion is given in DfT’s paper.

With regards to the denominator of the DW, DfT’s paper bases the MUY of the
reference individual on:

O the MUY of the median income earner across all households in the ONS (i.e. not just

travellers) in the case of (3.10), and

O on the tax-weighted average MUY across households in the case of (3.12).
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6.2.5

6.2.6

6.2.7

6.2.8

6.2.9

6.2.10

6.2.11

6.2.12

A particular focus of this chapter is to review DfT’s approach for defining measures
of income — and surrogate concepts, e.g. consumption and expenditure. DfT’s
approach follows several stages, beginning with a general definition, and gradually
becoming more specific, as follows.

Household vs. personal

Both Layard et al. (2008) and the relevant section?! of the GB (HMT, 2022) employ
income data at the household level — and this would seem uncontentious. DfT follow
this convention.

Equivalised vs. unequivalised income

Equivalisation aims to make different households’ incomes comparable, by assigning
each household member a weight, and then summing over members to give a
household weighting factor. Household income is divided by that factor to give an
equivalised income which is the same for each household member. The GB
recommends the use of equivalised income for DWs —and the DfT paper follows this
guidance.

To give some corroboration for this practice, it is noted that, whilst DWs are not
standard in official Dutch CBA guidance, the discussion and case study (concerning
childcare benefits) in van der Pol et al. (2017) refer to ‘adjusted’ income (specifically,
“Adjusted for differences in size and composition” (p14)) — which is essentially the
same concept.

Equivalisation is also strongly advocated in Acland & Greenberg’s (2025) recent paper
on the practicalities of implementing DWs.

Interestingly, Layard et al. (2008) do not subscribe to the same approach, remarking
that they: “...normalised to income per equivalent adult as we see children as a choice
variable, so that income normalisation is misleading for our purposes” (p1850).

On the face of it, this introduces an inconsistency into DfT’s paper (which follows the
Green Book), since their income data is equivalised whilst the marginal utility (p =
1.3, from Layard et al. (2008)) is based on unequivalised income. The DfT paper
acknowledges this point but reassures the reader that: “this makes little difference
at a UK level as each decile income group has similar family composition” (p13).

Disposable income

Both the GB and Layard et al. (2008) employ disposable income, as does van der Pol
et al. (2017), where this is defined as household income after income taxes and lump
sum benefits. When considering income inequality more generally, it is conventional
to measure income in terms of household disposable income (e.g. Eurostat (2024),
ONS (2024)). DfT follow this convention.

21 Annex A3: Distributional Appraisal.
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6.2.13

6.2.14

6.2.15

6.2.16

6.2.17

Consumption

Whilst less conventional in the context of DWSs, DfT also consider a variant of
disposable income which includes ‘benefits-in-kind’. HMRC’s definition of the latter
is ‘goods and services provided to an employee for free or at greatly reduced costs
(e.g. company car for private use)’, but DfT’s interpretation focuses upon
government-funded goods and services such as healthcare.

Acland & Greenberg (2025) highlight both pros and cons of formulating DWs in terms
of consumption: “We use the term ‘income’ throughout the paper, which is consistent
with the limited literature on weighting in practice, but of course, the correct
argument of the utility function, and thus the correct measure to use when applying
utility weights, is consumption. This includes all non-market consumption such as
public goods, health, risk, and environmental goods, under the assumption of
diminishing marginal utility of consumption in all dimensions of consumption. There
are several problems with this. The most obvious is that measuring all dimensions of
non-market consumption for any given population would be impossible in most cases.
Another problem is that there is little if any evidence on the elasticity of marginal
utility for the various non-market dimensions of consumption. Additionally, it may be
that there are cross-elasticities, for example the elasticity of marginal utility of health
with respect to income” (pp6-7).

Housing costs

In the context of DWs, both the GB and Layard et al. (2008) consider household
disposable income before housing costs — but the DfT paper questions this approach
when applying DWs to transport, on the grounds that housing and transport may to
some extent be substitutable. They comment: “Housing costs are highly relevant to
transport policy since a premium is paid to live closer to amenities and work, such as
in city centres. However, an SP study or hedonic regression would need to be
attempted to separate UK house price variation into amenity/work proximity and
other quality factors. Therefore, in our analysis, we have shown a crude variant with
consumption net of regional average housing costs. Capital mortgage payments are
excluded as we treat them as an investment” (p12).

There would seem to be several issues here which require unpacking.

The monocentric city model

DfT’s proposition would seem to emanate from the classic Alonso-Muth-Mills
monocentric city model (Alonso, 1964; Muth, 1969; Mills, 1967), which assumes a
city with a fixed populus located around a central business district (CBD). Each worker
travels into the city centre for work, incurring commuting costs which increase with
distance. Households would generally wish to locate closer to the CBD, but land and
space are limited, leading to an increase in the price and density of housing closer to
the CBD. As a result, households are faced with a trade-off between living closer to
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the CBD in smaller and dearer housing but with lower commuting costs, or living
further from the CBD in larger and cheaper housing with higher commuting costs.

This model has attracted a vast academic literature, but is widely seen as a theoretical
device which bears limited resemblance to real-world polycentric urban areas. That
said, it is useful to consider the role of transport costs within such a model, as
illustrated by a practical case study based on the “characteristics of a large Australian
city” (Kulish et al., 2011, p5). Of particular interest to the present discussion is a
scenario of this case study which involves doubling transport costs — which produces
the results presented in the figure below.

Figure 5. Reproduction of Figure 3 from Kulish et al. (2011)

Figure 3: Effects of Higher Transport Costs
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“Because commuting is more costly, households have a stronger incentive to live
closer to the CBD, and the city size is significantly smaller as a result (lower right
panel), with the calibration suggesting a fall in the radius of the city from 35
kilometres to around 21 kilometres. To accommodate the denser population,
building heights are higher close to the CBD (middle left) and dwelling sizes are
smaller (upper right). Housing and land prices are also higher close to the CBD
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6.2.20

6.2.21

6.2.22

6.2.23

6.2.24

(upper and lower left panels). At greater distances from the CBD, several of the
curves cross: with higher transport costs, it is more costly to live further out, so
housing prices, land prices and density near the new city fringe (around 20
kilometres) are lower than at the same distance under low transport”.

“Overall, the effect of poor transport infrastructure and higher transport costs is
that households spend more of their resources commuting, live in smaller homes
and face higher average housing and land prices. By contrast, the model suggests
that well-directed investment in transport infrastructure makes it more feasible
to live further from the CBD and can thereby reduce the cost of housing”.

This case study supports DfT’s proposition that transport and housing are
substitutable — but it should be reiterated that the monocentric city model is a
theoretical device from the economic geography literature which offers a very
stylised characterisation of the reality.

Proportionality

It is unambiguously the case that housing accounts for a large proportion of
household income — 23% of total consumption in 2016, according to Hearne (2020),
based on the ONS’s consumer prices index including owner occupier housing costs
(i.e. CPIH). Therefore, the inclusion or exclusion of housing costs can have a
substantive impact on overall income.

Hearn’s (2020) paper, which is concerned with regional price differentials, claims to
follow ‘international best practice’ on the definition of housing costs, which he gives
as follows:

“For the rented sector, the cost of housing services is relatively (although not
completely) straightforward to measure: the cost of housing is simply the rental
price. For owner-occupiers, the cost of housing is measured by the method of
rental equivalence — how much would it cost the homeowner to rent their home
in the private market” (p954).

Justifying this definition, he elaborates:

“To see why this is the appropriate measure to use for the purposes of this paper,
note that a house performs multiple functions for an owner-occupier: it is a
financial asset as well as providing a roof over one’s head. For the purposes of a
PPP, what is of interest is the cost of the consumption service that a house
provides. Moreover, the value of the housing services one consumes should not
change dependent on the ownership structure” (p954).

All things considered, we would question the approach of extracting housing costs,
for the following reasons.
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6.2.25

6.2.26

6.2.27

6.2.28

6.2.29

If (non-capital) housing and transport are substitutable then why extract one from
the budget but not the other? This seems inconsistent with one of the central
arguments in Chapter 7 to follow — that pecuniary externalities induced by
complementarity or substitution between transport and secondary goods could
generate additional benefits which affect not only the BCR but also the distribution
of final benefits.

In the literature on regional price differentials (discussion of which follows below),
best practice is to include housing costs.

Having said the above, we do see application issues. Consider the appraisal of a
scheme such as the A303 Stonehenge Tunnel. Much of the traffic would have origins
and destinations in a very wide area covering much of London, the South East and
the South West, possibly outside the study area of the scheme (external to external).
The data requirements to inform adjustments for housing costs (whether excluding
rents or imputing rental equivalents) with any degree of rigour would be onerous.
DfT’s paper circumvents any such complexities by applying a national average — an
approach which they concede is crude.

Expenditure vs. income

Notwithstanding the previous discussion, there is a valid question as to whether
household income is necessarily the best indicator of living standards and thus the
basis for informing equity considerations — but this is for a different set of reasons to
those given by DfT (see page 15 of HMT (2023)).

Indeed, HMT (2023) provides a helpful and explicit checklist for defining income for
purposes of distributional analysis (but not DWs per se), as follows:

“This distributional analysis uses equivalised net household income, before
housing costs, as the main indicator by which to rank households from lowest
income to highest income. This indicator is comprised of several components:

Equivalised: equivalisation is a process that adjusts a household’s net income to
take into account the fact that larger households will require a higher net income
to achieve the same standard of living as a household with fewer members. The
equivalisation factors used in the anal

sis are the modified OECD factors (as also used in DWP’s Households Below
Average Income publication).

Net: household incomes are ranked after deductions from direct taxes, and after
additions from welfare benefits. Deductions from indirect taxes, or additions
through benefits-in-kind from public services, are not used to rank households.

Household: incomes are assessed in aggregate at the household, not individual

level. Comparing household, rather than individual, incomes reduces the
subjectivity of this analysis, ensuring that no assumptions are made about how
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incomes or expenditure are shared between separate individuals within the
household.

Before housing costs: housing costs such as rent or the cost of servicing a
mortgage are not deducted from household incomes” (p16).

6.2.30 We think that HMT’s checklist is broadly sound.

6.3 Regional price differentials

6.3.1  This section considers whether regional price and income variations could have
implications for DfT’s proposed implementation of DWs. We begin by reviewing the
different mechanisms through which income variations could influence DfT’s
distributionally-weighted VTTS, before then turning to the issue of regional price and
income variations specifically.

6.3.2  Insupport of this area of investigation, Acland & Greenberg (2025) remark:

“Variation in cost of living could drive another wedge between income and
consumption. Proxying with income could understate the income of those in low-
cost areas, and thus introduce a bias against those in high-cost areas. One
possibility is that a higher cost of living functions essentially as compensation for
different levels of public amenities, so that in fact any given level of income maps
onto the same level of consumption (of private and public goods combined). But
if, in fact, differences in cost of living reflect real differences in the level of
consumption that can be achieved with a given level of income, additional
analytical challenges arise” (p7).

6.3.3  They continue:

“The correct measure to use for utility weighting is income available for
consumption, after taxes are taken out and transfers are added in, what we will
call ‘net income’” (p7)

Distributionally-weighted VTTS by GOR

6.3.4 Inessence, the empirical work presented in section 4 of DfT’s paper is focussed upon
the implementation of equation (3.24). The empirical work compares several variants
of this equation in terms of:

Calculating the MUY of the reference individual in terms of the MUY
of the median income earlier (as per GB) or as the tax-weighted
average MUY.

Employing alternative definitions of income: equivalised vs.
unequivalised; disposable income vs. household consumption;
household consumption with vs. without housing costs.
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6.3.5

6.3.6

6.3.7

6.3.8

6.3.9

6.3.10

Correlates of income

Whilst the impact of the above variants on the resulting DWs is of interest, the
overarching question considered in DfT’s paper is whether and to what extent each
of the substantive components of equation (3.24) is correlated with income — since
this informs understanding of the distributional implications of the equation in
totality.

Considering the influence of income on each of the substantive components of
equation (3.24), intuition suggests that:

a) The distance travelled by individual i, d;, is expected to increase as
his/her income increases;

b) The behavioural value of travel time savings for individual i, VTTS;, is
expected to increase as his/her income increases;

Given the formulation adopted here, the income-based distributive
weight of individual i, DW;, is expected to decrease as his/her income
increases;

d) The tax burden of individual i, T;, is expected to increase as his/her
income increases.

The overall impact of income on VTTSp, will be the net of impacts a), b), c) and d).

DfT’s paper reports a distributionally-weighted VTTS for the different Government
Office Regions (GORs), and the variations observed — notably the lowest values
arising in London and South East — will reflect the combination of a) to d). Thus, in
some respects, regional variations in incomes will already play into the analysis.

Regional variations in prices

The concept of ‘regional price differentials’ potentially introduces a further
dimension of variation, recognising that regional economic data in the UK (whether
on wages, household incomes or economic output) is not routinely adjusted to take
account of price differences between regions (Hearne, 2020). In particular, the
available evidence indicates that the prices of many goods and services are
significantly higher in the South-East.

The most recent ONS analysis of relative regional consumer price levels (RRCPL) is
that for 2016, which is summarised in Table 6 below. The table gives regional price
levels relative to the national price level (UK=100) for five regions and 10 ‘divisions’
of goods and services, as far as possible controlling for variations in quality. One of
those divisions is “Transport’. Unsurprisingly, London has the highest overall RRCPL,
at 7% above the national average, and the highest RRCPL for most divisions. As
regards the Transport division, the London RRCPL is moderately (3.3%) higher than
the national average.
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Table 6. Regional price level relative to national price level (UK=100, 2016)

England
Division London (excluding Scotland Wales Northern Ireland
London)
Food & non 102.2 97.6 99.8 100.8 99.7
alcoholic beverage
Alcohol & tobacco 103.0 96.8 99.4 102.3 98.6
Clothing & 103.5 101.3 99.2 97.7 98.5
footwear
Household &
housing services' 105.1 98.7 99.7 99.6 97.0
Furniture & 112.2 97.4 103.2 95.5 99.8
household goods
Transport 103.3 100.4 99.7 100.6 96.1
Communication 100.0 100.0 100.0 100.0 100.0
Recreation& 4144 ¢ 96.2 101.4 96.8 95.8
culture
Restaurants &
hotels 113.0 97.4 100.4 96.1 98.3
Miscellaneous 444 5 99.7 104.8 96.2 93.4
goods & services
All 107.0 98.7 100.4 98.5 97.7
Source: Office for National Statistics
Notes:

1. Excluding rental costs and costs associated with owner occupied housing

6.3.11 To contextualise the above, it is also useful to report the corresponding divisional
weights by region in Table 7. The table gives the breakdown of expenditure by region
and division. It is notable that Transport has the highest expenditure weight of all
divisions, both nationally, and for all regions. However, the proportion of expenditure
devoted to Transport in London is lower than the national average.

Table 7. Divisional weights by region (%), 2016

England
Division London (excluding Scotland Wales Northern Ireland
London)
Food & non 15.1 15.6 155 16.2 16.4
alcoholic beverage
Alcohol & tobacco 2.3 3.2 4.0 3.2 4.0
Clothing &
footwear 6.3 6.1 6.0 6.4 9.6
Household & 44 11.0 11.6 12.1 9.3
ousing services
Furniture &
household goods 10.1 9.2 8.6 10.2 8.4
Transport 19.4 21.6 22.3 211 18.2
Communication 4.2 4.1 3.9 4.3 4.4
Recreation & 44 10.4 10.2 9.8 9.9
culture
Restaurants & 171 14.8 14.1 13.4 15.0
hotels
Miscellaneous 4 g 3.9 3.9 3.3 48
goods & services
Total? 100.0 100.0 100.0 100.0 100.0
Source: Office for National Statistics
Notes:

1. Excluding rental costs and costs associated with owner occupied housing
2. Divisions may not sum to 100 due to rounding

77



SVYSTIF

Regional variations in living standards

6.3.12 In terms of the present study, the practical consideration is whether the concept of
regional price differentials gives cause to refine the definition of income. Hearne
(2020) further develops the ONS analysis reported above by also adding housing
costs — both rented and imputed owner-occupier housing costs?2. The results are
given in Table 8 and Table 9, summarising nominal annual pay and PPP-adjusted
annual pay respectively. The latter is in effect a measure of real incomes, accounting
for regional variations in salaries and standards of living more generally.

Table 8. Nominal annual pay relative to the UK average

Region Mean 25th percentile Median 75th percentile
North East 87% 96% 93% 90%
North West 91% 95% 94% 93%
Yorkshire & Humberside 87% 92% 92% 91%
East Midlands 93% 97% 94% 94%
West Midlands 91% 96% 94% 93%
East of England 107% 101% 105% 107%
London 131% 122% 125% 124%
South East 112% 107% 110% 110%
South West 90% 95% 94% 92%
Wales 87% 96% 91% 91%
Scotland 96% 102% 100% 98%
Northern Ireland 87% 91% 91% 91%

Source: Annual Survey of Hours and Earnings (ASHE) - resident analysis

Table 9. Purchasing power parity (PPP)-adjusted annual pay relative to UK average

Region Mean 25th Percentile Median 75th Percentile
North East 93% 103% 98% 95%
North West 94% 99% 97% 97%
Yorkshire & Humberside 91% 97% 97% 95%
East Midlands 97% 101% 99% 98%
West Midlands 94% 98% 97% 95%
East of England 105% 98% 103% 104%
London 101% 94% 96% 96%
South East 106% 101% 104% 104%
South West 89% 94% 94% 91%
Wales 92% 102% 97% 97%
Scotland 97% 103% 101% 99%
Northern Ireland 92% 97% 96% 96%

Source: Annual Survey of Hours and Earnings (ASHE) - resident analysis

6.3.13 Interpretating the results, Hearne remarks that whilst mean annual salaries vary
substantially across the UK, median annual salaries vary considerably less.

6.3.14 Especially pertinent is his finding that: “Unsurprisingly, after accounting for
differences in the cost of living, there are limited differences in salaries... In fact, even

22 He elaborates on methods which could be deployed for calculating the latter.
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this fails to fully capture several aspects of welfare since commutes in higher wage
regions — especially in the ‘Greater South East’ — tend to be longer than those
elsewhere, leading to a commensurate reduction in workforce welfare (Harvie et al.,
2009)” (p958).

Summary

6.3.15 Hearne concludes: “These findings suggest real incomes differ much less across the
UK than official data imply” (p958). Thus, the inference is that, provided housing
costs are included in the definition of income, there is no practical need to take
account of regional price differentials specifically.

6.4 Precise theoretical conditions which motivate the existing Green Book
formulation of DWs

6.4.1 Following from the above discussion, the theoretical basis of GB-based DWs can be
summarised as follows.

The underpinning utility function is formulated as per Layard et al.
(2008), i.e. equation (3.5). This functional form is closest to what can
be considered ‘standard’ for distributive weighting — and indeed is the
form given in the recent position paper by Acland & Greenberg
(2023a).

The elasticity of marginal utility is taken from Layard et al. (2008) and
is assumed to be u = 1.3. Despite this research being nearly twenty
years old, it continues to be a key reference cited in the contemporary
literature (e.g. van der Pol et al., 2017). However, in their very recent
paper, Acland & Greenberg (2023a) refer to an unpublished meta-
analysis undertaken by themselves (Acland & Greenberg, 2023b),
based on 158 studies and 1,727 estimates of u, which reported a mean
estimate of 1.61 with a 95% confidence interval of 1.18 to 2.04. Thus
1.3 falls within this range but is somewhat lower than the mean.

The social welfare weight is assumed to be 1 for all individuals, such
that DWs are based on the marginal utility of income alone. This is a
standard assumption.

The measure of income used to populate DWs is equivalised
household disposable income before housing costs by quintile group.
The arguments for this measure have been considered above.

DWs are normalised by treating programme participants as the
beneficiaries (with incomes based on bespoke data or proxied by the
median of the relevant income quintile(s) in the numerator) and
taxpayers as the funders (proxied with the median income of all
households in the denominator). DfT has proposed a more rigorous
definition of the representative taxpayer.
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DWs are applied to benefits but not costs — in other words, costs are
treated as if they borne by the representative taxpayer. This approach
is rather crude and not altogether consistent with best practice.

There is no treatment of secondary markets. On this issue, it is
interesting to consider the DWP (2010) case study of applying DWs to
VfM assessment of the benefits system. It stands to reason that
income benefits are not intended to be an end in themselves but
instead provide the means to consume goods and services (sometimes
in specific markets depending on the precise targeting of the benefits,
e.g. Housing Benefit). However, the DWP case study does not concern
itself with the possibility that, through the consumption of goods and
services (whether targeted or not), other parties could derive benefit
(e.g. property owners in the case of Housing Benefit). We think that
such a position is harder to defend in the case of transport, given the
fundamental interplay with the land, labour and final goods markets.

There is no treatment of regional price differentials. Recent academic
research by Hearne (2020) suggests that, provided the measure of
income includes housing costs for both renters and owner-occupiers,
the UK exhibits no significant regional price variations.

Sensitivity analysis is recommended.

The GB gives no specific guidance on what units apply to the SWF (i.e.
utils vs. money) and is rather vague on how a weighted SWF should in
practice inform policy analysis (aside from a requirement to compare
weighted vs. unweighted costs and benefits).

6.5 Conclusions

6.5.1

6.5.2

6.5.3

6.5.4

In principle, our preferred definition is equivalised household disposable income
including housing costs for both renters and owner-occupiers.

We are not fully convinced by the argument for extracting non-capital housing costs,
on various grounds.

The monocentric city model is a gross stylisation — therefore the substitutability
between transport and housing is imperfect. Indeed, in cases where transport
schemes unlock ‘dependent development’, transport and housing will be
complements not substitutes.

In any case, one of the central arguments underpinning the current study is that
pecuniary externalities induced by complementarity or substitution between
transport and secondary goods (such as land/property) could generate additional
benefits which affect not only the BCR but also the distribution of final benefits. On
this basis, it would seem inconsistent to omit housing costs from the measure of
income.
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6.5.5

00O

In the academic literature on regional price differentials, best practice is to include
housing costs.
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7. THE SECONDARY MARKET PROBLEM

7.1 Background

7.1.1

7.1.2

7.1.3

7.1.4

7.1.5

In the RfP for this study, one of the key requirements was to:

‘Undertake a literature review, and further quantitative (e.g. econometric) analysis
where necessary, to provide reasonable default assumptions for where the impacts
of transport investment ultimately accrue within society. This needs to be broken
down by a suitable typology, such as by:

®  a. Firms/ return to capital.

®  b. Households and workers, via either wages or prices.

® . land and property owners, including implications for rental values.

® d. Government.

Ultimately, we expect this first part of the study to deliver defensible, quantified rules
of thumb, rather than necessarily an extremely academically rigorous solution’.

To elaborate further, DfT’s proposed distributional weights (DW) methodology for
SR25 admits the principle that the benefits of transport investment could be
transmitted into secondary markets — but employs a very simple and indicative
approach to implementing this in practice. More specifically, DfT’s proposal is that,
as a first order approximation, transport user benefits for a given traveller segment
should be up- (or down-) rated via the following multiplier:

Multipliercost = Duser - DW + (1 - puser) *Wabstracted (7-1)

Where:

DW is the distributive weight of a given traveller segment
Duser 1S the assumed proportion of benefits retained by the transport user
Wepstracted 1S the average weight for benefits abstracted away from travellers

An accompanying spreadsheet gives rule-of-thumb values for the p,s.,r and
Wabstractea terms. For example:

As regards pyser, this is assumed to be 0.87 for leisure travel, as
compared with 0.15 for employer business (EB).

As regards Wgpstracted, this is assumed to be 1.0 for travellers, as
compared with 0.76 for capital and landowners.

It is proposed that a similar approach would be applied to other sources of benefit.
The contribution of this chapter of the report is to consider whether this approach
can be given a firmer theoretical and empirical basis.

To this end, we need to examine the impacts in secondary markets of changes in the
primary (transport) market — to better understand what ‘pass-through’ there is into
other markets. These could potentially be the land, labour and/or the final
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7.1.6

goods/services markets. Such linkages cannot be understood by simply examining
secondary markets in isolation (e.g. through analysis of the housing market in itself).

The layout of the chapter is as follows. Section 7.2 introduces the basic theoretical
principles of primary vs. secondary market interactions. Sections 7.3 and 7.4 then
employ diagrammatic analysis to examine different dimensions of the comparative
statics under a range of competitive and supply conditions. Section 7.5 reviews
methodologies for measuring secondary market effects. Section 7.6 summarises and
concludes.

7.2 Basic principles of secondary markets

7.2.1

7.2.2

7.2.3

7.2.4

7.2.5

7.2.6

As a starting point, it will be helpful to rehearse the basic theoretical principles
underpinning the linkages between transport and related markets, through
reference to several stylised cases.

Given the scope of the present study, there are arguably two distinct dimensions of
secondary markets which are of interest:

Where a price change in a (primary) factor market has a direct effect
on price in a (secondary) goods/output.

Where a price change in a (primary) factor or goods market has an
indirect effect on price in a (secondary) factor or goods market,
typically through complementarity or substitutability in production or
consumption.

Issue a) has been considered in specific relation to transportation by, among others,
Mohring & Williamson (1969), Dodgson (1973), Jara-Diaz (1986) and Nash & Mackie
(1990).

Chapter 2 of this report outlined some of the transmission mechanisms which
motivate these papers — focussing especially on transport investments which reduce
travel times. For example, in the case of business, travel time savings may be retained
by the traveller as additional leisure or accrue to the employer as improvements in
productivity. Depending on market structures this may then be passed to consumers
in final prices or to shareholders in profits or to landowners in business property
rents. Similarly, in the case of commute, travel time benefits may accrue to the
traveller or to the employer (via induced changes in real wages as commuting costs
change). The pattern of housing location rents will also change so some of the
benefits will accrue ultimately to landowners. Plausibly, the pattern of pass-through
will vary with journey purpose and therefore affect different projects and policies
differentially.

Issue b) has been considered in a transportation context by Sugden & Williams
(1978), Johansson & de Rus (2018) and Johansson (2021), among others.

In a recent contribution on this issue (but not couched in the transportation context),
Kotchen & Levinson (2022) outline the (apparently) ‘standard’ position that correct
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7.2.7

7.2.8

7.2.9

and complete efficiency measures can be derived from the primary market alone,
provided the relevant demand function accounts for price changes in secondary
markets. In this case, the relevant demand function should be consistent with general
equilibrium across relevant markets. Theoretical contributions underpinning this
position include those by Just et al. (1982), Bullock (1993) and Thurman (1993).

However, the motivation for Kotchen & Levinson’s (2022) paper is a contention that
the provisos for the omitting secondary markets do not typically apply —in that many
practical CBAs do not use CGE models or before-and-after prices to estimate
something approximating general equilibrium. For example, our appreciation is that
a standard TUBA for a road scheme together with elastic trip distribution and
assignment is (at Level 1, at least) silent on the downstream economic mechanisms
which drive the changes in travel behaviour and implicitly assumes that any price
changes elsewhere do not feedback to the transport market. Downstream
mechanisms are however captured in a partial sense at Level 2 and more fully at Level
3 — but these are more the exception than the norm.

Sections 7.3 and 7.4 to follow will review the basic principles of secondary markets
in terms of a) direct and b) indirect effects respectively. More specifically, the
discussion will consider the comparative statics of demand and supply changes in
primary and secondary markets — stimulated by an initial reduction in transport costs.
In this context, two questions will be of particular interest:

To what extent do standard measures of transport benefits (i.e. Rule-
of-a-Half-based consumer surplus, and its producer surplus
counterpart) — applied in the primary market only — capture benefits
(or disbenefits) accruing within secondary markets, such that the
overall measure of efficiency is approximately correct?

If standard measures applied in the primary market successfully
capture efficiency benefits, to what extent do they reflect the
distributional incidence of benefits (or disbenefits) across primary and
secondary markets?

Before proceeding to this discussion, it is worth highlighting TAG’s current position
on such matters, which is outlined in the following extracts from TAG Unit 2.1: Wider
Economic Impacts Appraisal (DfT, 2024):

“2.2.2 The direct effect of a transport investment is a change in accessibility, as
measured by a change in generalised travel costs (GTCs), which can be
observed in the transport market. Well targeted transport investments improve
accessibility (reduced GTCs); in other words, transport investments make travel
between different locations easier.

2.2.3 The reduction in GTCs acts to raise productivity, as activities can be
completed with fewer resources (time and financial).2 Where the GTC
reductions accrue to businesses this will directly impact economic performance
(productivity increases).
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2.2.4 GTC reductions are transmitted to secondary (non-transport) markets, as
households and businesses change their behaviour in response to the new
opportunities. The behavioural responses, such as induced investment and
employment effects, will lead to changes in the level and location of economic
activity...

2.2.5 With the exception of static clustering, changes in secondary markets are
associated with land use change (changes in the purpose or intensity of usage).
For example, if a transport investment were to induce a housing developer to
replace terraced housing with an apartment block (induced investment), this
would be equivalent to an increase in the intensity of usage. Similarly, if a
manufacturing business were to relocate from an urban to a rural area, it may
involve a change in the purpose of land use, in the latter from agricultural to
manufacturing.

2.2.6 Furthermore, for every scheme there will be a broad spectrum of
responses, with the response of an individual transport user (household or
business) dependent upon the specific context in which it operates. For
example, a business operating in a market with elastic demand may find that
it can profitably increase output, such that it either expands its operations on
the existing plot (increased intensity of land use) or relocates to a new, bigger
plot (change of land use purpose). Alternatively, a business, for which the
delivery of output is not time critical may relocate, moving away from its
customers to take advantage of lower rents in other areas with no change in
the level of output or employment. The full spectrum of responses and impacts
in secondary markets should be considered as part of the Economic Narrative.

2.2.7 Understanding these impacts in secondary markets is important — not
least because any land use changes will change the demand for travel and
hence accessibility. These feedback effects have the potential to change
generalised travel costs and lead to further changes in behaviour and economic
performance. An important role of the Economic Narrative is to understand the
potential significance of these feedback effects and to consider how these can
be represented in the modelling approach...

2.3.4 The ‘rule of a half’ methodology that is used to estimate user benefits is
less accurate where land use change is significant. For most schemes assuming
‘fixed land use’ transport user benefits will not materially impact upon the
value for money assessment, as land use change and the resultant feedback
effects to the transport market are unlikely to be significant in the overall
context of the appraisal.”

7.2.10 Despite the above sentiment, our appreciation of the practical situation is that:

O inthe vast majority of business cases, efficiency benefits are measured in the primary
(i.e. transport) market only; these are considered an acceptable estimate of final
efficiency benefits and far easier to measure in the transport market than in the factor
and product markets;
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7.3

7.3.1

7.3.2

7.3.3

7.3.4

7.35

7.3.6

7.3.7

unless they can be demonstrably evidenced in the case of dependent development,
benefits in the land/property market are excluded as a source of additionality;

there is no explicit consideration of final beneficiaries.

Direct effects on secondary markets

The subsequent discussion will consider various stylised cases which entail different
competitive situations (specifically perfect competition vs. monopoly) as well as
different supply conditions.

For simplicity and clarity, we will restrict the analysis to a reduced form problem
comprising two markets — the ‘primary’ market (which will be transport or a
surrogate thereof) and a single ‘secondary’ market

The policy intervention of interest will be a government investment in transport
infrastructure which reduces transport costs. For simplicity of exposition, the role of
taxation is not considered, but it should be acknowledged that this represents a key
redistributive device at the disposal of government.

1) Universal perfect competition

First consider the case of perfect competition in both the primary and secondary
markets. Also assume that all goods are priced, i.e. the market is comprehensive. If
leisure is unpriced, then it would need to be considered outside of this framework.
Constant costs are assumed in the secondary market throughout.

Universal perfect competition, perfectly elastic supply

With reference to Figure 6, the primary market is in this case the factor market for
labour, where transport costs enter because workers’ supply of labour is a function
of commuting costs, and firms’ demand for labour is a function of its delivered price.

All industries in the primary market are assumed to be constant cost (or that there
are an infinite number of industries), such that the long run supply curve (S;) is
perfectly elastic. An exogenous reduction in transport costs (from t; to t,) reduces
input costs, including labour, since labour commands a wage (w) net of commuting
costs. Transport benefits then comprise two components, the reduction in costs for
flows taking place both before and after the transport investment (area a in Figure
6), and changes in consumer surplus arising from changes in the flows (area b). The
sum of the two benefits, (a + b), would usually be captured by the Rule-of-a-Half
(RoH).

With reference to Figure 7, in the case of commuting and business trips, the fall in
transport costs is passed through 100% into input prices (which fall from P; to P,)
and, given the perfect competition and perfectly elastic supply assumption, again
100% into final prices as consumers adjust to the new lower prices.
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7.3.8  The above results have been reported by various contributors to the literature, e.g.
Nash & Mackie (1990), Dodgson (1973) and Jara-Diaz (1986).

7.3.9  Soin this special case:

e There is 100% pass-through from the transport market/the traveller
into final goods prices — relating this back to DfT’s formula (7.1), pyser
would in this case be zero.

e The correctly measured transport benefit (the trapezium under the
derived demand curve for transport) exactly equals the benefit in the
final goods market (the trapezium under the final goods demand
curve).

e This provides a basis for treating the trapezium of user benefit in the
transport market as a correct proxy for the final efficiency benefit (i.e.
in Kaldor-Hicks terms).

e In this case, supposing the transport cost reduction was funded by
taxpayers, from a distributive point of view, the relevant comparison
would be between the distributive characteristics of taxpayers and of
consumers of final goods.

Delivered Product
price of price
labour

w+t; 5L1
wtt, 52

)
1
: D, =VMP,
1
Ly Ly Quantity Quantity
of labour of product

Figure 7. Final goods market under perfect

Figure 6. Labour market under perfect competition 23

K competition
and perfectly elastic supply

7.3.10 If instead the primary market were conceptualised in terms of transport as the
‘derived’ demand for output/final goods (Figure 8), and the reduction in transport
costs reduced the price of delivering output/final goods, then the measure of
transport benefit (a + b) would be equivalent to the benefit measured in the final
goods market. This is analogous to the previous result.

2 For simplicity of exposition, the supply function is not explicitly shown in the secondary market.
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Figure 8. Transport/final goods markets under perfect competition
and perfectly elastic supply

Universal perfect competition, perfectly inelastic supply

7.3.11 Asecond version of perfect competition is where some factor (might be labour, might
be land) is in perfectly inelastic supply. Now the pass-through mechanism is blocked,
and this will prevent an expansion in production.

7.3.12 With reference to Figure 9, transport costs fall as before, but supply of the inelastic
factor is fixed, so the fall in transport costs accrues as an economic rent to the fixed
factor (area a). If the price of land is a function of accessibility, then the price of land
will increase until it entirely offsets the reduced transport costs.

7.3.13 With reference to Figure 10, there is no pass-through to the final goods market where
prices and quantities remain unchanged. In this case, the correct transport measure
of benefit will continue to get the magnitude of the benefits correct; only the
incidence of benefits is affected.

7.3.14 So, in this case:

e The whole of the transport benefit passes to the owners of the fixed
factor — p,se, Would again be zero.

e The correctly measured transport benefit is equal to the final
efficiency benefit (but note that in this case the derived demand curve
for transport is vertical).

e From a distributive perspective, we would want to compare the

distributive characteristics of taxpayers with the distributive
characteristics of the owners of the fixed factor.
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7.3.15

7.3.16

7.3.17

7.3.18

and perfectly inelastic supply

The above discussion has focussed upon the measurement of benefits from the
perspective of the transport market, but Nash & Mackie (1990) also consider the
alternative perspective of measuring benefits in the land market. They comment:
“...whereas the transport benefits measure is correct whatever the elasticity of land
supply, measuring the benefits by the change in land value is only correct in the
limiting-case of perfectly inelastic land supply, where all the transport benefits are
capitalised in enhanced land rents. It follows immediately that we have serious
reservations about the use of expected land value changes to measure the benefits of
improved access.”

Universal perfect competition, intermediate supply elasticity

A final version of perfect competition is where supply in the primary market is neither
perfectly elastic nor perfectly inelastic.

With reference to Figure 11 and Figure 12, some of the benefits of the transport
improvement accrue to labour in the form of reduced commuting costs (d + e).
Under perfect competition and constant returns in the secondary market, the
remainder (a 4+ b + c) accrues initially to the firm and is then passed on to final
consumers (f).

Thus, the transport measure of benefits again correctly captures the overall
efficiency impact — but in this instance the final benefits are shared across the
primary and secondary markets, such that pyserr =(d +€)/(a+b+c+d +e).
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Figure 12. Final goods market under perfect
Figure 11. Labour market under perfect competition competition and perfectly elastic supply

and intermediate supply elasticity
Perfect competition in the factor market, monopoly in the goods market

7.3.19 Thesecond general case is that of perfect competition in the factor markets but profit
maximising monopoly in the final goods market (Figure 13). In this case, the firm can
raise price and convert some of the consumer surplus into producer surplus, with the
following implications:

e The derived demand curve in the transport market is dependent on
conditions in the final market; a correct measure would need to
compute both the delta PS and delta CS terms.

e The efficiency benefit is split between a PS term (a + b + c) in the final
goods market and a residual CS term (d + e) in the transport market,
the balance depending on the demand elasticity in the final goods
market — therefore in this case, pyger =(d +€)/(a+b+c+d +e).

e In general, this measure of efficiency benefit will not be equal to the
conventional Rule of a Half measure of benefit in the transport market
alone unless that measure takes account of price changes in the
downstream market(s). This is because the size of the efficiency
triangle in the conventional rule of a half measure assumes that prices
elsewhere in the economy do not change.
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Figure 13. Transport/final goods markets under monopoly

7.3.20

7.3.21

7.4

7.4.1

7.4.2

7.4.3

and intermediate supply elasticity

Nash & Mackie (1990) observe that, in the event of monopoly power within the
transport market, some of the benefits of the transport cost reduction would be
retained by transport providers (e.g. by increasing fares in response to an
improvement in journey quality). In this scenario, generalised costs would be higher
and volumes lower than under perfect competition, but a correct measure of the
transport benefit would make allowance for this.

Note that in Mohring & Williamson (1969), although the case of a monopoly is
discussed, this effect is suppressed because output is (artificially) assumed to be
fixed.

Indirect effects on secondary markets

The discussion now switches to the alternative notion of secondary markets, where
the effects are indirect rather than direct. This section will consider a particular
stylised case — constant costs/horizonal supply in the primary market and an upward
sloping supply in the secondary market — which has attracted particular focus in the
literature, e.g. Sugden & Williams (1978), Boardman et al. (2018) and Kotchen &
Levinson (2022). It will be assumed that income effects are null, such that CS
measures are uniquely defined (i.e. uncompensated/Marshallian measures are
equivalent to their compensated/Hicksian counterparts).

Constant costs in the primary market and upward sloping supply in the
secondary market

Initial price/quantity combinations in the two markets are given by (P44, Q1) and
(Pg1,Qp1), where we now add subscripts to denote goods A and B.

With reference to Figure 14, a reduction in transport costs leads to a reduction in the
delivered price from P44 to P4, in market A, associated with a downward shift of the
supply function in market A from S44 to S45. Quantity increases from Q41 to Q4.
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7.4.4  With reference to Figure 15, since good A has become cheaper relative to good B,
the demand function for B shifts inwards from Dg; to Dp,, establishing a new
equilibrium with both lower price and lower quantity (Pg,, Qg2).

7.4.5  Finally, the demand function for A responds to the price reduction in market B by
itself shifting inwards to establish a final equilibrium with lower price but a
moderated reduction in quantity (P4, Q4.)-

. P Delivered P
Dgllvered price
price
Pp1 =MCyy Sa1
I\
@)
a N\
15\
Ppa = MCy X Saz
: '\
1
Py
! 11
: 1l
11
Yoy
o Dz Dy >
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Q410Q4.Qa2 Q )
Quantity Quantity
Figure 15. Final goods market under perfect competition and
Figure 14. Transport market under perfect intermediate supply elasticity — good B

competition and perfectly elastic supply — good A

7.4.6  The practical question is how should the overall change in efficiency be measured?

7.4.7  Applying the standard RoH based on partial equilibrium principles and the final
allocation (P,, Q,) in both markets, we find that:

e Inmarket A, thereisa CSgainof (a+ b + c + d).

e In market B, there is a CS gain of (e + f) and PS loss of (e + f + g),
giving a net efficiency loss of g.

7.4.8  The implications of the final shift in demand for good A will be discussed below.

7.4.9  The key results are as follows:

e Given the absence of income effects, the net effect on welfare in the
secondary market is always negative — this result holds regardless of
whether price increases or decreases and whether the goods are
complements or substitutes.

e As of consequence, ignoring secondary market effects can result in an
underestimation of costs in appraisal, as well as obscure the
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7.5

7.5.1

7.5.2

7.5.3

7.5.4

7.5.5

distributional impacts (i.e. in terms of the gains to consumers vs. losses
to producers in this instance).

e DfT’s formula (7.1) does not readily apply to this case, since here we
are dealing with distinct additionality from the secondary market as
opposed to pass-through of benefit. In the case of the Lower Thames
Crossing for example, a direct effect on secondary markets would be a
reduction in the delivered price of goods. An indirect effect on
secondary markets would be an increase in the demand for fuel (and
associated increase in fuel price, if the supply function remained
unchanged), due to the complementarity of travel and fuel demands.

Practical approaches for capturing secondary market effects

This section will discuss various practical approaches which could potentially be
deployed to measure secondary market effects — both direct and indirect.

Direct effects on secondary market

As part of the present study, we have developed a spreadsheet tool is to illustrate
how transport induced cost and efficiency changes accrue to producers and
consumers in the primary transport market and secondary labour and goods
markets. The tool aims to help understand the linkages between the markets and
how the market elasticities govern the overall distribution of impacts across primary
and secondary markets.

The tool uses a simple approach looking at a commuting cost change and how this
works through the labour market and into the final product market through a
reduction in firms’ production costs.

For ease of exposition and calculation of surplus changes, the model currently works
with linear demand and supply curves. This is operationalised with a simplified
version of a Cobb-Douglas production function, mapping labour input to goods
output X under constant returns to labour (i.e. implying a short run situation with
fixed capital):

X=A-L (7.2)

where A is a constant reflecting a given endowment of capital, and labour L is the
sole variable factor.

Labour market

The labour supply function takes the form:

Ss=k+1-w (7.3)
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7.5.6

7.5.7

7.5.8

7.5.9

7.5.10

7.5.11

7.5.12

7.5.13

7.5.14

7.5.15

where parameters k and A can be set by the user to determine overall level of labour
supply and sensitivity to changes in wages, w.

This can be rearranged for w (i.e. to derive an inverse supply function) thus:

w = (SLA—_K) (7.4)

The labour demand is derived straightforwardly from re-arranging the production
function, i.e. mapping the amount of labour a firm needs to produce a given quantity
of X, i.e.

X
D=7 (75)

The labour market will be in equilibrium where:
S; =D (7.6)

Implying that:

+1 2 (7.7)
K wh=— .

Rearranging (7.7) gives the equilibrium wage for a given X:

X
w* = —(Z)/l_ ‘ (7.8)

The goods demand function takes the form:
Dy=pu—v-P (7.9)

where parameters p and v are set to determine overall scale of demand and
sensitivity to changes in price P.

The goods supply function is derived from the derivative of total costs, where the
latter are simply:

TC=w-L (7.10)
Substituting the labour demand expression (7.5) for L in (7.10) gives:
TC = W'{ (7.11)
A
Then differentiating (7.11) with respect to X gives marginal cost (or supply, where

P > MC) in terms of w:

95



SVYSTIF

7.5.16

7.5.17

7.5.18

7.5.19

7.5.20

7.5.21

7.5.22

w
MC== (7.12)

To find a solution, we endogenise the equilibrium condition in the labour market into
the equilibrium in the goods market. On this basis:

*

w
Sy =MC'=—-=P" (713)

Substituting the equilibrium price into the goods demand function (7.9):

*

w
Dj’}z,u—v-j (7.14)

Then substituting for the equilibrium wage w* (7.8) in (7.14):

(1) -~

Dy=u—v-
X'uv/lA

(7.15)
On this basis we derive internally consistent equilibrium prices/wages and quantities
across the labour and goods markets.

Implementation in the spreadsheet

The spreadsheet operationalises the model and uses it to examine the impact of
changes in commuting cost on equilibrium market conditions, through adjustment of
the k term (i.e. the intercept) in (7.3), with the A term (i.e. the slope) constant. The
tool also reports resultant changes in producer and consumer surplus and compares
the surplus changes in the different secondary markets and the balance between
consumer and producer shares.

Given that transport is a derived demand, it is assumed that the increase in trips in
the demand model represents the increase in labour input in the production
function, i.e. the commuting cost reduction represents an increase in wages net of
transport costs. With the assumption of perfectly elastic transport supply, a
commuting cost reduction of t translates into directly into a downward shift in the
labour supply function by t. As such, efficiency change in the transport market is
measured from the change in consumer surplus.

Figure 16, Figure 17, Figure 18 and Figure 19, together with Table 10 , present two
examples, using the same reduction in commuting cost under different labour supply
conditions; one relatively more elastic than the other, and the goods demand
constant across the two scenarios:

S, (Elastic) = 10w (7.16)

S, (Inelastic) = 2w (7.17)
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Table 10. Incidence of benefits in the spreadsheet model

Transport Market (TM)
(assuming elastic supply)

Labour Market

Goods Market

Scenario

Efficiency
change
(ACS)

Cost
through

pass-

Efficiency change
vs primary mkt
(ACS + APS)

Cost
through

pass-

Efficiency change
vs primary mkt
(ACS + APS)

Cost
through

pass-

Scenario 1
“Elastic”

supply

Scenario 2
“Inelastic”

Supply

100% traveller

100% traveller

100% of TM ACS;
of which

95% employer

5% worker

95% employer
5% worker

100% of TM ACS ; of
which

95% consumer

5% firm

95% consumer
5% firm

100% of TM ACS;
of which

80% employer
20% worker

80% employer
20% worker

100% of TM ACS; of
which

80% consumer

20% firm

80% consumer
20% firm

7.5.23

7.5.24

7.5.25

The charts and table illustrate that the labour market and goods market are
synchronised to the extent that a more elastic labour supply translates into a more
elastic goods supply (given that labour costs drive marginal cost). The same pattern
of incidence of benefits plays out in terms of cost pass-through and efficiency change
in the secondary markets — the more inelastic the supply related factors are, the
higher proportion of benefits they receive.

The results in the table also show that the efficiency changes are identical across the
transport, labour and goods markets. The curves in the two markets are identical
aside from a scale factor based on the productivity factor A (set to 10); consequently
the market clearing level of the good is A times that of labour, and the market
clearing wage is A times the level of market clearing prices. In efficiency calculations
these cancel out. The transport market efficiency change hinges on the shift in the
labour supply function (with commuting costs the number of workers multiplied by
the average number of trips per worker per time-period). The traveller receives all
the benefit in the transport market due to perfectly elastic supply.

Further work on the spreadsheet model could explore the following:

e Sensitivity tests to different specifications of the Cobb-Douglas
production function (i.e. different returns to scale, and factor
substitution).

e Given the mirroring of findings across the different markets, more
consideration is needed as to who the final beneficiaries are.

e Whether it is possible, through evidence-based parameterisation of
the model (i.e. reflecting realistic demand and supply sensitivities), to
determine upper and lower bounds on p; .- However, the collection
(and possibly deduction) of relevant empirical evidence would be a
distinct and possibly non-trivial task.

e The above discussion was focused on commuting, but the tool could
be extended to examine the implications of freight/business cost
changes, given assumptions about what proportion of total costs they
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7.5.26

7.5.27

7.5.28

7.5.29

7.5.30

represent. This would originate as a change in production costs which
would then shift the demand for labour and through that the level of
transport demand.

e The case of other non-work could also potentially be incorporated —
subject to introducing the additional dimension of the work (aka
goods) vs. leisure trade-off. This would require extra development.

Indirect effects on secondary markets

There have been various attempts in the literature to capture indirect effects on
secondary markets (e.g. Just & Heuth (1979), Just et al. (1982), Thurman (1993),
Johansson (2021)). Some of these approaches are rather involved, but here we focus
on two of the more pragmatic approaches.

Boardman method

An approach proposed by Boardman et al. (2018), is to adopt an alternative RoH
based on general equilibrium principles and the final allocation (P4,, Q4.) in Figure
14. Compared to the RoH based on partial equilibrium principles in both markets, the
efficiency gain in market A is reduced by the area d, whilst efficiency impacts in
market B are omitted altogether. In other words, the proposition is that the benefit
d in Figure 14 approximately offsets the net disbenefit g in Figure 15. Gramlich (1997)
proposed a similar but more sophisticated approach. Similar theoretical treatments
can be found in Thurman (1993) and Johansson (1993).

More pragmatically, Boardman et al. (2018) have argued that it is justifiable to ignore
secondary-market effects, on the grounds that price/quantity combinations
observed before and after policy interventions will reflect secondary market effects
and thus provide a close approximation to general equilibrium.

Our interpretation of this argument is that it does not seek to challenge the presence
of such effects but does question their materiality — we will return to this point below
when discussing two specific case studies. That said, we think that there could be
some exceptions to the rule in the transportation context, such as the case of
dependent development.

Kotchen & Levinson method

Kotchen & Levinson (2022) employ a similar approach of calculating linear
approximations to the relevant surplus measures® given equilibrium across the
primary and secondary markets, thereby delivering ‘a straightforward tool that BCA
analysts can use to evaluate the potential magnitude of secondary-market effects in
particular applications’ (p114). It will be useful to consider this approach in more

24 In other words, akin to RoH-type measures.

99



SVYSTIF

7.5.31

7.5.32

7.5.33

7.5.34

7.5.35

7.5.36

7.5.37

7.5.38

detail, beginning with the primary market (Figure 14) and then progressing to the
secondary market (Figure 15).

Starting from the initial (observable) price/quantity combination (P44, Q41), consider
a policy that changes price in the primary market to:

Py =Py -(1+a) (7.18)

Where « is the proportionate change in the price of good A. In the case of Figure 14,
the price change is a reduction, such that a < 0.

The resulting change in quantity demanded in the primary market is given by:

Qaz=Qa1 A +a-n, (719

Where a - 14 is the proportionate change in the demand for good A, and 14 must be
negative, where the latter is the own-price elasticity of demand expressed in arc
elasticity terms.

Assuming no income effects, the change in consumer surplus is given by:

@ Py1 - (Qar + Qa2)
2

ACS, = — (7.20)

Substituting for Q 4, using (7.19), this can be re-stated:

_a'PA1'QA1'(2+a'77A)

ACS, =
A 2

(7.21)

This corresponds to the area (a + b + ¢ + d) in Figure 14.

With reference to the initial (observable) allocation (Pgq,Qg1), consider the
corresponding price change in the secondary market:

Pg, =Pgi-(1+B) (7.22)

Where f3 is the proportionate change in the price of good B. In the case of Figure 15,
the price change is a reduction, such that 5§ < 0.

The resulting change in equilibrium quantity in the secondary market will depend on
the respective demand and supply responses. The demand response is in this case
given by:

Q2 =Qpo- (1 +p-np) (7.23)

Wherein there is the cross-market response:

Qpo = Qp1- (1t a-ngs) (7.24)

Where 8 - np is the proportionate change in the demand for good B as a result of the
own-price effect, a - ng4 is the proportionate change in the demand for good B as a
result of the cross-price effect, iz is the own-price elasticity of demand for good B,
and np,4 is the cross-price elasticity of demand for good B in relation to the price of
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7.5.39

7.5.40

7.5.41

O O O O

7.5.42

7.5.43

7.5.44

good A. If ng4 > 0 then the two goods are substitutes, and if ng4 < 0 they are
complements.

The corresponding supply response is given by:

Qp2 =Qp1- (1 +p-05) (7.25)

Where [ - g5 is the proportionate change in the supply of good B, and gz must be
positive, where the latter is the own-price elasticity of supply expressed in arc
elasticity terms.

Since (7.23) and (7.25) give alternative definitions of Qg, from the demand- and
supply-sides respectively, it is possible to solve for:
)7
ng (1+a-ngs) —op

B = (7.26)

Thus, the identity (7.26) gives an explicit relationship between the magnitude of the
price change in the secondary market 8 and:

The magnitude of the initial price change in the primary market a
The own-price elasticity in the secondary market g
The elasticity of supply in the secondary market op

The cross-price elasticity of demand in the secondary market with respect to price in
the primary market g4

On the above basis, the changes in consumer and producer surplus in market B are
given by:

_.B'PBl'(QBo+QBz)
2

B - Pp1 - (Qp1 + Qp2)
2

ACSy = (7.27)

APSy = (7.28)

These surplus changes correspond to areas (e + f) and —(e + f + g) in Figure 15.
Substituting for Qg, using (7.25), (7.28) can be re-stated:

APS, = B Pgi- (Q31(12+ﬁ " 0g) + Qp2) (7.29)

Which, together with the identity (7.23), allows simplification to the following:
ASWB = ACSB + APSB

e . P .
_ _ﬁ 773,42 51" U1 (7.30)

101



SVYSTIF

7.5.45

7.5.46

7.5.47

7.5.48

7.5.49

7.5.50

Since the two goods are here substitutes, g4 < 0, such that (7.30) will as a whole
be negative — which accords with Figure 15 where the net impact is a loss of g. Note
that, as well as the parameters already discussed, the level of expenditure in the
secondary market Pg, - Qg1 Will affect the magnitude of the secondary market effect.

Drawing together the above analysis, Kotchen & Levinson (2022) highlight the
following as a particularly useful metric — the ratio of the net efficiency loss in the
secondary market to the correctly estimated partial equilibrium efficiency gain in the
primary market:

ASWpg _ Pgi-Qp1 ) 1B - npal
ACSy  Py1° Qa1 2+ a-my)

(7.31)

Analogously, we can in the same terms calculate the ratio of the underestimate of
the efficiency gain when using general equilibrium prices and quantities, relative to
the efficiency gain when using partial equilibrium prices and quantities in the primary
market:

K =PA1'QA1_|.3'773A|(1+‘1'TIA) _ 1B npal(1+a-1n4)
ACSy Par - Qua 2+a-n,) 2 +a-n,)

(7.32)

Given empirical evidence on the relevant parameters and arguments, identities
(7.31) and (7.32) could potentially be implemented as policy multipliers to rescale
the primary market benefits for secondary market disbenefits.

Whilst not transportation examples, it is useful to mention two real-world examples
considered by Kotchen & Levinson (2022). The first concerns a tax applied to the price
of sugary drinks (i.e. the primary market) in Mexico, where the secondary market is
milk. The second concerns regulated price increases applied to residential fuel oil in
the USA, where the secondary market is natural gas.

In both cases, the secondary market effect is found to be trivial — whether using the
Boardman or Kotchen & Levinson methods. The application of equation (7.31) yields
ratios of 0.00032 and 0.0028 respectively in the Mexican and US examples, and the
application of (7.32) yields ratios of 0.00026 and 0.00068 respectively.

7.6 Summary and conclusions

7.6.1

This chapter has sought to clarify the theoretical and empirical basis of DfT’s
proposed approach for taking account of secondary market effects in the context of
distributive weighting. At the outset we made a distinction between two dimensions
of secondary markets which are potentially relevant:

Where a price change in a (primary) factor market has a direct effect
on price in a (secondary) goods/output.

Where a price change in a (primary) factor or goods market has an
indirect effect on price in a (secondary) factor or goods market,
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typically through complementarity or substitutability in production or

consumption.

Direct effects on secondary markets

7.6.2  Thevarious stylised cases considered, encompassing different competitive situations
and supply conditions, are sufficient to generate the following propositions:

The pattern of beneficiaries across the space from travellers to input
providers to consumers depends on the elasticities in the relevant
markets, so that the drivers of the elasticities in those markets, and
their values, repay investigation. This has been demonstrated through
a spreadsheet model.

Whereas the overall efficiency benefit might not be tremendously
sensitive to the pattern of final beneficiaries, so that in a Harberger
type efficiency calculus only world, the pass-through issue might be
neglected, in a world where the distribution of benefits matters, it
probably has to be considered.

Ensuring consistency of surplus measurement in the context of
multiple price/output changes in downstream markets is bound to be
challenging. There is obvious potential for double counting if there is
inconsistent treatment of the transport market and the downstream
markets.

A spreadsheet model has been developed to demonstrate the
practical impacts of direct secondary market effects — especially for
commuting trips. This could be further developed, to deal with other
journey purposes, and better ground its parameters in empirical
evidence.

7.6.3  One interpretation of the history of transport appraisal in the UK is that of a
progressive move from an underpinning of the perfect competition theorem to one
of all round imperfect competition. This introduces the complications of multiple
price changes in which consistency of appraisal and avoidance of double counting
becomes paramount (Mohring, 1993).

Indirect effects on secondary markets

7.6.4  The stylised case considered of constant costs in the primary market and an upward
sloping supply in the secondary market is sufficient to generate the following
propositions:

e Based on this model, it is possible to derive a general theoretical

analysis for examining the sign of efficiency effects in secondary
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7.6.5

7.6.6

7.6.7

7.6.8

7.6.9

markets, showing how the results depend on the efficiency measure
of interest and on whether the goods are complements or substitutes.

Efficiency effects in secondary markets will typically be negative in
cases most relevant for policy analysis — therefore standard partial
equilibrium appraisals based on the primary market will tend to
overstate the efficiency effects of investment, as well as obscure

distributional impacts in primary vs. secondary markets.

e A range of practical approaches have been developed for capturing
indirect secondary market effects — this chapter considered two of the
more pragmatic approaches, devised by Boardman et al. (2018) and
Kotchen & Levinson (2022).

Boardman et al. (2018) have argued that it is justifiable to ignore secondary-market
effects, on the grounds that price/quantity combinations observed before and after
policy interventions will reflect secondary market effects and thus provide a close
approximation to general equilibrium. Kotchen & Levinson (2022) demonstrated the
application of their approach to two (non-transport) case studies from Mexico and
the USA, finding secondary markets effects to be trivial. More generally, most CBAs
do not in practice consider the welfare consequences in secondary markets.

Final thoughts

Returning full circle to the background discussion at the beginning of this chapter, it
is worth remarking that we have not found any literature on secondary market
effects which is motivated by a particular interest in distributional impacts.
Distributional incidence is however implicit in the notion of secondary market effects
— given the split of consumer vs. producer surpluses therein.

Finally, whilst the RfP for this study highlighted various issues relevant to ‘indirect’
effects on secondary markets, our view is that DfT’s proposed formula (7.1) is more
relevant to ‘direct’ effects. That is to say, (7.1) is more concerned with the pass-
through of transport benefits into other markets, as opposed to additional benefits
or costs associated with pecuniary externalities. While we think this is generally
acceptable, there may be cases where it is not, such as the case of urban land which
is considered in Chapter 8 to follow.

Tentative implications for this study

So long as the standard TAG methodology involves modelling/appraising a derived
demand without reference to the drivers of the derived demand or the existence of
close substitutes, the derivation of secondary market effects will be an exercise in
reverse engineering.

That said, we think that the insights from this chapter point to guidance along the
following lines:
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The transport user benefit measure (CS plus PS) is the best available
measure of efficiency benefits.

If there is a need for DWs (i.e. considering social welfare rather than
efficiency benefits), the pass-through approach considering direct
secondary market effects is needed and is the least likely to cause
double counting and other complications. The pyser NuMbers will
depend on the relevant elasticities which still need to be considered.

In many markets, indirect effects via complementarity and
substitution will be empirically trivial and can generally be ignored. But
it is debatable whether this result is transferable to transport and its
secondary markets — for example in the case of the land market and
dependent development.

The policy applicability of secondary market effects requires
consideration — should it apply to all TAG impacts or a subset? should
it apply to all schemes or a subset?
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8. BENEFIT CAPTURE/PASS-THROUGH IN DELTA/ULTRA: A
POTENTIAL SOLUTION TO THE SECONDARY MARKET
PROBLEM?

8.1 Introduction
8.1.1  One of the principal objectives of this study was to:

O ‘To identify where the benefits of transport investment ultimately accrue within
society—whether to firms (return to capital), households and workers (via wages or
prices), land and property owners (including effects on rental values), or government—
and to develop reasonable default assumptions for this allocation’.

8.1.2  The literature review (Chapter 4) identified the transport-land market interaction as
a key area of focus in this regard, and in particular identified the DELTA+ULTRA suite
of models as potentially offering a practical and available solution. Therefore, the
developer of DELTA+ULTRA — David Simmonds of Allanfield Consulting — was
commissioned to write a technical note which forms the basis of this chapter.

8.1.3  The specific questions which this chapter addresses are as follows:

e First, do the available results® from DELTA+ULTrA provide any support
for (or criticism of) the DfT approach of applying a multiplier (reflecting
the expected average distributional weight) to separate time and cost
benefits by purpose and (if possible) other segments?

Secondly, can the available results from DELTA+ULTrA supply
estimates of the coefficients needed to implement the DfT approach,
particularly the degree to which transport benefits remain with
transport users in person (including the degree to which benefits
remain with the business traveller rather than their employer®®) or are
passed through to other beneficiaries?

8.1.4  Several follow-up questions arising are also identified.

Terminology

8.1.5 In what follows we distinguish between:

%5 The available ULTrA outputs known to the present author are listed for reference in Table 12. A wider
range of DELTA results is available; ULTrA could probably applied to many of those sets of results if
required. (Nearly all of the inputs required by ULTrA are supplied from the DELTA model input files, so
ULTrA setup is relatively trivial.)

26 The DfT approach assumes that all benefits to goods vehicle operations accrue to the business
owners, landlords or government (through increased taxes), not to the driver. For travel on employer’s
business, it is assumed that a proportion of the benefit (currently 14%) is retained by the traveller.
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AbLUTA = accessibility-based land-use/transport appraisal, as a
general approach; and

ULTrA = SYSTRA’s software implementing AbLUTA using outputs from
DELTA models.

8.1.6  This is similar to the distinction between:

LUTI = land-use/transport interaction modelling, in general, and

DELTA = one particular software package (and one broad design,
though with a lot of variation between individual applications) for the
land-use (and economic) part of LUTI modelling.

8.1.7 The AbLUTA approach is discussed at some length in other papers, but in brief is
characterised by:

using changes in zonal accessibility measures as the basis for
estimating direct user benefits from transport changes, for households
and for firms;

calculating those transport benefits and those arising from land-use
changes using a rule-of-a-half formula applied to each household type
and each employment sector in each zone in each year, whether the
land-use changes are in response to transport change, are the results
of other interventions (e.g. planning or regeneration actions), or a
combination of the two; in these rule-of-a-half calculations, the
“quantity” variable is the number of households or jobs located in the
zone, and the “price” variable is a measure of the disutility of locating
in the zone, one component of the change in disutility being the
change in accessibility;

structured by type of agent enjoying the benefits and explicitly
considering transfers, so that benefits to households and firms are net
of rent and tax effects; rents accrue to property owner/developers and
taxes to government.

8.1.8  Whilst ULTrA is specifically linked to DELTA and therefore reflects the specific details
and limitations of DELTA (in general and in any one application), the AbLUTA
approach as defined above should be applicable to a wide range of urban models,
and could be adapted to any changes in the representation of the labour,
goods/services and property markets.

8.1.9  This chapter does not attempt to explain all the details of ULTrA — especially not the
complications created by the fact that only a minority of households make location
or relocation choices in each year. Full details can however be found in other papers.
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8.2 The proposed DfT approach

8.2.1  As detailed in Chapter 5 of this report, DfT’s (2024a) proposed approach hinges on
the estimation of multipliers which impose distributional weighting of different types
of user benefits in different travel and transport segments (including goods vehicle
movements). A multiplier is greater than 1 if the expected mix of beneficiaries for a
particular type of benefit in a particular segment is such that the average
distributional weight for the type and segment is greater than 1; and vice versa.

8.2.2  The calculation of the multipliers starts from estimating the proportions of the
original transport user benefits retained by the transport user (i.e. the person who
actually travels, including goods vehicle drivers and any other crew where
applicable?) and which are “abstracted” (or “transferred”) benefits away from the
user. These must sum to exactly one.

8.2.3  For money benefits, each multiplier is the sum of

e the proportion of transport user benefits remaining with the transport
user multiplied by an average distributional weight; and

the remaining proportion of user benefits, those “abstracted” away
from the user, multiplied by a different distributional weight
(reflecting the distribution of equivalised incomes among the indirect
beneficiaries).

8.2.4  The distributional weights themselves are based on the standard Green Book
formula. For the “retained” share of benefits, this will reflect the expected
distribution of equivalised incomes among transport users in this travel segment. For
the “abstracted” share, it will reflect the expected distribution of equivalised incomes
among the eventual beneficiaries of the transfers.

8.2.5  For time benefits, a similar but slightly more complex calculation is applied. Each
multiplier is the sum of two components:

the proportion of transport user benefits expected to remain with the
transport user multiplied by the ratio of the distributionally weighted value
of time (given the expected mix of beneficiaries) to the standard TAG
(equity) value of time;

the proportion of transport user benefits expected to be abstracted away
from the user is multiplied by the product of

an average distributional weight for these “abstracted” benefits and

the ratio of the behavioural value of time to the TAG (equity) value of time.

8.2.6 It seems to follow that the distributional weight applicable to the “retained” will
normally be the same, within any one demand segment, for money and time
benefits, but may be different for the “abstracted” benefits, since the mechanisms
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8.2.7

8.2.8

8.2.9

8.2.10

8.2.11

by which money and time benefits are “abstracted” might differ. However, this would
complicate some of the suggestions later.

The implications for the extreme cases are as follows. At one extreme, if all user
benefits remain with users, then the multiplier for money benefits is the average
distributional weight given the expected income distribution of the users, and for
time benefits it is the average ratio of the distributionally-weighted value of time
relative to the standard TAG value.

At the other extreme, if all the benefits are abstracted by others, then the multiplier
will be distributional weight on “abstracted benefits”, adjusted for time benefits by
a correction to get from the standard TAG value of time back to the behavioural one.

DfT’s (2024a) note specifies that the benefits must be segmented by purpose, and
ideally should be segmented as much as possible in other ways notably by distance
and mode. They also have to be split into time and money components.

The note does not comment on how benefits are abstracted from others or the
implications of this for assessing distributional effects. Abstraction mechanisms can
range from the very simple (e.g. money savings in business travel will generally
increase firms’ profits, as employees claim less in expenses) to complex and
dependent on other conditions (e.g. improvements in commuter travel may be
captured as increased land values, but only if employment is stable or growing in the
destinations served). The DfT approach assumes that other types of non-money
benefits (e.g. increases in frequency, getting a seat rather than having to stand) are
treated in the same way as time savings, via the multipliers on time that are applied
for these effects.

In the EB segment(s), the pass-through of money and time may well be different. The
money cost of EB travel is by definition a cost to the business, and as just noted any
saving is therefore a saving to the business. For time savings this is less certain. In
some cases, a time saving may be entirely passed through — the employee’s journey
is 10’ faster, the employee spends an additional 10’ working in the office. In other
cases, it may not be: company policies do not necessarily give employees 100% time
off in lieu of out-of-hours business travel. This is especially true if the “time” saving
is in comfort rather than elapsed time; it seems unlikely that there is much pass-
through to employers if a business journey becomes more comfortable (e.g. sitting
rather than standing)?’.

8.3 Linkages between markets

8.3.1

This section explains how markets are linked in the present DELTA models, as
necessary background to considering how benefits may be retained by users in the
transport market or passed through to others.

27 Though there may be a money benefit to the employer where a change of mode occurs, e.g. if the
improvement in comfort (reduction in overcrowding) leads to users switching from expensive taxi to
cheaper train.
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8.3.2

8.3.3

8.3.4

8.35

The land-use/transport system is often represented as shown in Figure 20, with the
supply of transport (determined primarily by transport infrastructure and service
suppliers) affecting the decisions of firms and residents, who interact with each
other, and with property owners and developers, through a series of markets.

“Product markets” on the diagram is shorthand for the whole range of markets in
goods and services, plus the largely non-market provision of other services such as
education and healthcare. “Landowners/developers” supply both new and second-
hand floorspace to firms and (as housing) to households. The diagram does not
attempt to show linkages arising from externalities, though they may be very
relevant; nor does it show the role of government (except in so far as public sector
activities, using labour and other inputs to supply services, are implicitly included in
“firms”).

Each link represents a good, service or factor being supplied from the plain end of
the link to the arrowhead end, with payments going in the opposite direction in most
cases; the red lines distinguish the supply of transport to other parts of the economy.
Some links work in both directions, e.g. firms both supply goods and services to
product markets and purchase from them.

A modified version of this diagram, more closely corresponding to the workings of
DELTA and other LUTI models, is shown in Figure 21. This tries to convey that
transport is not a separate influence on firms and residents, but exerts an influence
by modifying their actions in the labour and product markets. (Figure 21 also
rearranges the groups of actors so that all firms are on the left-hand side.)

Figure 20. Land-use/transport interaction (1) |

Landowners &
Developers

Property market

Labour market
Firms Residents
t Product markets
Transport market
gl
Transport Transport
infrastructure service
suppliers suppliers

Source: originally developed by the present author as input to SACTRA deliberations, 1998-99.

8.3.6

More specifically, the influences are that transport affects:

e residents’ journeys to work;

111



SVSTIF

e residents’ journeys to obtain to goods and services from firms (and/or
the delivery of goods and services to residents’ homes); and

e the trading of goods and services between firms (including all the
complexities of supply chains).

8.3.7  Another way of considering this is to remember that transport is very largely a
derived demand, derived from the interactions between people and/or firms that
require the movement of goods and passengers; the arrows radiating from the
“transport market” point to the interactions which generate those demands.

Figure 21. Land-use/transport interaction (2) i
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8.3.8  The DELTA model considers these influences mainly through accessibility measures,
including:

residents’ access to work opportunities (disaggregated by the broad
occupation level of the worker, and by car ownership);

residents” access to shops and services (disaggregated by car
ownership, and in some models between types of shops/services);

firms’ access to labour (by occupation level, and reflecting the car
ownership of potential workers);

firms’ access to other businesses, i.e. employers business travel and
freight delivery (by sector®).

28 Sectors in DELTA are typically based on high-level SIC categories, some of them disaggregated by the
spatial scale of their operations e.g. separating “national/regional” retail centres that attract customers
from a wide area from “local” retailing.
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8.3.9

8.3.10

8.3.11

8.3.12

8.3.13

8.3.14

8.3.15

Various researchers, notably Bates (2006) and Geurs et al. (2010), have shown that
changes in logsum accessibility measures can provide more exact measures of user
benefits than the conventional rule-of-a-half calculation, with the added advantage
of measuring user benefits arising from changes in the number or location of
destination “opportunities”.

The logsum accessibility measures used in DELTA do not fully comply with the
conditions to match/improve on the RoH measures, for a mixture of theoretical and
practical reasons discussed below. Despite that, they are used as the basis for
measuring user benefits inclusive of those arising from changes in the distribution of
destinations.

As Bates (2006) notes, these measures solve one side of the difficulty of incorporating
land-use change into transport appraisal, the side that results from changes in
destinations. That leaves the more difficult question of how to deal with changes
occurring at the origins (i.e. the residential or business location). The rest of ULTrA
deals with these. The full set of components is shown in Table 11.

The DELTA model represents household location and relocation as a modified
incremental model in which households locating afresh tend to locate where similar
households are already located, and households relocating do similarly but with a
marked tendency to remain close to their present location. These patterns are
modified by the changes in accessibility, environmental and quality figures, rent and
floorspace per household (i.e. dwelling size). Rent, floorspace/household and
household location are forecast in a location/housing-market model which is solved
so that all moving or may-move households are located and all floorspace is occupied
(or, if demand is insufficient, left vacant).

The benefit in one year to households of one type in one zone will therefore consist
of the changes in welfare due to:

increases in the quantity of housing they enjoy in return for rent;

improvements in accessibility to opportunities for work and for other
purposes;

improvements in other location-specific externalities;

increases in their residual budget for other goods and services;

(in some cases) increases in leisure time (from taking on jobs).

A similar approach is taken to benefits to firms, but is much simpler because the
modelling of firms is much simpler; this captures the benefits arising in employer’s
business travel and freight movement.

All households and firms are assumed to be renters rather than owner-occupiers; the
main component in the benefits accruing to property owners and developers are
therefore benefits from increases in total rent paid. The landowners/developers
incur the costs of providing floorspace; they therefore benefit from lower costs if
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they supply less floorspace in the Alternative Case being appraised than in the Base
Case®. Tax is paid on the profits from owning and developing property (but at a low
rate on housing reflecting the more favourable treatment of owner-occupation.)

8.3.16 The benefits to the government sector are simply the sum of increases in taxes paid
plus (potentially, and depending on the treatment of moves between working and
not-working) the sum of any reductions in benefits paid.

8.3.17 The ULTrA design includes a further category of “other” benefits which need to be
considered but which cannot be identifying as accruing to any particular group of
actors in the analysis. The (now) standard item in this category is the value of
reductions in carbon emissions. Clearly no distributional weighting can be applied,
given the uncertainty about the beneficiaries®.

2% Most DELTA applications work on the basis that the development sector will seek to develop a certain
total quantity of each type of floorspace each year, these quantities being related to the economic and
demographic scenarios; but this quantity will only be built if that amount of development is permitted
(by planning policy) in zones where it is viable to develop (based on the margin between modelled rents
and costs of development which are themselves part of the economic scenario).

30 Though in so far as such benefits are valued as abatement costs (i.e. the costs of alternative
measures to achieve the same result), it might be possible to apply distributional weights to those
costs?
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commuting to zones offering higher wages.

Table 11. ULTrA: components of household benefits
Market(s) Item Definition Notes
. . e Benefits may arise from any or all of: better transport provision; higher car
i Benefit to households from improved accessibility to . y Y . portp - &
Accessibility . . ownership (as car-owners always enjoy better accessibility than non-
opportunities for work and services. .
Transport owners); more or better-located opportunities
and Benefit to households from reduced expenditure on
consumption car ownership. (So if increased incomes lead to . -
of soods and | €ar . P- . .| The cost of car ownership is usually taken as the minimal cost of a
g . increased car ownership, some of the benefits in . . .
: ownership . - . . roadworthy, legal vehicle; expenditure on a better car that car is assumed
Services income and accessibility will be offset by a negative . . . . .
costs . . . to be part of the utility obtained from spending disposable income
here representing increase expenditure on car
ownership.)
Benefit to households from increased income net of
income tax, Council Tax and VAT on household . . . .
. . Note that this considers all after-tax income, but expenditure on car
expenditure. Income per household may increase . . . .
. ownership, commuting, and housing are accounted for in other
through more household members in work (but . . L . .
L categories; the effect is the same as considering only disposable income
Income note the generally limited treatment of the labour . .
. . . . after housing etc cost. For reasons of ULTrA programming, not all the
market, discussed in section 0 below) or higher . .
. taxes are explicitly shown in the output tables, but they are accounted for
wages per worker. Wages may increase due to
. . . . and transferred to the government sector.
Labour higher wages in particular work zones or increased

Leisure time
and
commuting
costs

Benefit to households in increased leisure time and
reduced commuting costs if the number of workers
per household decreases. (So if income increases
due to more household members in work, this will
be negative i.e. a loss of benefit.)

These components address two issues. [1] The accessibility to work
measures assume a fixed number of trips per household; this adjusts for
the additional commuting costs incurred if additional household members
start work. [2] Moves from not-working to working may be driven by the
benefits system i.e. people may have no option but to work; the disutility
of lost leisure time may therefore be considered3Z.

31 The leisure time and commuting cost components are related to the way the labour market is currently modelled. They can of course be scaled down or excluded
if considered inappropriate or incorrect.
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consumption

NB all households are represented as renters.

Market(s) Item Definition Notes
Housin Benefit to households from lower housing cost per | The workings of the model are that cost per household and space per
Housing & household and/or improved space per household. | household always move in opposite directions i.e. an increase in rents

results partly in higher cost, partly in occupying less space.

(externalities)

Benefit to households from improved quality of

Note this is (or should be) strictly the externality effect; in the model it is
driven mainly by changes in average income leading to better

Residential residential areas i.e. from externality effects of | maintenance and improvements of houses and gardens. Households’
quality higher-quality new development or better | utility gains from maintaining and improving their own homes are
maintenance/improvement by other residents assumed to be part of the utility obtained from spending disposable

income
Externality effect, in practice dependent on data passed from transport
Household Benefit to households from reduced traffic (and, in | model. Note that the density of traffic by zone is generally used as a proxy

environment

principle, from other sources including static ones).

for more specific effects (noise, local pollution, accident risk, severance,
etc).

NB all terms are implemented so that positive values represent benefits to households.
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Intervention(s) tested (client)

DELTA application and
transport model

Documentation

Status of documentation

Documentation supplied
for present projects

LonLUTI + LTS

DSC Project Note
presenting and

Crossrail2 (TfL) transport model (full . . Confidential Supplied v/
LUTI?) discussing results
' (LonLUTI PN214)
LonLUTI + LTS
Bakerloo Line Upgrade and transport model . ) .
DSCP Note ? f I Tom?
Extension (BLUE)3? (TfL) (possibly full LUTI, but SC Project Note Confidentia om
possibly LUMIT)
LonLUTI + LTS
. - I . , .
Piccadilly Line Upgrade3 (TfL) :;)ZZZ?J;tfmrlijSTl, but DSC Project Note ? Confidential Tom?
possibly LUMIT)
Major transport investment
k f K (“Modelli ic National
packages for UK (“Modelling a Strategic Nationa DSC Report Published Supplied v

pan-national UK network”)
(UK2070 Commission)

Model (LUMIT)

Glasgow Active Travel and
Liveable Neighbourhood
Strategic Outline Business Cases
(Glasgow City Council) (two
projects)

TELMoS (Base Case
modelled as full LUTI
using TMfS,
Alternatives run as
LUMIT)

Sections in Arcadis/DSC
reports

Published (two reports)

DCS to send reports

Strategic Transport Projects
Review 2: appraisal of overall
package (Transport Scotland)

TELMoS + TMfS (full
LUTI)

DSC Project Note ?

Confidential

Ignore?

32 More than one version tested, possibly with different versions of LonLUTI and/or LTS?
33 More than one version tested, possibly with different versions of LonLUTI and/or LTS?
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Intervention(s) tested (client) LIS I EGE Documentation Status of documentation Documentatlon- supplied
transport model for present projects
. TELM B C
Dundee Bypass and associated oS (Base Case
development (demonstration modelled as full LUTI
7 P using TMfS, DSC Report Confidential Valentina?
tests for Transport Scotland and .
Tayside authorities) Alternatives run as
LUMIT)
LonLUTI (B
“Crossrail to Ebbsfleet” and onLUTI (Base Case . . .
. modelled as full LUTI Free to circulate; results published in .
8 | associated development . . DSC Report . Supplied v/
. using LTS, Alternatives ETC presentation
(demonstration tests for TfL)
run as LUMIT)
Abbey Wood to Ebbsfleet
9 | Corridor3* (LB Bexley, TfL and LonL.UTI (not sure of ? Confidential Ignore?
details)
others)
Demonstration tests: inter-
. . . D TPM ET
urban rail, urban PT and North of England LUTI Free to circulate; results published in CStosend and ETC
10 . . DSC Report papers, and to ask TfN
development interventions model (LUMIT) TPM and ETC papers .
about sending the report
(TFN)
Headline results published by TfGM
L|verpool-.Manchester Railway North of England LUTI | Allanfield Consulting and partnfers. Technical Note still in DCS.to ask TfGM ab9ut
11 | and associated proposals model (LUMIT) renort draft (waiting for other (non-LUTI) | sharing the Technical
(TfGM) P inputs) but will not go into much detail | Note
about results.

Source: present author’s personal recollection; may not include all applications by SYSTRA since late 2022. Originally Allanfield PN5 in the Welfare Appraisal

under Land-Use Change project.

34 This considered “real” proposals, developed in some detail, similar to the simple hypothetical one considered in the Crossrail to Ebbsfleet demonstration tests
(row 8).
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8.4

8.4.1

8.4.2

8.4.3

8.4.4

8.4.5

Retention or capture of benefits

A time or cost saving can only be captured by another actor in money form through
a transaction in one of the modelled markets. The discussion is therefore organised
by market.

Labour markets

Current DELTA models

The modelling of the labour market in the operational DELTA models is very simple:
wages are not modelled, and a form of gravity model is used to update the previous
home:work matrix® until all jobs are filled. the updating process takes account of
changes in jobs by zone, in working-age residents by zone, and in the deterrent effect
of the generalised costs of commuting between zones. (The dynamic structure of the
model it such that in each year job locations and household location change
separately, each in response to previous changes, before the labour market is
modelled).

The present model therefore does not model changes in wages due to changes in the
local balance of labour supply and demand. In this and other respects the design now
looks rather primitive, but it reflects the preoccupation, in the original development
of DELTA, with being able to test whether interventions would tend, within a fixed
total scenario, to redistribute jobs towards deprived areas with high structural
unemployment (i.e. potential workers willing to work at the prevailing wages but
unable to find jobs).

It is assumed that all the benefits of improvements in commuter travel accrue to the
workers; these benefits are calculated as changes in logsum accessibilities to jobs of
the appropriate occupation group. Some sectors tend to relocate (within one labour
market area) to zones with improved access to labour, but to count easier access to
labour as a benefit to firms would appear to double-count the user benefits already
accruing to commuters.

Prototype enhanced DELTA model

DSC designed and tested an improved version of the labour market model in which,
in each year:

35 Often called the travel-to-work matrix, but more precisely a matrix recording each working resident’s
home and workplace; it would match the home:work trip matrix in the transport model if every working
person made precisely one trip from home to work every day, and if that trip matrix included (as
intrazonals) all the working people who work at or from home and have no other workplace. (The model
can allow for a proportion of workers having more than one job, but may implicitly assume that the jobs
are in the same zone.) In the TELMo0S18 model, and possible future models, remote working (people
working at home rather than commuting to their employer’s premises) is explicitly considered; the
workplace in the home:work matrix remains the employer’s location even if individual workers
infrequently go there. (For the substantial group of people who work entirely at or from home, the
home:work entry is by definition intrazonal.)
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8.4.6

8.4.7

8.4.8

8.4.9

working-age residents adjusted their choice of whether to work, and
if so where to work, in response to changes in wages net of commuting
(generalised) costs, and

wages for each of the broad occupation groups in each workplace
were adjusted until the number of residents of that group choosing to
work in that zone matched the number of workers required to fill the
already-determined number of jobs.

This would have given a model in which the benefits of improving travel to work
would generally be divided, at least in the short term, between firms (some reduction
in total wages) and residents (increases in after-commuting wages or reduction in
generalised costs of commuting®). In the longer term, relocation of firms to places
where wages had fallen might tend to capture more of the benefits for firms (or their
landlords). However, the model did not prove sufficiently stable for practical use,
though that could almost certainly be achieved with resources for further work.

In addition, it probably needs further refinement to deal with situations of
insufficient labour demand (i.e. structural unemployment with persons willing to
work at the prevailing wage but for whom no jobs are offered) and of insufficient
labour supply (i.e. where jobs remain unfilled beyond a “normal” vacancy period)?”.

Product markets

A similar situation prevails in the treatment of goods and services, where the model
does not attempt to calculate prices. Benefits accrue to residents from easier access
to services (reduced generalised cost or more convenient location), and to firms from
easier access to other firms (likewise).

Again, a more responsive version of the model exists in which firms have explicit,
price-elastic production functions (rather than fixed input-output relationships) and
all prices are variable. Like the wages-based employment model, this has been
implemented only in prototype form, and has not (yet) been developed to the point
of regular use®,.

36 These benefits to residents would replace the present benefits from improved accessibility to jobs.

37 The fact that DELTA was designed so that jobs have to be filled, and so that the total number of jobs
matches a given scenario (at least in the Reference Case), is a reflection of past preoccupation with
ensuring that the model outputs remained consistent with conforming to given totals, usually from

TEMPRO.

38 Both the wages-based treatment of employment and the “production function model” (PFM) version
of the production and trade sub-model were parts of the enhanced version of the Highways England
Economic Model developed circa 2017. To a considerable extent the development of the PFM was (and
remains) an alternative to the possibility of integrating an SCGE model of the economy into a LUTI
model, which has been discussed for at least a decade.
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8.4.10

8.4.11

8.4.12

8.4.13

8.4.14

8.4.15

Property markets

The treatment of property markets is somewhat more sophisticated. The model has
a number of separate floorspace markets (typically 4 to 7), one of them being
housing. In each year, a majority of households and jobs are assumed “immobile”,
the proportion varying by household type or employment sector.

In the housing market, rents in each zone are adjusted until a short-term equilibrium
is found in which either:

the floorspace demanded by households locating there, given the
amount of floorspace they choose to occupy at that rent, is equal to
the amount of floorspace available; or

the amount of floorspace so demanded is less than the amount
available but the fall in rent is such that landlords take some of the
floorspace off the market and it remains vacant.

The floorspace each household would occupy if it located in the zone is a minimum
quantity plus what they can rent for a calibrated proportion of their disposable
income (after paying for the minimum area)®. The benefit of a decrease in the
equilibrium rent is therefore both the saving in rent (which reappears in ULTrA as a
disbenefit for the landlord) and the utility obtained from occupying more space.

A transport improvement which leads to an increase in residential demand in a
particular location will therefore result (if housing supply is unchanged) in some of
the accessibility benefit to residents being “captured” by landlords receiving increased
rents, and some of it being cancelled out (not captured by anyone else) by households
occupying smaller dwellings. Note however that there will typically be opposite
results in the other zones from which these households are moving, where demand
is decreased and rents are falling.

In the commercial floorspace markets, similar but simpler processes are at work, the
main simplification being that whilst floorspace per worker is elastic with respect to
rent, subject to a minimum, floorspace per worker has no direct effect on firms’
location choices, and increases in floorspace per workers are not counted as benefits
- only reductions in rent paid®.

The model finds a set of separate, short-term equilibria, one for housing and one for
each type of commercial floorspace modelled, in each forecast year. In each such
market, the physical supply of space at that point in time is fixed (though it may end
up occupied or vacant). The demand for that space (number and mix of households
or jobs, and the floorspace/household or floorspace/job ratio) is variable subject to
certain limits. The equilibrium locations, rents, and densities are conditional on the

39 j.e. the model uses a Stone-Geary or Klein-Rubin function, rather than a Cobb-Douglas one in which
floorspace per household could fall to unrealistically low values.

40 The factors affecting space per worker, and the impacts of space per worker on productivity, seem to
be under-researched; even basic data is fairly scarce.
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8.4.16

8.4.17

8.5

8.5.1

8.5.2

8.5.3

8.5.4

8.5.5

other variables (e.g. accessibility to destinations and environmental quality) which
are fixed within any one-year period but can change over time.

The “capture” of transport benefits by landlords through higher rents does not
reduce the accessibility benefits to residents. The capture (and the associated
reduction in space per household) appears in the household results as an offsetting
negative in the “housing consumption” row, and hence reduces the overall benefits
to households. This can (and frequently does) mean that households enjoy benefits
in terms of reduced travel times offset by money disbenefits of higher rents.

Another recurrent issue in considering the social distribution of transport benefits is
the potential for benefits intended for low-income households to be captured by
higher-income households moving into the areas where the benefits can be
enjoyed*! (a process often called “gentrification” — a term which has acquired a
strong tone of disapproval).

Applicability to the DfT approach

Does DELTA+ULTrA support the DfT approach in general?

The answer is “yes, but...”.

“Yes” in that [a] the design of DELTA and ULTrA anticipate a trade-off between better
accessibility and lower rent, which may be modified over time by changes in other
variables (e.g. the area quality variable); and [b] the results typically show (in line
with empirical evidence) that improvements in accessibility are “captured” in higher
rents (again with modifications over time through changes to other variables, which
may increase or decrease benefits to any one household type in any one case).

One obvious point of difference between the ULTrA approach and the DfT approach
(and indeed between ULTrA and a lot of cost-benefit analysis practice) is that ULTrA
considers (up to a point) the gross gains or losses of benefits. For example. if user
benefits in commuting and leisure travel (service trips) accrue to households, they
appear in ULTrA in full; any “capture” of those benefits by landowners (through
increased rents, where demand for land increases) or employers (where the supply
of labour increases) appears as a separate loss of benefits to households (and, where
appropriate, as a gain to others e.g. to property owners). The proportion of user
benefits retained by the user (puser, in the DfT note) would have to be worked out as
a ratio of other benefits to the initial accessibility benefits. The definition of “other
benefits” and “initial accessibility benefits” would need to be worked out, but that is
to some extent just arithmetic.

The “but” qualifications range from major to relatively minor.

The most fundamental qualification is that the total benefit in ULTrA will nearly
always be different from the total user benefit in the conventional transport
calculation. (In a world of perfect markets, with (amongst other things) no planning

4 This is another criticism of the previous DfT method of considering distributional issues in terms of
the deprivation or otherwise of the places that would be served by transport improvements.
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constraints and no externalities outside the transport system, the two totals would
be identical, but that is not practically relevant). The difference means that either:

the proportions of total user benefits retained by users and passed
through to other beneficiaries would need to be redefined, so that
instead of being two complementary values (puser and 1- puser in the DT
notation) the calculation would use two separate values which would
sum to >1 if the total ULTrA benefit was greater than the total user

benefits, and vice versa; or

the total ULTrA benefits would need to be scaled to be equal to the
total user benefits;

or the ULTrA benefits could be taken as the starting point.

8.5.6  Anobvious point to make here is that this issue ought to be considered in the context
of DfT’s parallel ‘Welfare Appraisal under Land-Use Change’ project, which is
examining how land-use changes can modify total welfare benefits.

8.5.7  The accessibility benefits measured in ULTrA do not correspond in definition to
conventional user benefits, because they include the benefits of changes in
destinations (e.g. the benefit of more jobs in places that a household can easily reach,
as well as the benefit of being more easily able to reach a given distribution of jobs).
Even if accessibility benefits are calculated on unchanged land-uses, the results seem
to differ significantly from conventional user benefit results.

8.5.8  Several other complications immediately present themselves:

some of the items in the ULTrA results are externalities, including the
externality effects of changes in traffic volumes (pollution, noise,
severance etc) — these should probably be excluded from the present
calculations?

to work out puser values by segment (e.g. separately for commute and
leisure purposes, and for different distance bands) it would seem
necessary to run the LUTI model itself introducing the changes in
generalised costs by segment (e.g. improving generalised costs only
for commute journeys over x km); the problem then arises that the
sum of the benefits from the segmented improvements might be
different from the total benefits of the complete improvement;*?

it would be necessary to separate the benefits (of each kind) between
household types to see the distributional effect, bearing in mind that

42 Alternatively, it might be possible to model and appraise the whole improvement as a single set of
input changes, but then to work out for each household type in each zone how much of the accessibility
improvement to which they respond was due to the improvement in which segment?
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one might quite correctly see benefits or disbenefits to households
who do not experience the transport change at all*3;

the way that DELTA is currently constructed and operated doesn’t
allow any distinction in the accessibility measures between time, cost
and other components of improvements (and where it uses logsum
outputs from other models, those may not be separable, so this is not
necessarily just a DELTA limitation).

8.6 Does DELTA+ULTrA provide helpful coefficients? (i) distribution of
household transport benefits

8.6.1  DELTA+ULTRA can in principle provide a zone- (and year-) specific answer to the
qguestion “which kinds of households benefit from this particular transport
improvement?”. This is subject to:

relative simplicity of the weights by household-type on accessibility
variables (simple frequency-related values);

in practice, the trip distributions implicit in the accessibility variables
do not exactly match those in the model.

8.6.2  If the intention is to apply this distribution to the DfT method (i.e. to implement the
distributional weighting of values of time) then it will be necessary to do some
additional work to separate out effects by travel purpose. This arises because DELTA
combines measures of accessibility by purpose and type of destination into overall
measures of accessibility for each type of household. ULTrA operates on DELTA
variables and therefore cannot report accessibility benefits by purpose (though it can
report them by zone and could report them by household type). Disaggregating these
measures should in principle be straightforward: there is a well-established method
of running “variant tests” in the DELTA model to examine the impact of changes with
some aspects of the model switched off; this can readily be used to model the
impacts of generalised cost changes for each purpose separately. Since each variant
will be a full DELTA test, ULTrA could be run in the usual way to appraise the impacts
of changes in each purpose.

8.6.3  There is however some potential complication in interpreting the results, in that
improvements in different purposes may have different effects on different
household types. For example, an improvement which affects commuter travel far
more than any other purpose might in the land-use model have a negative effect on
retired households through increases in rents*. This would need further thought; in
principle, there seems to be no reason why distributional weights should not take

43 For example, disbenefits to retired households as a result of increasing rents arising from a transport
change only improving commuter travel, which by definition those households do not use.
Implementing a version of ULTrA which makes it easy to output households results by DELTA household
type is a possible development in the BRONTE project.

44 A localised example of this was shown in Simmonds D (2012). Note that households are only
affected by changes in rents when they have to make a location/relocation decision — very
infrequently, for retired households.
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account of a distribution in which generally positive benefits are actually negative for
some groups. Recognition of this would be a major step forward from the present
TAG guidance on the distributional impact of user benefits*, which assumes that if
benefits are forecast to accrue to residents of a more deprived area, then the scheme
should be graded as a having a more valuable effect, without considering the
incidence of benefits within that area®.

8.6.4  Another area of complication is that the DELTA model treats all households as
renting; it does not explicitly consider owner-occupation or social renting, though the
calibration of the model should ensure household behaviour is reasonable given very
substantial levels of home ownership — in particular that families and older
households are less likely to relocate in any given year®’. ULTrA reflects this: all
housing rents are costs to occupiers and revenues to the “landlord and developer”
group®. This does have the merit of identifying the increased rents or values have a
particular distributional effect for owner-occupiers: they are an additional benefit to
those who own when the improvement occurs, at the expense of the next purchaser
who has to pay more later.

8.6.5  Further development of DELTA and ULTrA has been suggested which at a minimum,
make it explicit that a substantial proportion of “landlords” are owner-occupier
households, and at a maximum would go further in explicitly treating rents “paid” by
owner-occupiers as imputed rents, less directly related to incomes. Whether it would
be worth moving to a version of the model in which owner-occupation and renting
were treated as alternatives related to location choice (perhaps with private renting
and social renting also separated) is debatable; a previous exercise on those lines was
not very encouraging.

8.7 Does DELTA+ULTrA provide helpful coefficients? (ii) distribution of
other benefits

8.7.1  The present DfT coefficients are shown in Table 13 below. Benefits are grouped into
four categories:

benefits that remain with the traveller (time savings and wage
increases);

increased returns to capital and land, i.e. to the owners of businesses
and property;

45 See TAG Unit A4.2 (revised May 2024): Distributional Impact Appraisal, section 2.4, particularly
paragraph 2.4.4.

46 A simple case in relation to a road improvement would be where the residents whose circumstances
give rise to the higher deprivation score for the zone simply don’t own cars. See also the earlier
discussion about gentrification.

47 Without getting into the chicken-and-egg question of whether relocation is less likely because of
transaction costs for owners, or ownership is more likely because they are less likely to wish to move.
48 The one adjustment for owner-occupation made in current ULTrA application is that the tax on
landlords’ profits (i.e. income from rents, less the amortised costs of supplying housing) is lower for
housing, to reflect the fact that the government does not try to tax the imputed rents of owner-
occupiers and gives them favourable treatment in Capital Gains Tax.
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8.7.2 The latter
reasonable:

reductions in consumer prices;
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increases in government revenue (increased tax revenue or reductions

in the costs of benefits).

three represent the “passed through” benefits. The weights look

increased returns to capital and land have a low weighting, because
they go predominantly to higher-income households;

reductions in consumer prices have a high weighting, because they are

more significant for lower-income households;

increases in government revenue have a weight rather less than 1, on
the basis that increased revenues are used to reduce taxes and thus
will mainly benefit higher-income households®.

Table 13. DfT coefficients
a b c D e f g
Scheme costs
. EB travel Commute Leisure . .
Group Weight + WEIs travel travel and mdlr.ect Freight
taxation
Traveller/wages 1.00 15% 74% 87% 0% 0%
r;ité‘m tocapitaland | o0 27% 26% 13% 0% | 17%
Consumer prices 1.09 25% 0% 0% 0% 50%
Government 0.94 33% 0% 0% 100% 33%
Average weight for 0.93 0.76 0.76 094 | 098
non-traveller

Source: incidence parameters.xlsx (DfT). Weight is distributional weighting. The last row, average weight for non-
traveller, is the combined weight for the type of benefit to which the column refers, given the initial weights in
column b and the percentage incidence in each columniii,

8.7.3  However, it is not clear what methods or assumptions have been used in arriving at
this table (except that column f clearly refers to costs for conventional government-
funded schemes).

8.7.4  DELTA + ULTrA, as the system currently stands, can supply similar but not identical
percentage incidence values for a scheme. Differences are that:

the proportion of benefits retained by business travellers (rather than

passed on by or through their firms) cannot be obtained from ULTrA

4 Or more precisely that the average taxpayer has a higher (equivalised) income than the average
recipient of transport benefits? See Green Book, A3.11.
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8.7.5

(the accessibility gains are assumed to be enjoyed directly by the
firms);

as noted earlier, it would be difficult to estimate the incidence values
separately by purpose (or any other kind of segment) except with
some degree of approximation;

current DELTA+ULTrA would allow a split between returns to capital
and returns to land*® but would not identify benefits transferring into
consumer prices. However, integration with an SCGE model (which has
been repeatedly discussed but never fully implemented) or the
implementation of SCGE-like characteristics into the LUTI system
(which was partially implemented for Highways England some years
ago) could complete this.

Note also that the inclusion of consumer prices and the possibility of SCGE-type
analysis raises again the question of whether the benefits are purely “passed
through” from transport to other markets, or are (at least partly) additional.

8.8 Other questions arising

8.8.1

8.8.2

8.8.3

[3] Would testing other schemes, or other analyses of outputs, help?

The potential advantage of using DELTA+ULTrA is that it could be applied to specific
schemes. To provide general results applicable to a range of schemes, it would be
necessary to test a programme of such schemes and to take average results — or to
devise an “archetypal” scheme that could be taken as representative of schemes of
its type.

[4] Does DELTA+ULTrA offer an alternative to the DfT approach?

In the sense mentioned just above, of estimating the incidence of “passed-through”
benefits to different categories of actors for a specific scheme rather than by
transport demand segment, yes, it does offer an alternative. It is also an alternative
in that the total benefits calculated by ULTrA are not necessarily the same as the total
user benefits in the conventional calculation.

In the broader sense of identifying categories of beneficiaries for which distributional
weights can be applied, it is entirely consistent with the DfT approach, though as
noted already the present DELTA model does not forecast changes in wages or in
consumer prices.

50 and with some further work (likely to be carried out as part of the TfN BRONTE project) would readily
distinguish returns to owners of housing (residential land) from returns to owners of non-residential
land — at present that requires additional processing.
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8.8.4

8.8.5

8.8.6

8.9

8.9.1

8.9.2

8.9.3

[5] Could other LUTI models + comparable (AbLUTA) appraisals be used?

In principle, yes, providing they have at least the same treatment of markets as in
DELTA. As already noted, the DELTA design can be improved upon in the ways that
the PFM prototype attempted, particularly by modelling wages in labour markets and
prices in the markets for goods and services. A CubeLand model would be similar to
DELTA in modelling rents but not other prices.

It should however be kept in mind that some of the other models have very specific
equilibrium characteristics which can have a dramatic effect on the kind of results by
sector required for the DfT approach. One rather unusual case was the version of
MEPLAN used in the Cambridge Horizons project which assumed a constant level of
utility for households; benefits therefore accrued to producers, landowners and the
government, but not to residents®. A more common case is the assumption that
businesses make zero profits.

[6] Could other kinds of SEM be used?

Same answer as for question [5].

Accessibility-user benefit differences

There is a mathematical relationship between the ULTrA accessibility measures and
TEE user benefits calculated using the same generalised costs, and under certain
conditions they could be identical. Ensuring that they were identical would generally
require an inordinate amount of work to reproduce detailed transport model data in
the land-use model (and might in some cases be simply impossible). It does not seem
either practical or appropriate to pursue that line of work, but it is still helpful to see
how close or different the results are when the appraisal is comparable.

To make the results comparable, it is necessary to run a “variant ULTrA test” in which
ULTrA is applied to a modified set of results which contain the generalised cost
changes but not the land-use changes. In practice this means that all the outputs
from the Alternative Case other than the generalised costs output the transport
model outputs need to be replaced with the equivalent files from the Base Case. This
leaves ULTrA calculating accessibility benefits arising solely from generalised cost
changes, with no changes in the opportunities to which accessibility is improved or
in the numbers of households benefitting from these changes.

Comparison of available results

To date we have just one transport user benefit result” for which we can run the
equivalent “variant ULTrA test” to get comparable accessibility-only, no-land-use-
change outputs as described above'. The details of this test need to remain
confidential. All we can currently report is that present values of the total accessibility

51 See description and references see the WP1 report from the parallel “Welfare appraisal under land-
use change” project, p151.
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benefit (to households and to firms) are approximately one-third greater than the

total user benefits from the conventional transport appraisal.
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8.9.4  We interpret this as a moderately reassuring indication that the ULTrA accessibility
and TEE user benefits are comparable in magnitude although, as expected, not
identical. The following section considers the various reasons why the values might
differ, which we hope to investigate further in future.

Potential sources of difference in accessibility/user benefits

8.9.5 There is a long list of potential sources of difference between conventional TEE
results and ULTrA accessibility results, summarised in Table 14. Some work was
undertaken on these some years ago, but was not altogether conclusive. Further
research would be desirable to understand:

e which of these sources of difference are fundamental, which ones
could and should be fairly readily eliminated;
the scale of the remaining difference, once that easier sources of
difference have been removed;
whether, having done that, the ULTrA accessibility benefit results
should be regarded as an alternative assessment, or whether all the
results should be scaled so that user benefits are the same in ULTrA as
in conventional RoH analysis.
Table 14. Potential sources of difference in accessibility/user benefits
# | Source Explanation/comment Likely significance
1 Differences in | We understand that the data passed to | Should be of limited
generalised cost | LonLUM is extracted from that used in the LTS | significance, since
source within LTS | mode/destination choice calculations. The | the different parts of
data used in TEE is at least more detailed | LTS should be
(separate components of generalised cost) and | consistent.
may be taken from a different part of the model
e.g. the highway and PT assighment models
For trips with origin and/or destination outside | Should not have any
London, the outside-LTS-area components of | direct effect, as the
generalised costs are from different models outside-LTS
components will be
constant between
Base and Alternative
in both models
2 Differences in | TEE calculations are implemented at the 1200- | Probably limited loss

zone systems

zone level (or possibly a finer level -see above).
Generalised costs are aggregated from the
1200-zone level to the LonLUM 230 zone level
in a complex process dealing with the fact that
the LTS zones don’t nest into LonLUM zone.

of accuracy
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Source

Explanation/comment

Likely significance

Differences in
purposes and time
periods
considered

LonLUM uses generalised costs for only some of
the purpose/time-period combinations
represented in LTS. (The importance of these
per household is determined by trip rates — see
row 5 below).

May put more weight
on peak periods
where benefits are
probably greater

Differences in
population making
trips

The numbers of trips by production zone
potentially benefitting from accessibility
improvements in LonLUM will differ from the
numbers of trips modelled in LTS due to
differences in number/mix of residents (and
business origins) (disaggregation of GLA
projections in LTS; own forecasts in LonLUM)

Differences in trip
rates

The numbers of trips that benefit from
improvements will differ due to differences in
the trips to persons. Note that the rates used
in LonLUTI are essentially intended to weight
different kinds of accessibilities (e.g. to work, to
shop) to create a single accessibility variable for
the location model

Taking these
together: trip
production numbers
may be a major cause
of differences

Differences in trip
distributions and
modal shares (in
based and impact
of scheme)

The TEE calculations are based on RoH using
trip numbers from the “observed” base year
matrices, modified by the model in response to
changing numbers of residents by zone (see
above) and changes in trip distribution and
mode choice resulting from other land-use
changes and changes in the generalised costs of
travel, given the sensitivities in LTS.

The ULTrA calculations reflect trip patterns
based on the LonLUM numbers of residents by
zone (see above) and the expected (model-
generated) pattern of trip distribution and
mode choice resulting from the destination
land-uses (e.g. employment by SEL) and the
generalised costs.

These differences mean that “unexplained”
characteristics of the base year trip pattern
(those not due to generalised costs and
variables describing population and
employment) will tend to persist over time in
TEE but will be absent in LonLUM.

May be a major cause
of differences

[6A]

[Differences in
choice hierarchy]

[The choice hierarchy used to calculate logsum
accessibilities in LonLUTI is different from that
used (incrementally) to calculate choice of
destination and mode in LTS.]

[Might be a
significant source of
differences?]

Annualisation
factors

LTS/TEE uses annualization factors to scale
from daily to annual results. LonLUM works on
weekly travel (the trip rates mentioned in row
5); ULTrA then scales accessibility benefits by a
factor of 52.

May be a source of
differences
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# Source

Explanation/comment

Likely significance

8 | Interpolation

[Calculation on present values in LTS/TEE
involves interpolating benefits to intermediate
years between LTS runs. LonLUTI works in
annual steps, with LTS outputs entering in the

[Could be a modest
source of
differences?]

years where LTS is run. Standard practice in
“standalone LTS” practice may not involve
running LTS for as many years as it is run in the
full LonLUTI application.]

9 Extrapolation [to Should be identical
years beyond last

modelled year]

10 | Discounting to Should be identical

PVB

Should be as
consistent as the
LonLUM/TEE  zone
matching permits

11 | Benefit area To clarify whether the set of zones for which
the accessibility benefits are counted is
consistent with the set of zone pairs for which

TEE user benefits are counted

Source: adapted from Table 9-1 in DSC (2019): ULTrA: Unified Land-use and Transport Appraisal - Design and
demonstration. Report to TfL. Changes in [square brackets] or strikethrough.

8.10 Conclusions

DELTA-ULTrA conclusions

8.10.1 In brief:

the DELTA-ULTrA design is broadly compatible with the DfT approach
to identifying the groups of actors (parts of the economy) that
“capture” transport benefits as other kinds of benefits;

it can provide some additional detail about the incidence of “passed-
through” benefits on different types of households, though
improvements to the treatment of household owner-occupation
would be desirable;

it is limited (and cannot exactly match the DfT approach) in that it does
not forecast impacts on consumer prices;

it has the advantage that it could consider specific schemes (although
conversely it would probably need significant work to represent a

III

“typical” scheme in terms of coefficients by travel demand segment);

there are the two major questions that (a) the measures of
accessibility benefit in ULTrA do not match conventional transport
user benefits, and (b) even if they did, the total benefits in ULTrA
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would still not match conventional transport user benefits (because of

the additional responses and the imperfections in other markets).

8.10.2 More could be done to express some existing ULTrA results in the form required by
the DfT approach, but the two questions identified in the last bullet point above need
to be considered first.

Broader conclusions

8.10.3 In general, it would seem essential to use one or more forms of SEM modelling to
calculate the levels of “pass through” and the incidence of the resulting benefits.
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9. OUR ASSESSMENT OF DFT’S PROPOSED APPROACH TO
DISTRIBUTIVE WEIGHTING — PRINCIPLES

9.1 Introduction

9.1.1 In this and the following chapter, we will capture the insights from the previous
chapters and give our overall assessment of DfT’s proposed approach to
distributional weighting. The present chapter will consider the principles, whilst
Chapter 10 will consider the practicalities.

9.1.2  The Department has invested a significant amount of conceptual and empirical work
in developing initial guidance for the implementation of distributional weights in
transport appraisal. The key recommendations are set out in DfT (2024) and
supporting evidence has been provided by a range of Excel sheets covering a set of
applications.

9.2 Conceptual justification for distributional weights

9.2.1 From a conceptual point of view, the common narrative for implementing
distributional weights is to inform and evaluate the extent to which different parts of
the population are influenced by transport schemes and policies. This evaluation
involves:

assessing how different segments of the population are affected by a
given transport scheme (or option), and

contrasting the distributional impacts of different scheme options,
such that the potential ranking of these configurations may be subject
to change based on the distributional considerations captured by DWs.

9.2.2  We highlight the importance of using distributional weights in the context of
contrasting different scheme options, as opposed to the use of distributional weights
solely aimed at achieving certain strategic objectives (i.e. improving transport
accessibility in deprived regions). The latter kind of strategic evaluation should in our
view take place at the level of the Strategic Outline Business Case (SOBC), such that
projects not meeting specific distributional objectives are already filtered out in the
initial stages.

9.2.3  The most natural choice for segmenting the population is by income, since the Green
Book and welfare economics in general treat variations in the marginal utility of
income as an important distributional concern.

9.2.4 In short, social welfare is defined as the aggregate of individual utilities for a given
state. A transport project is considered an improvement in social welfare terms when
the sum of aggregated (changes in) utilities improves relative to the ‘Do Nothing’ (or
‘Do Minimum’ scenario). This was set out formally in section 3.3.

9.2.5 By contrast, traditional Cost-Benefit Analysis (CBA) as operationalised by the DfT’s
Transport Analysis Guidance (TAG) framework aggregates project impacts, both
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9.2.6

9.2.7

9.2.8

9.2.9

9.2.10

9.2.11

positive and negative, in efficiency (monetary) terms, not in utility terms. This was
set out formally in section 3.2.

To convert net monetary impacts into utility terms, the marginal utility of income
takes centre stage. It is commonly assumed that the marginal utility of income
decreases with income. That is, because richer households (or individuals) spend
their additional income on less essential goods, every additional unit of income is
associated with an increase in utility, but this increment is becoming smaller. The
decreasing marginal utility of income is a direct consequence of the traditional
assumption of the decreasing marginal utility of consumption in microeconomics.

When converting money into utility for the purposes of expressing the impacts of a
transport project in terms of social welfare, the marginal utility of income is used.
This implies that if poor and rich persons both experience the same monetary impact
of a project (i.e. if they have the same willingness to pay or incur the same monetary
cost), the impact of this change in utility terms is larger for poor people than for rich
people. The purpose of distributional weights is to reflect this phenomenon —thereby
correcting the underweighting of poor people which arises when aggregating
unweighted efficiency impacts. The detail of this was set out in section 3.3.

The DfT has stated that the objective of distributional weighting is ‘to provide a better
measure of welfare’. This may be well intentioned, but in DfT (2024) they interpret
the resulting welfare measures in monetary (not utility) terms and accordingly draw
the inference that distributional weights affect the absolute VfM (value for money)
of a project. We note that Green Book guidance on distributional weights (Section A3
—distributional appraisal) refers to the ‘impact on society’, but is vague on the specific
implications for VfM.

The standard VfM measure used by DfT is the efficiency-based Benefit-Cost Ratio
(BCR), measuring the ratio of the net present value of benefits to society over the net
present value of the costs to society. By contrast, DfT’s proposed ‘distributionally-
weighted BCR’ is affected by the relative weighting applied to both the benefits and
the costs.

The efficiency vs. distributionally-weighted BCRs will diverge when the populations
enjoying the benefits and those experiencing the costs of a policy are not identical in
terms of income. The Green Book attributes project costs to the representative
taxpayer, who is assumed to have median equivalised income®2. This assumption of
different populations experiencing the benefits and costs of transport policy will
drive the divergence between the efficiency and distributionally-weighted BCRs. In
other words, the difference between the efficiency and distributionally-weighted
BCRs will purely reflect equity considerations.

Both the efficiency and distributionally-weighted BCRs are unit free (since the BCR is
a ratio). If the latter is higher than the former, then it is tempting to interpret this as
an improvement in efficiency. However, as articulated in the previous paragraph, this
is not the case and such inferences should be cautioned against (see the appendix to
Chapter 3 for elaboration).

521t should be noted that DfT’s approach, defines the representative taxpayer differently — in terms of
the tax-weighted MUY.
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9.2.12

9.2.13

9.2.14

9.2.15

9.2.16

9.2.17

Efficiency in the context of CBA is based on the concept of the Kaldor-Hicks
compensation test, which states that a potential Pareto improvement is possible
when the gainers from the policy can compensate the losers, thereby making
everyone better off after compensation has taken place. In this context,
compensation is measured in terms of real money (i.e. hypothetical income
transfers) and thus unadjusted benefit (WTP) and cost (WTA) measures need to be
used to determine whether the project can potentially improve the efficiency of the
economy. This is what is reflected by the efficiency BCR. When the efficiency BCR >1
then the gainers can compensate the losers, and the project passes the Kaldor-Hicks
test. The DfT’s VM Framework (2025) clearly articulates that projects with a higher
BCR offer larger efficiency improvements.

When the DW-based BCR is larger than one, then a project increases social welfare
based on an equitable assessment as to how the gains and losses of the proposed
project are distributed in society. As such it reflects a different assessment criterion,
which possibly introduces confusion given its current labelling. Moreover, when the
DW-based BCR >1 it is not guaranteed that the efficiency BCR >1, i.e. that the
proposed project improves efficiency as well as social welfare. This point provokes a
range of follow-on questions.

First, should the efficiency BCR or the DW-based BCR be treated as the leading
criterion? Second, how do the Green Book VfM thresholds (e.g. ‘Very Poor’ to ‘Very
High’) translate from an efficiency-based analysis to a social welfare-based analysis?
These are policy questions for DfT — which we are not in a position to answer.

To be more specific, some interesting cases may arise in practice and at present it is
not clear how these should be dealt with in the decision-making framework. Suppose
a project has an efficiency BCR of 4.0 but targets a richer part of the population, such
that a DW-based BCR gives a lower figure of 3.5. An alternative project has an
efficiency BCR of 3.0 but a DW-based BCR of 3.5. In this case, would the underlying
efficiency of the former be preferred over the equity benefits of the latter? In other
words, when is a decrease (or increase) in the DW-based BCR relative to the efficiency
BCR considered large enough to switch the ranking of projects?

It is often argued that measurements of transport user benefits already account for
distributional considerations through ‘equity’ values of travel time savings (VTTS).
Indeed, Transport Analysis Guidance (TAG) has traditionally recommended a uniform
VTTS for both the commute and other non-work travel purposes (but not for EB). Our
assessment is that this convention offers only a very limited representation of
distributional impacts — and remains squarely within the efficiency approach.

Modelling efforts have highlighted that the VTTS varies by many dimensions including
user (e.g. income), mode (e.g. car, bus, rail), and trip (e.g. distance, time and cost)
effects. But for many reasons individual and trip specific VTTS measures are not used
in appraisal, e.g. because of the limited degree of segmentation available in most
transport models. Accordingly, a weighted average VTTS is derived over the travelling
population. The averaging process derives the VTTS for a representative traveller by
giving more weight to long-distance trips and the kinds of trips which are made more
often. This weighted VTTS measure reflects that these travellers are (on average)
more likely to encounter travel time savings and thereby their VTTS should receive
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9.2.18

9.2.19

9.2.20

9.3

9.3.1

9.3.2

9.3.3

9.34

9.3.5

more weight (not because they have a higher or lower marginal utility of income per
se).

So far, the above process does not explicitly account for equity considerations.
Indeed, the only place where equity is considered is in not deriving a mode-specific
VTTS — due to the lack of confidence in separating out mode and user influences on
the VTTS (i.e. where user influences will include socio-economic factors such as
income). Therefore, for commuting and other non-work trips, the appraisal VTTS is
an all-mode value, despite observed variations in the behavioural VTTS across the
travelling population.

Whilst this decision reflects an equity consideration, there is no attempt to explicitly
re-balance richer and poorer travellers — rather all travellers are treated the same.

If in the future better identification of certain effects enables more segmentation in
the VTTS measure itself (i.e. a move towards behavioural VTTS), then these equity
concerns will disappear. Implementing distributional weights alongside behavioural
VTTS is something we would support, but even in that case the guidance needs to be
crisp on the balance between efficiency and equity in policy evaluation (i.e. as
discussed above).

When to implement distributional weights

Ultimately, policy decisions will need to find a balance between social welfare and
efficiency considerations. Distributional weights will have the largest influence in
ranking different scheme options when the populations and the extent to which they
are affected by each of these options is distinct.

The extent to which such distinct options are evaluated in the Full Business Case (FBC)
will depend on the nature and scope of the project. Most notably, when a project is
designed to address distributional issues (e.g. access to public transport) for given
parts of the population, it is most likely that the Strategic Outline Business Case
(SOBC) already filters out options which do not address these distributional concerns,
as noted above.

At the same time, when a project is designed to address a certain transport challenge
(e.g. congestion), the implications of a project are likely to be felt by the same
population(s) regardless of the project design, as a simple consequence of the
geographical location of the different options.

Following from the above, distributional weights are unlikely to change the
comparison of different project options, unless the project is of a larger scale, is more
transformative in nature (e.g. regeneration where different locations may influence
different parts of the population), and when several distinct scheme options are
viable.

In developing effective and pragmatic guidance for implementing distributional
weights, we encourage the DfT to clearly articulate the kind of projects for which they
anticipate additional distributional analyses as part of the appraisal exercise.
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9.4 Implementing DWs in practice

9.4.1 Chapter 5 of this report summarised two alternative approaches for implementing
DWs — segmenting either by income or by mode, purpose, distance and geography.
The former is the more conventional approach — although the convention would
usually be to apply DWs to the full range of benefits and costs, as opposed to specific
benefits such as travel time savings in isolation.

9.4.2  Paragraph 2.6 of DfT (2025) highlights that the income segmentation approach
requires three inputs:

1. A distributional weight for a given income segment n (assuming that
segmentation at the individual level is not feasible) denoted by DWW,
where income is defined in terms of the median for the segment.

2. An expression of the monetary benefits (and costs) of the intended
intervention to that segment. In the context of travel time, this represents
the behavioural VTTS for this income segment, i.e. B_VTTS,, but
analogous income segment specific willingness-to-pay (WTP) measures
are required for other benefits categories such as reductions in noise
pollution and improved travel time reliability.

3. Income segment specific demand functions articulating how different
income segments respond differently to changes in transport
infrastructure.

Altogether this results in the following equation expressing the change in welfare
for income segment n under distributional weighting:

dW, = DW,, - (B_VTTS,, - RoHL™® + RoHS%St + WTRther
- RoHg™e™)  (9.1)

where RoHreflects the transport demand implications using the standard rule-
of-a-half approach for impact x.

9.4.3  Notably, RoHS?t is not associated with a WTP expression because the effects of
fare/toll changes are already expressed in monetary terms.

9.4.4  The total change in social welfare is derived using the aggregation across income

segments:
N
dW = z aw,
n=1
N
= Z DW, - (B_VTTS,, - RoHL™® + RoHS°St + WTRther
n=1

-RoHJ™e™)  (9.2)

where N is the total number of unique income segments used.
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9.4.5

9.4.6

Equation (9.2) highlights that distributional weights should in principle be
implemented in the final aggregation of all user benefits (and costs) across income
segments — as opposed to applying DWs to specific impacts such as travel time
savings prior to the final aggregation.

If implemented on this basis, TAG guidance for implementing income-based
distributional weights would broadly take the form of Table 15.

Table 15. Proposed format for TAG implementation guidance

INCOME DISTRIBUTIONAL BEHAVIOURAL VALUE FOR
SEGMENT WEIGHT VTTS BENEFIT X
B_VTTS, WTPppther
n=2 DW, B_VTTS, WTPpgther
n=3 DW, B_VTTS, WTPpgther
N DWy B_VTTSy WTPJther

9.4.7

9.4.8

9.4.9

9.4.10

For pragmatic implementation of the concept of DWs, we only evaluate the
implications for benefits in the ‘transport only’ market setting. We do not consider
that at present a robust mechanism representing the dissipation of these benefits to
other markets exists. Indeed, this is a challenging subject as this dissipation is unlikely
to take place in the short run, and effective information is needed to evaluate the
extent to which different income segments of transport users are affected as markets
adjust over the longer run.

An implication of Table 15 is that there is no direct need to work with distributionally-
weighted VTTS (or WTP) estimates at the level of specific benefits. Instead of using
equity weighted measures of benefits, such asthe DW_VTTS metric, we recommend
expressing the benefits (e.g. WTP (WTA) for reductions (increases) in travel time)
using an income segment’s average WTP. The same point applies to other types of
benefits for a given income segment —only the behavioural WTP values are required,
and the distributional weights only apply in the final aggregation across income
segments, i.e. after having aggregated across benefit categories within an income
segment (see the appendix to this chapter for elaboration).

It seems to us that the DW_VTTS metric can be motivated only when the strong
assumption is made that entirely different populations are exposed to different types
of benefits. In that case different distributional weights can be assigned to different
benefit categories such as externalities and health benefits amongst others. In the
absence of this assumption there is the risk of implementing different distributional
weights across benefit categories to the same population which would be
inconsistent with equations (9.1) and (9.2).

Even then, it would be highly preferable to implement the DW_VTTS approach in
terms of income segmentation rather than mode/purpose/distance segmentation,
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9.5

9.5.1

9.6

9.6.1

9.6.2

9.6.3

9.6.4

9.7

9.7.1

for analytical reasons (as elaborated in the appendix to this chapter), for reasons of
practicability (as explained in section 9.7 to follows), and for reasons of policy
transparency (such that it can be explicitly shown which income segments benefit in
welfare terms from a policy and which income segments lose).

Distributional weights should only influence appraisal not modelling

When implementing distributional weights in appraisal it is important to recognise
that these are only intended to have an impact on the social welfare outcome, not
on the behavioural modelling of these outcomes. That is to say, distributional weights
do not affect individual travel behaviour. Consequently, in modelling exercises,
behavioural (or average) values, e.g. of travel time savings, should be implemented.

Segmentation of the VTTS and other WTP estimates by income

Whilst the Implementation Tool developed by Arup et al. (2015) enables users to
derive behavioural VTTS estimates for specific income segments, i.e. B_VTTS,,, we
highly recommend analysis of whether this provides sufficiently robust evidence to
represent the desired income effect on the VTTS.

That is, if we were to estimate the VTTS for commuting by bus for a given income
segment it needs to be ensured that within that income segment the sampling is
sufficiently robust to identify the impact of trip effects, such as distance, time and
cost separate of income. If that is not the case, there is the risk that a higher VTTS is
wrongly attributed to higher income, when this is driven (perhaps in part) by distance
effects. This confounding might introduce unintended bias in the VTTS estimates for
a given income segment.

The recent scoping study for the next national VTTS study conducted by ITS Leeds
(2025) recommends that there should be careful consideration of the required levels
of segmentation in the VTTS — such that sampling approaches can be designed
accordingly. This discussion closely links with the ability to separate out mode- and
user-effects in the VTTS (section 9.2 above). The distance segmentation of the VTTS
(discussed later) is subject to the same challenges. Therefore, in the remainder of this
chapter, the recommendations should be treated ‘as if’ robust segmentation of WTP
measures is feasible.

Appropriate decisions also need to be made regarding the definition of income (e.g.
household/personal; before/after tax; and accounting for disposable or equivalised
levels of income). Income is usually measured in surveys using income categories as
opposed to exact measures. The typical approach is to use midpoints for various
income categories, but it would be good practice to check for the impact of
alternative assumptions, especially for the higher (and wider) income categories.
These issues were discussed more fully in Chapter 6.

Segmentation other than by income limits the application of DWs
Income segmentation in transport models is far from common practice at present.

We have only been able to identify a handful of applications in the UK where income
segmentation is implemented. Without income segmentation in demand functions,
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9.7.2

9.7.3

9.7.4

9.7.5

9.7.6

9.7.7

it is impossible to determine how different income segments are affected differently
by transport schemes — thereby challenging the practical implementation of DWs.

To avoid this, it may be tempting to pursue alternative segmentation strategies
correlated to income which may pick up some of the distributional considerations.
As an example, the DfT propose segmentation by distance using three distance band
(0-50km; 50-100km and 100km+), and the corresponding B_VTTS,, estimates can in
principle be derived for both non-work and EB. However, even if an acceptable
distributional weight can be assigned to a given distance band®3, and changes in the
demand for each distance band can be derived, several challenges remain. In
particular, any alternative segmentation strategy (e.g. by distance or mode) will be
limiting in terms of the types of projects which can be considered, since very strong
assumptions must be made about the affected travellers.

To illustrate this point, consider the extreme case where the alternative form of
segmentation is by mode of transport, and the crude assumption is made that high-
income segments travel by train, medium-income segments by car, and low-income
segments by bus.

Beyond recognising that this form of segmentation is imperfect (e.g. because
travellers from a given income segment may use more than one mode), the limitation
introduced by this segmentation is that DWs can be meaningfully implemented only
in the case of multi-modal appraisals. When a rail-only or car-only scheme is
considered, no reweighting across distinct user segments will take place. In fact, all
that will happen is that travel time benefits will be reweighted against other benefit
and cost impacts, based on the strong assumption that (on average) different
populations are affected by different benefits/costs.

As a result, bus projects will get an uplift because on average lower income
populations travel by bus relative to the tax-paying population, whilst travel time
benefits from rail projects will be downrated. It is not clear how this will inform the
decision between, for example, different bus schemes, unless these schemes differ
in the range of project impacts other than travel time savings (e.g. environment vs
health) and the respective populations affected.>

The same argument also applies when segmenting by distance, as proposed by the
DfT. When using three distance bands (0-50km, 50-100km and 100km+), DWs only
achieve their objective when a transport scheme affects travel demand for short,
medium and long-distance journeys. An intra-urban scheme which affects
neighbourhoods with different levels of affluence will not inform policy under
distance-segmented DWs if most of the affected trips are shorter than 50km. In other
words, the alternative segmentation would in effect imply that only lower income
households (as they are assumed to make shorter trips) are affected.

Whilst the DfT intends to apply DWs to all schemes, a significant limitation is that for
most schemes an acceptable level of income segmentation cannot be defined —

53 Within a given distance band, multiple income segments will in practice travel, despite there being a
certain level of correlation between distance and income.

54 Given potential geographic overlap across such bus schemes this assumption on different
populations is stretched.
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9.7.8

9.7.9

9.7.10

neither in the context of transport modelling nor in terms of expressing user benefits.
If alternative (non-income) segmentations are deemed necessary, then the practical
guestion is whether segmentations can be devised which are highly correlated with
income but not limiting in terms of the kinds of schemes which can be handled.

As argued above, distance does not fulfil these criteria, especially not when
considering that income segmentations vary significantly by geographical location.
For example, a transport scheme positively affecting a nearby highly affluent area
will largely benefit short distance trips made by these higher income segments. Some
of the medium- and long-distance trips by poorer populations (simply due to the
geographic location of the scheme) will also be affected. In this context, the proposed
implementation of DWs would have the opposite effect to that intended — as the
benefits to higher income travellers will be amplified whereas the reverse will apply
to lower and medium income travellers. In short, finding a suitable alternative to
income segmentation is likely to be non-trivial.

When alternative segmentation strategies are proposed we suggest putting these to
the test in the context of TAG A4-2 guidance for projects where a more descriptive
distributional analysis (by income) is already required. The policy implications of DWs
using the alternative segmentation strategy can then be assessed against the existing
guidance. An interesting case study could be the Lower Thames Crossing, where the
distributional impact appraisal report clearly articulates that the project affects
income segments differently across user benefits, noise impacts, air quality,
accessibility and affordability impacts.

Whilst the preceding discussion is focussed upon possible idiosyncrasies of the
DW _VTTS approach when applied in practice, this is not to suggest that the existing
equity values approach is without its imperfections in this regard. Ultimately it will
be for DfT to determine which set of imperfections is least-worst in policy terms.

9.8 Generalised journey time (and costs) and distributional weights

9.8.1

9.8.2

In transport analysis a common approach is to translate different user benefit
categories into travel time or travel cost to determine the demand impacts (see also
point 3.6.2). These are also known as Generalised Journey Time (GJT) and Cost (GJC)
models and these models usually segment by mode and purpose. The standard
approach is the use of constant multipliers allowing the transformation of one unit
into another. In the absence of distributional weights, the demand ramifications are
already included in the RoH®™® and RoH°t components of equations (9.1) and
(9.2)>.

If distributional weights are implemented in the context of GJT and GJC models with
constant multipliers across income segments, the strong assumption is likely made
that the GJT and GJC multipliers are constant across income groups, and particularly
that GJC models operate at the level of the median taxpayer. These are assumptions
which need validating, not only with income segmentation but also with alternative
segmentation strategies.

55 For typical incremental schemes, new user benefits are usually a small fraction of user benefits.
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9.9 Dealing with benefits and costs other than user benefits

9.9.1

9.9.2

9.9.3

9.9.4

Whilst equations (9.1) and (9.2) can deal with distributional implications of user
benefits inside the transport market, the example of the Lower Thames Crossing
articulates that many benefits arise outside of the transport market and can perhaps
even influence different parts of the population. For example, whilst travellers may
benefit from travel time reductions, other parts of the population may suffer from
noise and health pollution due to new infrastructure located close to their personal
residences. These incidences are not currently captured by equations (9.1) and (9.2),
as RoHY only captures transport demand impacts.

Integrating traveller and non-traveller related benefits within the social welfare
function is in principle feasible, but there needs to be clear definition of the overall
population captured in the aggregation and the corresponding DWs need
appropriate normalisation. In our view, this is a case in point where distance-
segmented DWs are not suitable, but income segments are — since income is a
universal numeraire whereas distance is not.

Section 3 from DfT (2024) deals with these alternative kinds of benefits. The
proposed approach is to apply a uniform weight to each of the other categories and
thereby the implicit assumption is that each benefit is attributable to a distinct
population. For consistency of the DW approach, income segmentation should
strictly be applied to these other benefit categories also. However, the notion of
income segmentation for health benefits provokes a moral debate as to whether
uniform monetary values for health (e.g. constant values of prevented fatalities)
should instead be used. The differences in the marginal utility of income across
income segments imply by default that both assumptions cannot hold at the same
time.

An additional challenge is to extend the benefit/cost aggregation over multiple
benefit categories and multiple beneficiary segments (not just across the population,
but also across the range of institutions, e.g. firms, local authorities, public transport
operators, and central government).

9.10 Conclusions

9.10.1 The ‘in principle’ arguments for admitting DWs into transport appraisal are, we think,

persuasive. However, this chapter has articulated several reasons why, ‘in practice’,
we believe that obstacles remain, as follows:

a) Theideal level of segmentation for distributional weights is at the level
of income. However, most transport models do not provide insights
into how different income segments are affected by a given
intervention, and robust valuation evidence to quantify differences in
the WTP for different user benefits by income category is not (yet)
available.

b) We have reservations about alternative forms of segmentation (e.g.
by distance), because these will always be an imperfect representation
of the true income segmentation. Notably, despite a certain degree of
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correlation between income and distance, all income segments tend
to make trips across the selected distance bands. More importantly,
alternative forms of segmentation may limit the kind of projects to
which distributional weights can be implemented. If distance
segmentation is selected as an alternative segmentation strategy,
relevant projects need to cover all distance segments extensively for
distributional weights to have an impact in policy work (i.e. ranking of
alternative policy options).

c) We also have reservations about the implementation of distributional
weights in relation to specific components of user benefit. First, for all
categories of user benefits, income segment specific demand and
valuation evidence needs to be developed — developing this for the
value of travel time savings is only a first step. Second, in the context
of generalised journey time models, there is a risk of assuming that the
implemented multipliers are constant across income segments.

d) In the absence of income-segmented valuation evidence by benefit
category, there is a temptation to instead adopt uniform weights. In
our opinion, these go against the intention of distributional weights,
because they reweight benefit categories relative to each other as
opposed to accounting for the extent to which different parts of the
population are affected by the transport intervention.

e) This risk extends to combining user benefits with other benefit
categories and beneficiaries (WEIs, external costs, health benefits etc).
In fact, DfT’s SR25 guidance makes suggestions for reweighting these
categories using uniform DWs — which invites the risk articulated in
point d). The practical challenge that emerges is to aggregate across
transport users (on a per trip basis) as well as other entities (firms,
operators etc.) in a consistent manner — since all contribute to the
same social welfare function.

9.10.2 Despite the reservations which have been highlighted above, we believe that DfT
could further develop and build assurance around their proposed approach to DWs
through the following actions:

1. Clear guidance needs developing regarding the kind of projects to which
the DfT intends to implement DWs in policy appraisal.

2. Forthisrange of projects, a review needs to be conducted identifying i) the
kinds of transport models used in developing the corresponding Full
Business Cases; ii) the kinds of user benefits captured by these models; and
iii) the extent to which segmenting the demand analysis by income is
feasible.

3. lIrrespective of the findings from the review, the DfT needs to promote the
development of income-segmented transport demand models; and the
derivation of WTP estimates by income category across a range of impacts.
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9.10.3

4. Further analysis can then be conducted regarding the extent to which
alternative segmentations strategies other than by income can be
considered feasible in the context of the identified transport schemes
falling within the scope of DWs.

Altogether this may then provide insights into the distributional implications in terms
of transport user benefits only. Building on this restricted context, further work is
then needed on integrating the application of distributional weights of transport user
benefits with other types of benefits and beneficiaries. The DfT may wish to
collaborate with other government departments facing similar challenges in
implementing the Green Book guidance on distributional weighting.
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Appendix: Distributionally weighted VTTS measures

In the NTS data used as part of the Implementation Tool, seven bands of household
income are available. For income segment n, the average behavioural VTTS is
calculated by:

ienw; - VTTS;
B_VTTSn = %
ten i

(9.3)
Thatis B_VTTS, is a weighted average of behavioural VTTS values for the individuals

in that income segment n, where w; provides a weight based on representativeness
of the NTS sample.

Following TAG’s current approach to equity values, an additional distance weight d;
(as proxy for travel time) weights can be included in the averaging process reflecting
a change from the traveller to the trip:

TAG. — dienw;  d; - VITS;
" Dien Wi * d;

(9.4)
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9.11.4

9.11.5

9.11.6
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We are not here discussing whether the application of d; is considered appropriate
in this context. It is expected that B_VTTS,, for higher income groups will be higher
than that for lower income groups, and the same applies to the corresponding TAG
value per income segment.

The distributionally-weighted value of travel time savings by income segment n,
DW _VTTS,, should in principle be given by the following to ensure consistency with
equation (9.1):

DW_VTTS, = DW,, - B_.VTTS,, (9.5)
Where:

Y —&
DW, = < z > (9.6)
Yref

Substituting for B_VTTS,, from (9.3), (9.5) can be re-stated:

Yienw; " VTTS;

DW_VTTS,, = DW,, - -
ien Wi

(9.7)
By contrast, DfT instead derive distributionally-weighted values of travel time savings

by mode/purpose etc. segment m, as follows:

W VITs. = Ziem2in Ln(ODWr, i diVTTS;
) " ZiEm a)ldl

9.8)

Where 1,,(i) = 1if i € n, or 0 otherwise

Analogously to (9.5), DW_VTTS,,, = DW,, - VTTS,, holds only if DW,, = DW for all
i €m, in which case distributional weights have no practical function within a
mode/purpose segment.
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10. OUR ASSESSMENT OF DFT’S PROPOSED APPROACH TO

DISTRIBUTIVE WEIGHTING — PRACTICALITIES

10.1 Introduction

10.1.1

10.1.2

10.1.3

The HMT Green Book now advocates the application of distributional weights (DWs),
where schemes have significant distributional impacts and it is proportionate to
apply DWs within the appraisal. These are intended to reflect the diminishing
marginal utility of income — whereby richer people value a marginal pound less —
within CBA. But at present, DfT’s Transport Analysis Guidance has not been updated
to adopt this approach. TAG still uses DfT’s historic approach of equity values of time
to prevent investment being skewed to the benefit of the rich.

Building upon the conceptual thinking in the previous chapters of this report, the
objective of this chapter is to consider the practicalities of introducing income
segmentation into transport models and contrasts this against the simpler and
cheaper alternative of segmenting by mode/purpose/distance band/Government
Office Region as a proxy for income. The latter approach has been advocated by DfT
as a proportionate way of implementing distributional weights and has been
prototyped in a series of case studies.

DfT (2024) applied the prototype to three case studies. Applied by mode, journey
purpose, and distance band, it reduced the estimated present value of benefits (PVB)
of a road scheme (A428 Black Cat) by 2.5%. Applied by mode only, and only to the
rail user benefits element of the PVB of a rail scheme (Transpennine Route Upgrade)
[i.e. it was not applied to the highway users who benefitted from faster journey times
because of mode shift], it increased the estimate by 12%. Examining hypothetical
fare reduction proposals, it produced an 80% uplift in the BCR for bus fare reductions,
a 40% uplift for rail leisure trips, a reduction of 6% for rail commute trips and a
reduction of 15% for rail business trips.

10.2 Mode, Purpose and Distance as a proxy for income

10.2.1

10.2.2

Background

Income segmentation is rare in UK transport models. Data on income distribution is
not available at the fine levels of spatial detail used in transport models. Additional
segmentations in transport models drive up run times, and the types of schemes that
require income segmentation have not been high on the policy agenda. Those are
schemes that deliver changes to monetary costs such as fares subsidy, road user
charging and toll roads/tunnels/bridges.

When implementing distributional weights, scheme promoters would presumably
welcome an approach that saves them the expense and inconvenience of having to
build models segmented by income. On the face of it, the approach prototyped by
DfT offers a proportionate approach. It relies on the income distribution being so well
explained by mode and trip length that it is not affected by local geography.
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Income, mode, trip-length and car occupancy

10.2.3 DfT’s (2024) prototype used distributional weights by journey purpose and by either
mode alone or both mode and distance band. The earlier work (DfT, 2023) that
provided the behavioural and distributionally-weighted values of travel time savings
did not specifically examine the question of how representative trip length is of
income. NTS tables are not readily available which can provide an answer, but it is a
crucial matter to resolve in justifying DfT’s approach.

10.2.4 NTS tables do provide some background information that suggests a strong
relationship between income and both mode and distance but also raises a couple of
interesting questions for appraisal using distributional weights. Tables NTS0705a-
trips and NTS0705-distance present data by income quintile by year for the period
2002 to 2023. Summing over the years shows substantial difference between modes
and between income quintiles as can be seen in Table 16. Mean trip length rises
across the income groups for every mode, even walking, cycling and bus use. It
should, however, be kept in mind that whilst average trip length is increasing with
income, there is substantive variation in trip length within the different income
quintiles, such that short distance trips are not solely made by the lowest income
quintiles.

Table 16. Mean-trip length by income quintile

m LOWEST SECOND THIRD FOURTH HIGHEST
0.76 0.77 0.83 0.86 0.95

Walk

Cycle 243 2.56 2.87 331 4.04

Car/Van Driver 6.45 6.77 7.61 8.85 10.85
Car/Van Passenger 7.50 7.83 8.44 9.51 11.19
Motorcycle 8.33 8.19 10.03 11.51 12.67
Bus in London 3.60 3.64 4.11 4.39 4.52
Other Local bus 4.29 4.69 5.13 5.56 5.57
London Underground 8.31 8.36 9.18 9.30 9.29
Surface rail 24.13 24.32 27.13 28.56 30.60
Taxi/minicab 4.13 4.40 5.24 6.11 8.06

Source: SYSTRA analysis of NTS0705a-Trips and NTSO0705b-distance (2002 to 2023)

10.2.5 Car passengers have a higher mean trip length than car drivers, implying higher
occupancy on longer journeys. That is the first interesting observation in the context
of highway appraisal where the benefits are calculated using travel demand matrices
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in passenger car units (pcu) that are converted to people using constant occupancy
factors rather than higher occupancy on longer distance trips.

10.2.6 The second interesting observation relating to occupancy and appraisal using pcu, is
more directly relevant to the application of distributional weights to car trips. As can
be seen in Table 17, the implied occupancy falls by income band. When applying
distributional weights to the TUBA benefits by distance band, this variation ought to
be captured in the weights. This link between occupancy and income should also be
captured in TAG guidance on income segmentation.

Table 17. Car trips per person per year and implied car occupancy by income quintile

INCOME CAR/VAN CAR/VAN TOTAL IMPLIED
GROUP DRIVER PASSENGER OCCUPANCY

Lowest 4,949 3,825 8,775

Second 7,214 4,573 11,787 1.63
Third 9,217 4,986 14,203 1.54
Fourth 10,597 4,840 15,437 1.46
Highest 10,879 4,334 15,213 1.40

Source: SYSTRA analysis of NTS0705a-Trips

Relative trip frequency and trip length by income group

10.2.7 Table 18 shows that the highest income group make twice as many car driver trips
and three times as many rail trips as the poorest group. In London they make about
half as many bus trips and elsewhere they make around a quarter as many.

Table 18. Trips by income group relative to the lowest income group

INCOME CAR/VAN CAR/VAN BUS IN OTHER SURFACE
GROUP DRIVER PASSENGER LONDON LOCAL BUS RAIL

Lowest

Second 1.46 1.20 0.61 0.84 0.96
Third 1.86 1.30 0.51 0.56 1.37
Fourth 2.14 1.27 0.49 0.40 1.82
Highest 2.20 1.13 0.48 0.27 3.31

Source: SYSTRA analysis of NTS0705a-Trips
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10.2.8 As shown by Table 19, the richest group drive around 70% further per trip compared
to the poorest quintile. So the relationship seems very strong. Using more distance
bands may provide a noticeably better proxy for income — it is better to undertake
the appraisal at the most detailed level and aggregate later as the average of
differences is not the same as the difference between averages.

Table 19. Trip-length by income group relative to the lowest income group

AR/VAN BUS IN THER
IGNRCOOLI"\gE CSRRIOI&N P(A:\SSIéNGER LOlIflf)ON LO?ZAL BUS SU: :ﬁCE
Lowest 1.00 1.00 1.00 1.00 1.00
Second 1.05 1.04 1.09 1.02 1.01
Third 1.18 1.13 1.20 1.02 1.12
Fourth 1.37 1.27 1.30 0.85 1.18
Highest 1.68 1.49 1.30 0.89 1.27

Source: SYSTRA analysis of NTS0705a-Trips and NTS0705b-distance

10.2.9 The rich make both more car trips (factor=2.20) and longer distance car trips on
average (factor=1.68), giving more total car kilometres (factor=3.97). The
methodology in the prototype takes account of the rich making both more and longer

car trips.
Examination of DfT’s distributional weights prototype

10.2.10 DfT has prototyped a proportionate approach to applying distributional weights. The
method is relatively straightforward to implement, compared to building a model
segmented by income. It modifies the estimates of benefits produced using standard
appraisal software. DfT gave us access to the following case studies applying the

method (Table 20).

Table 20. Distributional Weights case studies provided by DfT

APPRAISAL
SCHEME DESCRIPTION SOFTWARE DW APPROACH

A628 Black Cat

Trans-pennine
Route upgrade

Fares reduction

Road scheme

Rail scheme

Hypothetical rail

and bus schemes

TUBA linked to
network model

Spreadsheet linked
to MOIRA?

DfT Spreadsheet
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Impact on PVB — for proportionality

10.2.11 The impacts of DWs on PVB in the case studies are shown in Table 21, giving an
indication of the scale of change from standard TAG equity values.

Table 21. Impact of DWs on PVB in the DfT case studies

ADJUSTED PVB

CASE STUDY PVB (£EM) (EM) % DIFFERENCE
A428 Black Cat 555 541 -2.5%
TRU®® 5,767 6,452 11.9%

10.2.12 Similar analysis was undertaken by DfT on the impacts on the BCR of hypothetical
fares reductions as shown in Table 22.

Table 22. Impact of DWs on BCR of hypothetical fares reductions in the DT case studies

2 7.4

Rail 6. 20%

Bus 2.5 4.1 65%

10.2.13 According to DfT’s interpretation, the approach produced very large uplifts in the
benefits from bus and rail fares reduction. For the TRU rail scheme, the uplift in PVB
for TRU (~£700m) is so large that it would be enough to justify a new Metrolink Line
(Trafford Park Line and Second City Crossing both cost around £350m).

Inferred impacts beyond the case studies

10.2.14 The prototype has not been used on bus or LRT travel time savings, but we can see
the sign and scale of impacts that DWs might have in Table 23, and speculate on the
likely impacts for schemes affecting different modes. The table presents the TAG
equity VTTS and the DW_VTTS for each mode. The DW factor is the factor that would
be applied to convert a standard TAG equity unit value of travel time savings into its
corresponding distributionally-weighted value of travel time saving.

10.2.15 Switching from equity values of time to DW_VTTS would have the impacts on the unit
valuations shown in Table 23 for commute and other purposes. For car, distributive
weighting has a modest impact, factoring unit values by around 0.96 for commute
and 0.94 for other (column “All” in the tables scaled to equity = 1.00).

%6 TRU impact of DWs applied to only the rail user benefits. The highway decongestion benefits those
would be factored down by DWs meaning the overall % increase in the PVB would be lower.
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Commute
study)

Car
Rail
Bus

Other PT

Commute

Car
Rail
Bus

Other PT

10.2.16

10.2.17

10.2.18

10.2.19

10.2.20

Table 23. DW factors by mode to apply to TAG time benefits

VTTS (£/Hr in 2014 prices and values to match VTTS Other VTTS (£/Hr in 2014 prices and values to match VTTS
study)

0-50km  50-100km 100km+ Al Equity 0-50km  50-100km 100km+  All Equity
10.25 12.22 14.27 10.85 11.28 Car 3.64 6.17 8.03 5.01 5.31
7.29 10.06 16.19 9.70 11.28 Rail 8.97 10.60 15.33 12.73 5.31
4.81 4.79 11.28 Bus 5.49 5.54 5.31
6.33 6.35 11.28 Other PT 5.99 6.00 5.31
scaled to equity = 1.00 Other scaled to equity = 1.00

0-50km  50-100km 100km+ All Equity 0-50km  50-100km 100km+  All Equity
0.91 1.08 1.27 0.96 1.00 Car 0.69 1.16 1.51 0.94 1.00
0.65 0.89 1.44 0.86 1.00 Rail 1.69 2.00 2.89 2.40 1.00
0.43 0.42 1.00 Bus 1.04 1.04 1.00
0.56 0.56 1.00 Other PT 1.13 1.13 1.00

For rail, the factor for the journey purpose other is a huge increase at 2.4 but for
commute it is a reduction of about 15%. In DfT’s TRU case study the two almost
cancelled each other out, giving a net uplift in PVB of 11%.

For bus, the factor of 0.42 applied to commute is equivalent to dividing by 2.4. The
scale of this reduction may cause real problems justifying bus priority schemes. Bus
priority schemes typically deliver their travel time savings in the peak periods which
are dominated by commute travel, and they very frequently take road space from
cars increasing car journey times. So, the DW_VTTS for commute impacts are
important.

With the DW_VTTS for car commute (£10.85) more than double that for bus (£4.79),
some bus priority schemes that deliver a net reduction in journey time may flip to
become a disbenefit under DWs — because those schemes often trade off benefits to
bus users at the expense of disbenefits to car users. Under TAG equity values, the 1
minute saved by a bus commuter is enough to offset one minute lost by a car
commuter. Under DWs, bus commuters have to save 10.85/4.79=2.3 minutes to
offset one minute lost by car commuters.

The net reduction in journey time implies that the network is more efficient at
delivering people where they want to go — and the TAG approach values that
positively. But the DW approach will in some cases report a disbenefit because the
‘wrong’ people are benefitting.

A scheme that delivered 2000 hours benefit to bus users at the expense of 1500 hours
of benefits to car users would give a net reduction in travel time — in other words it
makes the transport network more efficient. Under the TAG equity approach, that
improvement in the efficiency of the network would produce a positive valuation of
the travel time benefits of £5.6k (using the values in Table 23). Under DWs, that
improvement in the efficiency of the network would flip to £6.7k disbenefit. The
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10.2.21

10.2.22

10.2.23

10.2.24

10.2.25

10.2.26

10.2.27

10.2.28

interpretation would be that although the transport network has been made more
efficient, the time savings benefits are going to the ‘wrong’ people.

A switch to DWs might potentially prompt opponents of bus priority to demand a re-
evaluation of existing schemes. Bus lanes schemes could be removed quite cheaply,
and the DW approach might well provide the evidence to support that based on car
commuter time being valued at twice bus commuter time

Like bus schemes, LRT schemes also have their greatest time advantage over road-
based travel during the peak periods when commuters are travelling. So again,
commute seems like the right purpose to focus upon. However, LRT schemes may
suffer less than bus from a switch away from TAG equity values to DWs, because the
PVB factor is not quite so harsh and the DW_VTTS disparity with car is not as large.

Nevertheless, the switch to DWs seems likely to undermine the two most popular
sustainable transport modes (bus and LRT) available to local authorities, but favour
the rail mode that DfT takes direct responsibility for. The fairness of distributive
weighting supporting DfT schemes over local authority schemes may be of concern
to DfT’s stakeholders.

Bus and LRT schemes that reduce fares would not suffer the same problem — DW
would uplift their benefits. However, before the bus fares caps during COVID, fares
subsidy was not permitted for major scheme business cases. So fewer schemes are
likely to be affected.

We recommend that the impact of switching to DWs is examined for enough case
studies for bus, LRT and rail to get a good understanding whether the potential
problems raised here are widespread — both the issue of trade-offs between modes
and the issue of the DfT as the promoter of rail schemes vs. local authorities as the
promoter of bus and LRT schemes.

Distance Bands

Variation by mode, destination and distance band

Table 24 shows that the VTTS for commute is roughly double that for other non-work
— whether we consider TAG equity or DW values.

For commute, variation between modes is a little higher (the maximum uplift is 2.27
for car (all distance bands) vs bus (all), as compared to variation between distance
bands (the maximum uplift is 2.22 for long distance rail vs short distance rail).

For other non-work, variation between modes is also higher (the maximum uplift is
2.30 for rail (all distance bands) vs bus (all), as compared to variation between
distance bands (the maximum uplift is 2.20 for long distance car vs short distance
car).
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Car
Rail
Bus

Other PT

Commute

Car
Rail
Bus

Other PT

Commute

Car
Rail
Bus

Other PT

10.2.29

10.2.30

10.2.31

10.2.32

Table 24. Equity and DW VTTS for Commute and Other

VTTS (£/Hr in 2014 prices and values to match VTTS Other VTTS (£/Hr in 2014 prices and values to match VTTS
study)
0-50km  50-100km 100km+  All Equity 0-50km  50-100km 100km+  All Equity
10.25 12.22 14.27 10.85 11.28 Car 3.64 6.17 8.03 5.01 5.31
7.29 10.06 16.19 9.70 11.28 Rail 8.97 10.60 15.33 12.73 5.31
4.81 4.79 11.28 Bus 5.49 5.54 5.31
6.33 6.35 11.28 Other PT 5.99 6.00 5.31
scaled to DW bus all = 1.00 Other scaled to DW bus all =1.00
0-50km  50-100km 100km+ All Equity 0-50km  50-100km 100km+  All Equity
2.14 2.55 2.98 2.27 2.35 Car 0.66 1.11 1.45 0.91 0.96
1.52 2.10 3.38 2.02 2.35 Rail 1.62 1.92 2.77 2.30 0.96
4.81 1.00 2.35 Bus 0.99 1.00 0.96
1.32 1.33 2.35 Other PT 1.08 1.08 0.96
scaled to DW Short = 1.00 Other scaled to DW Short =1.00
0-50km  50-100km 100km+ Al Equity 0-50km  50-100km 100km+ All Equity
1.00 1.19 1.39 1.06 1.00 Car 1.00 1.69 2.20 1.38 1.46
1.00 1.38 2.22 1.33 1.55 Rail 1.00 1.18 1.71 1.42 0.59
1.00 1.00 2.35 Bus 1.00 1.01 0.97
1.00 1.00 1.78 Other PT 1.00 1.00 0.89

Compared to TAG equity values of time, the distance proxy for DWs produces higher
unit values for longer distance trips as compared to shorter distance trips. This is true
for both car and rail trips for both commute and other non-work, as can be seen in
Table 24. It reduces values for short trips by all modes in the case of commute, but
for short trips only by car in the case of other non-work.

We have already pointed out that DWs seem to favour rail (with DfT as promoter)
compared to bus and LRT (with local authorities as promoters). A similar effect will
happen for car schemes. National Highways schemes, being of the strategic road
network, seem likely to deliver a higher share of benefit to long distance trips
compared to local authority promoted road schemes. This is second way in which the
move to distributive weighting seems likely to favour the schemes promoted by
national government over local government.

Impact of using or not using distance bands

As a general rule, we should undertake appraisal at the most detailed level rather
than taking averages and undertaking appraisal at an aggregate level. The potential
impacts of averaging over distance bands are illustrated in Table 25.

The first block sets out the VTTS, the second some assumed benefits in units of time,
and the third the impact of monetising the benefits based on the equity value of time,
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10.2.33

10.2.34

10.2.35

the DWSs by distance band and the DWs averaged across distance bands. No
calculations are given for bus and other PT above 50km because there are no
DW_VTTS values available, because DfT could not find observations in NTS during the
exercise that estimated the VTTS and DW_VTTS.

The two approaches (i.e. by distance band vs. averaging across distance bands) give
different answers, by about 13% for car and 15% for rail. For car, one approach gives
results higher than the equity value and the other lower. But the example shown
does not use real data — it uses benefits assumed to be the same across the three
distance bands.

We recommend that a series of case studies are conducted comparing the results of
the two approaches applied to real schemes, using different distributions of benefits
across the distance bands.

We would also recommend experiments with different aggregations of distance
bands, particularly if the distance bands in TUBA are too narrow to generate B_VTTS
and DW_VTTS values that look sensible.

Table 25. lllustration of distributionally-weighted VTTS and benefits with and without distance bands

Commute VTTS (£/Hr in 2014 prices and values to match VTTS study)

0-50km  50-100km  100+km All Equity
Car 10.25 12.22 14.27 10.85 11.28
Rail 7.29 10.06 16.19 9.70 11.28
Bus 4.81 4.79 11.28
Other PT 6.57 6.57 11.28

Benefits (time)

0-50km  50-100km  100+km All

Car 100.00 100.00 100.00  300.00
Rail 100.00 100.00 100.00  300.00
Bus 300.00 300.00
Other PT 300.00 300.000

Benefits (monetized time)

Car

Sum

0-50km 50-100km 100+km distance All Equity
bands

1,024.74 1,222.18 1,427.47 3,674.39 3,256.29 3,383.65
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Rail 728.86 1,006.43 1,619.323,354.60 2,908.51 3,383.65
Bus 1,441.65 1,441.65 1,437.08 3,383.65
Other PT 1,971.58 1,971.58 1,972.42 3,383.65

Regions that benefit from DW approach

10.2.36 DWs reduce the estimate of benefits for commute trips for all distances combined.
For car commute trips, Table 26 shows that the greatest reductions would be in the
South West, South East and Scotland.

Table 26. Regions ranked by PVB factor for Commute benefits

4 11

East Midlands 6

East of England 1 8 1
London 8 11 7
North East 3 1 3
North West 7 5 9
Scotland 9 10 10
South East 10 9 8
South West 11 2 4
Wales 2 3 2
West Midlands 4 7 6
Yorkshire and the Humber 5 6 5

155



UNIVERSITY OF LEEDS

SVYSTIF

10.2.37 Scotland seems to fare the worst across the three modes, slightly worse than the
South East, which seems surprising, given that Figure 22 shows its median disposable
income is behind London, South East and East of England. East of England is in first
place for car and bus despite having the third highest median income. Wales does
very well for all three modes. Some regions do very well for one mode but badly for
others. This volatility could be an indication that the results at region level for some
modes are affected by sampling error. We would recommend that more work is
undertaken to demonstrate the robustness of the sample enumeration step.

Figure 22.

2021/22 to 2023/24, in equivalised 2023/24 prices

Median Weekly Income in Countries and Regions

Before housing costs After housing costs
London south East | TN
South East London
East East [T
South West  [IEEENEGEEEE TN Scatland
England | Y South West
scotland [T Northern reland | =T E0
Northern Ireland | 70 England
East Midlands East Midlands
Wales wales TR
North West | TN Morth East | 7+
Yorks & Humber | T Y North West
North East | 71T Yorks & Humber
West Midlands | T T west Midlands | T
e £659 ] UK

Source: DWP, Households Below Averoge Income 2023734, Table 2.5ts

10.2.38 DWs increase other non-work benefits for rail and bus trips but reduces them for car
trips. As can be seen in Table 27, the North East stands to benefit the most from
switching to DWs. Car schemes in London do surprisingly well.

Table 27. Regions ranked by PVB factor for other non-work benefits

Reson ] ow

East Midlands 8
East of England 6
London 3
North East 1
North West 4

3 4

9 2
10 11
1 3
4 6
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10 8 5

Scotland

South East 11 11 8
South West 5 2 7
Wales 9 7 1
West Midlands 7 6 9
Yorkshire and the Humber 2 5 10

10.2.39

10.2.40

10.2.41

10.2.42

Appropriate distance bands

For the A428 road scheme the distributional weights were applied by mode (car) and
three distance bands (0-50km, 50-km-100km, 100km+). We realise that the
prototype was only intended to be a demonstration of how to apply the technique
rather than a recommendation for the appropriate distance bands that should be
used. Nevertheless, it helps to highlight some potential pitfalls.

The three distance bands used are easily constructed from DfT’s standard appraisal
software TUBA. In fact, TUBA presents monetised benefits by 7 distance bands, so
the weighting could be applied at a finer level and the DfT analysis can provide the
necessary data:

0to1km

1 to 5km

5 to 10km

10 to 25km

25 to 50km

50 to 100km

100 to 200km, and
200+km

The distributional weighting requires inputs from a tool developed in an earlier phase
of DfT research. That tool carries out sample enumeration on NTS data using
behavioural values of time from the 2014/15 national value of travel time savings
study. Results were available for the prototype at the three distance bands level, but
they could be refined to match the distance bands in TUBA, which would be
convenient for modellers.

An important caveat is that the 2014/15 national VTTS study was not explicitly
designed to derive distance segment specific VTTS values, and as such the robustness
of the emerging value estimates needs to be subject to further scrutiny, especially
when narrow distance bands are proposed.
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10.2.43 For the A428 Black Cat scheme half the car commute benefits came from trips of
more than 50km:

° 0-50km 50%
° 50-100km 42%
°® 100+km 7%

10.2.44 That distribution of benefits seems unusually skewed to long distance commute trips.
Mean car trip lengths are around 13km and only very tiny numbers of commute trips
are longer then 50km. We would estimate around 1% of car commute trips are longer
than 50km based on the distribution shown in Figure 23.

NTS TLD for Car Commute

150000 -

100000 -

count

50000 -

trip_km
Figure 23. Car commute trip length distribution from NTS

10.2.45 A quick check on a couple of other schemes (Table 28) shows a much higher
proportion of benefits in the shortest distance band. In the Black Cat example, with
lots of long distance (high income and low distributional weight) commutes, the
weighting reduced the estimate of benefits by a modest 2.5%. It seems possible that
the approach would uplift the highway benefits for the other two schemes.

Table 28. Share of benefits by distance band

Black Cat 51% 42% 7%
Road scheme in Scotland 70% 29% 1%
Combined Road and PT in southern England 91% 10% -2%
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Stability of the income distribution

10.2.46 The work on DfT’s DW prototype used income from NTS from around 2014. The

10.2.47
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0.95
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distribution of income distribution does not stay constant through time. So, the
income distribution in NTS for 2014 might not be fully appropriate for a model with
a base year of 2023, and even for a model with a 2014 base the distribution in NTS
might not be appropriate for future years. We would recommend re-running the
sample enumeration on the 2023-24 NTS. That could form part of the next VTTS study
which DfT intends to commission.

Figure 24 shows that the ratio of mean income to median income has changed over
time, suggesting that the shape of the distribution has been changing. The ratio was
growing over the period from 1977 to about 2010 and has been declining since. The
year 2014 used for the DW prototype is close to the peak. The ratio seems to be
declining at a rate of about 0.5% a year, so it is probably different by about 5% now
compared to the 2014 ratio used for the DW work.

Figure 24. Mean income divided by median income between 1977 and 2022
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10.2.48 As was noted earlier in Chapter 6, the income elasticity used for DW is based on

household disposable (non-equivalised) income. It has been applied to total
household income from NTS in the estimation of the DW parameters. We
recommend further work should examine both whether the mismatch in definition
of income makes a large difference to the results. We also recommend further work
should examine whether the application of DW in appraisal should make allowance
for the shape of the distribution of income changing over time.
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Stability of DWs in the prototype method

10.2.49 The prototype worked with DWs estimated by mode (car, rail, bus, other PT), purpose

10.2.50

10.2.51

(business, commute, other), Government Office Region (GOR) and distance band (0-
50km, 50-100km, 100+km). For some segments there were no observations in NTS
to allow a value to be calculated. Figure 25 shows that even when missing values
have been replaced with UK average values the pattern can be unlikely. For South
East and South West the value of time for the long distance trips is lower than the
medium distance trips — the highest values are around 50% higher which is much
more variation than we see for the shorter distance bands.

DW_VTT Car Commute
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For North East and Wales the 100km values have been set to tha nationaé@verage
*0

e 0-50km = 50-100km 100km+

Figure 25. DW_VTT by distance band by Government Region

The oddities may relate to small samples sizes — NTS does not have enough
observations to support the full segmentation attempted with zero observations
present in some segments. The problem of sample size would of course be worse if
the NTS observations were segmented into narrower travel distance bands.

We recommend further review of the approach for estimating the DW_VTTS using
sample enumeration of the NTS. It would be useful to properly understand the level
of segmentation that the data can stand to maximise variation between segments
(mode/purpose/distance/region) groups and minimise variation within groups. It
would be helpful to provide a DW_VTTS dataset to scheme promoters that has been
fully quality assured and exhibits plausible properties across the key segments of
policy interest.
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Accuracy of the income estimates in the prototype DW method

As we will see in section 10.3, mean incomes in NTS do not match mean incomes in
FRS, which is the better source of income data, even aggregated up to Government
Office Region. This may be because NTS uses income bands.

The prototype DW methodology used sample enumeration on trips in NTS with
income taken as the mid-point of the decile to which the household is allocated. In
NTS, the income of the household is estimated by the Household Representative
Person (HRP). The subject is presented with a showcard containing income in 26
bands, as shown in Table 29. Even at the level of the 26 bands in the raw data,
household income is known only to within about 10% to 20%, though it varies by
distance band.

Table 29. Income bands recorded in NTS

Lower Upper (£pa) Midpoint Bandwidth Bandwidth /
(Epa) (Epa) (Epa) Midpoint
1 0 1,000 500 1,000 200%
2 1,000 2,000 1,500 1,000 67%
3 2,000 3,000 2,500 1,000 40%
4 3,000 4,000 3,500 1,000 29%
5 4,000 5,000 4,500 1,000 22%
6 5,000 6,000 5,500 1,000 18%
7 6,000 7,000 6,500 1,000 15%
8 7,000 8,000 7,500 1,000 13%
9 8,000 9,000 8,500 1,000 12%
10 9,000 10,000 9,500 1,000 11%
11 10,000 12,500 11,250 2,500 22%
12 12,500 15,000 13,750 2,500 18%
13 15,000 17,500 16,250 2,500 15%
14 17,500 20,000 18,750 2,500 13%
15 20,000 25,000 22,500 5,000 22%
16 25,000 30,000 27,500 5,000 18%
17 30,000 35,000 32,500 5,000 15%
18 35,000 40,000 37,500 5,000 13%
19 40,000 50,000 45,000 10,000 22%
20 50,000 60,000 55,000 10,000 18%
21 60,000 70,000 65,000 10,000 15%
22 70,000 75,000 72,500 5,000 7%
23 75,000 100,000 87,500 25,000 29%
24 100,000 125,000 112,500 25,000 22%
25 125,000 150,000 137,500 25,000 18%
26 150,000 NA NA NA NA
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10.2.55

10.2.56

10.2.57

10.2.58

10.2.59

10.2.60

10.2.61

10.2.62

10.2.63

Once the income band has been converted to deciles the error in estimate of income
will be even larger. But errors will tend to cancel out across the observations in the
sample.

In the DW calculation process there is an elasticity of the MUY to income of -1.3,
which itself has an error associated with it.

The value of travel time savings used in the sample enumeration also comes from a
model, which must also include some error, which would increase the overall error
in the estimate of the DWs.

Compared to changes of 240% in benefits for bus (reduced benefits) and rail
(increased benefits) arising from switching to DWs, the errors in the income data in
NTS do however seem modest.

Scheme location and income (by distance band)

The assumption in using the proxy method is that the income distributions are so
characteristic of the mode/purpose/distance segment that local geography does not
matter. An LRT line through rich suburbs should get the same DWs as a tram line
through poor suburbs, because the passengers attracted to use the two LRT lines will
have the same income distribution despite the differences in income between the
residents of the areas.

A key question is therefore whether the DW approach improves upon equity values
of travel time.

In Manchester and Sheffield, the highest paid jobs are in the city centre and the
richest residents live at the outer edges of the conurbation, but they are all closer
than 50km. So it would seem important to have finer distance bands than those used
in the prototype. The 0-50km band will group almost all the commute trips of the
richest residents with commute trips of all the poorest residents. Much finer distance
bands would be needed for DWs to make an improvement over equity values of time
in terms of choosing between a pair of schemes using the same mode within the
same city where one serves the rich suburbs and the other serves the poor suburbs.

But there are other geographical effects that refine this distance-based effect, which
might not be eliminated by using finer bands. In Manchester, the suburbs to the
south are richer. In Sheffield, the suburbs to the west are richer. Whilst using the
finer bands available in TUBA would enable identification of commute trips from the
rich outer suburbs to the city centre, it would not pick up the pattern of richer
suburbs to the south or west of the city, requiring different distributional weights.

It is not clear whether trip length is so tightly tied to income that these kinds of
geographic differences in income are immaterial. Further research would be needed
to establish whether this is correct, but it is likely that the income data needed for
the assessment are simply not available.

Manchester has an example where it seems unlikely that finer distance segmentation
would be sufficient to distinguish the incomes adequately. The suburbs of Chorlton
and Didsbury are only 5km from the city centre, so they have quite short distances
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to the highest paid jobs. They have very high proportions of graduates and are very
much richer than the other suburbs at the same distance from the city centre.

They lie immediately north of the river Mersey and there are few crossing points.
Both areas benefit from not having traffic from the outer suburbs passing through to
the city centre. As a result, trip lengths on the radial routes into the city centre from
those suburbs will be relatively short because of the absence of longer distance
through trips. It follows that a radial scheme improving access to the city centre from
those suburbs would benefit the relatively rich population, but the trip-length proxy
for income would allocate those relatively rich travellers to a relatively low income
band because of the short distances.

Trip length and settlement size

Using trip lengths as a proxy for income might be undermined by the relationship
between trip length and settlement size. The overall pattern in the DW analysis is
that there is a correlation between longer distance trips and higher income. We have
already considered various examples where it is questionable whether that
relationship is so strong that it dominates over the location of the scheme and the
demographics of the local population.

Another aspect of the question of whether local geography matters relates to
conurbation size. NTS provides a table showing that mean trip lengths rise as
settlement size falls (with the exception that London trip lengths are longer than the
Metropolitan Counties) (Table 30). But from an agglomeration perspective we would
expect higher wages in the larger conurbations, so the urban areas should have
longer trip lengths based on their higher wages.

Table 30. Trip lengths by settlement size (2013 to 2014) from NTS

Per person per year Average trip Car driver
Trips Miles distance (miles) share
London BUA 707 5,076 7.2 37%
Met BUAs 792 5,287 6.7 50%
Other BUA >250k 840 6,067 7.2 51%
BUA 100-250k 815 6,358 7.8 51%
BUA 25-100k 857 6,745 7.9 54%
BUA 3-25k 844 7,926 9.4 56%
BUA <3k and rural 891 9,109 10.2 59%
All 814 6,557 8.1 52%
10.2.67 The distance and income correlation calculated without reference to the conurbation

size might only be correct for average trips. But specific schemes might not have
average users — this might be particularly relevant to a large urban area with higher
than average income but lower than average trip distance, or to a rural area with the
opposite characteristics.
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Schemes that distort the relationship between income and distance travelled

A road user charging scheme with a cordon around the city centre would distort the
relationship between income and distance for the travellers affected by the scheme,
because the response to the scheme is income dependent. Such schemes would be
tested in a model using income segments, so this is perhaps not a great problem. A
sensible recommendation might be that if you need income segmentation to get the
modelling right then you need to apply distributional weights using income segments
not distance-based proxies. This would also apply to schemes that involve monetary
costs such as tolls, parking charges and fares.

Schemes that deliver agglomeration benefits would also seem likely to distort the
relationship between income and distance. Presumably some of the economic
benefits would be distributed to existing empl