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QUANTIFYING ANIMAL  
WELL-BEING AND 

OVERCOMING THE  
CHALLENGE OF  

INTERSPECIES COMPARISONS

Mark Budolfson and Dean Spears

Animals,1 like humans, experience different levels of well-being depending on decisions made by oth-
ers. As a result, the well-being of animals must be included in any full accounting of the well-being 
consequences of decisions. However, this is almost never done in large-scale policy analyses and invest-
ment analyses, even though it is common to quantify the consequences for human welfare in these 
decision analyses. This is partly due to prejudice, but increasingly also because we do not currently have 
good methods for quantifying animal well-being consequences and putting them on the same scale 
as quantified human well-being consequences. We might call this ‘the problem of interspecies com-
parisons.’ This important barrier to including animal well-being in decision-making is the result of an 
insufficiently developed theory and practice of animal well-being and its relation to human well-being.

This handbook chapter explains the problem of interspecies comparisons, explains recent research 
that develops methods to overcome this problem, and includes animal welfare in rigorous policy 
and investment analysis (e.g., in analyses of optimal public policies, analyses of optimal philanthropic 
investment, and so on). The development of these methods is important: incorporating animal wel-
fare in decision analyses would have an important impact on estimates of what prosocial investments 
of time and money should be made by individuals,2 businesses,3 and charities (including for purposes 
of ‘effective altruism’),4 and similarly for estimates of optimal public policies for correcting market 
failures (where the full cost of goods is not reflected in their market price),5 for sustainable inten-
sification of agriculture that aims to take animal welfare into account (producing more food while 
reducing the overall impacts of agriculture),6 for climate change policy (how quickly we should 
be reducing greenhouse gas emissions),7 and for wilderness protection policy and other challenges 
related to natural resource management.8 In all these cases, if the well-being of animals is taken more 
fully into account, then decisions by individuals and governments will become better, on utilitarian 
grounds, and more compassionate toward the plight of animals.

Anthropocentrism and Current Economic Analysis: Animal Welfare as 
Valuable Only Insofar as It Is Valued by Humans

Anthropocentrism is the view that what makes outcomes better or worse is ultimately entirely a 
matter of their consequences for humans.9 On this view, animal welfare is not ultimately valuable per 

15031-3373e-2pass-r02.indd   92 11/15/2019   12:46:15 AM



Quantifying Animal Well-Being

93

se; instead, animal welfare is only valuable insofar as it is ultimately valued by humans. From this 
perspective, which is dominant in economic policy analysis, the important problem related to animal 
well-being is that the marketplace and existing methods of policymaking tend to ignore much of 
the instrumental value of animal welfare to humans, and thus do not take animal welfare into proper 
account even from an anthropocentric perspective.

To see how there is a tendency to ignore even the instrumental value of animals, consider an 
analogy to majestic stands of old-growth forests: until recent decades, the fate of old-growth forests 
in many nations was entirely determined by a marketplace that did not take into account human 
society’s preference for preserving the most majestic of old-growth forests because that preference 
was not reflected in market prices for timber. As a consequence, there was a ‘market failure’ in which 
the outcome determined by the marketplace was inferior10 for humans by their own lights than the 
outcome that would have obtained if human society’s preferences for preservation had been incor-
porated into the price of the most majestic of old-growth forests. This is a classic example of market 
failure deriving from the existence of ‘negative externalities’ (costs to society that are not internalized 
in market prices), which shows how externalities can cause free market transactions to lead to subop-
timal outcomes for human society by its own lights. For the purposes of this chapter, the key thing 
to note is that, in these cases, an outcome is suboptimal from an anthropocentric perspective because 
market prices do not always reflect everything that is of value to humans. Market failure is a very 
real and widespread phenomenon, and does not essentially depend on the question of how to value 
nature, as market failure can arise anytime parties external to a transaction bear costs not internalized 
by the price mechanism or the parties to the transaction, even when no aspect of nature is in play. 
The current point is that sometimes externalities do indeed exist for elements of nature, including 
animal welfare. That is, there are cases where animal welfare is valued by humans in a way that is not 
reflected in unregulated market prices. In those cases, market failure threatens, and outcomes may be 
worse for humans by their own lights than other feasible outcomes.11

With that background in hand, we now note that there is empirical evidence that the current 
marketplace and public policies do not adequately reflect the value that humans assign to animal 
welfare; thus, something is going wrong even by the lights of an anthropocentric view that main-
tains that animal welfare is valuable only insofar as it is valuable to humans.12 The relevant empirical 
evidence here is analogous to the old-growth-forests example: economic analysis indicates that suf-
ficiently many humans are willing to pay to improve animal welfare above current levels in a way 
that implies that the outcome could be made better by humans’ own lights by properly taking that 
willingness to pay into account. As an analogy, imagine a situation where a single unimportant fac-
tory is billowing noise and filth into the air of our community, and many of us are willing to pay to 
prevent it from doing so. In such a case, the amount we are willing to pay could be more than enough 
to make the factory owners happy to reduce emissions dramatically if our payments are transferred 
to them, and we would be better off if we did so because we’d prefer that outcome to continuing to 
suffer the pollution. So there is an opportunity to make some humans better off without making 
anyone worse off—clearly a better outcome by the lights of anthropocentrism. The empirical argu-
ment of many economists who study these issues is that the same is true regarding animal welfare: we 
can make all humans better off and none worse off by improving animal welfare in specific ways.13 
A complementary argument for the same conclusion is that some targeted animal welfare improve-
ments would more than pay for themselves by reducing the expected harm to human health from 
diseases, antimicrobial resistance, and the like, where these harms to human health are not reflected 
in the market prices of animal products; thus, policies that included targeted animal welfare improve-
ments could yield benefits for everyone in expectation.14

The methods of economic analysis that underlie these conclusions are methods of estimating 
two different categories of anthropocentric value, namely, the (anthropocentric) use value of animals 
(human willingness to pay to use animals) and their nonuse value. Use value includes willingness to 

15031-3373e-2pass-r02.indd   93 11/15/2019   12:46:15 AM



Mark Budolfson and Dean Spears

94

pay for direct use of animals as well as indirect use, including ecosystem services such as the value of 
pollinators in human agriculture, the value of aquatic mollusks in cleaning water for human use, the 
value of wildlife to human recreation, and so on. Nonuse value includes the willingness to pay merely 
for an outcome that includes the existence of animals without their use by humans (existence value), 
as well as the option value of keeping animals around for potential future human use.

Substantive methods are needed to estimate these anthropocentric values of animals in many 
cases, as their values are often not readily reflected in market prices,15 especially when they have the 
properties of public rather than private goods. This is almost always the situation in connection with 
nonuse value, which is why the nonuse value of animals is generally ignored in the marketplace and 
in policy analysis. At the same time, there are widely known methods for estimating nonuse value, 
namely, contingent valuation studies and revealed preference methods. Contingent valuation studies are 
generally surveys that elicit self-reported willingness to pay to avoid or bring about particular out-
comes. Based on respondents’ answers, willingness to pay for nonuse value is estimated and can then 
be incorporated in decision analyses. However, there are many objections to this method, perhaps 
the most important of which is the worry that it leads to biased and inflated estimates of willingness 
to pay, because people do not have to back their answers with real monetary investments.16 There is 
some evidence that this leads to a large upward bias in estimates of willingness to pay in comparison 
to the actual choices that people make when real money is on the line.

This points toward the main alternative method, estimates based on revealed preferences (i.e., the 
valuation implicit in actual choices), often based on the valuation implicit in existing regulation, such 
as applications of the Endangered Species Act. Using the values that are implicit in existing regula-
tion mitigates a worry that would arise if an analysis were to use the values implicit in individual 
expenditures instead: namely, a societal collective action problem could explain low expenditure by 
individuals. This is because the nature of a problem might be such that it would not be mitigated by 
individual expenditures; it would only be mitigated by widespread collective investment. In such cir-
cumstances, the absence of collective investment would make individual investment irrational even 
if individuals preferred a substantial level of investment by all.17

These economic methods allow estimation of different species’ value to humans, and are the most 
widely used methods for doing so. However, most philosophers and many economists would insist 
that even if perfectly developed, these methods can never be adequate for valuing animal welfare, 
since by their nature they are incapable of assigning any fundamental value to the well-being of 
animals. Because it is clear that animals experience well-being that humans are often unwilling to 
pay to protect, this is unacceptable from the point of view that well-being is the fundamental value 
that economic analysis aims to promote. This is the point of departure for the next section, which 
introduces the challenges of both estimating animal well-being and making comparisons between 
animals and humans.

Animal Welfare as Fundamentally Valuable, and the Problem  
of Interspecies Comparisons

Many researchers from across disciplines and many citizens believe that an important problem with 
even the best anthropocentric methodology is that the valuation of animals and other aspects of 
nature within such a methodology is always merely valuation in terms of what only humans value.18 
In other words, valuation is always in terms of the ultimate value of outcomes to humans only, 
and thus assigns no fundamental value to the well-being of animals. For example, on even the best 
anthropocentric approach, the deaths of billions of birds due to climate change would have disvalue 
only insofar as the deaths of those birds have disvalue to humans. But many would object that this 
way of valuing animal lives is fundamentally incorrect because it ignores the value of the birds’ own 
well-being irrespective of its contribution to human well-being. (Similarly, anthropocentrism assigns 
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no fundamental value to the health of ecosystems as holistic entities, which is a separate criticism 
that we set aside here.19)

So, according to critics of anthropocentrism, what is needed is the inclusion of the fundamental 
value of animals’ own well-being, even if it is not valued by humans. In what follows, we side with 
the critics of anthropocentrism on this issue. We agree that since animals experience well-being 
and humans often do not value that well-being, any coherent welfarist approach must acknowledge 
that there is an important question of how to incorporate this ignored fundamental value of animal 
welfare into decision analysis. Although we frame the discussion in terms of welfarist consequential-
ism for ease of exposition, the structure of the approach that follows is also compatible with many 
deontological approaches.20

Although most philosophers and an increasing number of practitioners agree that anthro-
pocentrism should be rejected, they also tend to agree that there have not been good methods 
for quantifying animal well-being consequences and putting them on the same scale as quanti-
fied human well-being consequences in a decision analysis. This is ‘the problem of interspecies 
comparisons.’

Recent work by Kevin Wong (Wong 2016) has clarified the most difficult problem that needs to 
be solved in connection with interspecies comparisons. As Wong notes, the key problem is how to 
estimate the well-being capacity (well-being potential) of members of a nonhuman species relative 
to the well-being capacity of humans. If we knew how to make those interspecies comparisons of 
well-being capacity, then we could integrate animal welfare consequences into existing methods of 
decision analysis. This integration would be made possible by deriving empirically based estimates 
of animal welfare consequences on the same scale as human consequences that typically underpin 
welfarist decision-making analyses.

For example, suppose an additional degree of climate change will cause us to lose one million 
life-years of a particular species of bird, and we want to value this on the same scale as the losses to 
humans from an additional degree of warming that are (let’s assume) already modeled and valued 
based on an assumption about the value of one average human life-year. Wong’s point is that if we 
had a good estimate of the well-being capacity of that species of bird relative to a human, we could 
then multiply that estimate by the purely empirical impact estimate of one million life-years lost. 
This would yield an estimate of the amount of well-being lost by that bird species on the same 
value scale as the existing estimate of human well-being loss, assuming that one degree of additional 
climate change does not change the quality of life of those birds. And if one additional degree of 
warming does diminish the quality of life of the remaining birds of that species, we can simply mul-
tiply the number of remaining bird species life-years by a further quality-of-life adjustment term that is 
itself an empirical impact estimate from zoological experts and the like. (We can also use such a term 
to take into account any antecedent diminishment in the well-being experienced by all of the birds 
including those that would die before the warming.)

This line of thought leads to the following equation for estimating on a single scale the average 
well-being experienced by a member of a species s (which we symbolize as us) as a function of the 
average well-being capacity per unit of time of members of s relative to humans � s� � , multiplied by 
the average duration of a life of a member of s � s� �, multiplied by a quality of life adjustment term 
that estimates how well members of s are typically flourishing relative to their species capacity (i.e., 
a quality of life adjustment term) f s� �21:

1. u fs s s s� � �� �

Wong’s contribution is to highlight the term � s� � , as the key unknown term (as the other terms δ s and f   
are susceptible to existing empirical methods),22 where the unsolved problem of how to estimate � s� � ,  
is the essence of the challenge of interspecies comparisons.
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Wong uses formalisms such as Equation 1 to estimate the valuation of animal well-being that is 
implicit in some decisions within effective altruism that allocate scarce resources between opportu-
nities to improve animal versus human welfare. However, Wong notes that these implicit valuations 
are not themselves normatively plausible as the correct way to make trade-offs between humans and 
animals, and provide no guide to the correct trade-off between animal and human well-being from 
a non-anthropocentric point of view that sees animal well-being as fundamentally valuable in its 
own right.

So, the challenging question remains—how can we estimate the well-being capacity of species 
relative to humans? This question is not about the formal structure of the correct analysis, but is 
about its content; for example, how do we estimate the well-being level of an average bird versus 
the well-being level of an average human? This is the difficult problem that needs to be solved, and 
the theoretical formalism discussed earlier does nothing to help us solve it, although it does help in 
focusing our attention on the substantive question that needs to be answered.

Overcoming the Problem of Interspecies Comparisons

It is important to see that the problem of interspecies comparisons is not identical to and does not 
reduce to the fully general and familiar question of how to make interpersonal comparisons between 
human individuals, as we already have well-accepted methods for making interpersonal comparisons, 
for example, based on proxies for human well-being such as consumption,23 human development 
indicators, and the like.24 These empirical proxies for human well-being are generally assumed to 
ground good-enough estimates of individual human well-being levels for use in decision analyses via 
an assumed-to-be uniform relationship across individuals from the proxy for well-being (e.g., con-
sumption) to the estimated level of well-being for each individual.

In other words, in economics, the challenge of making interpersonal comparisons is familiar. But 
it is also familiar how this problem is solved in practice, namely, by simply making comparisons based 
on a method that is believed to involve a good approximation: for example, by estimating a uniform 
concave function mapping consumption c to utility/well-being, such as

2. W
cTU

i humans

i�
� �
��

�

�
1

1

�

�
,

where θ parameterizes the diminishing marginal utility of consumption.
Typically economic practice is more crude and approximate than this, because economists often 

use population-level average consumption c  as the proxy for the consumption of every individual, 
despite known inequality in individual consumption. For instance, the following equation simply 
multiplies the utility of per capita average consumption by the size of the human population P

h
:

3. W P
cTU

h�
� �
�

�1

1

�

�

Mathematical formalism aside, the important point is merely that these formulas take consumption 
to be a proxy for well-being, and involve a concave transformation of consumption into well-being, 
which yields diminishing marginal utility of consumption where the rate of diminishment is param-
eterized by the θ term—which means that different views about the relationship between wealth and 
well-being can be investigated by varying the θ term. For example, if θ > 2, then additional wealth 
above some sufficiency threshold generates little increase in well-being.

Our proposal for solving the problem of interspecies comparisons is analogous to the method 
used in Equations 2 and 3 of taking consumption as a proxy for human well-being: we propose to 
make interspecies comparisons based on a proxy that is imperfect but yet is as good as is possible in 
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practice. To do this we first need a proxy, call it n, to use as the basis for estimating well-being poten-
tials across species, analogous to the earlier use of consumption (c) as the basis for estimating well-
being across humans. As an overly simplistic illustration of this idea (that might nevertheless be useful 
in practice in some contexts), n might be the number of neurons in the brain of members of a species. 
Data on number of neurons are readily available and may be a good proxy for well-being potential 
in some select contexts, such as an enormous global analysis involving billions of individuals where 
different species are crudely lumped together in small number of bins such as ‘mammals’ and ‘insects;’ 
this is true even if neurons are not the best proxy when fine-grained accuracy between individuals is 
more important.25 For example, when greater accuracy is required for specific species or individuals, 
researchers can set n equal to a more complex metric based on expert analysis of empirical proper-
ties that are best correlated with different levels of cognitive capacity and hedonic  enjoyment—for 
example, the number of neocortex-like neurons, cortisol levels, sociality, or other leading factors 
identified by the scientific community and philosophers as most closely correlated with the capacity 
to have complex thoughts and feelings, and whatever other empirical properties are found to be nec-
essary for experiencing well-being.26 At the limit, this sort of metric can reflect the true relationship 
between empirically measurable facts about individuals and their well-being capacity.

Abstracting for now from those details that are not essential to the core challenge of how to make 
interspecies comparisons, the first step of the proposal here is to parameterize an empirical proxy n 
with an exponential weight ψ into comparative well-being capacity for different species. The second 
step is to multiply this estimate of well-being capacity by a descriptive measure of the degree to 
which this potential is actually realized, f (i.e., the quality-of-life-adjustment term from Equation 1), 
to yield the desired well-being estimates:

4. W n fTU

is
is is is� � � �

(In ordinary language, the total amount of well-being is approximately equal to the sum over all 
individuals across species of that individual’s empirical basis for well-being capacity, raised to the 
normative exponent [which determines the relationship between the empirical proxy and well-
being capacity], multiplied by the flourishing level of that individual relative to its species capacity, 
multiplied by the duration of that individual’s life.)

In practice, it is often more convenient to use species-level averages (where averages are denoted 
by a bar over the letter) as the proxy for well-being potential, which can then be multiplied by the 
species population P

s
:

5. W P n fTU

s
s s s s� � � �

Equations 4 and 5 summarize the basis for our proposed method for making interspecies compari-
sons. They require an empirical proxy for n (e.g., number of neurons or a more complex empirically 
based metric), values for ψ grounded in normative and empirical considerations (on analogy with 
how values for θ in Equations 2 and 3 are grounded in normative and empirical considerations), and 
empirically determined values for f (based on empirical facts about how well members of the species 
are actually doing relative to their species potential).

With this method in hand, a decision analysis (e.g., between competing investment possibilities or 
between alternative public policies) can make use of a sensitivity test that investigates how optimal 
policy is sensitive to the normative parameter ψ that, in our earlier proposal, can be used to generate 
different estimates of the comparative well-being capacity of species. In other words, such a sensitiv-
ity test can use the preceding equations to capture the range of empirically grounded and principled 
estimates that represent normative uncertainty over how to estimate the well-being of animals of 
different species.
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Table 7.1 summarizes a standard sensitivity test of this type that illustrates how a sensitivity test 
that could be incorporated into global policy analyses (which usually only represent animals crudely 
based on a very small number of classifications). It relies on different principled ways of using the 
parameter ψ to estimate the potential well-being of a species as a function of the average number of 
neurons n in a member of that species.

Each estimate is expressed in terms of the well-being capacity of one human life-year (nh
ψ, for 

short), and thus, each estimate divides by the estimated well-being capacity of one human life. Estimate 

1 �
n

n
s

h

�

� , with ψ set equal to 1 (a higher estimate of the capacity of animals), whereas estimate 2 �
n

n
s

h

�

� ,  

with ψ set equal to 2 (a lower estimate of the capacity of animals). Other estimates are possible, for 
example, based on different empirical proxies n and other factors, such as different normative param-
eters and different views about a possible threshold cognitive capacity that arguably is necessary for 
well-being; see Budolfson and Spears (2019b) for more examples and discussion.

Each estimate can be used to put human life-years (which can be estimated via familiar proxies 
such as Equations 2 or 3) on the same scale as the life-years of animals of different species, and each 
estimate does so in a principled way that is empirically grounded. For example, assuming the num-
ber of neurons as a basis for well-being estimates, ifψ is set equal to 2 (a principled lower value for 
animals), then a human life-year is worth almost 120,000 mammal life-years and almost 120,000,000 
fish life-years. If instead ψ is set equal to 1 (a principled higher value for animals), then a human 
life-year is worth about 344 mammal life-years and about 10,700 fish life-years. These alternative 
estimates appear to represent much of the range of empirically grounded and principled views over 
the well-being of animals of different species,27 and can avoid unintuitive implications.28 It may not 
even be desirable to attempt to choose between these estimates in policy analysis, if the goal is to 
take normative uncertainty into account and test the sensitivity of optimal decisions to this range of 
different reasonable (and empirically and theoretically principled) estimates.

In sum, the method developed in this section allows interspecies comparisons, via Equations 4 
and 5, based on both empirically available estimates of species population dynamics and levels of 
flourishing for members of species29 and also empirical proxies for well-being capacity n that can 
be calibrated with the ψ parameter to reflect normative uncertainty about the connection between 
those empirical proxies and well-being capacity. The key advance is that the term ns

ψ  provides a 
tool for making principled and empirically based estimates of the well-being capacity of differ-
ent species of animals (i.e., ns

ψ  provides an estimate of the key uncertain term � s� � , in Equation 1).  
Thus, ns

ψ  provides a framework for articulating principled substantive answers to the question of how 
to make interspecies comparisons, and allows us to parameterize these comparisons to the range of 
normative uncertainty about their true value.30

Table 7.1  Two alternative estimates of the well-being potential of animal life-years of different species based on 
the number of neurons in an average member of the species, for illustrative purposes

Wildlife n Utility Potential Estimate

Number of neurons (n) (ψ = l) (ψ = 2)

Mammals 250 0.002907 0.000008450514
Birds 150 0.001744 0.000003042185
Amphibians etc. 15 0.000174 0.000000030422
Fish etc. 8 0.000093 0.000000008653
Insects etc. 0.1 0.000001 0.000000000001
Humans 86,000 1 1
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Conclusion

This handbook chapter has explained the problem of interspecies comparisons. It has also explained 
recent research on developing methods to overcoming this problem, making it possible to include 
animal welfare in rigorous policy and investment analysis (e.g., in analyses of optimal public poli-
cies, analyses of optimal philanthropic investment, and so on). The development of these methods is 
important: methods of incorporating animal well-being will have an important impact on estimates 
of optimal prosocial investments of time and money by charities, businesses, or individuals, and simi-
larly for estimates of optimal public policies for correcting market failures that ignore the costs of 
goods not reflected in their market price, for sustainable intensification of agriculture that aims to 
take animal welfare into account, for climate change, and for wilderness protection and other chal-
lenges related to natural resource usage.

Notes

 1. Here and in what follows we use animals as shorthand for ‘nonhuman animals.’
 2. Budolfson 2015.
 3. See Berkey forthcoming; Thomas forthcoming; Pacelle 2017.
 4. See Wong 2016, GiveWell, Open Philanthropy Project, Animal Charity Evaluators.
 5. Cowen 2006; Norwood and Lusk 2011 chapter 10; Jarvis and Donoso 2018.
 6. Garnett et al. 2013; Norwood and Lusk 2011.
 7. Hsiung and Sunstein 2007; Budolfson and Spears 2019a.
 8. Hsiung and Sunstein 2007; Sunstein and Nussbaum 2004; Sunstein 2018 chapter 6.
 9. Merely for ease of discussion, we frame all the discussion in this chapter in terms of consequentialism, noting 

here that deontological views can be represented as consequentialist views in the sort of analyses that are 
the focus of our discussion here (see Dreier 2011). In saying this, we do not take a stand on whether deon-
tological views are adequately represented at the most fundamental level by ‘consequentializing’ them, we 
merely note that consequentialized versions are extensionally equivalent to the fundamental deontological 
views, and so deontological views can be adequately represented extensionally in the sort of analyses we are 
interested in here.

 10. Technically, the interesting form of suboptimality here is Pareto-inferiority; namely, there is a way of making 
the outcome better for some that makes the outcome worse for no one.

 11. Before concluding from this that therefore government regulations should be enacted to make the outcome bet-
ter, it must be taken into account that sometimes new regulations would themselves be predictably inefficient, 
and as a result, the actual consequence of new regulations might in some cases predictably make things worse. 
See Budolfson 2017 and the references therein for discussion of this important complication for what normative 
public policy conclusions actually follow or don’t follow from the widespread existence of market failure.

 12. See Cowen 2006; Norwood and Lusk 2011 chapters 9 and 10 for extended argument for this.
 13. See, for example, Norwood and Lusk 2011 chapters 9 and 10.
 14. Jarvis and Donoso 2018; Otte and Chilonda 2000.
 15. In contrast, when the anthropocentric value of animals is well reflected in market prices—such as, for exam-

ple, the price of pollination services—market prices are the preferred method of valuation, at least to the 
extent that the good is a private good traded in a well-functioning marketplace.

 16. See Hsiung and Sunstein 2007 and the references therein.
 17. Ibid.
 18. Schmidtz and Shahar 2018; Sandler 2018; McShane 2018; Palmer et al. 2014; Sarkar 2012; Jamieson 2008; 

O’Neill et al. 2008; Ng 1995; Singer 1975.
 19. See references in previous footnote, and in addition Chan et al. 2016; Frank and Schlenker 2016; Dasgupta 

2014; Alcamo 2003; Costanza et al. 1997; Kagan 2019.
 20. See the relevant footnote earlier in this chapter on consequentializing moral theories. As an illustration, one 

can imagine a policy analysis that assumes deontological side constraints and then maximizes welfare subject 
to those constraints—the methods that follow are equally essential to such calculations as to unconstrained 
welfare maximization.

 21. Compare the term f s to McMahan 2001’s concept of fortune, a connection Wong 2016 notes.
 22. Estimating the flourishing term f can be seen as the focus of existing animal welfare science—see, for exam-

ple, Fraser 2008; Appleby et al. 2011.
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 23. Consumption is often understood as income minus savings.
 24. For an overview, see Adler and Fleurbaey 2016.
 25. See Budolfson and Spears 2019a; Herculano-Houzel 2017; Olkowicz et al. 2016.
 26. Herculano-Houzel 2017; Olkowicz et al. 2016; Barron and Klein 2016; Shriver 2014; Dawkins 2012; 

Appleby et al. 2011; Fraser 2008; see also Tye 2017; Persad 2020; Sebo 2020; Browning 2019; Fischer 2016.
 27. Compare Alexander 2019.
 28. See Budolfson and Spears 2019b.
 29. See for example Fraser 2008; Appleby et al. 2011.
 30. See Budolfson and Spears 2019b.
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