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Abstract

This paper builds axiomatically a measure of consumer welfare in a general consump-
tion space where agents may differ in their preferences, endowments and prices. The ax-
ioms reflect the ethics of equality of opportunity: unequal budgets create welfare-relevant
inequalities but heterogeneous preferences do not. When combined with an appropriate
cross-economy robustness condition, these axioms single out a consumer welfare measure.
Like aggregate consumption in national accounts, this measure sums up individual expendi-
ture functions. Unlike national accounts, these functions are evaluated at a common price
vector for all individuals. I show that standard measures of cost of living, standards of living,
and purchasing power parity can be modified to reflect welfare as equality of opportunity
without additional data.
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1 Introduction
When consumers have heterogeneous preferences and budgets, measuring individual and collec-
tive consumer welfare is riddled with obstacles. Practitioners are routinely facing such dilemmas
and have to make choices notably on how to (i) compare consumers’ with heterogeneous prefer-
ences interpersonally, (ii) deflate their consumption spawned by different prices and (iii) assess
collective welfare changes.

For example, the Penn World Table1 deflates each country’s consumption by some "world"
prices and compare real income across countries which is assimilated to welfare. Deaton and
Heston (2010) criticized this measure of income of nations because (i) it neglects international
taste dispersion, (ii) the deflation is plutocratic as world prices are influenced more by richer
countries and (iii) it does not account for inequalities.2

The present paper proposes an integrated theory that compares the welfare of consumers
both collectively and interpersonally while informing on deflation practices. I build axiomati-
cally a measure of consumer welfare in a general consumption space where agents may have
heterogeneous preferences while they received heterogeneous endowments and may face het-
erogeneous prices.

Axioms pinning down welfare shall reflect the ethics of equality of opportunity: one the
one hand, inequalities in consumption due to unequal budgets should be reduced but on the
other hand, inequalities in consumption spawned by heterogeneous preferences are unproblem-
atic. Such an approach resonates with the debate on building economic indicators beyond GDP
(Fleurbaey, 2009; Fleurbaey & Blanchet, 2013).

Comparing agents with heterogeneous preferences is notoriously difficult since Arrow (1950)
celebrated impossibility theorem. Indeed, there is no obvious way of summing up utilities when
utility functions are differing across individuals. The present paper escapes Arrow’s impossibility
by using the social choice theory of fairness initiated by Fleurbaey and Maniquet (2006, 2011,
2018). It consists in using information on indifference curves3 while Arrow’s theorem only used
utility levels. Yet, this fairness theory typically considers parallel budget sets as it assumes ho-
mogeneous prices for all agents. However, it is well-known that the law of one price fails in many
datasets.4

I show that the key axioms of this fairness theory leads to an impossibility in the general en-
vironment with multi-dimensional heterogeneity in prices, endowments and preferences. More
precisely, I prove that the axioms of equality of opportunity conflict with the axiom of Fleming

1See Feenstra, Inklaar, and Timmer (2015) and Summers and Heston (1991) for the construction of the Penn
World Table.

2Another popular criticism is that many dimensions of well-being are not accounted for by GDP (Fleurbaey,
2009; Jones & Klenow, 2016). Although the present paper will only focus on the consumption dimension of overall
welfare, its results could be used for more dimensions given the generality of the consumption space.

3This allows to characterize welfare measures in the realm of equivalent income, such as willingness to pay, ex-
penditure functions or money-metric utility functions. All of these are amounts of money that renders the individual
indifferent between her situation and a reference situation. For example, the Hicksian compensating and equivalent
variations belongs to this class.

4For example, practitioners building purchasing power parities across countries have to face the Balassa-
Samuelson effect whereby non-tradeable goods are more expensive in richer countries.
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(1952) Separability5 whereby indifferent agents do not matter in the welfare assessment. In
some sense, this result highlights an ethical tension between a democratic principle of neutrality
of indifferent agents and equality of opportunity.

Next, I argue that one should escape this impossibility by weakening Fleming (1952) Sepa-
rability rather than the axioms of equality of opportunity. Intuitively, when welfare is based on a
resourcist tradition of justice, indifferent agents should matter in welfare assessments because,
conditional on their consumption, they are endowed with resources that influence the overall
amount of redistribution that can be done in the economy. The weakening strategy consists in
applying Separability only between economies where there is no aggregate growth of resources.

The main results of the paper is that this weaker Separability axiom allows to pin down a
social welfare function that can be used to compare the welfare of consumers interpersonally
and collectively. On the one hand, the interpersonal consumer welfare measure should be a
money-metric utility function6 whose reference situation is the economy’s average purchasing
power.

On the other hand, the measure of collective consumer welfare aggregates these money-
metric utility functions. I show that widely-used aggregators, the sum and the maximin, can
be axiomatized from these axioms. Their difference lies in how to planner evaluates inequal-
ities spawned by heterogeneous preferences. If one wishes to treat every agent with different
preferences in the same fashion, then one should use the maximin criterion. By contrast, if one
disregards individuals’ tastes, one should use the utilitarian summation.

An interesting parallel can be drawn with GDP-like measures here. The standard aggregate
consumption in national accounts sums up individuals’ expenditures using the prices they actu-
ally faced, i.e. ∑i ei(pi, zi) where pi and zi are the individual i prices and consumption vectors
and ei(·) is the expenditure function. By contrast, the main results of this paper suggest that
a consumer welfare measure that reflects the ethics of equality of opportunity is ∑

i ei(p̃, zi),
where p̃ is the price reflecting the average purchasing power in the economy. This suggests that
equality of opportunity requires to change the measuring rod, not necessarily the method.

This result also provides a normative basis for deflation techniques from I derive applications
to applied welfare problems. First, in the context of measuring real income across countries, I
show that this paper’s consumer welfare consists in changing the purchasing power parity from
what is typically done in the Penn World Table. In particular, world prices for a good should
be based on each countries’ income and prices but not on countries’ consumption of that good.
Fortunately, this does not require more data than standard measures. Second, I show that this
consumer welfare measure allows to reconcile inflation and growth measures with welfare pro-
vided that the base period on which inflation and growth indices are computed are carefully
constructed.

5Fleming (1952) proved that this Separability axiom combined by Strong Pareto leads to a utilitarian social
welfare function.

6A money-metric utility is the amount of money that renders an individual indifferent between her situation and
a reference scenario (McKenzie, 1957).
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Literature
First, the paper contributes to the literature on social choice and fairness. The fact that money-
metric utility function is a useful tool to measure welfare interpersonally and collectively comes
at no surprise in this literature. Bosmans, Decancq, and Ooghe (2018), Fleurbaey and Maniquet
(2011, 2017), and Piacquadio (2017) all characterized similar social welfare functions. A last-
ing7 critique of money-metric utility8 function is that they depend on a reference scenario that is
let at the researcher’s discretion. This motivated the study of reference-independent welfare as-
sessment (Blackorby, Laisney, & Schmachtenberg, 1993; Eden & Freitas, 2024; Roberts, 1980).
The contribution of the present paper with respect to that literature is that reference situation
is endogenized by the equality of opportunity axioms. More precisely, I show that the axioms
used in that literature lead to an impossibility if there is price dispersion and that one way out
of the impossibility implies a precise reference situation.

Second, the paper contributes to the index number theory as initiated by Fisher (1922).
The index number problem consists in building price and quantity indices based on dataset of
observed prices and expenditures for each consumer. It is customary to divide the field into
to approaches (van Veelen & van der Weide, 2008). The axiomatic approach imposes series
of desirable properties on the indices but is typically not linked with classical demand theory
(Samuelson & Swamy, 1974; Van Veelen, 2002). The economic approach rationalizes observed
differences from a representative consumer demand system (Diewert, 1976; Neary, 2004). The
present paper rejects a representative consumer unlike the latter but has links with classical
demand theory unlike the former. Moreover, the paper does not impose domain restrictions to
individual preferences such that its results are valid whether preferences are homothetic (Diew-
ert & Nakamura, 1993) or not (Jaravel & Lashkari, 2024). Finally, the indices constructed in this
paper reflect ethical views whose foundations are transparently carried over by the axioms.

The paper is structured as follows. In section 2, I present the consumption space with multi-
dimensional heterogeneity in prices, endowments and preferences. In section 3, I present the key
axioms and prove their incompatibilities. In section 4, I show that weakening Separability allows
possibilities and characterize the maximin and the summation of the money-metric utility with
average purchasing power reference. In section 5, I derive implications for various applications.
In section 6, I conclude.

2 Model
A societyN = {1, ..., N} is composed of a finite number N ≥ 5 of agents. There are L ≥ 2 goods
and an agent i’s bundle is denoted by zi ∈ RL

+. Agents are heterogeneous in their preferences ≿i

that are complete, transitive, locally non-satiated and convex.

Agents receive some endowments in goods9 ωi ∈ RL
+ and face a vector personalized prices

7A classical critique by Blackorby and Donaldson (1988) was that money-metric utility function may lead to
inegalitarian assessment. However, Fleurbaey and Maniquet (2011) and Schlee and Khan (2022, 2023) that the
Blackorby and Donaldson (1988) showed that this can be escaped rather easily.

8The fact that no theory guides the choice of the reference price is well-known and discussed recently in Bosmans,
Decancq, and Ooghe (2018), Capéau, Decoster, and De Sadeleer (2023), and Fleurbaey and Blanchet (2013).

9Observe that this model nests a model where one good is set as the numéraire and endowments are only in
that good, that is a monetary endowment.
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pi ∈ RL
+. Personalized prices may include the standard case of no price dispersion in a Walrasian

equilibrium, as well as price dispersion due to e.g. frictions, transport costs, discrimination, het-
erogeneous needs, comparative advantages in production, or intra-household bargaining à la
Chiappori (1988, 1992). For brevity, I will sometimes refer to the scalar product piωi as income
and denoted it by yi = piωi ≥ 0.

An allocation z is a list of bundles for each agent z = (z1, z2, ..., zN) ∈ RLN
+ and it may or

may not be rationalizable by agents’ constrained utility maximization. An economy e is com-
posed of N agents which are heterogeneous in preferences, endowments and prices e = {N , (≿i

, ωi, pi)i∈N}. The set of all economies is denoted by E .

The main object of interest will be the ethical observer’s ordering function that associates to
each economy e a complete and transitive ordering of allocations. I denote this social preference
relation by R(e),P(e), I(e) for weak preference, strict preference and indifference, respectively.

I now define two useful objects. First, an allocation ẑ is feasible by lump-sum transfers from
e if there exists a vector of individual lump-sum transfers (t1, t2, ..., tN) ∈ RN with ∑

i∈N ti ≤ 0
such that bundles ẑi are part of individuals’ budgets B(ti, yi, pi) :

ẑi ∈ B(ti, ωi, pi) = {zi ∈ RL
+ : pi zi ≤ piωi + ti}

Second, the money-metric welfare of agent i consuming the bundle zi and reference situation
(ωR, pR) is the transfer that renders the agent indifferent between her bundle zi and the bundle
she would have chosen in the budget determined by that reference situation and the transfer.
Formally, we define money-metric welfare as Wi(zi, pR) with

Wi(zi, ωR, pR) = min t s.t. zi ≿ z0 = argmax
≿i

B(t, ωR, pR)

3 Impossibilities
The axiomatic construction of the social ordering R(e) consists in imposing desirable properties,
i.e. axioms, restricting the scope of possibilities among the universe of transitive and complete
R(e). This section introduces the key axioms of equality of opportunity and shows that they lead
to an impossibility.

The first one, Laissez-faire, embodies the view that inequalities spawned by heterogeneous
preferences should not be reduced by the ethical observer: agents should be held responsible
for their preferences and the planner should not discriminate along different tastes.10 Formally,
it requires that when there is no cross-sectional heterogeneity in prices and endowments, the
Laissez-faire allocation is strictly preferred to any other allocations feasible by lump-sum trans-
fers from the economy.

Laissez-faire: ∀e ∈ E such that (ωi, pi) = (ω, p) for all i ∈ N and z feasible by lump-sum transfer
for e,

z∗P(e)z
10Political philosophers such as Arneson (1990), Cohen (1989), Dworkin (1981), and Rawls (1971) all defended

variants of this principle, as discussed in Fleurbaey (2008) and Fleurbaey and Maniquet (2006, 2011).
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where z∗ is such that z∗i ∈ max≿i
B(0, ω, p) for all i ∈ N .

Conversely, the second axiom, Compensation, reflects the principle that inequalities spawned
by heterogeneous prices and income should be fought against. In particular, the axiom imposes
that when a pair of agents have identical preferences, a permutation of their bundle should be
socially indifferent.11 In other words, the social ranking is anonymous among agents with iden-
tical preferences.

Compensation: ∀e ∈ E where agents i, j are such that ≿i=≿j then
(zi, zj, z)I(e)(zj, zi, z).

Taken together, these two axioms reflect the ethics of equality of opportunity: heterogeneous
tastes should not be materially relevant for welfare inequalities but unequal budgets are creat-
ing welfare-relevant inequalities in the eyes of the planner. Observe that both axioms only apply
under some specific premises, i.e. for some but not all e in E . In order to obtain a complete
ordering R(e) for all economies, one must use a cross-economy robustness condition.

Since the characterization of utilitarianism by Fleming (1952), the standard cross-economy
condition is Separability which requires that indifferent agents should not have a say in the social
evaluation between two alternatives. This is sometimes defended on democratic grounds: only
those effectively affected by the alternatives should be heard. More formally, Fleming (1952)
Separability requires that if some agents are receiving the same bundle in two allocations, then
the social ordering between these two allocations is unaffected if these agents change their pref-
erences, endowments, prices, or receive a different bundle.

Fleming (1952) Separability: ∀e, e′ ∈ E and the partitions K + M = N with eK = {K, (≿i

, ωi, pi)i∈K}, e′K = {K, (≿′
i, ω

′
i, p

′
i)i∈K}, eM = {M, (≿i, ωi, pi)i∈M}, and z, z′ then,

(zK, zM)R(eK,eM)(zK, z′M) ⇐⇒ (z′K, zM)R(e′K,eM )(z′K, z′M)

I note that the version presented here is logically weaker than the axioms of separability in sub-
populations used in d’Aspremont and Gevers (1977), Fleurbaey (2003), and Maniquet (2004).
The next theorem shows that the three axioms outlined above lead to an impossibility when
combined together.
Theorem 1. There does not exists any R(e) that satisfies Laissez-faire, Compensation and Flem-
ing (1952) Separability
Proof. By contradiction, assume that the statement does not hold. Consider the following four-
agent economies constructed with two preference orderings and two budgets

e1 =

{
(≿i, ω̄, p̄), (≿i, ω̄, p̄), (≿j, ω̄, p̄), (≿j, ω̄, p̄)

}
e2 =

{
(≿i, ω, p), (≿i, ω, p), (≿j, ω, p), (≿j, ω, p)

}
e3 =

{
(≿i, ω̄, p̄), (≿i, ω, p), (≿j, ω, p), (≿j, ω̄, p̄)

}

11This type of axioms also received support in political philosophy among liberal egalitarians (Dworkin, 1981).
It is reminiscent to Suppes (1966)’s grading principle. See Hammond (1976) for an early treatment and Maniquet
(2004) for its relationship to equality of opportunity.

6



x1

x2

y/p2

ȳ/p̄2

y/p1 ȳ/p̄1

•
z2

•
z1

•
z3

•z4 •z4

≿j

≿i

Figure 1: Illustration of the proof of Theorem 1 where ȳ = p̄ω̄ and y = pω.

There are four bundles of interest that maximize either ≿i or ≿j over the budgets B(0, ω̄, p̄) and
B(0, ω, p) and we denote them by z1, z2, z3, z4 respectively. Moreover, the values of ω̄, ω, p̄, p are
chosen such that z1, z2, z3, z4 are the vertices of a parallelogram. Because the diagonals of a par-
allelogram bisect each other, we know that (z1, z1, z3, z3) is feasible as lump-sum transfers from e2
and (z2, z2, z4, z4) is feasible as lump-sum transfers from e1 . The situation is depicted in Figure 1.

By Laisser-faire,

(z1, z1, z3, z3)P(e1)(z2, z1, z3, z4)

By Fleming (1952) Separability,

(z1, z2, z4, z3)P(e3)(z2, z2, z4, z4)

By Compensation,

(z2, z1, z3, z4)I(e3)(z1, z2, z4, z3)

By Transitivity,

(z2, z1, z3, z4)P(e3)(z2, z2, z4, z4)

By Fleming (1952) Separability,

(z2, z1, z3, z4)P(e2)(z2, z2, z4, z4)

But this contradicts Laissez-faire, proving the statement for N = 4. The statement for N ≥ 5
follows by duplicating this reasoning. ■

A natural attempt to escape the impossibility would consist in weakening Laissez-faire to
a weak social preference for the Laissez-faire allocation rather than a strict preference. This is
what the next axiom, Laissez-faireW , achieves.
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Laissez-faireW : ∀e ∈ E such that (ωi, pi) = (ω, p) for all i ∈ N and z feasible by lump-sum
transfers from e, then z∗R(e)z

Unfortunately, the next theorem shows that the impossibility persists if one looks for orderings
that satisfy the widely-used Weak Pareto principle.12

Theorem 2. There does not exist any R(e) that satisfies Weak Pareto, Laissez-FaireW , Compen-
sation and Fleming Separability

Proof. I proceed again by contradiction. Consider the same economies as in the proof of Theorem
1 and z5, z6 such that (z5, z5, z6, z6) is feasible as lump-sum transfers from e2 while z5 ≻i z1 while
z6 ≻j z3.
Using the exact same steps as in Theorem 1 but with a weak preference relation rather than
a strict one, we get that by Laissez-FaireW , Compensation, Transitivity and Fleming (1952)
Separability,

(z2, z1, z3, z4)R(e2)(z2, z2, z4, z4) (1)

By Fleming (1952) Separability,

(z1, z1, z3, z3)R(e2)(z1, z2, z4, z3)

By Compensation and Transitivity,

(z1, z1, z3, z3)R(e2)(z2, z1, z3, z4)

By Transitivity with equation 1,

(z1, z1, z3, z3)R(e2)(z2, z2, z4, z4)

By Laissez-FaireW ,

(z2, z2, z4, z4)R(e2)(z5, z5, z6, z6)

By Transitivity,

(z1, z1, z3, z3)R(e2)(z5, z5, z6, z6)

which contradicts Weak Pareto and completes the proof. ■

These impossibilities are surprising13 because Bosmans, Decancq, and Ooghe (2018), Fleur-
baey and Maniquet (2011, 2017), and Piacquadio (2017) all characterized possibilities with
similar axioms.14 The present paper only differs by allowing price dispersion in the cross-section

12Weak Pareto imposes that ∀e ∈ E and z, z′ such that zi ≻ z′i for all i ∈ N , then zP(e)z′.
13I note that Bosmans and Öztürk (2022) studied the impossibility between a laissez-faire principle and the Pareto

principle. Yet, their laissez-faire principle is much stronger than ours as it holds under any initial distribution
of endowments while ours restrict it to economies with (ωi, pi) = (ω, p) for all i ∈ N . As such, the ethical
view reflecting in their paper is closer to libertarianism while the present paper builds on the ethics of equality of
opportunity.

14I note that the impossibility holds for a version of Compensation that use anonymity rather than transfers as in
Bosmans, Decancq, and Ooghe (2018). It is not difficult to see from the proof of Theorem 1 that the impossibilities
would persist with the transfer-based axiom of Compensation considered in their paper.
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and this engenders impossibilities.

Impossibilities are sometimes discouraging for the unfamiliar reader. However, they show
to way forward to the welfare economist: one needs to weaken one of these axioms to obtain
a possibility. Moreover, these impossibilities have normative content: they suggests that the
ethics of equality of opportunity are incompatible with the democratic ethics of Fleming (1952)
Separability. In the next section, I will argue that the culprit is not to be found in the axioms
of equality of opportunity but rather in Fleming (1952) Separbility.

4 Possibilities
In the previous section, impossibilities arised because repeated applications of Fleming (1952)
Separability allows us to move from e1 to e2 and compare an allocation derived from the Laissez-
faire in e1 with the Laissez-faire allocation in e2. More precisely, economies e1 and e2 have a
different amount of aggregate income as 4ȳ > 4y. Yet, prices are such that the Laissez-faire
allocation of economy e1 is feasible as lump-sum transfers from economy e2 and vice versa. To
see this, observe that because the bundles in Figure 1 are vertices of a parallelogram the following
identity holds

z1 + z1 + z3 + z3 = Z̃ = z2 + z2 + z4 + z4

I depict aggregate budgets for e1, e2 and e3 in Figure 2.

x1

x2

•Z̃

4y/4p2

4ȳ/4p̄2

4y/4p1 4ȳ/4p̄1

e1
e2
e3

Figure 2: Aggregate budgets in the proof of Theorem 1.

In other words, the cross-economy robustness condition does not take into account the fact
that the aggregate trade-off between goods is completely different in e1 and e2: aggregate bud-
gets are crossing at Z̃. I argue that this shows that Separability should be weakened: when
studying equality of opportunity, indifferent agents matter for the social evaluation not because
of their bundles but rather because of their endowments and prices.

In order to escape the impossibility, we should make sure to apply Separability on a partition
of economies whose elements do not contain two intersecting simplices as depicted in Figure
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2. The most natural way is to define a partition by its intersection with the axis. The next ax-
iom, No-Growth Separability, applies Fleming (1952) Separability only between economies
where the maximal amount of each good that could be consumed is identical. This avoids the
comparisons of non-nested aggregate budgets depicted in Figure 2.

No-Growth Separability: ∀e, e′ ∈ E and the partition K+M = N with eK = {K, (≿i, ωi, pi)i∈K},
e′K = {K, (≿′

i, ω
′
i, p

′
i)i∈K}, eM = {M, (≿i, ωi, pi)i∈M} such that

∀l = {1, ..., L} :
∑
i∈K

yi
pli

=
∑
i∈K

y′i
p′li

and for z, z′, then,

(zK, zM)R(eK,eM)(zK, z′M) =⇒ (z′K, zM)R(e′K,eM )(z′K, z′M)

Why does this ’no-growth’ requirement pop up? Intuitively, starting from any arbitrary econ-
omy e, we should only be able to compare it through the separability axiom with one and only
one equal-price economy. When the maximal total amount of each good is identical in both
economies, there is no way one can construct a parallelogram as in Theorem 1, thereby escaping
the impossibility.

The two main theorems of this paper will make use of No-Growth Separability as well as
Compensation. However, they will feature two stronger versions of the laissez-faire principle
which I now define in turn.

First, Egalitarian Responsibility imposes that when all agents have equal endowments and
prices, any reduction in lump-sum transfers inequality is a social improvement. Of course, the
Laissez-faire allocation z∗, where no lump-sum transfers inequality remains, is still the social
optimum. Second, by contrast, Utilitarian Responsibility imposes under the same premise that
there should no be lump-sum transfers waste: all resources at the planner’s disposal should be
used.

More formally, ∀e ∈ E such that (ωi, pi) = (ω, p) ∀i ∈ N , and z, z′ such that zk = z′k ∀k ∈
N\{i, j}, and

zi ∈ max
≿i

B(ti, ω, p) z′i ∈ max
≿i

B(t′i, ω, p)

zj ∈ max
≿j

B(tj, ω, p) z′j ∈ max
≿j

B(tj, ω, p)

If R(e) satisfies Egalitarian Responsibility, then |t′i − t′j| ≥ |ti − tj| implies that zR(e)z′
If R(e) satisfies Utilitarian Responsibility, then ti + tj ≥ t′i + t′j implies that zR(e)z′.

It is useful to observe that both Egalitarian Responsibility and Utilitarian Responsibility
imply Laissez-faireW . Indeed, the laissez-faire allocation is such that there is no lump-sum trans-
fer inequality among agents, which Egalitarian Responsibility finds most desirable. However,
the laissez-faire allocation is also the one where the sum of lump-sum transfers is 0, which is
preferred to all other feasible allocations (i.e. ∑

ti ≤ 0) by Utilitarian Responsibility. Both
axioms confirm the supremacy of laissez-faire allocation in equal-budget economies, but for dif-
ferent reasons. They also have bite beyond that as any reform toward the laissez-faire allocation
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is desirable, thus being logically stronger than Laissez-faireW .

I now present the main theorems of the paper. They characterize precisely the social welfare
function that abides by the axioms.

Theorem 3 shows that Egalitarian Responsibility, combined with Compensation and No-
Growth Separability leads to a social welfare function that has an infinite inequality aversion
in a particular money-metric utility function whose reference situation is the cross-sectional
average of purchasing powers.
Theorem 3. R(e) satisfies No-Growth Separability, Compensation and Egalitarian Responsi-
bility if and only if for z, z′ and e such that

Wi(z
′
i, ω̃, p̃) ≤ Wi(zi, ω̃, p̃) ≤ Wj(zj, ω̃, p̃) ≤ Wj(z

′
j, ω̃, p̃)

with

p̃ω̃ = ỹ =
1

N

∑
i∈N

yi =
1

N

∑
i∈N

piωi

p̃l =

∑
i∈N yi∑
i∈N

yi
pli

for l = {1, ..., L}

while z′k = zk for all k ∈ N\{i, j},
Then, zR(e)z′

The proof is relegated to the appendix. I provide a graphical illustration of the construction
of Wi(zi, ω̃, p̃) for a two-agent case with two goods in Figure 3. In panel (a), I show that ỹ and
p̃l pin down the budget of the average purchasing power of buying l in the economy : the ratio
ỹ
p̃l

gives the per-capita quantity of good l that could be bought if everyone was spending one’s
income in buying good l. In panel (b), I show that the welfare of agent i consuming zi is the
transfer that renders that agent i indifferent between zi and the reference budget B(0, ω̃, p̃).

The previous theorem has an infinite aversion to inequality in the particular money-metric
utility Wi(zi, ω̃, p̃). However, observe that not all consumption inequalities are deemed unfair.
Indeed, unequal preferences imply that agents consume different bundles in the Laissez-faire
allocation even if they have the same budgets. Yet, this allocation is the optimal one with respect
to Theorem 3. This is why these axioms reflect the ethics of equality of opportunity and not of
outcomes : budget sets should be equalized but not consumption vectors.

The next theorem shows the consequences of replacing Egalitarian Responsibility by Util-
itarian Responsibility. Its proof is relegated to the appendix as well.
Theorem 4. R(e) satisfies No-Growth Separability, Compensation and Utilitarian Responsi-
bility if and only if for z, z′ and e such that

Wi(zi, ω̃, p̃) +Wj(zj, ω̃, p̃) ≥ Wi(z
′
i, ω̃, p̃) +Wj(z

′
j, ω̃, p̃)

while zk = z′k ∀k ∈ N\{i, j}.
Then, zR(e)z′
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p21
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p11

+ y2
p12

(a) Illustration of the construction of ỹ = p̃ω̃ and p̃.
x2

x1

•
zi

ỹ
p̃2

ỹ
p̃2

+Wi(zi, ω̃, p̃)

ỹ/p̃1 ỹ/p̃1 +Wi(zi, ω̃, p̃)

(b) Illustration of the construction of Wi(zi, ω̃, p̃).

Figure 3: Illustrations of the construction of the interpersonal consumer welfare measure.
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These results deserve some comments. First, these two theorems characterize the social wel-
fare function that are endogenized by the axioms. They differ in the aggregator used to compute
social welfare (the maximin and the sum, respectively), but they use the very same measure of
interpersonal welfare, i.e. Wi(zi, ω̃, p̃). It suggests that this money-metric utility function should
be used to compare the welfare of heterogeneous consumers if one abides by Compensation,
Laissez-faireW and No-Growth Separability, while the choice of the aggregator depends on
which logical strengthening the ethical observer prefers between Utilitarian Responsibility and
Egalitarian Responsibility.

Second, this welfare measure only uses ordinal and non-comparable elements of preferences
to build a welfare measure. Indeed, the only component of preferences needed to compute
Wi(zi, ỹ, p̃) is the indifference curve at zi, not the utility level. Despite that, this measure allows
interpersonal comparisons of welfare between individuals. Thus, this measure is in line with the
long-standing tradition since Robbins (1938) and Samuelson (1947) of not comparing cardinal
utility levels across individuals.15 Besides, both measures also satisfy the Pareto principle as is
widely accepted by the literature.

Third, it is interesting to contrast the result of Theorem 4 with the standard aggregate con-
sumption computed in national accounts. Observe that Wi(zi, ω̃, p̃) is cardinally equivalent16 to
the expenditure function at prices p̃, defined as

e(p̃, ui(zi)) = min{p̃z0 : zi ≿i z0}

Theorem 4 suggests that the social welfare function should be ∑
i e(p̃, ui(zi)). Interestingly, ag-

gregate consumption in national accounts simply sums up individuals’ expenditures using in-
dividuals’ prices, i.e. ∑i e(pi, ui(zi)). This suggests that measuring consumer welfare with the
ethics of equality of opportunity simply consists in changing the measuring rod, not the method.
It also shows the importance of price normalization when building indicators beyond GDP. We
come back on this point in the next section.

Fourth, that the sum of expenditure functions is an attractive way of measuring welfare has
a long history in welfare economics marked with controversies over the choice of the reference
price vector. First, the Hicksian compensating and equivalent variations are expenditure func-
tions using post- and pre-reform prices as reference situation respectively17, but a social welfare
function using their sum may lead to intransitive assessment as is known since Boadway (1974)
and Scitovsky (1941).18 Second, money-metric utility functions have been criticized by Black-
orby and Donaldson (1988) because they may yield anti-redistributive consequences for some
reference prices19 even when the social welfare function is egalitarian. Third, Blackorby, Laisney,
and Schmachtenberg (1993) and Roberts (1980) underlined the arbitrariness of the choice of
the reference price and studied price-independent welfare assessment. What the present paper
offers are social welfare functions based on money-metric utility that overcome each of these

15This is not a new result in itself as it is characteristic of the fairness literature in social choice. See Bosmans,
Decancq, and Ooghe (2018), Fleurbaey (2003), Fleurbaey and Maniquet (2011), and Piacquadio (2017) among
others.

16Indeed, one has that Wi(zi, ω̃, p̃) = e(p̃, ui(zi))− p̃ω̃ which is an affine transformation preserving cardinality.
17The widely-used consumer surplus is a Hicksian variation when preferences are quasilinear. See Hicks (1939,

1941, 1942, 1943, 1945) for the original contributions.
18See Blackorby and Donaldson (1990) for a review.
19Bosmans, Decancq, and Ooghe (2018), Fleurbaey and Maniquet (2011), and Schlee and Khan (2022, 2023)

discussed several ways to escape this critique.
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critiques: they are transitive, inequality-averse, and their reference situation is endogenized by
the axioms. Moreover, p̃ is independent of the normalization of the numéraire of the economy. I
now present some consequences for applied welfare analysis.

5 Applications
The following applications all use the interpersonal consumer welfare measure Wi(·) and are
valid whether Theorems 3 or 4 are used, that is whether the aggregator of social welfare is the
minimum or the sum. The fact that the axioms endogenize the same reference price p̃ allows
to contribute to various applied welfare problems without taking a stance on which aggregator
should be used.

5.1 Wealth of nations
In the index number problem20 initiated by Fisher (1922), the economist must compare the real
income of a set of countries index by i based on a dataset of observed prices pi and quantities
consumed zi and decompose this real income into a price index and a quantity index. Our
analysis of welfare above can readily be applied to this problem if each country is considered
as an agent and real income is considered as e(p̃, ui(zi)). As is standard in index number theory,
real income can be decomposed into a price index Pi and a quantity index Qi,j as follows

P̃i =
e(pi, ui(zi))

e(p̃, ui(zi))

Q̃i,j =
e(p̃, ui(zi))

e(p̃, uj(zj))

where the price index Pi informs on the deflation needed to compare the prices faced by country
i and Qi,j informs on the real income difference between countries i and j.21

The key innovations with respect to the index number theory are that the present paper (i)
allows for heterogeneous preferences across countries, (ii) does not restrict the set of admissible
preferences and (iii) derives the indices from ethical judgments on equality of opportunity. These
differences could have lead to completely new indices. Surprisingly, the indices defined here are
close to those used by practitioners. Most notably, the Geary (1958) method that underpins the
Penn World Table computes a world price p̊l for good l, is such that

p̊l =

∑
i p

l
iz

l
iϵi∑

i z
l
i

where ϵi is a normalization of countries’ income such that ϵi =
∑

l p̊
lzli∑

l p
l
iz

l
i
. The real income of coun-

try i is then computed as the cost of that country’s bundle zi at the world prices p̊. While this
approach ignores preferences, Neary (2004) shows that consistency with a representative agent
preferences can be obtained by setting ϵi as the ratio of expenditure functions at these prices.

20That expenditure functions and welfare economics are useful for index number theory is known at least since
the classical contributions of Deaton (1979) and Samuelson and Swamy (1974).

21In the literature, the former is a true Könus price index while the latter is an Allen true quantity index.
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Deaton and Heston (2010) criticized22 these Geary and Neary measures because countries
with larger consumption weight more in the world price, which renders it plutocratic. This
is completely true, but the present paper suggests that it does not conflict with social welfare
understood as equality of opportunity insofar as actual consumption zli in the denominator is
replaced by consumption possibility yi/p

l
i of good l. In other words, a ranking of countries real

income based on e(p̃, ui(zi)) takes into account the fact that poor countries have low income
and faced lower prices and one wishes to cancel the between-country inequalities in budgets.
The fact that the reference price should not depend on actual quantities consumed zli but on
consumption possibilities yi/pli comes from the axioms that imply that only budgets are creating
welfare-relevant inequalities, not necessarily consumption vectors.

I note that this modification of the purchasing power parity does not require more data than
what is commonly used. Moreover, because p̃ depends only on observed quantities and not on
preferences, this paper’s index is less data-intensive than Neary (2004)’s.

5.2 Lifetime inflation and growth
Consider the case where each good l is a time period. For clarity, let me substitute the superscript
l by t = {1, ..., T}. The problem for the growth economist consists in measuring inflation and
real income growth over the past T periods for a set of countries based on a dataset of country
i’s prices pti and consumption zti . Preferences are defined over the T periods, i.e. over the stream
of consumption zi, and must be understood as lifetime welfare.

The present paper suggests that the welfare-relevant inflation and growth indices between
countries i and j over the T periods are

Πi =
e(p̃, ui(zi))

e(pi, ui(zi))

Qi,j =
e(p̃, ui(zi))

e(p̃, uj(zj))

Interestingly, in such case the reference price vector p̃ becomes close to the GDP deflator i.e.
p̃t =

∑
i yi∑

i yi/p
t
i
.23 Unlike the Consumer Price Index (CPI), the GDP deflator does not depend on

the weights of each consumption good in the bundle consumed, but rather only on income and
prices. Again, this can be directly traced back to the axioms: only budgets are creating welfare-
relevant inequalities, not preferences.

Importantly, this does not mean that preferences are ignored. Indeed, Πi and Qi,j both de-
pend on preferences as they use expenditure functions as arguments. However, the measuring
rod does not: p̃ only depends on consumption possibilities.

22Deaton and Heston (2010) consider that the main advantage of the approach is the preservation of integrability.
Indeed, because it uses a single world price for each good, a summation across goods does not perturb the rank-
ing. This paper’s measure escapes the Van Veelen (2002) impossibility by using third-country information when
computing the real income of a pair of countries.

23In practice, the GDP deflator is computed on more goods than mere private consumption goods and include
the price of investments as well as government expenditures.
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5.3 Year-by-year inflation and growth
Consider the case where each time period the preferences of the agent under study may vary.
In such case, we can consider that the index i used above may be substituted by t. We can then
see our contribution as a way to measure year-by-year inflation and welfare growth for a single
country when prices, endowments, and preferences may change from one year to the next. The
relevant inflation and growth indices are

Πt =
e(p̃, ut(zt))

e(pt, ut(zt))

Qt,t−1 =
e(p̃, ut(zt))

e(p̃, ut−1(zt−1))

In this setup, the reference price for a good l p̃l becomes the ratio between the sum of expendi-
tures over time over the the sum of maximal quantity of good l that could have been consumed.

p̃l =

∑
t yt∑

t yt/p
l
t

While traditional inflation and growth measures typically ignore preferences or assumed ho-
mothetic preferences, a recent contribution by Jaravel and Lashkari (2024) provides an algorithm
to measure inflation and growth for non-homothetic and general preferences. Interestingly, they
also rely on expenditure functions with a common, time-invariant reference price vector which
they call base period.

However, neither their theory nor their algorithm provides guidance on which base period
to choose. While their estimates significantly differ from standard estimates derived under ho-
mothetic preferences, the magnitude of these differences depends on the base period. What the
present paper gives is a normative justification for the base period that connects the measure
with consumer welfare.

6 Conclusion
The present paper has built a measure of consumer welfare that is transitive and applicable to
a wide set of problems. In essence, it builds interpersonal comparison between heterogeneous
individuals, and as such may inform several other problems not mentioned so far, such as in-
dexing the preference-based poverty line (Decerf, 2023), solving for optimal consumption taxes
with preference heterogeneity (Ferey, Lockwood, & Taubinsky, 2024; Golosov et al., 2013), or
the welfare costs of inflation (Adam & Weber, 2023; Blanco, 2021; Burstein & Hellwig, 2008;
Craig & Rocheteau, 2008).

Moreover, by no means this paper has solved all issues of comparing heterogeneous con-
sumers. There many practical issues that should be accounted for, for example, the incorpora-
tion of quality (Errico & Lashkari, Forthcoming) but also incomplete price information (Atkin
et al., 2024) or individual information (Baqaee, Burstein, & Koike-Mori, 2024).

Moreover, individuals derive welfare beyond their mere consumption, notably from health
and social relations. The inclusion of such well-being dimensions in the framework of equal
opportunity is beyond the scope of the present paper.
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A Proofs
Proof of Theorem 3. The proof of the "if" proceeds by construction. Take a generic economy e ∈ E
and two allocations z, z′ such that the premise holds. Without loss of generality, set i = 3 and
j = 4.

By Egalitarian Responsibility, we have

z R
(
(≿1, ω̃, p̃)(≿2, ω̃, p̃)(≿3, ω̃, p̃)(≿4, ω̃, p̃)(≿i, ω̃, p̃)i∈{5,...N}

)
(z1, z2, z

′
3, z

′
4, ...zN)

By No-Growth Separability, we can write

z R
(
(≿3, ω̃, p̃)(≿4, ω̃, p̃)(≿3, ω̃, p̃)(≿4, ω̃, p̃)(≿i, ω̃, p̃)i∈{5,...N}

)
(z1, z2, z

′
3, z

′
4...zN)
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By Compensation applied twice,

(z′3, z
′
4, z1, z2..., zN)I

(
(≿3, ω̃, p̃)(≿4, ω̃, p̃)(≿3, ω̃, p̃)(≿4, ω̃, p̃)(≿i, ω̃, p̃)i∈{5,...N}

)
(z1, z2, z

′
3, z

′
4..., zN)

By transitivity,

z R
(
(≿3, ω̃, p̃)(≿4, ω̃, p̃)(≿3, ω̃, p̃)(≿4, ω̃, p̃)(≿i, ω̃, p̃)i∈{5,...N}

)
(z′3, z

′
4, z1, z2...zN)

By Compensation applied twice,

z I
(
(≿3, ω̃, p̃)(≿4, ω̃, p̃)(≿3, ω̃, p̃)(≿4, ω̃, p̃)(≿i, ω̃, p̃)i∈{5,...N}

)
(z3, z4, z1, z2..., zN)

By transitivity,

(z3, z4, z1, z2...zN)R
(
(≿3, ω̃, p̃)(≿4, ω̃, p̃)(≿3, ω̃, p̃)(≿4, ω̃, p̃)(≿i, ω̃, p̃)i∈{5,...N}

)
(z′3, z

′
4, z1, z2...zN)

By No-Growth Separability,

(z3, z4, z1, z2..., zN)R
(
(≿3, ω̃, p̃)(≿4, ω̃, p̃)(≿k, yk, pk)k∈{3,4}(≿5, ω̂5, p̂)(≿i, ω̃, p̃)i∈{6,...N}

)
(z′3, z

′
4, z1, z2..., zN)

only if we can find ω̂5 and p̂ such that

for each l = {1, ..., L} : 3
ỹ

p̃l
=

y3
pl3

+
y4
pl4

+
p̂ω̂5

p̂l
(2)

By Compensation applied four times and transitivity,

z R
(
(≿3, ω̃, p̃)(≿4, ω̃, p̃)(≿k, ωk, pk)k∈{3,4}(≿5, ω̂5, p̂)(≿i, ω̃, p̃)i∈{6,...N}

)
(z1, z2, z

′
3, z

′
4...zN)

By No-Growth Separability,
z R(e)(z1, z2, z′3, z′4..., zN)

if and only if

for each l = {1, ..., L} : (N − 3)
ỹ

p̃l
+

p̂ω̂5

p̂l
=

∑
i∈N\{3,4}

yi
pli

(3)

Summing over equations (2) and (3), we get

for each l = {1, ..., L} : N
ỹ

p̃l
+

p̂ω̂5

p̂l
=

∑
i∈N

yi
pli

+
p̂ω̂5

p̂l

which holds by construction of ω̃ and p̃. The result is obtained by observing that (z1, z2, z′3, z′4..., zN)
is the same allocation as z′, proving zR(e)z′, the required result.

To prove the "only if", observe that Wi(zi, ω̃, p̃) does not depend on the individual’s endow-
ments (ωi, pi) such that a permutation between equal-preference individuals leads the ordering
unchanged, proving that R(e) satisfies Compensation.
As for No-Growth Separability, observe that any change of endowments such that ∑i

yi
pli
is un-

changed for all l does not modify ω̃ nor p̃. The proof for Egalitarian Responsibility is trivial
and left to the reader. ■
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Proof of Theorem 4. Without loss of generality, consider that agents 3 and 4 are i and j. Then,
by Utilitarian Responsibility, we have

z R
(
(≿1, ỹ, p̃)(≿2, ỹ, p̃)(≿3, ỹ, p̃)(≿4, ỹ, p̃)(≿i, ỹ, p̃)i∈{5,...N}

)
(z1, z2, z

′
3, z

′
4, ...zN)

The remaining steps of the proof follow exactly the proof of the previous theorem. ■
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