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Abstract

The population ethics literature has long focused on attempts to avoid the repug-
nant conclusion. We show that a large set of social orderings that are conventionally
understood to escape the repugnant conclusion do not in fact avoid it in all instances.
As we demonstrate, prior results depend on formal definitions of the repugnant con-
clusion that exclude some repugnant cases, for reasons inessential to any “repug-
nance” (or other meaningful normative properties) of the repugnant conclusion. In
particular, the literature traditionally formalizes the repugnant conclusion to exclude
cases that include an unaffected sub-population. We relax this normatively irrelevant
exclusion, and others. Using several more inclusive formalizations of the repugnant
conclusion, we then prove that any plausible social ordering implies some instance
of the repugnant conclusion. This understanding—that it is impossible to avoid all
instances of the repugnant conclusion—is broader than the traditional understanding
in the literature that the repugnant conclusion can only be escaped at unappealing
theoretical costs. Therefore, the repugnant conclusion provides no methodological
guidance for theory or policy-making, because it does not discriminate among can-
didate social orderings. So escaping the repugnant conclusion should not be a core
goal of the population ethics literature.

1 Introduction
An enduring puzzle in the economics of social welfare is how to incorporate varia-

ble population size into social orderings. How should social welfare functions evalu-
ate policies, such as climate policy (Broome 2012; Scovronick et al. 2017), national
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health insurance programs, or education subsidies, that will change both the well-
being and the number of future people? Because many interventions will influence
population size, this is an important question for economic policy.

It is widely agreed that the population ethics literature is far from fulfilling the
goal of providing guidance for these important policy questions. This is because the
population ethics literature has long remained focused on the attempt to avoid a con-
dition called the “repugnant conclusion.”! The repugnant conclusion is an implica-
tion of social orderings that allow the quantity of people to compensate for changes
in per-person quality of life. Parfit (1984) originally formulated the repugnant con-
clusion as the hypothetical possibility of a large enough number of lives such that
the large number of lives at a low, positive level of utility would be socially prefer-
able to a smaller number of excellent lives, according to some social ordering.

Quantity—quality tradeoffs are at the core of population economics. For every
social ordering, there are cases where small changes for some people are socially
valued above large changes for others. And yet, the repugnant conclusion has been
interpreted as a special implication of only some social orderings, such as total utili-
tarianism (which ranks population according to the sum of wellbeing). Average util-
itarianism, for example, (which ranks populations by average wellbeing) is canoni-
cally interpreted not to imply the repugnant conclusion.

Our study clarifies the scope and implications of the repugnant conclusion. The
leading scholarship in population economics has focused on theorems about which
families of social welfare functions do or do not imply the repugnant conclusion (Ng
1989; Blackorby et al. 1998a; Arrhenius 2000; Blackorby et al. 2005; Fleurbaey and
Zuber 2015). These impossibility theorems have built an understanding that a social
ordering can avoid the repugnant conclusion, but only by having some other, worse
implication.”

This paper contributes formal results and examples that reveal that this under-
standing of the repugnant conclusion should be revised. “Repugnance” is more com-
mon than previously believed. The repugnant conclusion is not an implication of
merely some social orderings. In fact, under the understanding of the repugnant con-
clusion that we present, some instance of a repugnant conclusion is an implication
of every candidate social ordering in population economics.

To reach this conclusion, we show that the literature has used several formal
definitions of the repugnant conclusion. Because of path-dependence from promi-
nent original examples, each of these formalizations captures only a subset of

! For example, the Stanford Encyclopedia of Philosophy entry on the repugnant conclusion ends its
introductory paragraph with “Thus, the question as to how the Repugnant Conclusion should be dealt
with and, more generally, what it shows about the nature of ethics has turned the conclusion into one of
the cardinal challenges of modern ethics” (Arrhenius et al. 2017).

2 For example, Ng (1989) proves that any plausible social ordering must either imply the repugnant con-
clusion or violate one of two other conditions called Non-Antiegalitarianism and Mere Addition. Simi-
larly, Asheim and Zuber (2014) prove that a family of social orderings “either leads to the Weak Repug-
nant Conclusion or violates the Weak Non-Sadism Condition.” Other important recent examples are the
core contributions of Arrhenius (Population ethics: the challege of future generations (unpublished)) and
Bossert (2017) and results in McCarthy et al. (2020).

@ Springer



Repugnant conclusions

equivalently “repugnant” cases. We show that whether a social welfare function is
aggregative or non-aggregative, it must imply one or more new formalizations of
repugnant conclusions. Because our new formalizations are only slight modifica-
tions of those in the literature, these new formalizations preserve any “repugnance”
in traditional formalizations.

The implication is that population ethics is not fundamentally a choice between,
on the one hand, ever entailing the repugnant conclusion in some hypothetical
choice, or, on the other hand, accepting other undesirable implications. The illu-
sion that this choice exists arises only because of a history of formal definitions that
exclude many instances of alleged “repugnance.” Similarly, such “repugnance” is
not a defining property of total utilitarianism, as it has been previously cast in the lit-
erature: for example, there are choice sets from which average utilitarianism implies
“repugnant” directives to choose worse lives rather than better lives, but total util-
itarianism does not.> We conclude that because “repugnance” cannot be escaped,
whatever it may be, escaping it should not be a goal. So population ethics should not
impose a requirement to avoid the repugnant conclusion.

1.1 Outline

Section 2 introduces our setting and four basic axioms. Section 3 introduces a fun-
damental question of this paper: What counts as a “repugnant conclusion”? How
should Parfit’s original example be translated into a family of formal definitions—
without begging the question of whether it is bad? We observe that, although the
prior literature includes several distinct “repugnant conclusions,” purporting to cap-
ture the same normative claim, it has restricted formal definitions of the repugnant
conclusion to the strict subset of cases where the binary choice between popula-
tions includes no intersecting subset of unaffected lives—Ilives that could be distant
in time or space, or in the past. However, every policy choice includes unaffected
sub-populations, including, at a minimum, the set of people who have already died
(Blackorby et al. 1995).

So we define unrestricted versions of the repugnant conclusion, which may or
may not include such unaffected lives. These new formalizations are what we use in
our main result. Later, we define an extended repugnant conclusion, which reflects
the fact that any “repugnance” in a quantity—quality tradeoff is as available in fixed-
population, same-number cases as it is in the different-number cases of population
ethics. If so, the repugnant conclusion is not specific to population ethics.

Section 4 introduces an Aggregation axiom and uses it to present the Theorem
that is our main result. All social orderings that satisfy the Aggregation axiom (and
one of several specifications of a socially-neutral life) imply a repugnant conclu-
sion, in our unrestricted version. Because Aggregation is closely related to separa-
bility in same-number, risk-free cases, this result includes all social orderings that

3 Although without the same formalization, emphasis, or scope as our paper, prior arguments in this
direction have been made in the philosophy literature by Anglin (1977) and Cowen (1996).
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economists use, in practice, for policy analysis and many that are commonly under-
stood to escape repugnant conclusions.

But some social orderings deny Aggregation or are otherwise excluded from the
main result of our paper. Section 5 discusses examples, while noting further ways
in which the formalization of “repugnance” has varied in the literature. So Sect. 6
defines a set of all plausible social orderings—more inclusive than the Aggregative
set—and uses this inclusive set to expand our main result to a supporting proposi-
tion. In particular, we show that all plausible social orderings that satisfy an axiom
called Minimal Equality Preference, whether Aggregative or not, imply an extended
repugnant conclusion. Either in aggregating large quantities of tiny changes, or
in ignoring them, every social ordering has unintuitive consequences over an
unbounded domain. This observation is not unique to population ethics (Cowen
1996; Fleurbaey and Tungodden 2010) and is certainly not specific to totalism and
related social orderings. Therefore, the mere fact that a social ordering entails a
“repugnant” quantity—quality tradeoff for some example that can be constructed in
unbounded space is not informative and cannot guide population ethics.

2 Setting

We largely use the same notation for welfarist, variable-population social evaluation
as Blackorby et al. (2005). Z is the integers, R is the real numbers, R, , and R are
the positive and nonnegative real numbers, respectively, and similarly for —, ——, and
Z.

Populations u, v are finite-length vectors of real numbers. The size of u is
n(u) € Z, ., so u € R". Population vectors list lifetime utilities or well-beings
(terms we will use interchangeably), u = (u,, ..., u;, ... un(u)), among the n(u) indi-
viduals who make up the population. Because we assume anonymity throughout,
the binary relations we consider do not depend on the identities of the individuals;
where we informally refer to a “person” we mean only a lifetime well-being in a
population. Utilities are normalized so O is a neutral lifetime utility.* As we discuss
in Sect. 4.1, however, adding a life at zero may not be neutral for social evaluation.
Following (Asheim and Zuber 2014), an index enclosed in square brackets indicates
a rank from worst-off, so 3, is the utility of the third-worst-off person in u; other-
wise indices i do not imply rank.

In comparing the utilities in same-sized populations, u > v means that u; > v, for
all i; u > v means that #; > v; and u; # v, for some i; u > v means u; > v; forall i. 1,
is an n-dimensional vector of ones, so £1,, is a population in which all n people have
equal utility €. For any two populations u and v, let (u, v) denote the combined popu-
lation, so n((u, v)) = n(u) + n(v).

The set of all conceptually possible populations is Q = UneZ++ R”". The task in
this paper is to describe %, which is a social ordering on Q. % is a binary relation

4 If lifetime utility is hedonistic, a neutral lifetime utility would be a life that is as good as a life at a lim-
iting case with no experiences.
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with the interpretation that u >~ v means that u is at least as good as v. The asym-
metric and symmetric parts of % are > and ~, respectively.

Some parts of this paper will use social welfare functions. There, g : R - R
is a continuous, increasing, and linear or strictly concave function such that
g(0) = 0; the purpose of g is to give utility a prioritarian transformation. Also
f + Z, — R, is an increasing function such that f(0) = 0; the purpose of fis to
give a variable-value transformation of population size. In some cases where f
and g are identity functions, they are omitted for clarity.

2.1 Basicaxioms
We begin with a set of basic axioms on .
Axiom 1 (Social order) The relation X is complete, transitive, and reflexive on Q.

Axiom 2 (Anonymity) For all u,v € Q such that n(u) = n(v), if there exists a bijec-
tionp : {1,...,n(w)} — {1,...,n(u)} such thatu; = v,; for all i, thenu ~ v.

Axiom 3 (Continuity) For all n,me Z,, and for all weR” the sets
{(veR" :vxu}and{veER™ : v Zu}are closed in R”.

Axiom 4 (Same-number Pareto) For all u, v € Q such that n(u) = n(v), if u > v then
u>v.

In combination, these four axioms imply that a population-sensitive social
ordering can be represented as a social welfare function with two arguments:
population size and the same-number equally-distributed equivalent. The equally-
distributed equivalent (EDE) of a population u, written as E(u), is the utility
level that, if given to every member of the population, would result in an equally-
ranked (in the sense of ~) same-size population.

Lemma 1 (Blackorby et al. 2005 Theorem 5.2) Axioms 1-4 are sufficient for there
to exist a reduced-form social welfare function W . Z,, X R — R, such that for all
uveQ,

uz ve Wn),Ew) > Wnv), E(vV)),

where W is continuous and increasing in its second argument, and the EDE E has
the properties that it is continuous within R" for alln € 7, that 2(£1,,) = & for all
ne€Z,, andall £ € R, and that Z(u) is within the closed R -interval bounded by
the best and worst-off people inu .
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Although the philosophical literature on population ethics contains papers that
explore denying each of these axioms,’ these have been uncontroversial in the
economics literature since (Blackorby and Donaldson 1984), and we adopt them
throughout this paper.

2.2 Prominent social welfare functions

Several population-sensitive social welfare functions have been named and studied
in the literature. One classic approach is Total Utilitarianism, which ranks popula-
tions by the sum of utility:

n(u)

VIV =) u, (TU)

i=1

Closely related is Total Prioritarianism, which ranks populations by the sum of util-
ity, after a concave, increasing transformation:

n(u)
VP = ) g(u;). (TP)
i=1

TU and TP both are understood to entail the repugnant conclusion, and they are
commonly contrasted with alternative functions that are traditionally understood to
escape repugnance. One of these is Average Utilitarianism:

n(u)

AUy = L,
Vi) = -~ (u);ul. (AU)

Another, which is commonly described as a “compromise” that behaves like TU for
smaller populations and AU for larger populations, is Variable-Value or Number-
Dampened Utilitarianism (Hurka 1983; Ng 1989):

(NDU)

where fis increasing, concave, and bounded.

Since its proposal by Blackorby and Donaldson (1984), a focus of the popula-
tion economics literature has been Critical-Level Generalized Utilitarianism. CLGU
is an additively-separable sum of transformed utility, where the transformation
includes a positive critical level ¢ > 0 for adding a positive life to constitute a social
improvement:

5 In the philosophical literature, for example, Temkin Larry (2014) considers denial of the transitive part
of Axiom 1, Roberts (2011) denies Axiom 2, and Carlson (On some impossibility theorems in population
ethics (forthcoming)) denies Axiom 3. Such issues are a focus of a companion working paper in the phi-
losophy literature (Budolfson and Spears 2018), which does not contain the formal results of this paper.
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n(u)

VCLGU (y) = Z [g(“i) - g(c)]_ (CLGU)

i=1

A recent advancement of this literature is Rank-Discounted Generalized Utilitari-
anism (RDGU). RDGU was proposed by Asheim and Zuber (2014) and further
investigated by Pivato (2020). This social welfare function transforms each person’s
utilities #; by an increasing function g and weights utilities by a weight that is geo-
metrically decreasing in rank-distance from the worst-off person:

n(u)

VEPGU(u) = ' prg(uy,)), (RDGU)

r=1

where 0 < f < 1 and the square-bracket index [r] indicates that the population u is
ordered in increasing rank. As Asheim and Zuber prove, RDGU escapes Parfit’s for-
mulation of the repugnant conclusion.

3 Repugnant conclusions

Whether the repugnant conclusion can be avoided depends on what the repugnant
conclusion is. Our goal in this section is to avoid begging the question of whether
the repugnant conclusion is bad or which social orderings entail it. Because Parfit’s
(1984) original statement of the repugnant conclusion invokes a well-off population
of ten billion people, every paper in the formal population literature has adopted a
formal definition that goes beyond Parfit’s original example. These formalizations
sometimes disagree, and even (Parfit 2016) has written about heterogeneity among
instances of repugnant conclusions.® Yet the population economics literature typi-
cally formalizes the repugnant conclusion as:

Definition 1 (The (original, restricted) repugnant conclusion) For any u" € R
any n" € Z_,, and any € > 0, there exists n* € Z,, such thatel,. > u1,,.

++

In Definition 1, the populations €1, and #"1,, do not overlap: there is no inter-
secting utility level v; of person j who lives the same life, irrespective of whether €1,
or u"1,, is chosen. But, as Parfit (1984) also noted, “these questions [of population
ethics] arise most clearly when we compare the outcomes that would be produced,
in the further future, by different rates of population growth.” Any policy choice that
changes the future leaves the past unaffected. So the full consequences of any actual
policy choice include many lives that intersect, unchanged in both possible popula-
tions: past lives, at least, and plausibly more, as well. A central insight of Blackorby
et al. (1995) “independence of the utilities of the dead” axiom is that populations

6 Parfit (2016) writes of ‘a,” ‘another,’ ‘this,” and ‘a version of the’ repugnant conclusion.
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Table1 R t lusi
epugnant conclusions =0 Wt >0
n(v) =0 Restricted repugnant conclusion — Restricted very
repugnant
conclusion
n(v) >0 Repugnant conclusion Very repugnant
conclusion

exist in time, and past populations cannot be influenced by future choices.” The
existence of a dead, past subpopulation—or of any other unaffected population—is
irrelevant to any repugnance in the choice to create n lives at & rather than n” lives
at u”. So there is no normative reason to restrict the repugnant conclusion to cases
without an unaffected, intersecting population. Therefore, in Definition 2 we rede-
fine the repugnant conclusion to remove this normatively irrelevant restriction and
to permit an intersecting sub-population v, which may be empty, and may live in a
distant time or place:

Definition 2 (The (unrestricted) repugnant conclusion) For any u' e R,,,
any n" € Z,,, and any € > 0, there exist n € Z,, and v € QU {ﬂ} such that
(e1,0,v) > (u"1,,v).

Thus, our contribution begins by offering a revised formalization of the repug-
nant conclusion. In our terminology, Definition 2 is the repugnant conclusion.® Defi-
nition 1 is the restricted repugnant conclusion.

Arrhenius (2003) introduced the very repugnant conclusion, which intensified
the repugnant conclusion by stipulating that the e-lives are accompanied by a large
number of highly negative utility lives, full of suffering and not nearly worth living,
which could be avoided by choosing the u’-lives. Like Parfit’s original example of
the repugnant conclusion, Arrhenius’ very repugnant conclusion is restricted, in our
formal sense: it does not include an intersecting, unaffected subpopulation v. There-
fore, we introduce an unrestricted definition, which we propose should be used to
capture further instances of the very repugnant conclusion:

Definition 3 (The (unrestricted) very repugnant conclusion) For any u" € R, any
n"ez,,, anyu’ €R__, any n’ € Z_,, and any ¢ > 0, there exist n* € Z_, and
v € QU {@} such that (e1,,u”1,,,v) > (u"1,,v).

nes

7 Blackorby et al. (1995) use this observation to motivate an additively separable approach to population
ethics, on the grounds that the utilities of past people should not influence the evaluation of policies that
only impact future people; although our results include non-separable social orderings such as average
utilitarianism, we further discuss separability in Sect. 4.3.

8 Arrhenius (Population ethics: the challege of future generations (unpublished)) uses an equivalent con-
dition called the Strong Quality Addition Principle; Anglin (1977) shows that this principle is implied
by both total and average utilitarianism, and Arrhenius extends this proof to Ng’s (1989) variable-value
utilitarianism. Note that our theorem below uses a different condition, the unrestricted very repugnant
conclusion.
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To our knowledge no equivalent condition has previously appeared in the popu-
lation ethics literature under any name. Wherever we refer to the “very repugnant
conclusion” below, we mean the unrestricted version in Definition 3. The restric-
tions and subsets can be understood and compared using Table 1, which summarizes
this paper’s revision and generalization of terminology in the literature for repugnant
conclusions.

To emphasize, we do not presume that any version of these conclusions is in fact
normatively repugnant. In constructing Table 1 and this section’s definitions, we
have not answered the question of what “repugnance” fundamentally is or may be, if
any, in any quantity—quality population tradeoff. Instead, our concluding arguments
will informally assume a conditional claim about normative repugnance:

Conditional claim about repugnance If the fact that a social order % implies a
restricted repugnant conclusion with n(v) = 0 is sufficient to disqualify > norma-
tively, then any %' that implies the unrestricted n(v) > 0 equivalent of an otherwise
identical repugnant conclusion is similarly disqualified.

In our conclusion, we will argue that because unrestricted repugnant conclusions
are too ubiquitous to be disqualifying, restricted repugnant conclusions must not be
disqualifying, either, according to the contrapositive of our conditional claim. In
support of our conditional claim, we emphasize that the restriction that n(v) =0 is
irrelevant to the repugnance that some perceive in a social ordering choosing arbi-
trarily many arbitrarily negative lives, along with a large number of barely-positive
lives, when arbitrarily many arbitrarily wonderful lives were possible instead. More
formally, if one assumes independence of the utilities of the dead—or existence
independence’ more generally—then any restricted repugnant conclusion is logi-
cally equivalent to its unrestricted version, although one need not accept any form of
independence to accept our conditional claim about repugnance.

Ultimately, if the goal is to choose among actual population and economic
policies, then these can only influence the future. So for any actual policy choice,
n(v) > 0. Noticing this, Dasgupta (2005) labels hypothetical choices where n(v) = 0
as “Genesis problems,” and dismisses them as “the wrong problem.”'” In proceed-
ing with unrestricted repugnant conclusions, we do not follow Dasgputa in ignoring
cases where n(v) = 0, but nor do we ignore cases where n(v) > 0. Therefore, we
conclude that the cases where n(v) > 0 are at least as normatively and practically
important as the restricted cases where n(v) = 0. There is no normative or practical
reason to impose a constraint to the restricted subset.

° The existence independence axiom holds that for all u,v,w € Q, (u,w) % (v,w) if and only if u > v
(Blackorby et al. 1995, p. 159).
10 Dasgupta (2005) elaborates: “The Genesis Problem may have been God’s problem, but it is not the
problem we face. We are here.”
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4 Main result: aggregation and its consequences

This paper partitions the social orderings defended in the population economics lit-
erature into those that satisfy an axiom of Aggregation and those that do not. This
section focuses on the former; Sect. 6 focuses on the latter. Here, Sect. 4.1 intro-
duces axioms which interpret the neutral, zero level of utility (used in the repug-
nant conclusion’s emphasis on € > 0 lives). Then, Sect. 4.2 presents the Aggrega-
tion axiom and, with it, the Theorem which is our main result. Finally, Sect. 4.3
discusses properties that are sufficient for a social ordering to satisfy Aggregation.

4.1 The sign of lifetime utility

The repugnant conclusion invokes lives at € > 0. Such slightly-positive wellbe-
ing is how the population economics literature has long formalized Parfit’s phrase
“lives that are barely worth living.” None of the basic axioms have yet distinguished
among lives that are 0, positive, or negative. For Parfit’s original repugnant conclu-
sion to be meaningful, we must make an assumption about these lives. Indeed, if
there is no meaningful or obvious assumption to be made about lives at and above
Zero, it is not clear why any conclusion about them would be “repugnant.”

What are the formal implications of a life that is neutral? As Blackorby et al.
(2005) summarize, “a person who lives a neutral life considers this life to be as good
as a life without any experiences” (p. 161), but this fact need not imply that the
social evaluation considers adding such a life not to change the value of the full
population. The classic zero axiom, named “mere addition” by Parfit, is the weaker
claim that adding a life of positive utility does not make a population worse:

Definition 4 (Mere addition) Forallv e Q,u € R

+4- itis the case that (v, ul,) X V.

Many social orderings in the literature do not satisfy mere addition (Blackorby
et al. 1998a; Franz and Spears 2020). Average utilitarianism and Ng’s (1989) vari-
able-value utilitarianism fail mere addition, because additional positive lives could
lower average utility. So does RDGU (Pivato 2020).

Therefore, instead of mere addition, our Theorem allows a social ordering to sat-
isfy either of two arguably more attractive sign axioms. Average utilitarianism, var-
iable-value utilitarianism, and RDGU each satisfy Axioms 5 and 6, as do orderings
such as maximin and maximax with reduced forms that are insensitive to n. CLGU,
however, satisfies neither sign axiom. Axioms 5 and 6 only apply to perfectly equal
populations, to avoid the problematic cases for average-type theories where addi-
tional positive lives bring down the population-wide average.

Axiom 5 (First sign axiom: egalitarian dominance) For any u,v € R, such that
u>v>0andanyn,m € Z,, suchthatn > m, we have thatul, > v1,.
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Axiom 6 (Second sign axiom: egalitarian priority for lives worth living) For any
u,v € Rsuch thatu > 0> vand any n,m € Z_,, we have thatul, > v1,,.

4.2 Axiom of aggregation

The last step before our main result is an axiom of Aggregation. We interpret it to
reflect a weak commitment to not-so-unequal consideration of the interests of the
full set of people who ever exist. Although formally distinct from the aggregation
axiom of Fleurbaey and Tungodden (2010) (see details in Sect. 6), it reflects the
same intuition: that a bounded loss or gain accruing to only a small part of the popu-
lation cannot have a large effect on the social evaluation if the consequences are dif-
ferent for everybody else.

Axiom 7 (Aggregation) For any u € Q, any 6 € R, ,, and any utility level £ € R,
there exists n* € Z,, such that if n > n*, then:

&+ 5)1n+n(u) > (gln’ ll) > (€~ 6)1”"'”(“)'

The Aggregation axiom holds that the equally-distributed equivalent becomes
diminishingly sensitive to any consequence for a small subset of the population, as
that subset becomes a small enough part of a large enough population. Note that
the comparison in the axiom’s consequent clause holds population size constant. As
Sect. 4.3 details, many social orderings in the population economics literature sat-
isfy Aggregation.

Theorem 1 If >

e s a social order (Axiom 1) that satisfies anonymity (Axiom 2),
o satisfies Aggregation (7), and
o satisfies at least one of the sign Axioms (5 or 6),

then = implies the very repugnant conclusion (moreover, if Axiom 5 is satisfied, the
unaffected population v in the very repugnant conclusion can be restricted to be
positive, so v > ().

Proof See Appendix A.1. O

So the aggregative social orderings that satisfy the conditions of Theorem 1 all
imply repugnant conclusions, even though they take radically different approaches
to different-number population ethics. The cases that are repugnant for one social
ordering may not be for another. An important observation is that the binary choices
in which, for example, total utilitarianism would make a repugnant choice are not
a superset of the choices in which average utilitarianism would make a repugnant
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choice.!! So the repugnant conclusion offers no argument against additively sepa-
rable social orderings, in particular, in favor of aggregative but non-separable alter-
natives. Note that Continuity12 (Axiom 4) and Pareto (Axiom 3) are not needed;
Anonymity is used only in that it is implicitly assumed in our definitions throughout.

4.3 Which social welfare functions satisfy aggregation?

The significance of the Theorem is in the contrast between the extent of the Theo-
rem’s scope, on the one hand, and the conventional wisdom about the repugnant
conclusion, on the other hand. The population economics literature contains many
studies which contrast average and total utilitarianism (sometimes called Mil-
lian and Benthemite social welfare functions, in this literature) as alleged opposite
approaches to social evaluation (e.g., Nerlove et al. 1982).!* On this common view,
the repugnant conclusion is widely understood to be a problematic implication only
of total utilitarianism, total prioritarianism, and related totalist social objectives.
This understanding allegedly offers a reason to reject these orderings in favor of
alternatives such as average utilitarianism or variable-value utilitarianism, which
would not imply the repugnant conclusion. The Theorem tells us that this is a mis-
understanding, because all four of these social orderings (and more) imply the very
repugnant conclusion, properly understood.

A sufficient condition to satisfy Aggregation is for the reduced-form representa-
tion to take the separable form, which satisfies the four basic axioms:

n(u)

V() = W( n(w), Y g(u;) €))
i=1

This family of functional forms is common in the population economics literature.
It includes total, average, variable-value, and critical-level versions of utilitarian-
ism, prioritarianism, and egalitalrianism.14 Deschamps and Gevers (1977) summa-
rize a standard view in welfare economics: “the separability axiom seems to have

' To see this, consider a case where € = 107, nf = 10,000, u" = 9, n" = 10, and v is 10 lives at -10
(for simplicity, let n” = 0). Average utilitarianism would choose the & lives and total utilitarianism would
choose the " lives. If € = 0, which would only increase any normative repugnance of such choice, aver-
age utilitarianism would continue to choose the € lives as n® becomes ever larger, but total utilitarianism
would continue to choose the " lives.

12° Gustafsson (2017) offers an example of a social ordering that satisfies Aggregation but not Continuity.
13 Further examples include (Palivos and Yip 1993; Dasgupta 2005; Boucekkine and Fabbri 2013;
Spears 2017; Scovronick et al. 2017), and Lawson and Spears (2018).

4 In this paper we distinguish between prioritarianism and egalitarianism using the definitions of
Broome (2015). Both functional forms use concave g transformations and same-number risk-free addi-
tive separability, but the prioritarian social welfare function is additively separable, while egalitarianism
follows (Fleurbaey 2010) in inverting g to use the EDE, so average egalitarianism is
WAE() = g~! (ﬁ Z:’::) g(u[)) and total egalitarianism is W7 (u) = n(u)g™! ('ﬁ Z:’i‘;) g(ui)). Total pri-
oritarianism satisfies mere addition but total egalitarianism does not; both satisfy the conditions of the
Theorem and therefore imply the very repugnant conclusion. Nothing hinges on our use of this terminol-
ogy from the literature, however.
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considerable appeal ... when an ethical observer engages in social welfare judge-
ments which involve no uncertainty.”

One reason that the family in Eq. (1) is attractive is because it satisfies same-
number independence:

Axiom 8 (Same-number independence) For any u, v, w,x € Q such that n(u) = n(v)
and n(w) = n(x), if (u, w) %z (v, w) then (u, x) = (v,x) and similarly for >.

Consider the large set of ordinary, non-population economic policy decisions.
Should taxes transfer more from the rich to the poor? Should schools invest
more in younger or older children? If these policies do not change the size of the
population, then they are same-number questions. If the social ordering does not
satisfy same-number independence, then assessing these policies requires know-
ing the utility of unaffected people in distant places and times—which would
violate independence of the utilities of the dead.

Same-number independence is not quite sufficient for the functional form in
Eq. (1). As Blackorby et al. (1998b) and Blackorby et al. (2005) show, in the
context of the basic Axioms (1-4), same-number independence is sufficient for
there to exist a set of population-size-indexed increasing and continuous func-
tions g" such that the EDE has an additively separable structure for all n:

n(u)

Z(u) = Z g”(“)(ui). (2)
i=1

Equation (2), unlike Eq. (1), permits g to differ by n, which could prevent E from
converging as Aggregation requires. A sufficient condition, in the context of the
basic axioms, for same-number independence to imply the form in Eq. (1) is rep-
lication invariance (cf.-Fleurbaey and Tungodden 2010; Asheim and Zuber 2018).
However, replication invariance is not necessary for our results. It is sufficient for
same-number separability (Axiom 8) and the basic Axioms (1-4) to imply Aggrega-
tion if @ goes to 0 as n goes to infinity for all fixed u € R.

Corollary 1 If % satisfies the basic Axioms (1-4) and same-number independence
(8), then it has a same-number separable reduced-form representation (Lemma 1); if
additionally it satisfies at least one of the sign Axioms (5 or 6) and its set of g" satisfy
that lim,,_, 3? = 0 for allu € R, then Z implies the very repugnant conclusion.

To emphasize, Aggregation is a different-number axiom of population ethics,
but it is a consequence of same-number independence (familiar from ordinary,
fixed-population economic policy analysis) combined with the different-number
condition that lim, _, g _ 0, which would be implausible for a same-number-

n
separable social ordering to reject (indeed, no such social ordering is defended
in the literature, to our knowledge).
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5 Examples of “repugnance” beyond our main result

What is distinctive about the repugnant conclusion that separates it from all of the
other kinds of objections that might be raised to a social ordering? Section 3 argued
that our understanding of the repugnant conclusion should include “addition” cases,
and that it is inappropriately restricted if it does not. Section 4 demonstrated our
main result: that with this formalization of the repugnant conclusion, its reach is
much wider than commonly understood. But, as plausible as the set of social order-
ings covered by Theorem 1 may be, some attractive social evaluations are excluded
from this set. For the rest of the paper, we expand our results further, continuing our
argument that normatively similar cases should not be excluded from the formaliza-
tion of the repugnant conclusion.

Maximin, RDGU, and CLGU escape Theorem 1. Neither maximin nor RDGU
satisfies Aggregation. CLGU satisfies Aggregation but does not satisfy either of the
sign axioms unless it is “standardized” such that the critical level is zero'. All of
these social orderings are addressed by Proposition 1, below. Here, we briefly note
that the understanding in the literature that CLGU and RDGU escape the repugnant
conclusion depends on further ways in which the formalization of the repugnant
conclusion varies in the literature.'® Each of Blackorby and Donaldson (2005, p.
162), Asheim and Zuber (2014), and Arrhenius (Population ethics: the challege of
future generations (unpublished), p. 403) state a formalization of the repugnant con-
clusion in which, implicitly, n(v) = 0. However, these formalizations differ:

Population size. Blackorby et al. (2005) and Asheim and Zuber (2014) require
that n¢ > n”, but Arrhenius (Population ethics: the challege of
future generations (unpublished)) does not include any require-
ments about the size of either population. In other words, only
some formalizations require that n® be large. It is surely at least
as repugnant to choose a lower quantity of lower-quality lives
over a larger quantity of higher-quality lives.

Utility levels. Arrhenius (Population ethics: the challege of future generations
(unpublished)) interprets e-lives qualitatively as “barely worth
living.” But Blackorby et al. (2005) and Asheim and Zuber
(2014) merely require that they be worse than ", which is not
required to be high; these authors require only that u" > & > 0.

15 Broome (2004) advances a case for CLGU which he “standardizes” by setting the critical level equal
to zero, adjusting g to match. (In this case, zero may or may not be a neutral life for the person.) Broome
interprets his resulting social ordering to imply the repugnant conclusion, which he argues is unintuitive
but ultimately acceptable. What Broome there calls “the repugnant conclusion,” Arrhenius (Population
ethics: the challege of future generations (unpublished)) names “the weak repugnant conclusion,” a fur-
ther example of simultaneous debate in the prior literate about the extent and acceptability of the repug-
nant conclusion.

16 To our knowledge, we are the first to note these discrepancies or their implications.
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Because they differ in two ways, neither definition is strictly more inclusive or
exclusive than the other. The most inclusive combination of these properties would
consider any choice of any equal lower-utility population over any equal higher-util-
ity population an instance of the repugnant conclusion, provided that both utility
levels were positive, irrespective of population size and of the utility levels. This
occurs under both RDGU and CLGU. For both RDGU (for any fixed §) and CLGU
(for any fixed c) there exist cases where x,y € R, ,, x >y, y is “barely worth living,”
and n(v) = 0 such that y1,, > x1, for some m,n € Z++.17 So, we may ask: is this,
too, a “repugnant” conclusion?

Our purpose in this example is to emphasize that, although social orderings can
be constructed that escape some instances or formalizations of “repugnance,” such
results should not be conflated with escaping all instances of a comparably “repug-
nant” quantity—quality tradeoff. In some cases, indeed, the entailed “repugnance” is
even more extreme—such as choosing a smaller worse-off population. Motivated by
these examples and by the ambiguity in the literature about what “repugnance” is,
the next section pursues a broad extension of our main result.

6 Beyond aggregation

In this section we broaden our scope. We present an extended proposition that
includes Non-Aggregative social orderings. Denying Aggregation permits gains to
the worst-off members of the population to outweigh consequences for the better-off
rest of the population. So some evaluators find Non-Aggregative social orderings
a reasonable tool to capture normative values. Here we also include orderings that
reject the sign axioms.

To include Non-Aggregative social orderings, we weaken Aggregation to create
an axiom that includes all plausible candidate social orderings, Minimal Equality
Preference:

Axiom 9 (Minimal Equality Preference) For any u € Q, any 6 € R_, and any util-
ity level £ € R, there exists n* € Z, such that if n > n*, then:

€+ ), 4w > (€1,,u).

Minimal Equality Preference weakens Aggregation only by deleting
“> (£ = 0)1,,,q from the consequent clause. It is named as a reference to the
“Weak Equality Preference” axiom of Blackorby et al. (1998a), which implies
Minimal Equality Preference in the context of our basic axioms. Where we refer to
“Non-Aggregative” social orderings, we mean those that satisfy Minimal Equality

17 To see this, for RDGU, choose y that is very close to x, let n =1 and let m > 1. For CLGU let
¢ > x>y > 0and n be much larger than m (a violation for CLGU of our Axiom 5).
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Preference but do not satisfy Aggregation.'® These include maximin, critical-level
leximin, and RDGU.

To include all plausible candidate social orderings, we must broaden our for-
malization of “repugnance.” Again, we can do this with a small change that pre-
serves the repugnance that some perceive in the quantity—quality tradeoffs of wel-
farist social orderings. The aggregate normative consequences of tiny changes have
been explored and sometimes criticized as thoroughly in same-number cases as in
population ethics’ different number cases (Cowen 1996; Fleurbaey and Tungodden
2010). To capture this, we define a general, arbitrarily small change to the welfare
distribution of a population:

Definition 5 (e-change) Population u is distinguished only by an e-change from v if
either:

e n(u)=n(v)+land(v,el,) =u,or
o n(u) = n(v), there is one j such thatu; = v; + €, and u; = v; for all i # j.

If a population is distinguished from another by two or more e-changes, then any
one person or potential person in the population may receive at most one e-change.

Note the “at most one” restriction: although many & increments could, in prin-
ciple, add up to a large improvement for one person, our definition only includes
cases where each person’s wellbeing changes at most by a tiny amount. People who
receive or are created by an e-change cannot receive a further e-change, to fulfill this
definition. With the definition of e-change, we can define an extended very repug-
nant conclusion. The (unrestricted) very repugnant conclusion is the strict subset
of cases of the extended very repugnant conclusion in which all e-changes are addi-
tions of 1.

Definition 6 (Extended very repugnant conclusion) For any positive utility level
uh € R,,, any n" € Z,,, any negative utility level u” € R__, any n” € Z,,, and
any € > 0, there exist:

anumber of e-changes n® € Z__,

a number of potential negative-utility lives m” > n?,

a number of potential positive utility lives m" > n”, and

an unaffected, intersecting population (which could be empty) v € Q U {@}

18 Fleurbaey and Tungodden (2010) prove the incompatibility of their similar Minimal Aggregation and
Minimal Non-Aggregation axioms. As the names suggest, their Minimal Aggregation axiom is weaker
than our Aggregation axiom. Yet, their Minimal Aggregation and Minimal Non-Aggregation only con-
flict in the presence of their Reinforcement axiom, which they call a “basic consistency requirement.”
However, this is not sufficient to cover all candidates for population ethics because RDGU—which was
introduced by Asheim and Zuber (2014) after Fleurbaey and Tungodden’s (2010) theorem—does not sat-
isfy Reinforcement.
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such that, rather than create the u”-lives, it is better to instead create the u’-lives
while also having e-changes, at most one to each person or potential person, i.e.:

e there exists v/ € Q which is distinguished only by n® e-changes from (u”1,,.,v),
and
o v/ > (uhlmh,v).

The extended very repugnant conclusion—like the original restricted very repug-
nant conclusion—holds that many terrible lives full of suffering, which need never
be lived, should be created, when many wonderful lives are instead available, merely
so some other people each receive one tiny benefit. Note that, because e-changes are
tiny, the people who receive one will still have a very negative life after the change,
if they did before.

The extended very repugnant conclusion appears awkward and hard to evaluate.
But the only difference between the extended very repugnant conclusion and the
very repugnant conclusion is that the extended very repugnant conclusion permits €
-changes to accrue to new or existing people, while the very repugnant conclusion
only permits new people. If quantity—quality tradeoffs among tiny benefits, acces-
sible high-utility lives, and avoidable negative-utility lives are inevitably “repug-
nant”—if they are axiomatically known to be repugnant prior to theory—then the
extended very repugnant conclusion must fit the charge of alleged “repugnance.” Yet
every plausible social ordering in the literature implies this conclusion:

Proposition 1 [f>

e satisfies the basic axioms (1-4), and
o satisfies either Aggregation (7) or Non-Aggregation [i.e. satisfies Minimal Equal-
ity Preference],

then 7 implies the extended very repugnant conclusion.
Proof See Appendix A.2. O

Note that Proposition 1, unlike the Theorem, does not require sign Axioms (5 and
6), because e-changes need not involve lives near zero utility. The extended very
repugnant conclusion is entailed by every social ordering that we are aware to be
defended in the population economics literature. It is implied by maximax. It is
implied by Sider’s (1991) Geometrism. It is implied by odd but imaginable exam-

ples such as V(u) = (% Z:’S) g(ui)> - ﬁ, for @ > 0 (suggested for illustration by

Partha Dasgupta).

Of course, we do not actually believe that every social welfare function is norma-
tively repugnant. So we must conclude that the extended very repugnant conclusion
is not axiomatically repugnant, after all. But there is little that normatively distin-
guishes the extended very repugnant conclusion from the “repugnance” of the very
repugnant conclusion. With its negative lives, it is arguably more “repugnant” than
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Parfit’s original example. So we conclude that “repugnant” conclusions may not be
so repugnant, after all.

7 Conclusion

“It is time to retire the Repugnant Conclusion from population ethics.”
(Dasgupta 2016)

“Avoiding the Repugnant Conclusion is not a necessary condition for a mini-
mally adequate candidate axiology, social ordering, or approach to population
ethics.”

(Zuber et al. 2021)"

Our contribution begins in recognizing that the repugnant conclusion, as it has been
used in the formal population ethics literature, has been limited to only a subset of
equivalently “repugnant” cases. Although the prior literature has formalized the
repugnant conclusion in a variety of substantively distinct ways, it has overlooked
the importance of an unaffected subset of the population. So we use a more inclusive
formalization of the repugnant conclusion.

Our Theorem 1 has a three-part structure that generalizes the three parts of Ng’s
(1989) impossibility theorem, while retaining or intensifying their normative impor-
tance.”’ We weaken logically, but not normatively, the usual formalization of “repug-
nance.” It is not a surprise that such a change has the consequence that more social
orderings imply it. Instead, what is important about these results is their extent: all
social orderings in the population economics literature—and more—imply some
instance of a repugnant conclusion. Theorem 1 makes this point especially strongly
for Aggregative orderings. Totalism is therefore not qualitatively special in this way.
The conventional wisdom about the repugnant conclusion merely reflects an arbi-
trary boundary drawn through a map of similarly repugnant cases.

The implication is that the repugnant conclusion cannot fully be escaped. There-
fore, implying “repugnance” offers little methodological guidance in the choice
among social welfare functions. In this way, our method and conclusion compare
with those of Fleurbaey and Tungodden (2010), who have a related but different sub-
stantive focus. They show that all plausible social orderings imply either a Tyranny
of Aggregation or a Tyranny of Non-Aggregation, and conclude that “one should be
cautious when criticizing maximin, (generalized) utilitarianism or any other social

19 This quotation is from a collaboration of 29 authors from economics and philosophy, asking “What
should we agree on about the Repugnant Conclusion?”. Further related conclusions include those of
Adler (2009) (‘“Perhaps the best solution, on balance, is to revert to ‘total’ prioritarianism and accept the
repugnant conclusion.”) and Cowen (2018) (concluding an appendix about the repugnant conclusion by
dismissing its relevance: “I say full steam ahead”).

20 Our weak sign axioms play a part similar to mere addition (but only apply to perfectly equal popula-
tions); our Aggregation axiom has a role similar to Ng’s Non-Antiegalitarianism; and we use an unre-
stricted repugnant conclusion.
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ordering on the basis of how they perform in extreme cases. The assessment of
the various possible social ordering functions should be more comprehensive and,
maybe, more focused on cases that are directly relevant to actual policy issues.” We
have argued that, once an arbitrary distinction is removed from its formalization, the
repugnant conclusion gives no theoretical guidance. Nor, following Fleurbaey and
Tungodden, does the repugnant conclusion give any practical guidance nor apply in
feasible cases. So axiomatic avoidance of a repugnant conclusion should be dropped
as a methodological requirement for population economics.?!

Following our conclusion leaves open which family of social orderings to choose.
Although disregarding the repugnant conclusion would remove a famous alleged
disadvantage of total utilitarianism, other considerations may recommend a different
choice. Zuber and Asheim (2012), for example, advocate RDGU without reference
to the repugnant conclusion, because its approach to discounting has attractive prop-
erties, especially in the face of the intergenerational challenge of climate change; for
these reasons and others, RDGU may prove the best family of social orderings to
choose. Or perhaps, following Blackorby, Bossert, and Donaldson’s (1995) recog-
nition of independence of utilities of the dead, we may decide that separability or
existence independence makes the CLGU family best—without necessarily deciding
whether the critical level is zero or positive.

A final, quantitatively-minded alternative is to emphasize the large number of
policy questions where qualitatively-distinct social orderings would agree. With
RDGU’s g close to 1 and CLGU’s critical level close to zero, the policy recom-
mendations of these two approaches and total utilitarianism will agree in practice.
Indeed, policy evaluations routinely investigate the robustness of conclusions to a
range of functional forms and normative parameters, such as time discounting, ine-
quality aversion, or values of a statistical life. Ultimately, population economics can
similarly verify the robustness of policy conclusions to alternative shapes of f, g,
and & or values of § and c and to alternative social orderings—each of which would
imply “repugnant” conclusions in some imaginable case.

2l One question is what Parfit himself might have thought of our observation that we misunderstand
the lesson of the repugnant conclusion if we impose the normatively irrelevant restriction that n(v) = 0.
Late in his career, in a remarkable final paper, Parfit (2017) wrote about a plurality of related conditions:
“such repugnant conclusions” (p. 124) he wrote there, just as also in 2016 he wrote about multiple repug-
nant conclusions (we cite above). In this final paper, although he still sought to escape the repugnant
conclusion, Parfit came to a revised understanding of the repugnant conclusion that resonates with ours:
“Because the Repugnant Conclusion seemed to me very implausible, I claimed that we ought to reject
this Wide Collective Principle. This claim made two mistakes. We cannot justifiably reject strong argu-
ments merely by claiming that their conclusions are implausible” (p. 154).
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Appendix

Proofs
Proof of Theorem 1

The proof uses Aggregation twice. If % satisfies Axiom 5, then choose v € (0, €);
this will be used to construct a v without negative lives. If > satisfies Axiom 6
but not Axiom 35, choose v < 0, which implies v < . Choose § € (0, mln(u E))
and, if v < 0, 6 < —v. For any m, construct (u 1,.,v1, ) if m is large enough then
v+ &)1, > (4", v1,,), by Aggregation. For any nf, construct (1,., u’1,,, v1,,);
if n® is large enough (once m is fixed) then (el,.,u’1,,,v1,,) > (€ = &),y -
Choose m large enough to satisfy Aggregation; then choose »n® large enough to sat-
isfy Aggregation and such that n¢ +n’ +m > n" + m. By one of the sign axioms
and by the construction of 8, (¢ — 6)1,,,c4,, > (v + 6)1,4,,,. Then by applying tran-

sitivity twice, (1,0, u”1,0,v1,,) > ("1, v1,,)

ne>

Proof of Proposition 1

Because the extended very repugnant conclusion implies the very repugnant conclu-
sion, the proof of Theorem 1 applies for orderings that satisfy Aggregation and a
sign axiom.

For social orderings that satisfy Aggregation but not a zero axiom, or for social
orderings that merely satisfy Minimal Equality Preference, the proof by construction
uses the u; = v; + € horn of the definition of e-change. For Aggregation-satisfying
orderings, s1mply include a very large base population; improve many lives by &.

To begin a construction for Non-Aggregation social orderings, choose any &, u’,
u”, n’, and n" according to the Extended VRC. Next, set m" and m’ in the EVRC to
both be the maximum of n* + 1 and n” + 1. Then, let £ in the Axiom be 1’ — ¢ from
the EVRC. Let § in the axiom be £ from the EVRC. Notice that £ + 6 in the Axiom
now equals u’ from the EVRC. Now, let u from the Axiom be 1 . Notice that n(u)
from the Axiom is now fixed at n(u) = m" = m? from the EVRC.

The construction next uses the Minimal Equality Preference axiom. We
have now specified a u, &, and 6. So there exists an n* such that if n > n*
then (£ +6)1,,,m) > (51,1, ). Choose such an n and call it 7. This con-
struction fulfills the conditions of the Extended VRC. Note that we
may choose any ve Q. Let v=¢£1;,. Now notice that (élﬁ, u) from the
Axiom is (&1;,u"1,,), which is (v,u"1,,) =v" from the EVRC. Let
V= (E+ ) = E+ )y, = (u'15,u'1,,) = ((E+o)1;,u°1,,). Set nf
equal to 7i. Finally, we can see that ((5 +e)1,,u” lmf) is separated by n® e-changes
from (v, u’ 1, )

mh
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Maximin and maximax both can be shown to imply the extended very repugnant
conclusion by having v contain the least or greatest (respectively) utility level, and
then increasing this with one e-change.
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