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Abstract
This paper describes a simple and tractable method for identifying equivalence scales that
reflect the value judgements implicit in a tax and benefits system. The approach depends
upon two assumptions that are standard in the literature concerned with inequality and tax
progressivity, in addition to a functional description for transfer payments that can be
estimated using common micro-data sources. We use this approach to evaluate tax implicit
equivalence scales for the UK transfer system that applied in April 2009. The tax implicit
scales that we identify for the UK vary positively with tax unit size and are decreasing in
gross earnings, reflecting recent econometric estimates based on consumption data. We
conclude by discussing a range of potential applications for the proposed tax implicit scales.
JEL classification: D31, H23, I38
Keywords: Equivalence scale, taxation, base dependence
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Introduction

Equivalence scales are a commonly used metric to summarize di¤erences in the relative
needs of heterogeneous tax units. Despite their widespread use, however, there is no
consensus about how such scales should be identi…ed. This paper contributes to the
existing literature by proposing a simple analytical approach to derive equivalence scales
that re‡ect the value judgements implicit in tax and transfer policy; hereafter referred
to as tax implicit (equivalence) scales. The proposed tax implicit scales depend upon
qualitatively di¤erent assumptions to other scales that are in common use, and can be
identi…ed using widely available data sources. The proposed scales consequently provide
both a transparent measure of the relative treatment by the transfer system of alternative
tax units, and a useful statistic to control for tax unit heterogeneity when conducting
distributional analyses.
Most empirically evaluated equivalence scales are based on consumer demand theory.1 A notable criticism of this approach, however, is that consumer demand provides
a weak basis for the cardinal comparisons that are the focus of equivalence scales. Such
criticisms have long been recognised, resulting in claims that “the equivalence scales
required for welfare comparisons are logically distinct from those which arise in demand
analaysis”, Pollak and Wales (1979, p. 216); Muellbauer (1975). The resulting confusion concerning how equivalence scales are most appropriately identi…ed has motivated
a popular trend toward the use of scales that take highly stylised forms for distributional analyses. The modi…ed OECD scale, …rst proposed by Hagenaars et al. (1994),
is one such measure.2 Although such scales are transparent, they provide a restrictive
description of the relative needs of heterogeneous tax units, which suggests a need for associated sensitivity analysis. This points to the usefulness of an identi…cation approach
for equivalence scales that di¤ers substantively from those applied in the established
literature.
Tax implicit equivalence scales are rarely considered in the existing literature. This
may be due to a commonly held perception that “income taxes are not typically coherent
with equivalence scales”(Lambert, 1993, p. 364). Yet, tax and transfer systems translate
1

Deaton & Muellbauer (1980), chapters 7 to 9, provides a detailed discussion of the theoretical
underpinnings of the demand based approach for estimating equivalence scales. For a discussion of the
advantages and disadvantages of alternative equivalence scales, see also Coulter et al. (1992).
2
The modi…ed OECD scale is based upon “expert opinion”; see Orshansky (1965) for a comparable
scale also based on expert opinion.
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a de…ned set of tax unit characteristics into disposable income. The positive relationship
that exists between disposable income and welfare implies that transfer systems re‡ect
a set of value judgements concerning the relative merits of alternative tax units; value
judgements that provide a potential basis for identifying an equivalence scale.
A small number of studies have evaluated the equivalence scales implicit in selected
transfer schemes, usually focussing upon minimum income payments. Olken (2005)
suggests a method for identifying ‘community equivalence scales’, on the assumption that
the individuals who receive social assistance are selected to maximise an assumed social
welfare function. Given explicit assumptions concerning the social welfare function, it is
possible to derive a closed form solution for the proportion of the population in receipt
of support. This closed form can be estimated as a standard binary choice model to
identify the parameters of a policy implicit equivalence scale. Olken uses this approach
to estimate the equivalence scales implied by a subsidised rice program o¤ered to poor
households in Indonesia.3
Other studies have evaluated the scales implicit in selected transfer schemes by taking
the ratio of the payments made to alternative household types; e.g. HMSO (1978) for
an early example in relation to UK income support payments, and Stewart (2009) for
old age pensions. This latter approach has the advantage that it does not depend upon
assumptions concerning the existence of a social welfare function or the speci…cation of
the equivalence scale. It is also tacitly supported by the observation that some countries
(e.g. Germany, the Netherlands, Sweden, Norway) have set income support payments
with reference to budget standards for low income households.4
This study contributes to the above literature by describing a simple analytical approach for identifying equivalence scales implicit in an entire tax and transfer system,
based on two analytical assumptions and a functional description for transfer payments.5
The assumptions upon which our identi…cation approach is based are common, if implicit, in empirical studies of inequality and tax progressivity. The functional description
of the transfer system required for the identi…cation approach is present in a range of
tax-bene…t calculators in current use (e.g. EUROMOD, TAXSIM, TAXBEN, MITTS,
etc), or can be estimated from common microdata sources (e.g. EU-SILC, the Current
3

See also Lall et al. (2012) for equivalence scales implicit in a housing subsidy in South Africa.
Budget standards, also referred to as minimum income standards or reference budgets, are priced
baskets of goods and services; e.g. Hirsch (2013), Storms et al. (2013).
5
Econometric methods for identifying tax implicit equivalence scales from microdata sources are also
suggested in Muellbauer & van de Ven (2003) and Muellbauer & van de Ven (2004)
4
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Population Survey in the US, the Family Resources Survey in the UK, the Survey of
Income and Housing Costs in Australia).
We describe our analytical approach in Section 2, and present a practical example in
Section 3. Discussion, and directions for further research are provided in a concluding
section.

2

A simple method for identifying tax implicit equivalence scales

We identify tax implicit equivalence scales based on two assumptions:
1. Two tax units with the same equivalised post-tax and bene…t incomes can be
interpreted as being ‘equally well o¤’(enjoy the same utility)
2. If two individuals would be equally well o¤ given their pre-tax incomes in the
absence of a tax, they should also be equally well o¤ if there is a tax.
The …rst assumption ensures that the equivalence scale can be used to discount the
incomes of any two tax units to a comparable basis. The second assumption is a variant
of the principle of horizontal equity suggested by Feldstein (1976, p. 83), where we have
inserted the term “given their pre-tax incomes” to facilitate evaluation of the principle
using observable data. Horizontal equity is widely accepted as one of the core principles
of distributive justice underlying the design of tax and transfer policies. The tax implicit
scales that we identify are those that are necessary to ensure that an observed transfer
system satis…es this principle.
Our analytical approach is closely related to the recent study by Bourguignon &
Spadaro (2012). Bourguignon & Spadaro (2012) seek to identify the properties of “the
social welfare function that makes optimal the actual marginal tax rate schedule that
corresponds to the redistribution system actually in place” (p.76). This then permits
consideration of “whether the social welfare function implied by the actual redistribution
schedule is in some sense ‘reasonable”’(p.76). In a similar vein we seek to identify the
properties of the tax implicit equivalence scale that are necessary to ensure that the
tax schedule satis…es the basic condition of horizontal equity. It is then possible to
consider whether the equivalence scales required to satisfy this condition are “in some
sense ‘reasonable’”.
3

Denote the gross (pre-tax and bene…t) income of tax unit i by xi , and disposable
(post-tax and bene…t) income by yi . Gross and disposable incomes are related through
the unit’s (net) tax burden, ti ; yi = xi

ti . Consider two tax units, i and j, which di¤er

in their respective demographic compositions. The equivalence scale that transforms tax
unit i’s income so that it is comparable with that of tax unit j is ai . Then, if units i
and j are equally well o¤, assumption 1 requires:
yi
= yj
ai
Given equation 1, assumption 2 will only hold if:
xi
= xj
ai
Dividing equation 2 by equation 1, and rearranging we obtain:
tj
ti
=
xi
xj

(1)

(2)

(3)

Hence, assumptions 1 and 2 imply that any two tax units that can be treated as equals
will be subject to the same (observable) average tax rates. This condition will uniquely
identify the tax implicit equivalence scale, so long as at least one population subgroup
is subject to average tax rates that vary strictly monotonically with gross income and
span the feasible domain.6
Suppose, for example, that the average tax rate is strictly increasing in gross income
for tax unit j, with a range ( 1; tmax ), where tmax is an asymptote upper bound on the

average tax rates to which all tax units are subject. Then a unique tax implicit scale
can be calculated for all other tax units, with reference to the tax schedule for unit j.
Speci…cally, the equivalence scale of tax unit i with gross income, xi , can be obtained
by taking the ratio of incomes that equates their average tax rates:7
tj
xi
ti
=
=) ai (xi ) =
(4)
xi
xj
xj
In equation 4 the equivalence scale is de…ned as a function of gross income, which
recognises that tax implicit equivalence scales will often fail to satisfy the condition
6

Average tax rates are usually increasing in gross income. Where strict monotonicity does not hold
for at least one population subgroup, then additional assumptions to those described here are required
for identi…cation of a tax implicit equivalence scale.
7
Our approach consequently displays parallels with the matching estimator for equivalence scales
proposed by Szulc (2009), in that it focuses on pairing households of di¤erent compositions that are
equally well o¤. Our approach di¤ers from Szulc’s in that it does not rely on consumption data and it
does not require any econometric estimation.
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of base independence.8 As noted by Seneca and Taussig (1971, p. 255), “the most
interesting and important issues involving the application of equivalence scales to tax
equity questions are intimately bound up with the variation of equivalence scales with
the level of income”.

3

Tax Implicit Equivalence Scales for the UK

The method for identifying tax implicit equivalence scales that is set out in this paper
requires disposable income to be described as a function of a range of tax unit characteristics. In this section we provide a practical example of the approach, using the Tax
Bene…t Model Tables (TBMTs) produced for the UK by the Department for Work and
Pensions, applicable for April 2009.9 The TBMTs calculate UK taxes and bene…ts for
a set of hypothetical individual characteristics using an Excel spreadsheet. This spreadsheet is freely downloadable from the internet (at the time of writing), and it should be
possible for the reader to replicate the results reported here within a matter of hours.10
The TBMTs report the relationship between gross earnings and disposable income
for 34 hypothetical combinations of tax unit characteristics, varying over relationship
status, number and age of dependent children, employment status, housing, and child
care costs. We report here the tax implicit equivalence scales of families that are private
tenants, do not incur child care costs, and in which the principal income earner either
does not work, or works between 16 and 30 hours per week (exclusive). These scales
are based on the tax schedules reported in DWP (2009), sections 1.1c (single adults
with no children), 1.2f (lone parents with one child), 1.3f (lone parents with 2 children),
1.4c (couples with no children), 1.5c (couples with one child), 1.6c (couples with two
children), and 1.7c (couples with three children).
Tax implicit equivalence scales were evaluated for each tax unit via the procedure
that is described in Section 2.11 A single adult without dependent children was adopted
8

Base independence (Lewbel, 1989, and Blundell and Lewbel, 1991) requires the equivalence scale
to be una¤ected by the level of utility. This requirement is referred to as ‘equivalence scale exactness’
by Blackorby & Donaldson (1993).
9
The TBMTs were produced annually from 1996 to 2009; see DWP (2009) for details.
10
http://webarchive.nationalarchives.gov.uk/20130107093842/http:/statistics.dwp.gov.
uk/asd/index.php?page=tbmt. Please feel free to contact the corresponding author if this link becomes
inactive.
11
The spreadsheet was used to calculate, for each tax unit, disposable before housing costs income
for values of gross earnings increasing at £ 1 per week increments from £ 0 to £ 1200 per week. The
average tax rate associated with each evaluated measure of disposable income was then calculated. The
‘VLOOKUP’Excel search routine was used to identify, for each measure of gross earnings and for each
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Figure 1: Tax implicit equivalence scales of selected family types evaluated for the UK
transfer system applied in April 2009
as the reference group for analysis, noting that the average tax rates of all tax unit
types are strictly increasing over the considered range of gross earnings. Results from
this analysis are reported graphically in Figure 1.
The equivalence scales reported in the …gure provide a fascinating insight into the
relativities that are implicit in the UK transfer system. Starting with the statistics
for unemployed tax units, represented by the dots along the axis at zero gross earnings, we see that larger families are unambiguously associated with higher tax implicit
scales. This re‡ects the higher unemployment bene…ts that are payable to larger families. Comparing the scales evaluated for single adults with those of couples indicates
that an additional adult increases the tax implicit scale by a factor of 0.2, irrespective
of the number of children in the tax unit. The implication is that the UK transfer
system treats the second adult in a couple as equivalent to one …fth of a single adult
tax unit, the measure of gross earnings for single adults that equated the respective average tax rates.
The tax implicit equivalence scale relevant for any combination of gross earnings and tax unit was then
calculated as the ratio of gross earnings of the respective tax unit to the gross earnings of single adults
that equated their average tax rates.
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in the determination of the income support payments to unemployed households. In
contrast, an additional child increases the tax implicit scale by a factor of around 0.45
for the …rst and second child, falling to 0.3 for the third child in the case of couples.
The observation that children tend to increase the tax implicit scale by a wider margin
than adults is in sharp contrast to most other scales in popular use; the modi…ed OECD
scale, for example, assigns a value of 1.0 to the …rst adult in a household, 0.5 to any
other household member aged 14 or over, and 0.3 to each child aged 13 or under. The
value judgement, implied by the scales reported here, that a child is associated with a
higher weight in the determination of welfare bene…ts than an adult, suggests that the
formulation of transfer policy depends on much more than relative consumption needs.
Figure 1 also indicates that the tax implicit equivalence scales display a great deal of
variation with gross earnings. In the case of couples without dependent children, the tax
implicit scale falls from a value of 1.2 at zero gross earnings to a value that approximates
1.0 at very low earnings, implying a negligible adjustment for the second adult as meanstested (income support) bene…ts are withdrawn. The scale then rises back to a value of
1.2 at earnings of £ 110 per week, which is in the region of the national minimum wage
for someone working 16 hours per week.12 The adjustment made for the second adult is
then approximately stable, before being withdrawn fully at gross earnings of £ 400 per
week, which is equal to median earnings.13 For all earnings in excess of £ 400 per week,
the tax implicit equivalence scales reported in Figure 1 indicate that single adults and
adult couples without dependent children are treated identically.
The tax implicit equivalence scales for tax units with children display greater variation with gross earnings than described above for childless adults. First, and in contrast
to childless adults, the tax implicit equivalence scales of tax units with dependent children rise appreciably as gross earnings increase from zero to peak at very low earnings.
This re‡ects the fact that child related welfare payments are not withdrawn as rapidly
as those for adults, so that the gap between the disposable incomes of bene…ts units with
and without children initially widens. From this initial peak, the (relative) disparity in
tax treatment between childless adults and parents shows a persistent downward trend
with gross earnings, subject to some non-smoothness that is introduced by the organisation of the UK transfer system into a series of individual tax and bene…t schemes. At
12

The national minimum wage for the UK of someone aged 21 or over in 2009 was £ 5.73 per hour.
Median gross weekly earnings for all employees were £ 397 in April 2009; see 2009 Annual Survey
of Hours and Earnings, published by the O¢ ce for National Statistics.
13
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gross earnings of £ 1200 per week (three times the median), an adult couple with three
dependent children is treated by the UK transfer system as equivalent to one and a third
single adults (down from a peak of three and a quarter single adults at low earnings).
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Discussion

This paper describes a simple and tractable method for identifying equivalence scales
that re‡ect the value judgements implicit in a tax and bene…ts system. We use this
approach to evaluate tax implicit equivalence scales for the UK transfer system that applied in April 2009. The tax implicit scales that we identify for the UK vary positively
with tax unit size and are decreasing in gross earnings, in contrast to the common assumption of base independence in the existing literature. This last …nding is consistent
with results reported in recent literature that relaxes the assumption of base independence for equivalence scales in context of estimation approaches based on consumption
data (e.g. Donaldson and Pendakur, 2003, Koulovatianos et al., 2005, and de Ree et al.,
2013).
A desirable property of tax implicit equivalence scales is that they provide an explicit
description of the value judgements (implicitly) made by government when acting in its
role as administrative agent for society. This is not to suggest that the tax implicit
equivalence scales described here should be understood to re‡ect the value judgements
of a social planner. As Atkinson and Stiglitz (1980, p. 9) warn, “Tax and expenditure policy may be designed more with a view to electoral success, or the goals of an
established bureaucracy, than to social welfare maximisation.” We also do not suggest
that such scales can be taken to represent a ‘social consensus’; the heated debate that
often accompanies transfer policy reforms suggests that no consensus view may exist
(Coulter et al., 1992, p. 100). Nevertheless, given the importance of transfer policy in
people’s everyday lives, the value judgements that are implicit in the prevailing transfer
system represent a focus of concern, regardless of how those value judgements came to
be made. We envisage two alternative uses for such scales: one in which the relativities
represented by the scales are the focus of interest, and another in which the scales are
used to control for aspects of tax unit heterogeneity that are not the focus of concern.
We discuss each of these potential uses in turn.
Tax implicit equivalence scales provide a transparent measure of the value judgements
described by transfer policy. This is useful because the complexity and fragmented na8

ture of many transfer systems obfuscate the relative treatment of alternative tax units.
This lack of clarity increases the potential for policies that fail to re‡ect popular perceptions concerning relative needs. By clarifying the relativities implicit in transfer policy,
it may be possible to identify whether and in what ways existing transfer systems contradict commonly held value judgements, thereby supporting associated policy reform.
Comparing tax implicit scales through time could provide an interesting description
of changing social value judgements (even if implicit) within a given country. Comparing
scales across tax jurisdictions could provide useful detail concerning tax incentives for
migration, particularly relevant in context of weak migratory controls (as within the
European Union or between US states). Similarly, comparing tax implicit scales with
equivalence scale estimates based on consumer demand theory could provide a useful
indication of tax incentives over a broad range of characteristics. If, for example, the
tax system made a larger adjustment for young children than implied by equivalence
scales estimated from consumption behaviour, then this could indicate that the transfer
system is structured to encourage increased fertility.
One of the most common uses for equivalence scales is as a control to aid comparisons
of income or consumption between heterogeneous tax units. The value judgements
implicit in transfer policy present a defensible, observable, and objective source for
de…ning adjustments between heterogeneous tax units. A key problem when seeking
to identify any equivalence scale, for example, concerns the nature of the functional
form to assume. This is resolved in context of tax implicit scales, which depend upon
the (observable) set of factors that are considered in the evaluation of net transfer
payments.14
Furthermore, as tax implicit scales are based on di¤erent underlying assumptions
and data sources to those that are more commonly considered in the literature, they are
not subject to the same critiques, and therefore present a useful candidate for associated
sensitivity analysis. In some contexts tax implicit equivalence scales may also provide
conceptual advantages, relative to alternative identi…cation approaches. Distributional
analyses of re-ranking, for example, explore the extent to which progressivity of a transfer
14

Note, however, that this feature of tax implicit scales does have drawbacks. Most modern tax
and bene…t systems are …endishly complex, and this complexity has the potential to feed into the
speci…cation of a tax implicit equivalence scale. Such complexity is likely to obscure the value judgements
implied by the tax implicit scales, hampering associated analysis. The question of how much of the
complexity of a transfer system to include when evaluating a tax implicit scale will ultimately depend
upon the purpose(s) of the intended analysis.
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system is dampened by changes in the rank-order of individuals from the pre- to the
post-tax and bene…t income distributions.15 Such studies commonly adjust incomes
by an exogenously assumed equivalence scale. Some commentators have subsequently
expressed the view that this approach “amounts to “imposing [horizontal inequity] from
outside” if the tax is not, in fact, a family income tax designed to be coherent with an
equivalence scale –or indeed if it is and the scale selected by the analyst is not the same
as the one being used by the policy maker”(Lambert, 2004, p. 76). Use of tax implicit
equivalence scales would help to allay such concerns.16
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