NBER TECHNICAL PAPER SERIES

WELFARE ANALYSIS OF TAX REFORMS
USING HOUSEHOLD DATA

Mervyn A. King

Technical Paper No. 16

NATIONAL BUREAU OF ECONOMIC RESEARCH
1050 Massachusetts Avenue
Cambridge MA 02138

July 1981

Any opinions expressed are those of the authors and not those of
the National Bureau of Economic Research. The research reported
here is part of the NBER's research program in Taxation.




5

NBER Technical Working Paper #16
July 1981

Welfare Analysis of Tax Reforms Using Household Data
. ABSTRACT

The paper discusses a methodology for calculating the distribution
of gains and losses from a policy change using data for a large sample of
households. Estiﬁates are based on the equivalent income function, which
is money metric utility defined over observable variébles. This enablés
calculations to be standardised, and a -computer program to compute the
statistics presented in the paper is available for a general demand system.
Equivalent income is related to measures of deadweight loss, and standard
errors are computed for each of the welfare measures. An application to
UK data for 5895 houséholds is given which simulates a reform that involves

eliminating housing subsidies.

Mervyn A. King _
Department of Economics

The University of Birmingham
Birmingham, B15 27T

ENGLAND

021-472-1301 (Extn. 3427)




WELFARE ANALYSIS OF TAX REFORMS USING HOUSFHOLD D:ATA

by Mervyn 4. King

1. Introduction

The use of cross-section data on individual house-
holds not only to estimate eguations for labour supply and
commodity demands but alsc to employ the estimates to simulate
tax reforms is becoming widespread. In this paper we present
a methodology for such simulations emphasising both the
efficiency and the distributional consecuences of the reform,
and the desicn of welfare measures which can be computed for
each household. The welfare measures are presented in terms
of a series of "equivalent" statistics which provide information
on both the distributional‘and efficiency effects of a reform,
and can be used also to generate measures of social welfare
(one example of whiéh is an index of ineguality). We are
particularly concerned with the case in which prices vary
between households.

The basic assumption is that +there are available
data for a cross-section of housenholds and also econometric
estimates of the relevant behavioural eguations,

With this information we then (a) define a reform (section 2),
(b) compute various measures of the gain accruing to each

household in the sample anc of the overall efficiency gain

The rescarch reported here was supported by Social Science Research
Council Programme Grant No. HR 4652. I am very grateful to Paul
Ramsay for programming the calculations, and to A.B. Atkinson,

N.H. Stern and H. Varian for helpful comments and suggestions. 1In
particular, I have benefited from discussions with Hal Varian who
has independently suggested using the concept described here as the
"equivalent income function" in the context of cost-benefit analysis.




(section 3), (c) calculate measures of the "social® gain and
of inequality using an explicit social welfare function
(section 4), and (d) use the estimated standard errors of
the parameters of the behavioural equations to construct
confidence intervals for our welfare measures (section 5).
The theoretical ccncepts are illustrated by an empirical
application to the simuletion of the abolition of housing
subsidies towboth home~owners and tenants living in publicly
subsidised accommodation using a data set for 5895 households
in England and Wales (section 6). A computer programme is
available on request to perform the computations described
liere for a general specification of a reform and given

parameters and a functional form for an indirect utility

function.
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2. Defining a Reform

We assume that the data set contains observafions
on H households indexed by h. In the pre-reform or original
position household h has (net of tax) exogenous income yg
and faces a vecfor of prices Eg' Efter the reﬁorm the
household faces a new vector of prices and income ,(EE, yﬁ).

A reform is defined as a mapping from the original to the

post-reform vector.

i
—

{yg, Eg} > iyg, Eﬁ} ¥ h .H (2.1)
We shall assume that a reform can be completely
characterised in terms of its effects on household incomes
and prices. This implies that prices are independent of
household actidns and is equivalent to supposing that each
household faces a linear budget constraint. For many
purpoées (such as changing the rates of indirect taxes) this
is a reasonable assumption, but for other applications
budget constraints may be nonlinear. Examples of nonlinear
budget constraints may be found in work on labour supply
(Burtless and Haﬁsman 1978, Wales and Woodlard 1979). In
these cases we may still define a reform by (2.1) provided
that the income and price vectors are replaced by vectors
of "virtual"” incomés and prices which are defined such that
if the budget constraint were linear in these prices house-
hold§ would choose the same consumption bundle as they

select under the nonlinear budget constraint. Another:

example of a nonlinear budget constraint, albeit of a rather




extreme form, is where households are rationed in the amount
of particular commodities which they may consume; again this
constraint may be modelled in terms of virtual prices,
Pothbarth (1241) Neary and Roberts (1¢3¢) and Deaton and
Muellbauer (122Ca). 1In principle, therefore, nonlinear budget
constraints present no préblem; in practice, however, it may
be computationally expensive to compute the virtual prices

and income for each household in the sample when the budget

constraint is very complex.

In general, we shall allow prices to be household-
specific. This is of importance not only for nonlinear
budget constraints but also for applications to labour
supply and housing where the relevant prices vary across
households.l It also allows household composition to enter
the indirect utility function by making the effective prices-
which a household pays a function of household composition ,
as suggested by Gorman (1976);

We have observations on initial incomes and prices
for each household. A reform is defined by specifying for
each household a set'of post-reform prices and an income
level. Although this is straightforward in principle, the
computation of the post-reform equilibrium hay be complicated.
We have already méntioned the problems caused by nonlinear

budget constraints. Another difficulty is that the post-

In the sample of 5895 households used in this paper,.the
cocfficient of variation of the price of housing services
was of the same order of magnitude as that for earnings

(¥ing (1980)).
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reform values cannot be chosen 1ndependentlv but must satisefy
an overall revenue constraint to ensure that the reform is
feasible. We shall examine reforms which are”revenue—
neutral. This is for two reasons. First, to ensure that

the government's budget constraint is satisfied by the

reform. Secondly, because for revenue—neutral reforms our
measure of the distributional impact of the reform is related
in a very simple manner to our measure of the efficiency gain
fsee section 3 below). It is crucial to our approcach that
we consider reforms which satisfy an overall production
constraint. Tﬁis enables us to produce a measure of the
change in deadweight loss which is related.in an intuitiVely.
appealing way to our measure of the distribution of gainsﬁand
losses resulting from the reform. When government expen-
diture on goods and services remains unchanged the overall
production constraint is satisfied by a revenue-neutral
reform. In principle, it is straiéhtforward to allow for
reforms which involve changes in government expenditure. To
do this we must specify household preferences in terms of an
indirect utility function which has as arguments
the prices of private goods and the quantities of public
goods. The difficulty with implementing this is, of course,
that we do not have observations en the revealed preferences
ofvhouseholds for éublicgoods.l Consequently, we shall
Lestriet-our atteﬁtion to revenue-neutral reforms.

If we consider only taxes on households, then a

revenue-neutral reform must satisfy

1

Thouch it may be possible to infer these bv estimatinc demands for
private qoods as a function of nrices of private coods and cuantities
of public coods. : - :




0,0 4Oy _ PP 4P
%thh‘th' X)) = 1thh(th’ Xy @2

where fh is the sampling weight for each household
Yha is pre-tax exogenous income
§h is a vector of household commodity demands

(including leisure)

Rh is the tax revenue function levied on household
h.
The precise form of the revenue functions depends
on the tax-subsidy system employed. For linear commodity

taxes the overall revenue constraint becomes

0, O o' o,0 _ P,.p p' p.p
%fht (Ype + gfhzh Pp¥ gfht (Yhe! * %fhth Pr¥p - (2-3)

‘where Eh is a vector of the tax-inclusive rates of
household-specific commodity taxes or subsidies.

t(.) is the tax function levied on exogenous income.

Ph is a diagonai matrix‘Such that Phi = Py

where i is the unit vector.

The use of sampling weights (which reflect
stratification in the sampié design or estimated differential
response) is to ehsure an unbiassed estimate of tax revenue.
If information is available also on the extent of under-
reporting of particuiar items of expenditure (which occurs
for alcohol and tobacco in most household surveys) fhe weights
can be made commodity-specific. The extension to include

producer taxes and subsidies is straight forward.




The specificaticn of the reform itself will dictate

which tax rate is the residual rate to be determined by the
revenue—-neutral constraint. Since post-reform household
demands are functions of fhe vector of prices, and hence of
tax rates, equation (2.3) is an implicit eaguation for the
residual tax rate. To solve this we reguire estimates of

household demand functions. For a particular specification

of a household's indirect utility function (denoted by v),
the vector of commodity demands is given by the Roy-Ville

identity

Q>
<

T

o
c -

I

v
3y

Given estimates of this demand system the value of
the residual tax rate may be determined by solving (2.3) and
(2.4).

Another factor to be considered is the change in
producer or factor prices which may result from the change in
equilibrium output 1levels. Producer prices (dehoted by the
vector g) are assumed to be uniform across consumers and, in
general, are a function of total supplies (7). The net

supply vector in the post-reform eguilibrium is egual to

where the vector-valued function % is equal to the

derivatives of the industry profit functions. Again the

(2.4)

(2.5)




extension to'incor?orate producer taxes is straightforward.
Consumer prices are related to producer prices via
the tax rates and, given functional forms for both demand and
supply functions (or, equivalently,'for indirect utility and
profit functions), the post-reform equilibrium can be found
by solving iteratively the system of equations given by (2.3);
(2;4) and (2.5). Given this solution the reform as described
by the mapping (2.1) is completely defined, and we may turn
to the measurement of gains and losses for each Household in
ﬂhe'sample. The computation of the post-reform equilibrium
isrsimilar in spirit to the numerical general equilibrium
models of Shoven and Whalley (1972, 1973, 1977)? These
models have a detailed production side (with many commodities)
and assume either one or a small number of representative
consumers. The approach here is to use a simple model of the
production sector but to use actual Observations on a large
sample of households. The two approaches are clearly
complementary.
| Finally, we must note that in What follows we
shall assure the existence and uniqueness of eguilibrium. In
any avplication the former is not a problerm because.thefdefini—
tion of the reform will worovide g constrﬁctive proof of existence,
Unicueness, however, is not guaranteed and must be inyesticated
in each case. If there is rmore than one solution for the
residual tax rate, we could choose between the equilibria
accordirg to either a social welfare function or a simvle

criterion such as select the ecuilibrium correspondirc to the

1
Their nr¥ wcontributed A creat deal also to the develorrent of
alrerizhrs “or the corputation »F ceneral ecuilibriur rodels.




lowest tax rate (subsidy). The errirical sicnificance ¢f non-
unicueness is unclear: in the exarnrles considered helow trere

is a unioue eauilibrium.




3. The Measurement of Welfare and Deadweight Loss

In this section we describe measures of both the
distributional‘and efficiency effects of a reform based upon
ordinal utility functions. Measures of the social gain of
a reform which are based on an explicit social welfare
function will be discussed in Section 4. Both sets of
calculations are derived from a single measure of the money
value of a household's welfare in terms of its consumption
possibility set. This is given by the "equivalent income
function” which is defined below. |

Household preferences may be represented by either
the direct or_indirect-utility fuﬁction which are denoted,_

respectively, by

o
I

u (X) o (3.1)
v = vi(p, vy) _ (3.2)

We wish to compare the levels of a household's
welfare when it faces different consumption possibility sets.
To do this we.choose a reference price vector, denoted by
ER. The choice.bf'the reference price vector is arbitrary,
although as we shall argue below there are certain choices for
this which allow a natural interpretation of equivalent
income. For a given budget constraint (p,y) "equivalent
income"is defined as that level'of income which, at the
reference price vector, affords the same level of utility as

can be attained under the given budget cdnstraint. Formally,




v(ER, Ygp) = vip, y) (3.3)

Inverting the indirect utility function we obtain

equivalent income in terms of the expenditure function
yg = e(@", v) | | (3.4)
Combining (3.3) and (3.4)

Yg = £ (p~, B Y) , : - (3.5)

o This definition of equivalent income has been
suggested also by Varian (1980). It is very similar to
the concept proposed by McKenzie (1956) which was later
christened 'money metric utility' by Samuelson (1974), and

is defined by 1

m = e(ER, u)

(", x (3.6)

The main aﬁvantage of using the equivalent inéome
function is that it makes computations extremely easy’because
‘preferences enter oﬁly into the form of the function f and
the arguments of the function depend oniy upon- the réfbrm

under consideration and are completely independeht of

1

In unpublished notes, Varian (1980) derives an "indirect
income compensation function" which is formally identical to
our equivalent income function. Choice of termlnology is left
to the reader. Tor further discussion of monev metric utilitv
see Deaton (1980)




preferences.l In (3.6), however, preferences influence
both the form and the arguments of the money metric'utility
function. With the‘equivélent income function preferences
are described by the form of the function and opportunities
by the values of the arguments of the function. Z&4s we shall
show, the separation of the representation of preferences and
oppoftunities enables us to evaluate both the efficiency and
the distributional effects of a reform in terms of a single
function. All of the welfare measures presented in this
paper are calculated by evaluating the equivalent income
function for different values of its arguments.

The properties of the-equi&alent income function
may be derived from the wellenown properties of indirect
utility and expenditufé functions (see, for example, Deaton
and Muellbauer (198Ca),and.Diewert 1978)). These imply
that f is increasing in pR and y and decreasing in p, is
concave and homogeneous of degree one in reference prices,
and is continuous with first and second derivatives in all

arguments.2 Commodity demands are given by

_ af
. 9f op .
x(p, y) = —x = (3.7)
op R of
P =P oy
1This is true only for linear budget constraints. For non-

linear budget constraints (and rationing) the calculations
of virtual prices requires knowledge of preferences. Even
here, however, the equivalent income function reduces the
calculation of welfare measures to a two-step procedure;
first, the computation of virtual prices, and secondly, the
calculation of equivalent income.

2Strictly speaking, first and second derivatives exist
except possibly op a set of measure zero, and by increasing
(decxeasing) in p (p) we mean nondecreasing (nonincreasing)-
in ERép; and increasing (decreasing) in at least one element
of p (p). :




Given a set of demand functions, the equivalent
income function may be generated by solving the system of

partial differential equations together with the boundary

condition

As an example, consider the-two—commodity Cobk-
Douglas case with the indirect utility function
pa pl—a
1 %2
V(Pll p2' v) = (3.9)
37
From (3.3) and (23.4) the ecquivalent income function
is given by
Bya, Ryl-a
pl p2 ' (3.10)
Ye = 50| |5 -y -10
E Py [P

In the appendix we give the equivalent income function

for some common demand systems.

The first use to which we shall put the equivalent

income function is to measure welfare gains and losses, and to
relate these to the concept of the deadweight loss or excess

burden of a tax. A natural measure of the value of a reform

to a household is the change 1in equivalent income. This measure

of welfare gain is given by

lProvided that the estimated demand system has a symmetric
negative semidefinite matrix (Samuelson 1950, Hurwicz and
Uzawa, 1971) and the Lipschitz condition is satisfied.
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| s o
WGy = Ygy =~ Yy

i

£ (pX, BLr Vi) - £(p, Bor vy (3.11)

The choice of reference price vector is arbitrary,
although for any given household there are two natural choices,
the pre- and post-reform prices vectors. Using initial prices
the welfare gain is that sum of money which the household would
have accepted in the initial position as equivalent to the

impact of the reform, and we describe this as the equivalent

gain. It is defined by

- O O 1S _ O O O

It

Implementing the reform is equivalentlto giving
each household an addition to current income equal to the
value of their equivalent gain.

If we now measure equivalent income at a reference
price vector equal to the post-reform price vector, we may

define "compensating gain” as

— foP. 0P WPy - £(oP O O
- P _ p © o .

Equivalent and compensating gains are two special
cases of the general measure of welfare gain corresponding to

two particular reference price vectors. In general, the




welfare gain to a household of a tax reform is measured by.

the change in equivalent income. A natural definition,
therefore, of the excess burden or cdeadweight loss of a tax is
the change in equivalent income resulting from its introduction
.In a dne~person economy the change in deadweight loss (ADL)

arising from a tax reform is

(3.14)

= yP - O oy
ADL Yg Vg WGh
This definition brings out clearly the dependence of the
measure of deadweight loss on the choice of reference price
vector and provides a convenient framework within which to
discuss existing measures of deadweight loss and the
deficiences of some of these.
In a many-person economy an aggregate measure
of deadweight loss could be defined as
ADL = rlech (3.15)

But the dependence of the measure on the choice of
reference price vector means that adding welfare gains in this
way to produce a measure of aggrégate deadweight‘loss)as
suggested by Harberger (1971), is not a procedure which is
free of distributional implications because, as we show in
section 4 below, the choice of referencefprice vector is
equivalent to making distributional judcements. Measuring

‘deadweight loss by (3.15) does not so much ignore distributional

issues as imply the use of a specific set of distributional.
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weights, which, moreover, is likely to alter from oﬁe
empirical application to another as the reference price vector
changes.

It is clear that welfare cain is defined only for a
completely specified reform. If we consider the introduction
of a distortionary tax financed by a reduction in lump=-sum
taxes, then the welfare gain (negative in this case) is ecqual
to the deadweight loss imposed by the tax. When a reform
involves changes in two or more distortionary taxes the
welfare gain measures the net reduction in deadweight 1loss,
and this cannot be attributed to one tax rather than another.
Where the additional tax revenue is used to finance higher public
expenditure, the welfare gain measures the net benefit of the
public good. Both the definition and measurement of
deadweight loss require a precise definition of the reform.

If we consider a new tax the prroceeds of which are used to
make lump-sum payments, then, even if we are prepared to

sum welfare gains over households, the value of deadweight
'loss will depend upon how the lum~-sum payments are distributed

among households.l

We turn now to the relationship between our measure
of the welfare gain and conventional measures of the excess
burden or deadweight loss from distortionary taxes. Approxi-

mations to consumers' surrclus based on Harberger

lDeadweight loss will depend upon the distribution of payments
except when households face identical prices and preferences
are such that they give rise to parallel linear Engel curves
- see the discussion on aggregation below.




triangles may be replaced by‘exact measures of deadwéight
loss derived from explicit utility functions (Mohring 1971,
Diamond and McFadden 1974, Rosen 1978, Kay 1980, Hausman 1981,
Auerbach énd Rosen 1980). Since estimated demand functions
can be integrated to obtain the underlying utility function,
there is no reason td use an approximation whén an exact
measure can be computéd. It is easy to see the relatiénship
between welfare gain and other exact measures of the dead-
weight loés qf a ﬁax.. Consider the Hicksiaﬁ measures.of
compensating and equivalent variation, CV and EV respectively
(Hicks 1946, pps._330—3), defined for a change in prices
holding income conétant. The compensating variation is the
amount of money whiéh the household would need to be given
at the new set of prices in order to attain the pre—reform
level of utility. In terms of the expenditure function it
is defined by
cv = e(p?, v%) - e(p®, v°)

= £(gP, p°, ¥v°) - y° R | - (3.16)

The equivalent variation is defined in terms of

the post-reform level of utility by

EV = e(Ep, Vp) - e(Eo, Vp)

y? - £(p°, pP, yP) (3.17)

Hence from (3.12), (3.13), (3.16) and (3.17)
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EG, = p-y?l-EV

h = Yh h

_ P _ ,©° .
CGh = yh yh th

|

(3.18)

(3.19)

To obtain an estimate of deadweight loss the usual

approach is to subtract from either the compensating or
equivalent variation the change in tax revenue. Diamond and
McFadden (1974) proposed a definition in terms of the
_compensating variation and Kay (1980) suggested the use of
the equivalent variation. Assume that we are prepared to
sum welfare gains across households. In terms of the
eguivalent variation the change in deadweight loss resulting

from a reform is

where R° and RP are original and post-reforms levels of
total revenue respectively.

If we assume that producer prices are constant (i
pre—tax exogenous incomes are constant) then for a revenue-

neutral reform

RP - R® = J(vF - vp)
h

Combining (3.18), (3.20) and (3.21) we have

(3.20)

.E.

(3.21)

(3.22)




The reduction in deadweight loss resulting from tax
reform is equal to the sum of the equivalent gains over all
households.

In Contrast, Diamond and McFadden (1974) define
the deadweight loss of a distortionary tax in terms of the
compensating variation. Translated to the case of a move from
one distortionary tax system to another this becomesl

ADL = jcv, - (RF - r%) (3.23)

A h

From (3.19), (3.21) and (3.23)

ADL = -JcG, | (3.24)
h -

There is, however, a serious problem with the use
of (3.24) to evaluate the relative efficiency losses of
alternative tax reforms. A definition of deadweight loss
based on compensating variation cannot be used to compare (oxr
choose{between) mutually exclusive tax reforms. The reason
for this is that any such comparison must employ a common
reference price vector. Measures based on equivalent gain
Or equivalent variation use the pre-reform price vector to

evaluate all possible reforms. But measures based on

l .
Diamond and McFadden (op. cit) define deadweight loss in
terms of the value of the compensated tax revenue function
rather than the actual level of post-reform revenue as here,
But this does not affect the basic point that compensating
variation implies the use of changing reference price vectors
- see below. :
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compensating variation employ a different reference price
vector for each reform. Herce the money value of the gain
from reform A cannot be compared with the money value of the
gain ffom reform B because these values are computed at
difference reference price levels. It is for this reason
that an unambiguous improvements in the tax system (an increase
in utility for a given level of net revenue) may leac to an
increase in deadweight loss as measured by (3.24) (Kay, 1980).
Although choice of reference price vector is arbitrary, welfare
comparisons of taxes can only be made with respect to a common
reference price vector.l

The measures of deadweight loss propcsed by Diamond
and McFadden (1974) and Kay (1980)presuppose fixed producer
prices. This is not true, however, of our measure in terms
of welfare gains, provided that the effects of the change
in producer prices on consumer prices and household exogenous
incomes are cqrrectly specified in the definition of the
reform. The argument for measuring the efficiency gain of
a reform as the sum of welfare gains does not require the
assumption of fixed producer prices. An empirical example of
changing producer prices in this framework is given in King
(1981) .

There is an infinite number of reference price

1

The use of equivalent income function demonstrates this
clearly because equivalent and compensating gains are defined
with respect to a reference price level whereas equivalent
and compensating variation are defined with respect to a
reference utility level.
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vectors which could be used to compute deadweight loss. The
original or pre;reform price vector is a natural choige. Once
the reform has been defined, we may calculate equivalenﬁ gain
for each household in the sample. The distributional_impact of
the reform is.measured by the distribution of equivalent gains,
and the "efficiency gain" to the economy as a whole by the
average value of eqguivalent gain. One of the advantages_of‘
using individual household data is to examine the distribution
of gains and losses within particular sub-groups of the
population, such és decile groups of the distribution of
original equivalent income or for different types of household.
It must be stressed that deadweight loss as used here means

the welfare loss from raising a given amount of revenue from
distortionary taxes rather than from nondistortionary taxes.

It is not a measﬁre of allocative efficiency. Thus a reform
which_involves a move frém one Pareto-efficient allocation to
another by means of lump-sum transfers does not, in general,
yield a zero measure for the change in deadweight loss. The
rason for this is as follows. Moving between Pareto-efficient
allocations using lump-sum transfers implies a linear trans-
formation curve in terms of exogenous incomes (endowments) such

that

by, = Y (3.25)
£'h -
A constant level of deadweight loss is represented

by the contours of

gth = Y, : ‘ - ‘ ' (3.26)
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It follows that (3.25) implies (3.26) if and only
if YEn is a linear function of Yy It is easy to see from
(3.3) and (3.4) that for any arbitrary reference price vector
this requires expenditure and the level of indirect utility
to be linearly related. | In turn this implies the familiar
condition for aggregation to be possible of parallel linear
Engel curves (Gorman 1961). For more general preferences a
move from oﬁe Pareto-efficient allocation to another will imply
a non-zero value for the measure of deadweight loss.

To date the discussion has assumed the existence of
data for individual households. But estimates of deadweight
loss are often made when only aggregate demand responses are
‘known. The errors implied by the use of aggregate data
- depend on the distribution over the population of incomes,
prices, and preferences. Given a definition of change in
deadweight loss as the difference between mean equivalent
income before and after the reform, it is clear that, even
if we assume identical preferences and prices, evaluating the
welfare gain at the average income level will give the
correct value only if the equivalent income function is linear
in income. This condition implies parallel linear Engel curves.
If the equivalent income function is evaluated not at mean
‘household inéome but at an income level given by a specific
function of household income, then it can be shown tha£ for
correct estimates of the welfare gain preferences must satisfy
price-indenendent géneralised linearity (Muellbauer l§75, 1976).
When prices vary across the population then evaluating the

equivalent income function at mean prices and incomes will
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produce biassed estimatesunlessyE is linear in prices. This

is implausible because it requires demand for the commodity

whose price varies to be independent of income.




4. The Social Value of a Reform

In addition to information about the distribution
of welfare gains among households, we may be interested
also in calculations of the "social value" of a reform. By
this we mean any measure the computation of which requires
an explicit social welfare function. In other words, the
soéial value of a reform depends upon an assumption about
the cardihality of utility functions, whereas to measure
welfare gain requires only an ordinal measure of utility.
When individual preferences are defined over mbre
than one commodity, a social welfare function which respects
individual preferences canhdt be written simply as a function
of househeld incomes but will depend also on the price
vectors facing households.1 The marginal social valuation
of an additional unit of income for household h depends not
only on the income of household h but also upon the price
vector which it faceé. In order to compare households we
must choose a common reference price vector at which to
make the comparison, This means that when individual
preferences are defined over a vector of commodities, socialb

2
welfare may be defined over the levels of equivalent income.

W = W(yEl, Ypar =ee yEH) | (4.1)

. An alternative approach is to define social welfare directly
on the guantities consumed by households with no regard paid
to the implicit weighting of the different commodities implied
by utility maximisation. julti-dimensional measures of
inequality based on this approach are discussed by Atkinson
and Bourguignon (1981) :

2

To simplify the exposition we ignore sampling weights which
would be taken into account in an empirical application.




Equivalent income provides a scalar measure of a
household's welfare in money terms. >Social welfare Qill take
intQ account also differences in household size and composition,
Suppose that preferences depend upon a vector of characteristics,
c, describing household composition so that the indirect utility
function becomes v(p, c, y). Equivalent income may now be
defined in terms not only of a reference price vector but also

of a reference household.

R . .
v(ER, i yg). = vip, ¢ ¥) : (4.2)
Hence,as before,
YE = f(ER, gR,-E, c, y) ‘ (4.3)

Commodity demands are given by (3.7)1. There is no
guarantee, however, that (4.3) can be recovered from observable
demands. As Cramer (1969) and Muellbauerb(l974b) show;
identification of the parameters of (4.3) depends. upon the
“particular model used to relate composition to demand behaviour
and the data set on which the model is estimated.2 Assuming
'(4.3) has been recovered, the final choice is whether to take
the household or the individual as the unit. The former gives

equal weight to each household's equivalent income (as given

by (4.3) in (4.1); the latter weights equivalent'income,by

lThe partial derivatives are now evaluated at the reference compositic

vector as well as at reference prices. The boundary condition (3.8)
‘becomes f(p, ¢, p, ¢, y) = vy.

2 , . C e . '
For a discussion of household composition, equivalence scales and

money metric utility see Deaton and Muellbauer (1980a).
: {
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the number of persons in the household.

When making welfare comparisons between households

equivalent income must be computed using the same reference

price vector for each household. Although the choice of the

common reference price vector is arbitrary certain choices are

easier to interpret than others. One natural choice is the

average value of prices in the original position. It would

seem easier to ask policy-makers to state their relative

valuations

of increments to equivalent income at different

levels of equivalent income (a measure of ineguality aversion

on the part of the policy-maker) for the currently observed

price level than for some other hypothetical price vector.

Hence in the empirical estimates we shall use the mean values

(over households) of pre-reform prices. ' With this choice of

reference price vector,then in the particular case where all

households
equivalent
equivalent

equivalent

face the same pre-reform Price vector, original
income is equal to original income and post-reform
income is equal to original income plus the value of
gain.

In general welfare comparisons between households

depend upon the choice of reference price vector (Roberts, 1980).

In one case, however, social choices are independent of the

reference price vector. When household preferences are homo-

thetic we have

<
o]
g
1]
\Q
o)
g

e(p, v)

(4.4)
(4.5)

1]
5
g
<
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This gives for the equivalent income function
R :
Yp = hip)g(ply - (4.6)

If fhe social weifére function is homothetic then
it is obvious that social choices are independent of the
reference price vector.l

Thé first measure we define is the "social
(equi&alent)‘gain", denoted by SG, which is an exact measure of
the social value of a reform parallel to the eguivalent gain for
én individual household defined in Section 3.  Consider an
absolute incrementvto each household's original equivalent income.
The social gain is the wvalue of such an inérement which would
produce'a level of social welfare equél-to that obtaining in
the post-reform equilibrium. It is defined by

o
YEH

o = P p
W(yEl + S5G, ... +,SG) = W(yEl ces yEH) (4.7)

In the special case where (a) the reference price
vector is taken to be the pre-reform price vector, and (b)
all households face identical pre—reform prices, then the social
gain is equal to the number of "uniformly distributed dollars"
measure of the benefit of the reform usea by Feldstein (1974)
and Rosen (1976). This is defined as the sum of money which,
if equally distributed to all households in the original position,

would produce a level of social welfare equal to the post-reform

_lThis derivation illustrates propositions 1 and 2 in Roberts
(1980). It is clear also that homotheticity of W is a necessary
condition. ' :
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level. only in this special case is original equivalent
income equal to original exogenous income and the two measures
coincide. In general, the social gain is to be preferred
because it takes into account differences in prices between
households.

An alternative way of measuring social gain is to

compute the equal proportionate increase in original

equivalent incomes which WOuld'produce a level of welfare
equal to that derived from the post-reform equilibrium.
This value denoted by ), is defined by
W(Aygl, SR Ang) = W(ygl, .o ng) : (4'8)
Equivalent income may also be used to constrgct a
scalar measure of inequality defined over the distribution
of equivalent incomes rather than over simply incomes as
in the usual case. Following Atkinson (1970) and Sen
(1973) we define the"equally distributed equivalent level
of equivalent income" as that level of equivalent income

which, if shared equally by all households, would produce the

same level of social welfare as that generated by the actual

distribution of equivalent incomes. The original and post-

reform values of this measure, yg and yg, are defined by

~o (4.9)

e o o
W ' V R
(Vg Wiyg Yex)

<
=
1}

- Ctpy | (4.10)
W(yg,v... yg) = W(ygl, ...ng o
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If we assume that W is symmetric and quasi-concave,

then an index of inequality may be defined as
I =1 - = (4.11)

where §E is the mean level of equivalent income.l If we

are prepared to make the further assumption that W is homo- -
thetic (i.e. that the measure of inequality is independent
of the mean of the distribution)’then there is a simple
relationship between the proportionate social gain and the
original and post-reform inéquality measure. For a homo-

thetic W

"o oy _ o o (4.12)
W(AyE, -es Ayg) = W(AyEl, oo A¥gy)
From-(4.8), (4.10) and (4.12)
‘o "o _ .
Y = AYg | (4.13)
Hence from (4.11)
yo(1 - 1P) ,
A = —— (4.14)
yE(l - I7)

1 It is clear from (4.6) that only if both W and household
preferences are homothetic will the index of inequalitv be
independent of the reference price vector (Muellbauer (12742)
Roberts (1980)). Even when this holds the index will depend
upon actual prices unless all households face identical prices.
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The proportionate sdcial gain is equal to the
increase in mean equivalent income adjusted for the change
in inequality.

In order to calculate numerical values for either
the social gain or an index of inequality we require a
specific functional form for W. We shall assume that W is
additively separable in equivalent incomes and is homothetic.

As Atkinson (1970) has shown, this implies that

Yl—e
w =) -Eb € 20, #1
1 - ¢
= Z log YEh e =1 (4.15)
h
where € is the(relative) inequality aversion parameter. With

this specification numerical values for social gain, proportion-
ate social gain and the index of inequality may be computed
from equations (4.7)-(4.11).

The concept of social géin is closely.related to the

use of distributional weights in cost-benefit analyéis. The
benefits of a project are measured by a weighted sum of
individual equivalent incomes where the weights are
proportional to the social marginal utility of income. The
important point to note in this context is that, in general,

[} . 3 . 'L
the weights depend on prices (both actual and reference prices).

1 .
See Meade (1955) and Little and Mirrlees (1274),
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When only the"efficiency"gains of a reform are valued

(e = 0) thé social gain is given by

= L vjezo P Py _ -0 o) o
S6 = § Lf® s By vy) - £6°% py, yh)} (4.16)
h

where equivalent income is computed at a common reference

price vector equal to mean original prices

5 -

2~

Iey, | . (4.17)
h

This may be contrasted with the mean equivalent
gain derived in Section 3 to measure deadweight loss which

is given by

DL DL A I vl aae
When all households face the same pre-reform priée

vector the two measures are identical. If prices vary across

households, then the two measures differ although, as we shall

see in Section 6, the difference may be small even where there

is substantial variation in prices. The use of either (4.18)

of (4.16) to measure deadweight loss implies equal weights

for dollars of equivalent income regardless of the household

to which they accrue. But except in the case of homothétic

preferences, the distributional weights impliéit in.this

measure vary with the reference price vector.
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5. Confidence Intervals for Welfare Measures

In previous sections we have cdmputed values for
various statistics of the effects of a reform, such as the
mmean equivalent gaih for the whole or sub—crouns of the popu-
lation, inequality indexes, and the social gain. These
values depend upon the parameters of the equivalent income
function which in turn are derived from estimation of a demand
system. Because we do not know the true values of the
parameters, the information set relevant to policy-makers will
include confidence intervals for the welfare measures described
in sections 3 and 4. Using the covariance matrix of the_
parameter estimates it is possible to derive formulae for the
asymptotic standard errors for each of the statistics of a
reform. When estimation is carried out using a large sample
of households asymptotic results are not unduly restrictive.

As shown above, all of the statistics in which we are
interested are based on the equivalent income function. Let

this be a function of K parameters, Bl ca. B We may write

K*
(3.5) as

R -
th = f(Eh’ Ehl Yh) = fh(Bll P BK) (5.1)

Assume that we have maximum likelihood estimates of

the parameters 81, ... B obtained from a sample of T house-

KI
holds. In general T will differ from H although they are
equal if the same sample is used for both estimation and

simulation. We shall assume that the maximum likelihood

estimators are asymptotically normally distributed such that
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/T(B-B)_:N(O,Z).1 The information required to produce standard

errors for a statistic consists of the K partial derivatives fhi

: o..
(i=1, ..., K) and the Eigiilelements, —%l , of the estimated

. L2
parameter covariance matrix.

Suppose we are interested in some statistic s which

may be written as
S = 8(Bys «uey By) ‘ (5.2)

For the statistics in which we are interested this may

be written as
s = s(fl(Bl, .oy BK), e fH(Bl, ceny BK) (5.3)
Since fh is differentiable and the statistics derived
above are differentiable with respect to fh’ we may expand (5.2)

around the true parameter values using a Taylor series

s - s =

| o~ &
QL
0

(Bi - B) + R (5.4)

Q
™

17741

A

where s is the value of the statistic obtained using the point

estimate of the parameters and R contains second and higher

lTne"exact conditions for normality depend upon whether the estimated
demand system is nonlinear but they involve the boundedness of the
exogenous variables (Amemiya 1977, Gomulka and Pemberton 1980).

2The user. of the computer programme which-calculates_the

statistics presented in this paper ﬂust supply functional forms for
the derivatives (as a function of P, p and y), and the covariance
matrix. :
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order terms. Rao (1973, p. 387) shows that as T+ , R converges
in probability to zero. - Hence from (5.4) s is a linear
function of limiting normal variables which is asymptotically

distributed with mean s* and variance

2 _ ds ds _ , . :
og =1} i 38T SE- i, 3 =1 ... K (5.5)
1]
where the derivatives are evaluated at Bi = Bi

The first statistic to examine is the mean equivalent
gain which measures the reduction in deadweight loss resulting

from the reform. For this statistic

1 1 o '
s =3 gf (Egr gg, yﬁ) i~ }Zlyh _ (5.6)
of
s _ 1y °°h (5.7)
o8, H ¢ BBi .

where the derivatives are evaluated at the arrropriate refer-
ence price vectors and budget constraints. The standard error

for the efficiency gain is

| 3f,  9f,
1 9%y h
SE(s) = = 0, ) =t J B (5.8)
H i3 ¢ BBi N BBj ‘

'ThiS'iS stralghtforward to compute, and the only

vdlfflculty in practlce arlses from the need when der1v1ng the
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partial derivatives, to take account of the fact that either
post-reform income, or one of the post-reform prices, is
endogenous to the model (because it depends on the residual
tax rate) and hence a function of the parameter values.l An
example of the calculation of the standard errors of the
efficiency gain allowing for fhis uncertainty about the
residual tax rate will be given in section 6.

If we compare the expressibn for social welfare given
in (4.1) with (5.2) we see immédiately that (5.5) is a general
formula for the standard error of any measure of social welfare?
To use this formula we'require only that the relevant
statistic can be written as an explicit function of the
parameter values. This is true for many of the statistics
that we would like to compute. For example, it is true of
the indexes of inequality and the proportionate sociai gain.
But there are some measures for which only an imélicit

functional relationship exists

h(s, Bl, .o BK) =0 ‘ (5.9)

. Provided the error terms in the demand equations are uncorrelated
with tax rates then using (23) it is possible to show that in

large samples we can ignore the residual variance of thg demand
equations when calculating this distribution of the residual

tax rate. -Essentially, this is because the latter depends

upon aggregate revenue (and hence consumption) whereas the

residual variance relates to the unexplained variation between

households. :

2 provided that W is differentiable.
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It is clear, for example, from (4.7) that the measure
of (absolute) social gain comes into the category of statistics
for which no exvplicit function can be derived. We can derive a

standard error, however, as follows. If social preferences

satisfy the Pareto condition (W is increasing in equivalent
income), then from (4.7) it is evident that h is monotone in
s for given B. Hence from the implicit function theorem there

is a unique value for each Bi of

3h
3s_ _  _ 3Bk
.332 = h (5.10)
os
Combining (5.5) and (5.10) gives
SE(s) =[§E}_l Yo, B dh | (5.11)
9s i3 ij BBi BBj

The derivétives mayvbe evaluated from (4.7) and (4.15)
and we shall give an example in section 6.

Exactly the same approach can be used to construct
confidence intervals for welfare measures when producer prices
changé and we wish to take into account uncertainty about the
parameters of supply functions. The parameter vector is
simply augmented to include the supply parameters and the
formulae in (5.8) and (5.11) used with the augmented vector
of parameters. |

The computation of standard errors for a wide range

of welfare measures is facilitated by the use of the equivalent




-37-

income function. The basic information required is the
derivatives of the equivalent income function with respect to
the parameters and the covariance matrix of the parameters.

' The other inputs to the calculation of standard errors are

common to all reforms and all demand systems, and are
programmed into the package. The user of the package need:
specify only functional forms for the derivatives of the

equivalent income function ang values for the covariance matrix.
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6. An Empirical Example

In this section we present an empifical application
té the housing market for a 1973 sample of 5895 households in
England and Wales taken from the Family Expenditure Survey.
The example is by way of illustration and there are several
éspects of the housing market which we ignore in order to
focus attention on the measures described above. Preferences
are assumed to be defined over two commodities, housing
services (H) and a "composite" commodity of other goods and
services (C), and the indirect utility function is assumed
to be homothetic translog with the following demand equation

for housing services estimated by King (1980)l

P
_ v [ H
Xy, = =By * B,log I . (6.1)
Hoo opyl 1 { pc}_l
Bl'= 0.1022 82 =.0.0238
(0.0008) (0.0009)

The corresponding equivalent income function is

B8 = - 2 2,y
Ry"1/ R R
py) T(pg] Py | (Py ’
Yg S Y5 | | exp| By} |logi—x|| - |log|o—
H C { Pe } Cl

(6.2)

The reform which we simulate is the following. The
price of housing services is increased for most households by
eliminating.the tax concessions to owner-occupation and
raising rents in the local authority sector until the mean

housing costs (gross of income-related rent and rate rebates)

lFor a full description of the data and definitions of all the
variables see King (1980).
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in the two tenures are‘equal.l The additional revenue
generated is handed back to households in the fqrm of an
equal lump-sum payment, and so the éum of.eqﬁivalent gaihs
is a measure of the reduction in deadweight loss from
reducing housing subsidies. The value of the lump—sum payment
which can be‘financed is given by solving iteratively the
system of equations given by (2.3) and (2.4) for the assﬁmed
demand system. There is a unique solution for the value of
the lump-sum payment. Two of the unréalistic features 6f the
simulation are that we shall assume constant producer prices
and we shall ignore household composition effects.2

There is both income and price variation in the
sample. As reference price vector we use the mean values of
pre-reform prices in the sample when computing equivalent
incomes. The equivalent gain is computed at each household's
original price vector. Summary statistics of the reform are
shown in Table 1. _This shows the values of prices and
incomes before and after the reform together with the values
of pre- and post-reform equivalent incomes, housing consumption,
and equivalent gain. All monetary values are expressed in
£1973 per week. The lump-sum subsidy which can be financed
is £1.16 per week (the difference between mean yo and mean
yP_in Table 1). The efficiency gains of the reform és

measured by the mean value of equivalent gain are 19.3p per

lControlled private rental accommodation‘is’unaffeéted.

2For an investigation of the capitalisation effects which

occur for a less than infinite elasticity of supply of housing
services see King (1981). We ignore also the effects of the
reform on choice of tenure, although since the choice of tenure
in the UK appears to be principally determined by rationing
rather than relative prices (King (1980)) this is unlikely

to matter significantly.
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week per household. This amounts to 16.6 péf cenﬁ of the
revenue generated by the féfbrm,.and is equal to.O.4 of 1
per cent df mean household income. Wevmay>compare the wel-
faré gain with an alternative naive measure of the effect of
the reform which ignores behavioural responses and is the
sort of number typically presented in officiél analyses of

tax changes. We call this the cash gain and is defined by

6 =yP - y® - pP - p%rs° (6-3)

~

o . . .
where x~ is the original consumption vector and yp is an
estimate of post-reform income consistent with a revenue-
neutral reform given unchanged behaviour. The true yp

A

will differ from yp because of behavioural responses by house-

holds. By definition

Lavh = vp) = 1@ - pp)'x) (6.4)
h h

It is clear that by construction the'mean value of
cash gain for a revenue-neutral reform is zero. Although
it ignores behavioural responses (and therefore may not
represent a feasible equilibrium) cash gain measures the first-
round or impact effect of the reform before households have
had time to adjust their behaviour. From Table 1 we can see
that cash gain underestimates the number of households who
would benefit from.the reform by 561, or 15 per cent of the

true number.
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The summary table conceals much of the redistribut-
ion which results from the reform, and one of the principal
advantages of using individual household data is to discover
- "who gains, who loses?". fhe program first ranks all house-
holds by some épecified variable Zl’ which in this application
- we take to be original equivalent income, and divides the
sample into quantile groups accbrding to Zl.l Any quantile
division may be éhosen and here we examipe decile groups. For
each quantile group mean cash and equivalént gain (and the
étandard error of the latter) are calculated together with
the number of households with positive and negative values
for the two measures of gain. In addition we compute the
proportionate cash gain (mean cash gain divided by mean original
income) and proportionate equivalent gain PEG (mean equivalent
gain divided by mean original equivalent income). The gains
and losses for each deéile group of original equivalent income
are shown in Table 2.

Even Table 2, however, does not illustrate the main
benefit from using household data which is to examinevthe
distribution of gains and‘losses within each quantile group.
To do this each quantile group is re-ranked by a variable
Z2 and divided into sub-quantile groups according to Zz. A
natural choice for Z2 is equivalent'gain, and we may, for

example, construct decile groups of equivalent gain for each

1 The rankings are used also to compute an index of horizontal
equity of the reform which is not discussed here, see King

. (forthcoming). The program allows the calculations described
here to be repeated for sub-samples,such as particular types
of household (e.g. owner-occupier) described by appropriate
variables in the data set.
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decile of the income distribution. In this way we obtéin a
‘picture of the distribution of gains and losses within each
quantile group. Some of this information is shown in figure
1. For each decile of original equivalent income the verti-
cal line connects the tenth and ninetieth percentiles of the
distribution of equivélent gains, thus giving an impression
of the spread of gains and losses within each‘decile group.
The dotted line connects the mean gain in each decile group
illustrating the amount of vertical redistribution between
groups, and the popularity of the reform may be judged by
looking at the median vaiues for equivalent gain.

The remaining calculations concern measures of
social welfare. Indices of inequality (as given by (4.11) and
(4.15)) for both the pre- and poét—reform distributions of
equivalent income are shown in Table 3 for different values of
the inequality aversion parameter. Corresponding values of
.the social gain, and their associated standard errors, are
given in Table 4. It is clear that for the particular reform
simulated here, its main impact is distributional, with the
top decile, in particular, losing heavily from the reduction

of housing subsidies.




-4 3~

7. Conclusions

We have presented a methodology for calculating the
distribution of gains and losses from,a refOrﬁ'uSing
 individual household data. The centralvconCept is the
equivalent'income function.. All of the measures which we
have discussed are based on the equivalent ‘income function
which greatly simplifies computation. Preferences determine
the functional form of the equivaient income function, and its
arguments are dictated by the particdular reform under
oonsideration. This separation enables the calculatiOns to
be standardised and atcomputer package to compute the
statistics presented above for a general demand system and.
epec1f1cation of a reform is available from the author at
marqinal cost.

One use of equivalent income is to integrate the
calculation of distributional and efficiency effects. The
distribution of equivalent gains among households measures the
distributional effects of the reform, and the average value of
. €quivalent gain is an exact measure of the efficiency gain.
Measuring the reduction in deadweight loss in this manner
avoids the use of approximation formuale, shows very clearly
the role of the reference price vector in the choice of index
of deadweight loss, and should be easier to explain to
policy-makers than a measure defined in terms of the
difference between the areas of two triangles (for example,
compensating variation minus change in tax revenue) - In part
this is because our measure of efficiency gain is closely

related to the distributional effects and policy-makers are
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obviously very concerned with the answer to the question
"who gains, who loses?". This question has often been
answered with reference to hypothetical households, (for
example, the well-known married couple with two children and
a husband receiving average earnings), but it is clearly
preferable to exploit data for the'whole Gistribution. The
comparison between cash gain and equivalent gain shows the
importance of taking behavioural responses into account.

The equivalent income function may be used also to
calculate various measures of social welfare (section 4), and,
if we have the covariance matrix for the parameters of the
estimated demand system then standard errors'may be computed

for each of the welfare measures.
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APPENDIX : FUNCTIONAL FORMS FOR THE

EQUIVALENT 1INCOME FUNCTION

Vle present some examnles of the equivalent income
function for several common models of demand. The general

function is

Yp = £(p", RPr Y) (2 1)

The first two examples are for single equation models
in which demand for a commodity is a function only of income
and own-price. The remaining three examples are for complete
demand systems. These do not necessarily satisfy the axioms
of consumer behaviour for all possible parameter values and
this must be checked in each case before estimates are used to
compute welfare measures. The properties which the equivalent
.income function must exhibit in order to satisfy the axioms
of consumer behaviour are given in and above (3.7) in the main
text.

- The reader may verify the foliowing results by checking
that the demand functions are indeed given by differentiating
equivalent income with respect fo reference prices and
evaluating the derivative at 23 = p.

(i) linear demand1

X = ap + By + Zy : (a 2)

where Zy represents other variables affecting demand

lThe indirect utility functions for cases (i) and (ii). have been
derived by Hausman (1981). ‘
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R :
_ B -p) _9_+z_v_}_f9R 2 Y
Yg T € v+t e ler t ey B
B B
(ii) loglinear demand
log X = alog p + Blog y + ZY (A 4)
1
yg = {77+ a-s1qf " B £ 1 (a 5)
yeq B =1
wher _ gEZ ( R)l+u Dl+a
e q.— 1+a p - =
(iii) linear expenditure system
kak = PkYk + Bk{y - Zp yj] k = ;...N (A 6)

By

[Y—ZYp

j 373

R

) .
Vg = kapk+ﬂ J A 7)

x (Fk

(iv) indirect translog demand system (Christensen, Jorgenson
and Lau (1975))

The budget share for commodity i is given by

(a 8)

Ya + J)B.. log
ii i3 Y

Equivalent income is given by the solution to the

following quadratic eguation
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2 _ p . R Ry _
% (log yp) gBij Log yElgqi + %%%Bij log pipj}

R
P,
_3i L R R _
p.) + ZZZBij(log 12N log pj

i ij

% (log y)ZZBij + Zailog
. i i

tog p; log py) + log y (Jo, + %))B8.. log p; Py) =0
J i iy
(A 9)

We must now choose which of the two roots to use. The
quadratic derives from an eguation of the form v(pR, yE) =
v(p, y). = Since indirect utility is increasing and guasi-concave
in income, then equivalent income is equal to the smaller of
thé two roots which corresponds to the region in which the
quadratic-approximation satisfiesvthe axioms of consumer
behaviour.
(v) The AIDS form of the Working-Leser demand system (Deaton

and Muellbauer (1980b)

w, o=, 4 ZY

Yy
i ; i3 log P + Bilog(p) (A 10)

= Lyy
where log p = a_ + gaklog P, + 2§%ykjlog p, log Py

Equivalent income is given by

. R . R R
log Y = ag ¥ Zajlog pJ + %ZZykj log P, log pj +

j kj

I pi Bk{l Ja. 1
- g y - a_ - ,a. log p. -
k | Pk. o j‘] J
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%ZZykj log p, log pj} _ (A 11)
k]
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TABLE 3 INDEX OF INEQUALITY FOR THE

DISTRIBUTIONS OF EQUIVALENT INCOME

£ Original Post-Reform
0.5 0.086 0.082

1.0 0.171 0.162

2.0 _ 0.330 0.311

5.0 ' 0.635 0.593

TABLE 4 SOCIAL GAIN

(standard errors in brackets)

€ £ per week per household

0] 0.190
' (0.007)

0.5 0.331
: (0.006)

1.0 ' 0.450
(0.005)

2.0 0.624
(0.004)

5.0 _ 0.849
' (0.003)
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FIGURE 1 THE DISTRIBUTION OF EQUIVALENT GAINS BY

DECILE OF ORIGINAL EQUIVALENT INCOME
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