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Abstract 

The paper compares utilitarianism and prioritarianism as alternative social welfare frameworks for 

evaluating climate policies. We review the main debates in the climate policy literature concerning 

the parameters of the utilitarian social welfare function, and discuss the analytical requirements 

and climate policy implications of prioritarianism both in deterministic and stochastic settings. We 

show that, given the specific characteristics of the climate issue and the assumptions routinely 

made in the climate literature, prioritarianism tends to support more lenient climate policies than 

undiscounted utilitarianism. This is based on the assumption of economic and social progress that 

makes the current generation worse-off than future generations. The presence of catastrophic 

climate outcomes that endanger the living conditions of future generations (or of the poorest 

individuals living in the future) relaxes this result.  
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1. Introduction 

Judgements about what is fair and morally defensible play a central role in designing climate 

policies. Climate change is, first of all, an intergenerational equity issue. The carbon emissions 

produced today will generate damages only in the future; on the other hand, future generations are 

likely to be richer than the current one, and climate policy will impose costs on the relatively poor 

people and benefit the relatively richer ones. Climate change also exacerbates intra-generational 

inequality. Climate policies are likely to be regressive, imposing higher costs on the current poor; 

on the other hand, climate change will likely fall hard on the future poor. On top of that, climate 

change entails huge risks and uncertainties. It might have catastrophic consequences, to the point 

of reducing human beings to subsistence levels or even wiping out human life on earth. The key 

word here is “might”, since we do not know whether that is even possible. We also do not know 

how future people will value climate damages and ecosystem services. In addition, climate change 

will likely determine the identity and existence of future people; thus, any climate policy will have 

an impact on who our descendants will be. 

When studying the desirable characteristics of climate policy, ethical considerations are 

incorporated in a social welfare function, which aggregates the well-being of the individuals in the 

(present, future and possibly past) population. The social welfare function adjudicates the 

conflicting interests of present and future people, of rich and poor, and of existing and possible 

individuals. Most of the climate change literature adopts a utilitarian welfare framework. Policy 

recommendations that are analyzed in the literature, and that fuel the debate in the policy arena, 

are mostly based on the utilitarian social welfare approach. This paper discusses some of the 

implications for climate policy if we move from a utilitarian to a prioritarian welfare framework.  

The paper has two main objectives. First, to determine whether prioritarianism is a feasible 

approach in the climate change context, by highlighting the main advantages and drawbacks from 

a practical point of view. Second, to discuss the main features of a prioritarian climate policy. In 

particular, we are interested in understanding to which extent the prioritarian climate policy differs, 

in practice, from the utilitarian one. Our main conclusion is that, given the specific characteristics 

of the climate problem, and the way they are represented in the literature, in the simplest 

deterministic setting the utilitarian social welfare function can be re-interpreted as a prioritarian 
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one.2 Thus, prioritarianism and utilitarianism often lead to similar policy implications. The switch 

to a prioritarian approach matters in specific contexts, for example when we want to emphasize 

the role of climate risks. The utilitarian climate policy may not be sensitive enough to the presence 

of risk because the curvature of the utility function represents both attitudes to risk and attitudes 

to inequality, whereas the two attitudes should arguably have contrasting effects on the optimal 

climate policy. In contrast, the prioritarian approach allows us to disentangle attitudes to risk and 

attitudes to well-being inequality, thereby putting separate emphasis on risk and inequality. 

The paper is structured as follows. Section 2 reviews some of the main debates concerning climate 

policies, and shows how they relate to the social welfare function approach. In particular, this 

section discusses issues related to discounting, the treatment of intra-generational inequality, 

catastrophic risks, population ethics and non-human species. Section 3 discusses the discounted 

utilitarian welfare framework frequently used in climate policies, and describes the different 

prioritarian approaches that can be applied in the climate change context. Section 4 compares the 

policy recommendations of the discounted utilitarian approach to those derived from a prioritarian 

welfare function. This section focuses on a deterministic environment, while section 5 considers a 

risky environment. Section 6 discusses some extensions: heterogeneous preferences, equivalent 

income, uncertainty (as distinct from risk), and population ethics. Section 7 concludes.  

 

2. Hot topics in climate policy: a brief introduction to the economics of climate change 

When analyzing the type of interventions that are needed to fight climate change, the usual starting 

point is a so-called Integrated Assessment Model (IAM). An IAM is a model that describes the 

interactions between the economy and the climate system. Production and consumption processes 

generate CO2 emissions, which accumulate in the atmosphere, alter the climate dynamics and 

induce an increase in temperature. Higher temperatures negatively affect the production and 

 

 

2 See also Adler (forthcoming) on how prioritarianism relative to one well-being measure is equivalent to 

utilitarianism relative to a different well-being measure. 
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consumption possibilities of individuals, and, as a consequence, their well-being. Climate damages 

affect multiple dimensions of well-being, and they can range from productivity losses to increases 

in health risks and biodiversity impacts. Because of the inertia in the climate system, climate 

damages occur years after the carbon emissions are released in the atmosphere. This creates an 

inter-generational tension, as damages are produced by the current generation but they are borne 

mainly by the future generations. Conversely, the introduction of a climate policy aimed at 

reducing the amount of carbon emissions is costly for the current generation and beneficial to 

future generations.3 The prescribed climate policy is derived by maximizing a social welfare 

function that aggregates the well-being of different generations and individuals, and trades off 

conflicting interests between those that have to pay for the policy (the present generation) and 

those that are expected to benefit from it (the future generations).4 

One of the main outputs of an IAM is the Social Cost of Carbon (SCC). The SCC represents the 

monetized value of all the damages caused by a single ton of carbon emitted into the atmosphere. 

It is a central figure in any climate change discussion. The higher the SCC, the larger the amount 

of emission reductions that should be implemented. The SCC can serve as the basis of a carbon 

tax, or be used to set the cap in a cap-and-trade emission system. More generally, the SCC can be 

 

 

3 In the paper we will focus mainly on policies that prescribe a temporal path of emission reductions (mitigation 

policy). Alternative climate policies include investments in technologies that help individuals to adapt to the 

modified climate and reduce the amount of suffering (e.g. using more climate-resistant crops or improving building 

insulation), and geoengineering programs that artificially modify the climate. The normative issues with adaptation 

and geoengineering policies are slightly different than with mitigation policies. Adaptation policies often have short 

term impacts, i.e. both the costs and the benefits of the policy occur in the same generation. Geoengineering the 

climate might impose new unpredictable risks, thereby raising issues on the morality of trading one risk with 

another. 

4 Note that IAMs can be divided into two broad categories: i) relatively simple, aggregate models aimed at 

determining the desired temporal path of emission reductions; ii) very sophisticated models, with a lot of details 

about the spectrum of technologies, that look at the least costly way to implement the desired emission reductions. 

Throughout the paper, we will refer exclusively to the first type of models.    
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used in any cost-benefit analysis exercise to assess the value of a climate-related project and predict 

its returns (e.g., improving the energy-efficiency of buildings). For instance, in the United States, 

the potential use in federal cost-benefit analysis induced the Obama administration to establish a 

standardized range of SCC figures.5 

Computationally, the SCC is equivalent to the present value of the sum of future monetized 

damages. Two main ingredients contribute to its value: the size of damages produced by one ton 

of carbon, and a rule to discount them in present terms so as to be able to compare the SCC figure 

to the current costs of the policy. Ethical considerations, and, in particular, the choice of the social 

welfare function, affect both ingredients.6 We will now briefly review four of the most debated 

topics related to the SCC (and to climate policy in general), and discuss how they interact with the 

choice of the social welfare function. 

Discounting.7 Discounting has probably been the hottest topic in climate change economics.8 To 

understand the importance of discounting, let us consider the following example. Suppose one ton 

 

 

5 See https://www.epa.gov/sites/production/files/2016-12/documents/sc_co2_tsd_august_2016.pdf and the most 

recent review under the Trump administration https://www.epa.gov/sites/production/files/2017-

10/documents/ria_proposed-cpp-repeal_2017-10.pdf. The Interagency Working Group on the Social Cost of Carbon 

made use of three frequently used IAMs: FUND (Framework for Uncertainty, Negotiation and Distribution, 

http://www.fund-model.org/), DICE (Dynamic Integrated Climate Economy model, 

https://sites.google.com/site/williamdnordhaus/dice-rice), and PAGE (Policy Analysis of the Greenhouse Effect, 

Hope 2006).  

6 See, for instance, Fleurbaey et al. (2019) for a discussion of the role of different ethical values in the determination 

of the SCC.  

7 This paragraph discusses the concept of “consumption discounting”, i.e., the value attached to future $ amounts as 

compared to current $ amounts. Consumption discounting (or simply discounting from now on) should not be 

confused with “utility” or “time” discounting (or rate of pure time preference), a concept that will be introduced in 

section 3 and that refers to the relative value attached to the well-being of future generations (as distinct from future 

$). Note that we can have consumption discounting without imposing time discounting. 

8 See Gollier (2012) on how to compute the consumption discount rate in climate change projects. 
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of carbon produces $100 damages in 100 years. If future dollars are discounted at 1% per year, 

$100 in 100 years are equivalent to about $37 today. If future dollars are discounted at 3% per 

year, $100 in 100 years are equivalent to just $5 today.9 The larger the discount rate, the lower the 

monetized value of damages in present terms, and, as a consequence, the lower the SCC and the 

more lenient the climate policy. As a more concrete example, the Obama administration proposed 

a 3% discount rate to be used, as a central estimate, in climate change projects, resulting in a SCC 

of $42 for the year 2020 (in 2007 dollars per metric of CO2). Under the Trump administration, the 

US federal government’s central figure fell to $1 due to the preferred choice of a 7% discount rate 

and the restriction of climate change impacts to national impacts only.    

The choice of the discount rate is inherently linked to the characteristics of the social welfare 

function. The discount rate reflects how much less valuable it is to give $1 to the future generation 

rather than giving the same $1 to the current generation. And the role of a social welfare function 

is exactly to mediate conflicting interests and set priorities. However, the discount rate is not a 

purely ethical parameter. The value of consuming in the future vs. consumption today depends 

also on empirical predictions about economic growth or the distribution of future climate damages 

and risks (Gollier 2012). For example, if the future is going to be richer than the present, that is a 

reason for discounting and giving priority to the consumption of the current generation. If the 

future generation faces the possibility of catastrophic climate damages, that is a reason for not 

discounting and for giving priority to the future generation (Weitzman 2009). If damages from 

climate change are borne mainly by future poor people, that is again a reason for not discounting 

(Schelling 1995, Dennig et al. 2015). The strength of these opposite reasons is related to the social 

welfare function. 

The debate on discounting can be divided into two main streams. A few papers focus on the type 

of social welfare function that should be used in climate policy. Most of the analysis based on 

IAMs adopt a utilitarian approach. However, other contenders have been proposed: prioritarian 

 

 

9 If 𝑟 is the (constant) annual discount rate, then the present value of $100 in 𝑡 years is equal to: $$%%($'()*
. 
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approaches (Adler et al. 2017), sustainable discounted utilitarianism (Dietz and Asheim 2012), 

rank discounted social welfare functions (Zuber and Asheim 2012), Epstein-Zin preferences to 

better represent preferences for risk (Traeger 2009, Gollier 2002), ambiguity-sensitive criteria 

(Millner et al. 2013). This paper contributes to this stream of the literature, and we will see later 

how a utilitarian vs. a prioritarian social welfare function affects the discount rate, and, as a 

consequence, the SCC.  

Most of the literature on discounting retains a utilitarian approach, and discusses how to choose 

its parameter values and calibrate the discounting rule. A broad distinction can be made between 

prescriptive and descriptive approaches to discounting (Kelleher 2017). Descriptivists posit that 

the utilitarian function used in IAMs describes the preferences of a hypothetical representative 

agent in the economy; its calibration, then, should be based on market data. In contrast, 

prescriptivists posit that the utilitarian social welfare function is a representation of ethical 

premises, and the choice of its form cannot be based on individuals’ behavior but on normative 

considerations. The famous Stern-Nordhaus debate revolves exactly around this point. Stern 

(2007) takes an ethical stance in calibrating the welfare function, and proposes an annual discount 

rate of 1.4%, which results in a SCC of more than $200 per ton of CO2. Instead, Nordhaus (2007) 

suggests a discount rate around 5% to match financial market data, which results in a much lower 

SCC.    

Inequality. The representative agent idea behind the descriptive approach is widespread in the 

climate change economics literature, and not only when it comes to the selection of the parameters 

that enter in the welfare function. Many studies using IAMs only look at inequality among 

generations, thereby neglecting inequalities within generations, despite the fact that background 

inequality, and, in particular, who is expected to pay for the climate policy, plays a central role in 

any political discussion of climate interventions.10  

 

 

10 See, for instance, the “Yellow Vests” protest against the introduction of a carbon tax in France 

(https://www.nytimes.com/2018/12/06/world/europe/france-fuel-carbon-tax.html). 
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Some IAMs do introduce intra-generational inequality, but they often rely on the so-called Negishi 

weights to separate efficiency and distributional considerations, i.e., to avoid that the climate 

policy (or its absence) be defined by the extent to which it is capable of redistributing resources 

and reducing inequality (Nordhaus 2008). Formally, Negishi weights are utility weights set 

proportionally to the inverse of the marginal utility of consumption such that, under the standard 

utilitarian social welfare function, the existing distribution of consumption across individuals is 

the optimal one, no matter how unequal it is. Equivalently, it is implicitly assumed that there exists 

another (and better) way to redistribute resources both in the present and future generations, and 

that climate policy should not be concerned with that. However, imperfections in existing risk 

sharing schemes within and among countries undermine the idea that better redistributive policies 

will be put in place.11  

Catastrophes. A third hot topic in the climate change economics literature is the presence of 

catastrophic risks. If climate change entails catastrophic outcomes, such as the destruction of life 

on earth as we know it and brings humanity back to subsistence consumption levels, and the 

likelihood of those outcomes is sufficiently high, then climate policy might prescribe to do 

whatever would prevent it. Weitzman’s “dismal theorem” drives attention to the fat tails of the 

probability distribution of climate sensitivity, which is suggested to be an inevitable consequence 

of the deep structural uncertainty surrounding the effects of carbon emissions on climate 

(Weitzman 2009). In particular, if the risk of catastrophic outcomes is relevant, the debate about 

inter- and intra-generational inequality becomes of second-order importance, and the focus of the 

analysis should be shifted to assessing the value of catastrophes and the probability of very 

negative consequences.12  

 

 

11 If one is worried about the excessive redistributive impacts of climate policy, one can always study climate policy 

in conjunction with other redistributive policies. See, for instance, Kornek et al. (2019) on the relation between 

national redistributive policies and the SCC.  

12 For example, Pindyck (2019) suggests to completely dismiss the IAM tool (and the related social welfare 

function), and just focus on the likelihood of extreme losses in consumption when computing the SCC.   



 

 

9 

Population size and non-human species. Catastrophic outcomes refer not only to drastic 

reductions in consumption possibilities of future generations. A catastrophe may also mean that 

the entire human species is wiped out, or its population substantially reduced. And a catastrophe 

may also refer to the fact that non-human species go extinct. More generally, climate change and 

climate policy will likely influence both the identity of people that will live in the future and their 

number, by affecting patterns of fertility and mortality, and, possibly, the preferences of future 

individuals. Also, climate change and climate policy will likely affect biodiversity and ecosystem 

services, thereby raising issues related to the rights and welfare of non-human species. This set of 

topics is related to population ethics, and they are still relatively unexplored, although frequently 

debated in political and philosophical circles. 

Most IAMs neglect to consider the impact of climate change on future human population size. A 

few exceptions include Millner (2013) and Méjean et al. (2017), who both integrate population 

issues in a utilitarian approach. Moreover, existing IAMs poorly incorporate the impact of climate 

change on non-human species. The few existing estimates focus on the instrumental value of non-

human species, and the environment in general, while they overlook their intrinsic value.13 In 

addition, the instrumental value that is captured often refers only to services and amenities with a 

clear market value, while it neglects non-market attributes, such as cultural values or the value of 

enjoying a pristine environment.14     

 

3. Utilitarianism vs. Prioritarianism: Basic concepts  

Most IAMs adopt a discounted utilitarian social welfare function. This section discusses the 

characteristics of the discounted utilitarian approach as applied to climate policy. Given the 

 

 

13 For a pioneering attempt at taking account of the well-being of other species in an IAM, see Budolfson and Spears 

(2018). 

14 See, for instance, Tol (2009) for a discussion of the goodness of damage estimates related to ecosystem services 

and biodiversity.  
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complexity of the climate problem, IAMs make a number of simplifying assumptions: 

homogeneous individual preferences, consumption as the only attribute of individual well-being, 

no impact of climate change on the number and identity of future individuals. Under those 

restrictive assumptions, we will first formalize prioritarian social welfare functions applied to 

climate change, and then, in Sections 4 and 5 we will discuss the implications of prioritarianism 

for climate policy in a deterministic and in a risky context, respectively. Extensions of the 

framework will be considered in Section 6.   

 

3.1. Expected Discounted Utilitarianism 

The Expected Discounted Utilitarian (EDU) social welfare function adds up the expected well-

being of present and future generations and attaches an exponentially decreasing weight to people 

living in the future. Let 𝑡 = {0, . . , 𝑇} denote the time period, with 𝑇 the maximum horizon of 

human species existence15, 𝑖 = {1, . . , 𝐼} a social group or region of the world. Furthermore, let 𝑠 =

{1, . . , 𝑆} denote the state of the world, and 𝜋8 the probability that state 𝑠 occurs, with ∑ 𝜋8:
8;$ = 1. 

The EDU social welfare function 𝑊=>? widely used in the climate change literature is given by 

the following expression16:  

 
																													𝑊=>? =A

1
(1 + 𝜌)D EA𝜋8 EA𝑁GD

H

G;$

𝑢(𝑐8GD)K
:

8;$

K
L

D;%

																														(1) 

where 𝜌 ≥ 0 represents the “time discount rate” (the rate ranges from 0.1% to 1.5% in the 

literature), 𝑐8GD the per capita consumption level and 𝑁GD the number of people in group 𝑖 living in 

period 𝑡, and 𝑢 a von Neumann-Morgenstern (VNM) utility function, which measures individuals’ 

well-being.  

 

 

15 𝑡 = 0 is considered the current period. Note that the maximum length 𝑇 may be infinity. 

16 To avoid confusion with the symbol for states of nature s, we depart by the norm of this volume and use W to 

denote the social welfare function instead of S. 
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Several assumptions are embedded in the EDU formula. Because of utility discounting, people 

living in the present have more weight in social evaluation than people living in future 

generations.17 For instance, if 𝜌 = 1%, the utility of individuals living in period 𝑡 = 1 is weighted 

1% less than the utility of individuals living in the current period 𝑡 = 0, while the utility of 

individuals living in period 𝑡 = 10 is weighted 9% less and the utility of individuals living in 

period 𝑡 = 100	is weighted 63% less than the utility of individuals living in the current period.18 

Because of utility discounting, the well-being of individuals living in the far future is practically 

neglected when choosing the climate policy. 

The difference between the descriptive and the prescriptive approach has been stark about the 

calibration of the parameter 𝜌. The authors endorsing an ethical approach support a close-to-zero 

value of 𝜌 to represent an exogenous risk of human extinction (Dasgupta and Heal 1979; Cline 

1992; Stern 2007). Since we are not sure that future generations will exist (independently from the 

climate change phenomenon), their well-being should be assigned a lower value in line with their 

probability of existing.19 On the other side, the descriptivists call for larger values of 𝜌 on the basis 

of preferences revealed in financial markets (Nordhaus 2007; Weitzman 2007). The main 

argument is that a zero time discount rate would imply too much sacrifice for the current generation 

for the sake of future generations, a propensity to sacrifice that is not supported by existing 

behavior. Financial markets, according to this view, reveal how much individuals really care for 

the future. 

 

 

17 Remember that the concept of utility discounting should not be confused with the concept of consumption 

discounting discussed in section 2. Utility discounting is not a prerequisite of consumption discounting, although it 

may be an element of it.  

18 If the rate of time preference is 1%, the weight attached to individuals living in period 𝑡 = 1 is $
$'%.%$

= 0.99, the 

weight attached to individuals living in period 𝑡 = 10 is P $
$'%.%$

Q
$%
= 0.91, and the weight attached to individuals 

living in period 𝑡 = 100 is P $
$'%.%$

Q
$%%

= 0.37. 

19 For instance, Stern (2007) assumes that the risk of extinction is 1/1000 per year, which implies a 10% probability 

of human extinction in the coming 100 years.  
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In applications, a period is often a decade. This makes it difficult to interpret each period as 

corresponding to a different generation. But if each individual’s utility is a discounted sum of 

instantaneous utility, with the same discount rate 𝜌,20 and if consumption in every period is 

distributed equally across people, then the EDU formula is actually the discounted sum of 

individuals’ lifetime utilities, each lifetime utility being inserted into the formula at the period of 

birth of the individual.21  

The utility function is increasing in consumption as individuals prefer more consumption to less. 

Consumption is usually interpreted as incorporating additional amenities such as longevity, and 

this will be discussed in section 6.2. The utility function is also concave due to a “diminishing 

marginal utility assumption”, according to which the effect on 𝑢 of an additional unit of 

consumption decreases with the level of consumption. The diminishing marginal utility 

assumption implies that reductions in consumption are less harmful the richer the individual is.  

Most IAMs assume that the function 𝑢 has an isoelastic form: 𝑢(𝑐8GD) =
TUV*
WXY

$Z[
, where 𝜂 ≠ 1 is the 

elasticity of the marginal utility of consumption.22 The larger 𝜂 is, the more weight is given to 

changes in consumption at low consumption levels. The parameter 𝜂 has been interpreted in at 

least three different ways (Anthoff et al. 2009): individuals’ coefficient of relative risk aversion; 

 

 

20 Such coincidence is unlikely.  The rate of time preference for purpose of intrapersonal discounting is a matter for 

each individual’s self-interested preferences, whereas the choice of the rate of time preference for discounted 

utilitarianism is either (a) an ethical matter (an ethical judgment that we should discount the future, e.g., to avoid a 

utilitarianism that sacrifices the present for the future), or (b) a matter of society’s revealed intergenerational 

preference. 

21 For a rigorous overlapping generations modeling see, for instance, Schneider et al. (2012).  Alternatively, the 

EDU formula can be read as assuming that each individual lives for more than one period but is regarded as a 

distinct self in each period.  

22 If η=1, then 𝑢(𝑐GD) = log	(𝑐GD). Note a small departure from the norm of the volume: since the climate literature 

commonly uses 𝜂 to denote the elasticity parameter of the utility function, we stick with this notation instead of 

using 𝜆, as other chapters of this volume do. 
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individuals’ (inverse) elasticity of intertemporal substitution; the coefficient of relative inequality 

aversion of a social evaluator. Advocates of a descriptive approach posit that the curvature of the 

function 𝑢 can (and should) be empirically estimated from individuals’ behavior concerning time 

and risk. Then, the parameter 𝜂 would represent either risk aversion or aversion to fluctuations of 

consumption over time (Nordhaus 2008). Some proponents of the prescriptive approach agree that 

we should defer to individual preferences when calibrating the parameter 𝜂 since the function 𝑢 is 

a preference-based measure of individual well-being, whereas the choice of the time discount rate 

𝜌 is based purely on ethical principles (e.g., Stern 2007). Other proponents of the prescriptive 

approach view 𝜂 as the propensity to trade off consumption between the rich and the poor, thereby 

representing ethical aversion to consumption inequality (Dasgupta 2008). Note that, in this sense, 

the parameter 𝜂 can be interpreted as an implicit prioritarian parameter as it requires to attach 

larger weight to the consumption changes of the poorest. The next section will discuss that in more 

details.  

Independently of the meaning of the parameter 𝜂, its role is to smooth consumption across 

individuals, either belonging to the same generation or to different generations. As a result, 

(undiscounted) utilitarianism will prefer policies that benefit more the poor individuals. The 

introduction of time discounting will switch the ranking of policies in favor of policies that benefit 

more the poor individuals living in the initial periods.   

In the EDU expression, climate damages operate through a reduction in the consumption level 𝑐. 

In many applications, climate change has no impact on the number of people 𝑁GD living in the 

future and no impact on the identity of future individuals. That explains why in expression (1) the 

same number of people live in all future states of nature, i.e., 𝑁GD is independent of 𝑠. Climate 

change affects only how much those individuals can consume.  

 

3.2. Prioritarian social welfare functions 

3.2.1. Deterministic setting 

A prioritarian welfare framework applied to climate change is considered in Adler and Treich 

(2015) and Adler et al. (2017). Both papers mainly focus on a deterministic setting, where the 

consumption of present and future individuals is known for sure (in other words, there is only one 
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possible state of the world). While maintaining the same assumptions as before, the prioritarian 

social welfare function looks like the following: 

																																																													𝑊b =AA𝑁GD𝑔d𝑢(𝑐GD)e
H

G;$

L

D;%

																																																				(2)		 

where 𝑔 is a strictly increasing and concave transformation of individual well-being, 𝑢 is lifetime 

individual well-being (under the homogeneous preferences assumption), and 𝑐GD is the 

consumption of individual 𝑖 living in period 𝑡. As before, we assume that 𝑢 is a von Neumann-

Morgenstern utility function, although alternative well-being measures (e.g., equivalent income) 

can be embodied in the formula. 

There are two main differences with respect to the discounted utilitarian expression (1). First of 

all, there is no time discounting. Current people do not have more social importance just because 

they live in the present. In theory, prioritarianism could take a discounted form by adding the 

discount factor $
($'g)*

. However, the existing work on climate prioritarianism has adopted a non-

discounted version. Within a prescriptive approach to identify the social welfare function, 

discounted prioritarianism is normatively unattractive, since time discounting is normatively 

unattractive.  

The second difference concerns the presence of the concave transformation function 𝑔, which 

gives substance to the prioritarian statement by giving greater weight to well-being improvements 

affecting individuals at lower well-being levels.  

The prioritarian approach requires the specification of an ethically defensible transformation 

function 𝑔. Adler (forthcoming) has presented arguments in favor of an Atkinson transformation 

function, with 𝑊b = ∑ 𝑁GD
(h(TV*)Zhijkl)WXm

$Znop . If that is the case, the choice of 𝑔 entails the choice 

of the priority parameter 𝛾 and consumption subsistence level 𝑐rs(t, such that 𝑢rs(t ≡ 𝑢(cwxyz), 

to rescale the well-being so as to avoid negative numbers. Under the common assumption of 

isoelastic utility function, 𝑢(𝑐GD) =
TV*
WXY

$Z[
, the prioritarian social welfare function is fully 

characterized by three parameters: the priority parameter 𝛾, the consumption subsistence level 

cwxyz, and the coefficient 𝜂, which represents risk aversion if one measures well-being by (suitably 
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normalized) von Neumann-Morgenstern utilities. When 𝛾 = 0, we fall back on (undiscounted) 

utilitarianism. 

An alternative transformation function presented in Adler (forthcoming) is the Kolm-Pollak 

prioritarian function, according to which  𝑔(𝑤G) = −𝑒Z~�V for any well-being measure 𝑤G. The 

parameter 𝛽 > 0 captures the degree of priority for the worse off. The prioritarian objective would 

then be -∑ 𝑁GDGD 𝑒Z~h(TV*). Under the standard assumption of isoelastic utility function, the social 

welfare function is fully characterized by two parameters: the priority parameter 𝛽, and the 

elasticity of marginal utility of consumption 𝜂. 

If we consider either an Atkinson or a Kolm-Pollak transformation function, the coefficient 𝜂 is 

an empirical parameter that represents individuals’ self-interested attitudes towards risk in 

consumption. Instead, the choice of the priority parameters 𝛾 and 𝛽 is an ethical issue, capturing 

the social evaluator’s attitudes towards inequality in individuals’ well-being.  

The larger the concavity of the function 𝑔 (i.e., the higher 𝛾 or 𝛽 is), the higher the priority given 

to the worse-off individuals. Since the framework considered so far assumes that individual well-

being depends only on consumption, and that individuals have homogenous preferences, the worst-

off individuals coincide with the poorest ones. Therefore, prioritarianism will prefer policies 

whose benefits accrue more to the poor individuals. In the simplified framework often used in the 

climate change literature, the implications of prioritarianism look similar to those of undiscounted 

utilitarianism, as both approaches favor policies that redistribute resources towards the poorest 

individuals. However, notice that, for a given well-being measure 𝑢(𝑐GD), the strength of the 

concerns for the poorest is larger under prioritarianism than under utilitarianism. Indeed, under 

utilitarianism the degree of priority to the poor is given by the concavity of the function 𝑢, while 

in the prioritarian case the degree of priority is given by the concavity of the function 𝑔 ∘ 𝑢, where 

∘ denotes a composition of functions. The utilitarian prioritizes the poor because marginal utility 

is decreasing (an additional unit of consumption increases the well-being of the poor more than 

the well-being of the rich). The prioritarian prioritizes the poor both because marginal utility is 

decreasing, and because marginal welfare is decreasing (an additional unit of well-being to the 

poor is more socially valuable than an additional unit of well-being to the rich). 
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In the previous section, we mentioned that the discounted utilitarian formula (1) is flexible to the 

chosen welfare criterion, and that it can be re-interpreted as a prioritarian social welfare function 

with respect to consumption. Indeed, although (undiscounted) utilitarianism and prioritarianism 

are distinct when a given well-being measure 𝑢 is fixed, they can be understood as different forms 

of prioritarianism relative to consumption, using different concave transformations of 

consumption, 𝑢(𝑐)  in the case of utilitarianism, and ℎ(𝑐) = 𝑔(𝑢(𝑐)) in the case of prioritarianism. 

In a deterministic setting, a prioritarian social evaluator behaves in practice as a very risk averse 

utilitarian social evaluator, or, vice versa, a utilitarian social evaluator behaves as a less inequality 

averse prioritarian social evaluator.   

 

3.2.2. Prioritarianism under risk 

Expected utilitarianism defines the social objective as the sum of individual expected well-being, 

or, equivalently, the expected value of the sum of individual well-being (Harsanyi 1955). As a 

consequence, as explained in Adler (forthcoming), expected utilitarianism is the only welfare 

framework that respects both individual preferences (ex-ante Pareto) and social rationality (the 

Dominance criterion). 23 If we want to introduce fairness concerns (Pigou-Dalton principle), we 

need to drop either ex-ante Pareto or Dominance.  

By retaining ex-ante Pareto, an ex-ante prioritarian (EAP) social welfare function can be derived. 

The ex-ante approach consists in summing a concave transformation of individual expected 

utilities. In our context, where preferences are homogenous and depend on a single consumption 

good, the ex-ante prioritarian social welfare function is given by: 

																																																					𝑊=�b =AA𝑁GD𝑔 EA𝜋8𝑢(𝑐8GD)
8∈:

K
H

G;$

L

D;%

																																											(3) 

 

 

23 Dominance states that if an option is preferred in all states of the world, then that option should still be preferred 

when the state of the world in unknown. 
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where the function 𝑔 captures attitudes to inequality in expected individual well-being. If 𝑔 is 

linear, we are back to the expected (undiscounted) utilitarian framework.24 

As discussed in Adler (forthcoming) EAP violates social rationality, and, in particular, the 

Dominance axiom. Applied to the climate change problem, assume that we know for sure that 

climate change is harmful, we just do not know who is going to bear the climate damages. Social 

rationality requires us to prevent climate change because ex-post it decreases well-being. However, 

since individuals do not know if they will actually end up suffering from climate change, their 

expected utilities may not be diminished ex-ante. Individuals may unanimously agree not to invest 

in a climate policy because climate change is not harmful from an ex-ante point of view, even 

though everyone knows that ex-post someone will certainly pay for the climate damages and will 

regret not having invested in the policy. Violation of social rationality leads to counter-intuitive 

results.  

In addition, EAP leads to time inconsistent preferences. The ex-ante prioritarian social evaluator 

may decide at time 𝑡 = 0 how much to mitigate in each future period, and then deviate from her 

plan when the future arrives, even if no new information has arrived. Time consistency is 

considered a desirable property of public policies, although we could always assume that the social 

evaluator is sophisticated, i.e., she anticipates the time inconsistency problem and incorporates it 

into policy making.  

If we relax the ex-ante Pareto principle and retain the Dominance axiom, we obtain an ex-post 

prioritarian (EPP) social welfare function, where the social objective consists in the expected value 

of state-dependent social welfare: 

 

 

24 For simplicity, population is assumed the same in all states of the world here. If different states can have different 

populations, then individuals’ expected utilities have to be computed conditional on existence of the individual. In 

the extreme case, if every state of the world has a totally different population, then individual expected utility 

becomes the actual utility of the individual in that state. 
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																																			(4) 

where the function 𝑔 captures the social evaluator’s attitudes to inequality in the distribution of 

individuals’ realized well-being, and the term in parenthesis can be interpreted as a prioritarian 

welfare function if state 𝑠 occurs for sure.  

The main drawback of the EPP approach is that it partly relies on the social evaluator’s concerns 

for inequality (represented by the concavity of 𝑔) to guide risky choices, imposing a greater risk 

aversion than the individuals’ one. For instance, suppose that there is no inequality: all individuals 

and generations consume the same amount, which, however, depends on the state of the world that 

realizes. Then, the recommendation of the social evaluator about what to do in the presence of risk 

differs from what the individuals would unanimously choose to do.25 Of course, this form of 

paternalism might be considered a welcome feature, as more risk aversion in policy making may 

be advisable (Rabinowicz 2002).  

Fleurbaey (2010) proposes a different version of ex-post prioritarianism, which relaxes the ex-ante 

Pareto principle only when there is inequality, thereby respecting individual preferences when all 

individuals face exactly the same risk. As EPP, the social objective consists in the expected value 

of a social welfare function, but the welfare function takes an “equally distributed equivalent” 

(EDE) form: 𝑔Z$ P$
�
∑ 𝑁GD𝑔(𝑢(𝑐GD8))D,G Q, where 𝑁 = ∑ 𝑁GDD,G  denotes the total population. The 

function 𝑔Z$ denotes the inverse of the function 𝑔. The equally distributed equivalent 

prioritarianism (EDE-P) approach is given by26: 

 

 

25 Indeed, the social evaluator chooses according to 𝑔(𝑢(𝑐8)), while individuals use the utility function 𝑢(𝑐8), where 

𝑐8 is the consumption level in state 𝑠.  

26 Adler (forthcoming) abbreviates “expected equally distributed equivalent prioritarianism” as EEDEP.    We 

shorten this to EDE-P. 
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																																							𝑊=>=Zb = 𝑁A𝜋8𝑔Z$ E
1
𝑁A𝑁GD𝑔(𝑢(𝑐8GD))

D,G

K																																								(5)
8

 

where 𝑔 represents the social evaluator’s attitude to inequality in realized well-being, as in the EPP 

approach. If there is no inequality, i.e., 𝑐8GD = 𝑐8 for all 𝑖 and 𝑡, the EDE-P approach falls back to 

the (undiscounted) utilitarian one: 𝑁	∑ 𝜋8𝑔Z$ P
$
�
∑ 𝑁GD𝑔(𝑢(𝑐8))GD Q8 = ∑ 𝜋8𝑢(𝑐8)8 .  

Concavity of the function 𝑔 implies that individuals with low realized well-being have higher 

priority in policy making. Since 𝑔 is concave, the equally distributed equivalent transformation 

𝑔Z$ is convex. Therefore, an additional unit of realized well-being increases social welfare more 

if it occurs in a state of the world with high total welfare ∑ 𝑁GD𝑔(𝑢(𝑐GD))GD . The EDE-P social 

evaluator gives priority to individuals with low realized well-being (through the concavity of 𝑔) 

who suffer a low well-being in states of the world where total welfare is high. Notice that total 

welfare is high if: i) individuals are on a high well-being path (i.e., in state 𝑠 well-being is relatively 

high for all individuals); ii) in state 𝑠 inequality in well-being is relatively low (i.e., not only all 

individuals are doing well compared to other states, but also the gaps in well-being across 

individuals are small).  

The main problem with the EDE-P framework is the non-separability property. The derivation of 

social welfare, and, as a consequence, the evaluation of any policy, depends on the fate of all 

individuals and generations, including the non-affected ones. In particular, the social objective is 

non-separable with respect to the past. This appears problematic, both because past generations 

have no say on current policies, and because the destiny of current and future people would be 

indissolubly anchored to what happened in the past. For instance, the non-separability assumption 

would reject risks for the present and future generations that create inequalities only with respect 

to the unconcerned past generations.  
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To avoid the dependence to the past issue we could restrict attention to present and future 

generations in the evaluation. However, the drawback is possible time inconsistency in the policy, 

since the evaluation depends on the time at which it is made.27  

Actually, dependence on the past is not such a daunting assumption after all. In most situations, 

future generations are going to be better off than past generations in spite of the risks they take. 

Thus, including the past would have little impact on the choice made by the social evaluator. 

Inequalities with respect to the past matter mostly when future generations risk ending up worse 

off than past generations. In that case, including the past would force the social evaluator to be 

more cautious in her assessments (Fleurbaey 2010).  

Moreover, the time inconsistency that would arise by excluding past generations is unlikely to be 

serious in practice. If the length of the policy is far shorter than the horizon of human survival 

(including past and future generations), the repercussions of the policy itself on the total well-being 

(past present and future) is likely to be small, making it possible to ignore the larger picture.28  

 

4. Prioritarian climate policies in a deterministic setting 

Most of the climate economics literature focuses on inter-generational inequalities in consumption, 

thereby assuming that consumption is equally shared among the individuals living in the same 

 

 

27 We could of course assume that the social evaluator is sophisticated, in the sense that she anticipates the time 

inconsistency issue and factors it into her evaluations. Alternatively, we could impose more structure on the welfare 

function, for instance by assuming that the function 𝑔 has an exponential form. In that case, the past enters only 

through a multiplicative factor and has no impact on the policy maker’s choice. See, for instance, Fleurbaey and 

Zuber (2013) for welfare criteria of the EDE-P family that satisfy some separability requirements. 

28 For instance, using historical data from the Maddison Project, Ferranna (2020) shows the existence of a relatively 

small bias in the Social Cost of Carbon figure when using an EDE-prioritarian welfare function and neglecting the 

past. The Maddison Project collects historical data about GDP and population back until the year 1AD 

(http://www.ggdc.net/maddison/maddison-project/home.htm) 
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period 𝑡. The occurrence of climate change will reduce the consumption of future generations, 

while a climate policy imposes costs (mainly) on the current generations due to the inertia of the 

climate system and the long-term nature of the problem. As a consequence, climate change raises 

intergenerational distribution issues. Section 4.1 discusses the prioritarian solution to such an 

intergeneration problem as compared to the undiscounted and discounted utilitarian ones.  

Although undiscounted utilitarianism would be the natural comparator of (undiscounted) 

prioritarianism, discounted utilitarianism is the standard framework in climate policy. Therefore, 

we will compare the prioritarian framework to both undiscounted and discounted utilitarianism, 

and we will make clear in the discussion which comparison we are making. As we will explain 

shortly, there is also an analytical reason for comparing prioritarianism and discounted 

utilitarianism, i.e., prioritarianism gives the blessing to utility discounting if future generations are 

better off than the current one.  

After discussing the differences between (undiscounted) prioritarianism and (undiscounted and 

discounted) utilitarianism in the baseline model, Section 4.2 considers the policy implications of 

prioritarianism if intra-generational inequality is added to the picture. Section 5 extends the 

analysis to a risky scenario. When discussing prioritarianism, we will mainly focus on an Atkinson 

social welfare function.  

 

4.1. The green prioritarian dilemma 

In the absence of intra-generational inequality, the typical utilitarian welfare framework used in 

IAMs is given by: 𝑊=>? = ∑ $
($'g)*

𝑁D
T*
WXY

$Z[
L
D;% , where 𝑁D	is the total number of people living in 

period 𝑡, and 𝑐D the per-capita normalized consumption level. The parameter 𝜂 captures the 

propensity to smooth consumption across generations. When 𝜌 ≠ 0, we obtain the discounted 

utilitarian expression, while 𝜌 = 0 implies undiscounted utilitarianism. 

Given the usual assumption of economic and social progress, future generations are assumed to be 

on average better-off than the current generation. As a consequence, since the climate policy entails 

costs for the relatively poorer present generation and benefits for the relatively richer future 

generations, the larger the parameter 𝜂 (the higher the concavity of 𝑢), the lower the urgency to 



 

 

22 

act against climate change. A positive rate of pure time preference 𝜌 reinforces this argument, 

since the well-being of the present generation matters more than the well-being of later 

generations. High 𝜌 and high 𝜂 both prescribe to postpone emission reductions in the future. The 

famous Stern-Nordhaus debate reduces to the choice of those two parameters. Stern (2007) calls 

for immediate actions by picking a low time discount rate 𝜌 = 0.1% and a low elasticity of utility 

𝜂 = 1. In contrast, Nordhaus (2007) favors a “policy ramp”, with a lenient climate policy today 

that tightens over time, due to his preferred choice of the parameters 𝜌 = 1.5% and 𝜂 = 2.29    

With an undiscounted prioritarian Atkinson social welfare function, the welfare objective can 

instead be written as 𝑊b = ∑ 𝑁D
$

$Zn
�T*

WXYZTijkl
WXY

$Z[
�D

$Zn
 (this formula appears in Adler et al. 2017). 

If we neglect intra-generational inequality, the worst-off generation is the current one under the 

usual assumption of economic and social progress. Therefore, for a given value of 𝜂 and 𝑐rs(t, the 

higher the priority given to the worst-off (i.e., the larger the priority parameter 𝛾), the lower the 

incentives to invest in a policy that would benefit the better-off future generations at the expense 

of the worse-off current generation.  

Let us first compare (undiscounted) prioritarianism with undiscounted utilitarianism. The 

prioritarian welfare objective 𝑊b coincides with the undiscounted utilitarian one when 𝛾 = 0. 

 

 

29 The different choices for the rate of pure time preference 𝜌 and the elasticity of utility 𝜂 explain also why Stern 

and Nordhaus differ in their choice of the consumption discount rate to be applied when evaluating climate policies 

(with Stern suggesting 1.4% and Nordhaus values around 5%, see Section 2). A simple formula to compute the 

consumption discount rate implicitly used in policy evaluation is the so-called Ramsey rule (Gollier 2012), which 

states that, in a deterministic setting, the consumption discount rate r is approximately equal to: 

𝑟 = 𝜌 + 𝜂 ∗ 𝑔 

with g the annual growth rate of the economy. Therefore, larger 𝜌 and 𝜂 lead to a larger consumption discount rate 

(note that Stern and Nordhaus have also different assumptions about the economic growth rate). The larger the 

consumption discount rate, the less stringent the climate policy. Since a large consumption discount rate is due to large 

values for 𝜌 and 𝜂, we can simply discuss the implications of these parameters for the stringency of climate policy 

while skipping the intermediary passage of computing the consumption discount rate. 
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Since the prioritarian climate policy gets less stringent as 𝛾 increases (the larger is 𝛾, the lower the 

incentives to invest in a policy that benefits the better-off future generations), prioritarianism 

recommends less stringent climate policies compared to utilitarianism.  

Thus, a green prioritarian dilemma arises. Compared to utilitarianism, the switch to a prioritarian 

framework usually favors more redistributive policies because of the larger weight attached to 

well-being changes accruing to the worst-off. However, with an inter-generational issue like 

climate change, prioritarianism calls for less redistribution under the form of a more lenient climate 

policy. Prioritizing the worse-off means doing less for the future. In other words, prioritarianism 

gives a blessing to the practice of discounting future utility: improvements in future well-being 

should be discounted because of the higher well-being that future generations are expected to 

enjoy. This adds to the reasons offered in section 3.1 of why the well-being of future generations 

should be valued less than the well-being of current generations. 

Let us know turn to the comparison between (undiscounted) prioritarianism and discounted 

utilitarianism. Both welfare frameworks discount the utility of future generations, although in 

different ways. Discounted utilitarianism discounts the future utility levels through the rate of time 

preference 𝜌, while prioritarianism does so through the concavity of the function 𝑔. Which type 

of discounting is stronger (thus recommending a less stringent climate policy) depends on the 

specific values chosen for 𝜌 and 𝛾, and on the assumptions about the stream of well-being across 

generations (i.e., how much worse off the present people are with respect to the future people). As 

shown in Adler et al. (2017) when studying the impact of prioritarianism on the social cost of 

carbon, the comparison between discounted utilitarianism and prioritarianism is a priori 

ambiguous.  

 

4.2. Intra-generational inequality 

In a model with only inter-generational inequality the expectation of economic and social progress 

calls for a cautious approach to climate change, as any climate policy would impose costs on the 

relatively worse-off current generation for the sake of the future relatively better-off generations. 

Both utilitarianism and prioritarianism support this conclusion. Undiscounted utilitarianism 

supports this conclusion because the future generations are expected to be richer than the current 
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ones. The decreasing marginal value of money assumption implies that policies that increase the 

income of future generations (e.g., through a reduction in climate damages) at the expense of the 

income of the current poor generation are not so desirable. The utility discounting term in 

discounted utilitarianism reinforces this result. Prioritarianism supports a cautious approach to 

climate change because future generations are expected to be richer than current generations, and, 

as a consequence, they are expected to have a relatively higher well-being than current generations. 

The concern for the worse off reinforces the undiscounted utilitarian argument for having lenient 

climate policies. 

However, this conclusion neglects to consider distributional issues within a generation, and, in 

particular, who is expected to pay for the costs of the climate policy and who is expected to bear 

the brunt of climate damages. For instance, even though the average US citizen in 50 years is likely 

to be richer than the average US citizen today, we may doubt the assumption that, let’s say, the 

average Nigerian citizen in 50 years will be richer than the average US citizen today. Therefore, if 

we were considering a policy that is paid mainly by developed countries today and that will benefit 

mainly the developing world in 50 years, the incentives to invest in such a policy would increase 

with the concavity of both u and 𝑔. The more we care about the poorest, the more we would reduce 

emissions, either because the social evaluator is concerned about their low consumption (under 

utilitarianism) or because she is concerned about their low consumption and well-being (under 

prioritarianism). 

The matter is of course not so simple. Climate policy is believed to be regressive, at least in 

developed countries (Grainger and Kolstad 2010, Schwerhoff et al. 2017, Levinson 2019): the 

consumption of goods with high carbon content is decreasing with income. Moreover, carbon 

emissions are the fuel of economic growth in developing countries. Thus, the introduction of a 

climate policy is likely to trade-off the interests of the current poor against the interests of the 

future poor. Ultimately, the impact of inequality on the policy choice depends on which type of 

inequality is expected to be larger (inter-generational or intra-generational), and on how the policy 

itself will affect those inequalities. For instance, Dennig et al. (2015) show that, under discounted 

utilitarianism, even when taking Nordhaus’ calibration of the discounted utilitarian welfare 

function (i.e., with high values for 𝜌 and 𝜂), the optimal carbon price trajectory resembles the one 

recommended by Stern if the climate damages fall especially hard on the poor.  
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Prioritarianism calls for giving more weight to the worse-off individuals independently of when 

and where they live. If the current poor pay for the climate policy, then prioritarianism tends to 

loosen the climate policy with respect to undiscounted utilitarianism. If the future poor benefit 

most from the policy, the opposite occurs. The comparison with undiscounted utilitarianism is thus 

ambiguous. Prioritarianism calls for a present bias approach through the “discounting” effect due 

to economic and social progress.30 But prioritarianism also calls for giving priority to the poor 

today and tomorrow. The result of the comparison is affected by which type of inequality is 

expected to be larger (inter-generational, among people living in the present or among people 

living in the future).31  

What is striking in the previous analysis is that the policy implications of the prioritarian social 

welfare function are similar to those of the discounted utilitarian approach, although there are 

different reasons underlying those policy implications (time discounting and decreasing marginal 

utility vs. priority to the worst off). In particular, both frameworks ultimately favor policies that 

redistribute towards the poorest.  

 

 

 

 

 

30 Note, however, that prioritarianism, unlike discounted utilitarianism, is not biased towards the present in the sense 

that the current generation is attached higher importance in policy evaluation just because they live in the present. 

The current generation has a higher weight in evaluation because they are worse-off compared to future generations. 

The utility discount factor is a direct violation of impartiality/anonymity, while non-discounted prioritarianism 

satisfies impartiality/anonymity. 

31 Comparison with discounted utilitarianism is even more difficult because of the presence of the time discount rate 

and its ambiguous relation with the discounting term in the prioritarian setting (see Adler et al. 2017 for some 

sensitivity exercises). In particular, Adler et al. (2017) find that an increase in the concavity of the g function 

(increase in priority for the worse-off) tends to reduce the social cost of carbon, but the effect is not directly 

comparable to an increase in the utility discount rate 𝜌 (which also reduces the social cost of carbon). 
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5. Prioritarian Climate Policies under Risk  

The section describes the main implications of ex-ante and ex-post prioritarianism for the SCC as 

compared to expected utilitarianism. Explicit formulae for the SCC under the different welfare 

frameworks are included in the Appendix. As in the deterministic setting, we focus primarily on 

an Atkinson social welfare function. Moreover, we retain the assumption that the only inequality-

relevant dimension is the inter-generational one (consumption is uniformly distributed across 

people living in the same period).  

Suppose that the consumption of the current generation 𝑡 = 0 is known, while the consumption of 

future generations, and the extent of possible climate damages, are unknown. Future consumption 

and future climate damages are risky, in the sense that they may be worse or better than expected. 

As usual, assume that future generations are, on average, better off than the current one. Compared 

to the deterministic setting, the utilitarian SCC tends to be larger. This occurs for two reasons. First 

of all, future generations may enjoy lower economic and social progress than expected, and with 

risk aversion the less favorable states of the world loom larger than the best states. The concern 

that climate policy might increase inter-generational inequality (by imposing costs on the relatively 

poor current people and benefitting the relatively rich future people) thus becomes less important. 

Second, climate change may have catastrophic consequences, that lead to a sharp reduction in 

future consumption and well-being. Even a small chance of such a climate catastrophe will prompt 

a utilitarian social evaluator to prescribe stringent climate policies so as to protect the living 

conditions of the future individuals who potentially end up with a bad outcome, thereby calling for 

a high SCC (Weitzman 2009, Millner 2013).  

Therefore, two opposite effects arise. On the one hand, future generations are expected to be, on 

average, better off than the current one. Inter-generational inequality calls for less stringent climate 

policies, and, as a consequence, a lower SCC. On the other hand, climate change may pose threats 

to the well-being of future generations. Catastrophic risk calls for more stringent climate policies, 

mirrored in a higher SCC. In the expected utilitarian framework, both incentives are governed by 

the shape of the function 𝑢. If we adopt the standard isoelastic utility function 𝑢(𝑐8GD) =
TUV*
WXY

$Z[
, the 

parameter 𝜂 measures both attitudes towards inter-generational inequality, and attitudes towards 

risk. The larger 𝜂 is, the larger the aversion to transfer resources to the (on average) better-off 
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future, thereby leading to a lower SCC. However, the larger 𝜂 is, the higher the propensity to 

transfer resources to the future so as to prevent very bad outcomes to occur, thereby inducing a 

higher SCC. As a result, the sensitivity of the SCC to 𝜂 is a priori ambiguous, and depends on 

which type of inequality is expected to be larger (whether across generations or across states of 

the world). Most IAMs implicitly or explicitly assume that the prospects of economic growth 

create a larger inequality across generations than the inequality created within a generation by the 

likelihood of adverse climate outcomes (see Ackerman et al. 2013 for a discussion of this point). 

As a consequence, the SCC is typically found to decrease as the parameter 𝜂 increases.  

A prioritarian social welfare function, in contrast to the utilitarian approach, allows us to separate 

individuals’ preferences over consumption lotteries (represented by the function 𝑢) and the social 

evaluator’s preferences over unequal distributions of well-being (encapsulated in the function 𝑔).32  

Let us first consider the ex-ante prioritarian social welfare function described in formula (3). An 

ex-ante prioritarian social evaluator cares about the distribution of expected individual utilities. 

Ex-ante prioritarianism attaches high priority to individuals with low expected utility. If expected 

economic growth is so high that, all things considered (i.e., despite the threat of a climate 

catastrophe), the future is very likely to be better off than the present, then the ex-ante prioritarian 

social evaluator attaches higher priority to individuals living in the present than in the future. 

Therefore, the ex-ante prioritarian SCC will be lower than the undiscounted utilitarian one. The 

opposite occurs if the probability of a climate catastrophe is so high to make the prospects of future 

generations very grim (i.e., if future generations are worse-off on average than the current 

generation). However, most IAMs assume that the future will be better-off on average despite the 

climate threat, thus inducing a lower ex-ante prioritarian SCC compared to the undiscounted 

utilitarian one. 

Let us now compare prioritarianism and expected discounted utilitarianism. Like in the 

deterministic setting, ex-ante prioritarianism requires discounting future individuals’ well-being if 

 

 

32 Simply put, there are more degrees of freedom in the prioritarian framework as we have two different functions. 
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the future is expected to be better-off. In contrast, expected discounted utilitarianism discounts 

future well-being because of the time distance. Therefore, both frameworks tend to discount the 

well-being of future generations, although for different reasons. A priori we cannot say if the 

expected discounted utilitarian SCC is larger or smaller than the ex-ante prioritarian one, as the 

comparison depends on the relative size of the time discount rate 𝜌, the concavity of the priority 

function 𝑔, and the stream of expected well-being across generations. 

Suppose that the prioritarian social welfare function belongs to the Atkinson family, 𝑔(𝑢) = hWXm

$Zn
, 

with 𝛾 representing aversion to inequality in (expected) well-being. An increase in the inequality 

aversion parameter 𝛾 reduces the ex-ante prioritarian SCC, since the social evaluator attaches an 

even lower priority to future individuals’ well-being. In contrast, an increase in risk aversion 𝜂 has 

an ambiguous effect. On one hand, as risk aversion increases, concerns about the risk faced by the 

future generations gain more prominence. The future is considered relatively less better off than 

previously thought compared to the present, and, as a consequence, deserves more priority.33 On 

the other hand, if there is economic growth, future generations will be richer, on average, than the 

current one, thereby reducing the incentives to invest in climate policies that increase the income 

of future generations. As usual, the strength of such a motive is captured by the parameter 𝜂. 

In the ex-post prioritarian framework (4), the social evaluator cares about the distribution of 

realized well-being by attaching higher priority to individuals that end up in a bad state of nature 

(i.e., with very low consumption). The ex-post prioritarian social evaluator aims at preventing 

catastrophic climate consequences to occur. The higher the concavity of the priority function 𝑔, 

the higher the aversion to inequality in realized well-being, and, as a result, the higher the 

propensity to avoid catastrophic states. In particular, the ex-post prioritarian social evaluator is 

more concerned with catastrophic states than the expected utilitarian one. On the other hand, 

 

 

33 In addition, increasing 𝜂 can reduce the ratio of the levels of future expected utility and current expected utility 

(due to marginal utility declining more quickly), which implies that with an Atkinson SWF the present takes less 

priority (see expression A.10). See also Adler et al. 2017 for a similar result in the deterministic setting. 
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because of social and economic progress, the current generation is worse-off than future 

generations in most of the cases (i.e., unless a devastating climate catastrophe occurs such that the 

consumption of future generations is lower than the consumption of the current generation). 

Therefore, an ex-post prioritarian social evaluator is more concerned at protecting the well-being 

of the current generation than the utilitarian one is. And the larger the concavity of the priority 

function 𝑔, the more future individuals’ well-being will be discounted. The comparison between 

ex-post prioritarianism and undiscounted utilitarianism is therefore ambiguous, and, once again, 

depends on which type of inequality is expected to be larger (whether across generations or across 

states of the world). The implications of ex-post prioritarianism are thus very similar to those of 

expected utilitarianism. 

To better illustrate the previous point, consider an iso-elastic utility function with 𝜂 < 1 and an 

Atkinson social welfare function, and suppose that 𝑐rs(t = 0. Thus, formula (4) becomes: 

∑ 𝑁D ∑ 𝜋88
TU*
(WXY)(WXm)

($Z[)($Zn)D = ∑ 𝑁D ∑ 𝜋8
TU*
WX�

$Z�8D , with 𝜓 = 𝜂 + 𝛾(1 − 𝜂) > 𝜂. An ex-post prioritarian is 

mathematically equivalent to an undiscounted utilitarian with elasticity of marginal utility 𝜓 

instead of 𝜂. As 𝜓 > 𝜂, the ex-post prioritarian is more risk and inequality averse than the 

utilitarian one, as the parameters 𝜓 and 𝜂 capture both attitudes. However, as described earlier, an 

increase in the coefficient 𝜂 does not necessarily induce an increase in the SCC. Rather, in most 

IAMs an increase in the risk/inequality aversion parameter lowers the SCC because the inequality 

in consumption across generations created by the prospects of economic growth is larger than the 

inequality within a generation created by the risk of negative climate outcomes. Therefore, under 

the typical assumptions about economic growth and climate risks made in IAMs, ex-post 

prioritarianism is likely to lead to a lower SCC than undiscounted utilitarianism.  

Finally, let us consider the equally distributed equivalent prioritarian social welfare function (5). 

In the EDE-P case, the social evaluator cares about the distribution of realized well-being, like the 

ex-post prioritarian one. Moreover, she cares about the distribution of inter-generational welfare 

across states of the world, attaching a higher weight to states with high total inter-generational 

welfare through the convexity of 𝑔Z$. Let us define states with high inter-generational welfare 

“good” states, and states with low inter-generational welfare “bad” states. The EDE-prioritarian 

social evaluator attaches higher weight to well-being changes that occur to the worse-off 
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individuals living in good states of the world. Therefore, the SCC increases with respect to the 

undiscounted utilitarian one if the generations that suffer more from climate change are expected 

to suffer proportionally more in states where all the other generations are doing well rather than in 

states where also the other generations are doing poorly.  

The EDE-prioritarian social evaluator aims at protecting the generations with a very bad fate 

compared to the other generations. For instance, if climate change is expected to fall hard on a few 

generations, while the future ones will recover, then the EDE-prioritarian SCC is likely to be larger 

than the undiscounted utilitarian one. If, instead, climate change hurts indiscriminately everyone, 

the opposite is likely to occur.34 The reason is that the EDE-prioritarian social welfare function is, 

strictly speaking, catastrophe-prone, i.e., it gives higher value to situations with no ex-post 

inequality. Consider the following two lotteries, where rows stand for generations, columns for 

equally-probable states, and the numbers represent well-being levels: 

𝐴:		 �
2					0
0						2� 																				𝐵:			 �

2				0
2				0� 

For an EDE-prioritarian social welfare framework, lottery B is preferred to lottery A, because in 

B there is no ex-post inequality. However, lottery B is also riskier than lottery A, since we do not 

know the distribution of well-being that will obtain. In addition, lottery B includes a very bad state 

where everyone has a very low well-being (0 in this case).  

It is unclear whether catastrophe seeking is a good ethical assumption. Rheinberger and Treich 

(2017) review the literature on catastrophe-sensitive behaviors, where a catastrophe is defined as 

the case when many people suffer a loss. They find that many studies support a catastrophe seeking 

preference on behalf of individuals, especially when it comes to loss of life. It is an open question 

whether a social evaluator should also be catastrophe seeking.35 

 

 

34 Ferranna (2020) defines some sufficient conditions under which the EDE-prioritarian social welfare function leads 

to a larger SCC with respect to the utilitarian case.  

35 While EDE-P is technically a catastrophe-prone prioritarian SWF, Ferranna (2020) discusses a variant based on 

the expected utility of the equally-distributed level of consumption (as opposed to the formula presented here, where 
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More work has to be done to fully understand the implications of prioritarianism for climate policy, 

and, in particular, its feasibility and practical differences from a utilitarian approach. To sheds 

some light on the policy implications of a prioritarian social welfare function, we have performed 

some simulation exercises based on a very simple climate-economy model inspired by Nordhaus’s 

DICE model (see the Appendix for a full description of the model). We assume that the sensitivity 

of future consumption to increases in temperature are uncertain (damage risk), and we investigate 

the impact of varying the welfare framework on the SCC. The SCC has been computed along the 

business-as-usual emission path, i.e., under the assumption that no climate policy is introduced.  

A standard feature of the DICE-family models is the assumption that future generations will be 

wealthier than the current one, despite the possibility of very large climate damages. As a 

consequence, the results presented here are based on the assumption that the current generation is 

the worst-off one. We assume that the uncertain damage parameter is distributed normally. 

Assuming more negatively skewed distributions will change the results quantitatively, but not 

qualitatively (i.e., the assumed economic growth is high enough that the future generations will be 

relatively better-off even in the worst climate damage scenario).36 

Figure 1 depicts the SCC in the expected utilitarian case as a function of risk aversion 𝜂 (the 

elasticity of marginal utility of consumption of an iso-elastic function) and utility discount rate 𝜌. 

As expected, the SCC is decreasing both in 𝜌 and in 𝜂. The negative relation between the SCC and 

the coefficient 𝜂 is due to the fact that 𝜂 represents both aversion to risk and aversion to inequality. 

 

 

expected value is taken of the equally-distributed equivalent of VNM utility), which can incorporate catastrophe 

averse attitudes (i.e., aversion to scenarios where there is coincidence of fates, either many individuals suffer a loss 

or many individuals enjoy a gain). Variants also exist for both prioritarianism and utilitarianism, with suitable 

concave transformations, see, e.g., Adler and Treich (2015). We will not discuss these less common forms of 

prioritarianism and utilitarianism in the paper. 

36 In other words, to have a scenario where the current generation is not the worse-off one, we would need a model 

that explicitly considers consumption falling to subsistence level if a climate catastrophe is triggered. For the sake of 

simplicity, we do not model tipping points (e.g., Lemoine and Traeger 2014, Kent et al. 2019). 
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Although the extent of future damages is unknown, the expected economic growth 

overcompensates the risk, thereby reducing the SCC as 𝜂 increases. In the calibration, we have 

considered a normal distribution of the damage coefficient. More skewed distributions could lead 

to different results.37 However, Table 1 shows that the presence of risk does induce an increase in 

the SCC with respect to the deterministic scenario.  

Figure 2 depicts the SCC in the ex-post prioritarian scenario, as a function of both the coefficient 

of risk aversion 𝜂 and of the coefficient of inequality aversion 𝛾 of an Atkinson social welfare 

function. The SCC is decreasing both in risk aversion and in inequality aversion. The reason is that 

the ex-post prioritarian social evaluator attaches higher weight to consumption changes occurring 

to the worst-off generation, and, due to the economic growth assumption, the present generation 

is the worst-off one, despite the climate risk. The higher the aversion to inequality, the lower the 

incentive to reduce emissions for the sake of future generations. Risk aversion has a similar effect 

because the concavity of the function 𝑢 is capturing both aversion to risk in consumption and 

aversion to inequality in consumption. Moreover, since the SCC is decreasing in 𝛾, the ex-post 

prioritarian SCC is lower than the utilitarian one. 

Table 1 shows that the results under the three prioritarian approaches under risk are very similar. 

All approaches favor a lower SCC than the undiscounted utilitarian case (although the reasons 

behind this result are different), and the higher the aversion to inequality in well-being (captured 

by the coefficient 𝛾), the lower the SCC. This conclusion may not hold under a different 

calibration. 

 

 

37 If the probability distribution has a fat-tail, it is possible that the certainty-equivalent consumption of future 

generations (i.e., future expected consumption adjusted for the risk) is below current consumption. Then, increasing 

𝜂 (the risk aversion parameter) decreases the certainty equivalent and raises the SCC. However, as previously noted, 

the models belonging to the DICE family are unlikely to support this result because of the assumption of sustained 

economic progress, unless we explicitly model tipping points and consumption falling to subsistence levels (see 

footnote 36). 
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One issue with the EDE-prioritarian framework is the non-separability assumption. In the SCC 

formula we have implicitly assumed that only present and future generations matter, although a 

faithful application of the framework would include also the past. As previously pointed out, we 

have reasons to believe that including the past will not dramatically affect the results. If anything, 

the inclusion of the past should induce more cautionary behaviors, because the social evaluator 

will aim at avoiding in particular those states where future generations are so badly hurt that they 

face a fate even worse than the past.  

So far, we have focused on the impact of prioritarianism in a world with only inter-generational 

inequality. If intra-generational inequality is added, results become more blurry. As in the 

deterministic case, inter- and intra-generational inequality push in different directions. Take for 

instance the EAP framework, which puts priority to the individuals that face the worst risk in terms 

of certainty equivalent. If these individuals are in the future, then EAP will recommend a higher 

SCC than undiscounted expected utilitarianism. The opposite occurs if those expected worst-off 

individuals are in the present. Similarly, the EDE-prioritarian framework will recommend to give 

priority to the individuals that, ex-post, do very badly compared to the others. If these individuals 

live in the future, the SCC increases with respect to the utilitarian framework. More analysis has 

to be done to see which type of inequality predominates in a prioritarian world.   

 

6. Extensions 

6.1. Heterogeneous preferences 

As seen in Adler (forthcoming) in a general framework allowing for preference heterogeneity and 

multiple attributes, the utilitarian formula would be ∑ (1 + 𝜌)Z$𝜋8𝑁GD𝑢G(𝑐8GD)DG8 , where 𝑢G is the 

von Neumann-Morgenstern function of individual 𝑖. The difficulty when individuals have different 

VNM utility functions is that an appropriate scaling of the utility functions is needed to make them 

comparable. Indeed, the same preferences over risk can be represented with many VNM functions 

(each being an affine transform of the other), and there is no obvious choice of a single 

representation. 

The literature has offered some interesting options for scaling VNM utility functions. The most 

popular one is the “0-1” scaling, which consists in assigning value 0 to the worst option and value 
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1 to the best option (Dhillon and Mertens 1999). In the case of consumption, there is no obvious 

choice for a “best” option, especially when looking at growth paths in which the average individual 

becomes ten times as wealthy as the current population. Another option, proposed by Adler (2012), 

picks a level of consumption below the highest for the utility value 1. Such choices have important 

consequences, because very risk averse individuals have much lower marginal utility under 

Adler’s scaling (above the consumption level giving utility 1) than with the 0-1 scaling, and 

therefore receive much less priority in the allocation of resources. 

Preference heterogeneity in the climate policy context is relevant especially when we think about 

the preferences of future generations. It is reasonable to assume that people living in the future 

might hold different values from ours, for example concerning the value of protecting 

environmental amenities or biodiversity, and the substitutability between preserving the 

environment and market activities (Beltratti et al. 1998, Ayong Le Kama 2001). Additionally, 

future preferences may be influenced by the policies enacted today (e.g., changes in mobility 

preferences induced by urban planning interventions), raising the question of whether and to what 

extent this endogeneity in preferences should be accounted for in the analysis (Mattauch and 

Hepburn 2016). The implication of variable preferences for climate policy is an area of research 

not yet well explored.  

 

6.2. Equivalent income 

So far, we have focused on the case in which consumption is the only argument of the utility 

function. As a matter of fact, in the main IAMs, damages to consumption due to climate change 

include non-economic costs, such as mortality or morbidity. These costs are monetized, according 

to certain conventions, such as the value of a statistical life in the case of mortality.38 

This way of monetizing non-monetary aspects of life can be understood with the concept of 

equivalent income, also called money-metric utility. Let 𝑢G(𝑐8GD, 𝑑8GD) denote the utility in group 𝑖 

 

 

38 See, for example, Scovronick et al. (2020) on how to monetize health impacts of climate change. 
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that depends on both consumption 𝑐8GD and non-consumption attributes 𝑑8GD.39  It is possible to 

convert all non-monetary dimensions of well-being (such as health, leisure, happiness, social 

inclusion or environmental amenities) into monetary terms, so as to build an “equivalent”, or 

normalized, consumption index 𝑐8GD�t(�. Let 𝑑(s� be some well-chosen reference level of non-

consumption attributes. The equivalent consumption index for a given bundle of attributes 

(𝑐8GD, 𝑑8GD) is determined using each individual’s preferences, by solving the equation 

𝑢G(𝑐8GD, 𝑑8GD) = 𝑢G(𝑐8GD�t(�, 𝑑(s�) for  𝑐8GD�t(�. Once this is done, one can drop 𝑑(s� which is fixed, 

and simply write 𝑢G(𝑐8GD�t(�).   

This normalization does not have any effect on the analysis if one trusts the utility values, as in the 

VNM approach, since utility of the normalized consumption is just equal to the original utility 

𝑢G(𝑐8GD, 𝑑8GD).40 But the equivalent consumption index 𝑐8GD�t(� itself, which is a representation of the 

individual’s preferences, can also be used as an index of well-being for a prioritarian approach, 

taking inspiration from resourcist approaches (such as Rawls’ theory of justice) according to which 

inequality should be assessed in terms of resources or opportunities offered to individuals rather 

than in terms of subjective well-being such as the VNM utility. This alternative prioritarian 

approach can be applied through a variant of expression (5):  

																																							𝑊=>=Zb� = 𝑁A𝜋8𝑢 ∘ 𝑔Z$ E
1
𝑁A𝑁GD𝑔(𝑐8GD�t(�)

D,G

K																																	(6)
8

 

In this variant, the EDE is computed in terms of equivalent consumption, and risk aversion is 

brought by the function 𝑢 which can either be a representation of risk aversion in the population 

(assuming it is uniform in the population), or as the risk attitude of the social evaluator (Ferranna 

 

 

39 See Sterner and Persson (2008) for one of the few attempts at explicitly considering a utility function that depends 

on both consumption and environmental quality. By using Nordhaus’ DICE model, they find that the optimal 

emission path is very sensitive to the elasticity of substitution between the two attributes.  

40 In the previous analysis we have assumed that utility depends only on consumption. But the same results hold if 

we interpret consumption as “normalized consumption”. 
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2020). One advantage of this formula is that, depending on whether the degree of risk aversion in 

𝑢 is greater or smaller than the degree of inequality aversion in 𝑔, then 𝑢 ∘ 𝑔Z$ is a concave or 

convex function and the social welfare function is averse to catastrophes or not, which brings more 

flexibility about catastrophe avoidance than formula (5). 

 

6.3. Variable population 

Generally, climate policy analysis assumes that present and future population is fixed and 

unaffected by climate change. However, climate change can change the size of future population. 

For example, climate change can worsen health and lead to premature mortality. Higher degree of 

warming could cause a decline in reproduction either because of health-related effects or because 

of premature mortality (people that might have been borne are not borne because their potential 

parents have died prematurely). As an extreme scenario, climate change could cause human 

extinction. The opposite might occur as well, at least for the short term. Increased frequency of 

damages may slow down the current decline in fertility in some developing regions (such as sub-

Saharan Africa) because of the increased risk on household income and the consequent increased 

opportunity cost of having a child. 

IAMs rarely analyze the impact of population dynamics on the climate policy, and the possible 

endogeneity of population size in the climate context. Clearly, also in the standard discounted 

utilitarian model, we can see that population size matter. Assume for the time being that population 

is exogenous. The more people live in the future, the larger their total well-being, and, as a 

consequence, their weight in the social evaluation. In the presence of population growth, we can 

assume that the social evaluator is more inclined to invest in a climate policy that will benefit the 

more numerous future people.  For instance, Scovronick et al. (2017) show that in Nordhaus’s 

DICE model, if the size of the population is exogenously predicted to be greater than previously 

assumed, then the SCC rises by so much that the optimal carbon tax policy induces lower emissions 

and a lower temperature profile over the future.  

Standard IAMs (such as Nordhaus DICE model) implicitly assume a “total” utilitarian approach 

to population ethics. In the case of total utilitarianism, outcomes are ranked according to the sum 

of individual well-beings. In a deterministic setting, the total (discounted) utilitarian social welfare 
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function is given by the formula ∑ $
($'g)*D ∑ 𝑁GD𝑢(𝑐GD)G , which is exactly the one that was analyzed 

in section 4.41 Total utilitarianism leads to the so-called “repugnant conclusion”, according to 

which policies that increase the population are ethically recommended even if the lives added are 

barely worth living (thus inducing a sharp decline in average quality of life), as long as the increase 

in population is sufficiently large. An alternative approach is “average” utilitarianism, where 

outcomes are ranked according to average well-being. The average (discounted) utilitarian social 

welfare function would be equal to $
∑ W

(W��)*
�V*V*
	∑ $

($'g)*
𝑁GD𝑢(𝑐GD)GD  (Dasgupta 2001).42 Average 

utilitarianism violates the “negative expansion principle”, according to which adding a life not 

worth living should never be ethically acceptable. A third classical approach is “critical-level” 

utilitarianism, according to which it is ethically acceptable to add an individual whose well-being 

is above a critical level. The corresponding social welfare function is given by 

∑ $
($'g)*

𝑁GD(𝑢(𝑐GD) − 𝑢T(GD)GD . If the critical level is chosen such that it is higher than the level 

making a life worth living, then critical level utilitarianism satisfies the negative expansion 

principles and avoids the repugnant conclusion.43   

The result that faster population growth rises the SCC holds under all forms of utilitarianism 

previously described (i.e., both total, average and critical level). Indeed, they do not differ in how 

they estimate the SCC, and, as a consequence, in how the SCC reacts to an exogenous change in 

 

 

41 Total utilitarianism is the view according to which adding someone to the population increases welfare if and only 

if the person’s life is better than non-existence. If 𝑢�t(D� is the well-being level such that a life is equal to not 

existing at all, then the total utilitarian formula would be ∑ $
($'g)*

𝑁GD(𝑢(𝑐GD) − 𝑢�t(D�)GD . To simplify, in the text we 

assume that 𝑢�t(D� = 0. 

42 If there is time discounting 𝜌 > 0, average utilitarianism requires to discount population number at the 

denominator. Otherwise, social welfare could be increased by making people live at earlier dates, along a path of 

constant individual well-being (Dasgupta 2001). 

43 See also Adler (forthcoming) for a discussion of total, average and critical level prioritarianism. 
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the projected population growth.44 The main reason is that the size of future population is assumed 

to be independent of climate change. Control of future population is not included in the potential 

benefits of a climate policy, and, consequently, in the benefits included in the computation of the 

SCC. 

The previous formulas can be extended to prioritarianism, allowing us to define total, average and 

critical level prioritarianism as follows: ∑ 𝑁GD𝑔(𝑢(𝑐GD))GD , $
∑ �V*V*

∑ 𝑁GD𝑔(𝑢(𝑐GD))GD  and 

∑ 𝑁GD�𝑔d𝑢(𝑐GD)e − 𝑔(𝑢T(GD)�GD . As in the utilitarian case, different forms of prioritarianism do not 

affect the computation of the SCC, as long as population growth is exogenous and we are in a 

deterministic setting. The extension to a risky setting raises additional complications. 

Climate change may affect the size of the future human population, for example through a large 

disaster that changes the habitability of the planet for humans and causes human extinction or a 

drastic reduction in population size. If such a risk is large enough, then it should have a first-order 

effect on the SCC. In the case of endogenous population risk, population ethics will affect the 

computation of the SCC, and the value placed to policies that prevent human extinction. For 

example, under a total utilitarian social welfare function the risk of a reduction in the size of future 

population is likely to increase the SCC compared to a situation with no risk, since, by 

construction, total utilitarianism cares about total number of people. In contrast, under an average 

utilitarian social welfare function, the SCC with endogenous population risk may actually be lower 

than the one with exogenous population risk, as long as there is no consequence for average well-

being. If climate change reduces population size, but the well-being of those surviving is 

 

 

44 In other words, since climate change is assumed to have no impact on population growth (but only impacts on 

consumption), the SCC formula under both average utilitarianism and critical-level utilitarianism is equivalent to the 

one under total utilitarianism. In average utilitarianism, the term 	 $
∑ W

(W��)*
�V*V*

 is a constant multiplicative factor that 

cancels out when computing the SCC. In critical-level utilitarianism, the term -∑ $
($'g)*

𝑁GD(𝑢T(GD)GD  is a constant 

additive factor which cancels out when computing the SCC. These terms cancel out because they do not depend on 

consumption, which is the only attribute that is affected by climate change in this context.  
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sufficiently high, then the average utilitarian policy maker is not concerned about the population 

impact of a changing climate.   

The issue of endogenous population size has not received much attention in the climate economics 

literature. One of the few examples is Méjean et al. (2017), who build an IAM that explicitly 

accounts for the risk of extinction of human population due to climate change. Méjean et al. 

consider an entire family of population-sensitive utilitarian welfare functions, ranging from total 

utilitarianism to average utilitarianism, both with the possibility of a critical level. They show that, 

independently of the framework adopted, the risk of endogenous extinction calls for more 

mitigation at the expense of exacerbating inter-generational inequality. No study has investigated 

the implications of endogenous population risk under a prioritarian framework. It is unclear to 

which extent the results would differ with respect to the utilitarian setting. 

 

6.4. Uncertainty  

The deep uncertainty surrounding the climate change phenomenon questions the reliability of 

probabilistic calculus, since the likelihood of different scenarios is often based on subjective 

beliefs. Millner et al. (2013) have argued that uncertainty about probability distributions should be 

explicitly acknowledged when performing benefit-cost analysis. As a consequence, they suggest 

the use of ambiguity-averse approaches, where the social evaluator is averse to the uncertainty 

concerning the likelihood of different events. From a practical point of view, ambiguity aversion 

makes the social evaluator more cautious when evaluating policy options, by focusing on the less 

favorable probability distributions, and, as a result, by putting more weight on the worse scenarios. 

However, since ambiguity aversion violates expected utility axioms, the rationality of such an 

approach is, once again, under question.45 

 

 

45 A related topic is the impact of learning on the evaluation of climate policies. The arrival of new information will 

reduce the uncertainty over some key climate parameters, allowing for more targeted policies. A trade-off arises 

between postponing stringent climate policies to wait for more information and acting strongly immediately to 
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7. Conclusion  

Most integrated climate-economy models adopt an expected discounted utilitarian (EDU) welfare 

function to evaluate climate policies. EDU is a flexible framework given the informational and 

computational constraints concerning the climate change problem (in particular, homogeneous 

preferences and normalized consumption as the only attribute). It takes account of inequalities both 

within and between generations, the granularity depending on available information. Moreover, it 

can capture different ethical stances by varying the values of the parameters of interest.  

In the paper, we have discussed the implications of prioritarian welfare functions in climate policy. 

Compared to the expected utilitarian case, prioritarianism attaches higher weight to consumption 

changes occurring to generations that are worst-off. As a consequence, it is more sensitive than 

utilitarianism to the occurrence of catastrophic events that induce a sharp reduction in the 

consumption possibilities of future generations. However, we have shown that in standard climate-

economy models a switch to a prioritarian welfare function often induces a lower incentive to 

reduce emissions for the sake of future generations due to the assumption of consistent economic 

growth. The result is not general, and speaks of the debatable assumptions that are often adopted 

in the climate-economy models.  

 

 

 

 

 

 

 

 

 

prevent the occurrence of low-probability catastrophic scenarios (e.g., Kolstad 1996). For the sake of simplicity, we 

decided to leave the topic aside.    
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Appendix: Simulation exercise 

The Appendix describes the simple climate-economy model used in the simulation exercise, and 

derives the expressions for the Social Cost of Carbon under the various ethical approaches 

analyzed in the paper. For the sake of simplicity, we assume that there is no intra-generational 

inequality, i.e., consumption and climate damages are equally distributed within a generation. 

The climate-economy model 

We consider a simple climate-economy model in the spirit of the DICE model by Nordhaus (2008). 

Let 𝑌D denote the total amount of consumption goods produced at time 𝑡. Carbon emissions 𝐸D =

𝜆D𝑌D are generated during the production activities, where 𝜆D is the carbon intensity of production. 

As in Nordhaus (2017), carbon intensity falls over time according to the following law: 

ln ¡*
¡*XW

= 𝑔¡ 𝑒¢£D, where 𝑔¡ is the initial rate of decarbonization, and 𝛿¡ the rate of decline of the 

rate of decarbonization. 

Climate change is driven by the accumulation of CO2 in the atmosphere. The stock 𝑀D'$ of 

atmospheric carbon dioxide evolves according to (Traeger 2014): 
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𝑀D'$ = 𝑀¦(s + (1 − 𝛿§)d𝑀D − 𝑀¦(se + 𝐸D																																		(𝐴. 1) 

where 𝑀¦(s is the pre-industrial level of CO2, and 𝛿§ ∈ (0,1) the decay rate of the carbon stock 

exceeding pre-industrial levels. The accumulation of carbon dioxide leads to a gradual increase in 

atmospheric temperature: 

𝑇D'$ = (1 − 𝜙)𝑇D + 𝜙
𝜒
ln 2 ln

𝑀D'$

𝑀¦(s
																																									(𝐴. 2) 

where 𝑇D is the increase in temperature in period 𝑡 with respect to the pre-industrial level, 𝜙 the 

degree of inertia of the climate system, and 𝜒 the climate sensitivity, which measures the 

equilibrium warming that results from doubling the atmospheric concentration of CO2. 

Warming produces economic damages through a reduction in consumption. Damages 𝐷(𝑇D) have 

an exponential quadratic form: 

𝐷(𝑇D) = 1 − 𝑒Z«L*¬																																																										(𝐴. 3) 

where the damage coefficient 𝛼 measures the sensitivity of consumption to warming. The damage 

coefficient 𝛼 is subject to uncertainty. We assume that it is distributed normally. Climate damages 

reduce the total consumption in period 𝑡, 𝐶D = 𝑌D𝑒Z«L*
¬, but have no effect on the economic growth 

rate: 𝑌D'$ = 𝑌D𝑒¯, with 𝜇 the growth rate of the economy.  

As in DICE, population evolves over time according to: 𝑁D = 𝑁DZ$
$Z±²𝐿´

±² 

Given the previous equations, the per-capita climate damages at time 𝑡 and state 𝑠 from a small 

increase in emissions at time 0 (usually 1 ton) are equal to: 

𝑏8D = 2
𝐶8D
𝑁D
𝛼𝑇D

𝑑𝑇D
𝑑𝐸%

																																																														(𝐴. 4) 

𝑑𝑇D
𝑑𝐸%

= (1 − 𝜙)
𝑑𝑇DZ$
𝑑𝐸%

+ 𝜙𝜒
(1 − 𝛿§)D

𝑀D ln 2
																																						(𝐴. 5) 
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Derivation of the expressions for the SCC 

The Social Cost of Carbon represents the present value of economic damages created by an 

additional ton of carbon released in the atmosphere. Estimating the SCC involves a four-step 

procedure: i) given an emission path, projecting the impact of an additional ton of carbon on future 

temperature (the term ¶L*
¶=·

 in the previous expression, for all 𝑡 ≥ 0); ii) identifying the impacts of 

the changing climate on the economy and society, and iii) evaluating those damages in monetary 

terms (i.e. computing 𝑏8D in the previous expression); iv) computing the net present value of the 

climate damages by using an appropriate formula. The formula depends on the specific welfare 

function that is adopted. In the following, we will state the various formulae, and compute the SCC 

associated to a 1 ton increase in carbon emissions at time 0 (year 2018).  

Let 𝑐8D be the per-capita amount consumed by individuals of generation 𝑡 in state 𝑠, 𝑐% the sure 

amount consumed by people in the current generation, 𝑢′(𝑐) the marginal utility of consumption, 

and 𝑏8D the monetized benefits enjoyed by generation 𝑡 in state 𝑠 if current carbon emissions are 

reduced by a small amount (one ton). With the common isoelastic assumption about the utility 

function 𝑢, the SCC under expected discounted utilitarianism is equal to:  

𝑆𝐶𝐶=>? =A
1

(1 + 𝜌)D
𝑁D
𝑁%
A𝜋8

𝑢¹(𝑐8D)𝑏8D
𝑢′(𝑐%)8∈:

L

D;%

≡A
1

(1 + 𝜌)D
𝑁D
𝑁%
A𝜋8 �

𝑐8D
𝑐%
�
Z[

8∈:

L

D;%

𝑏8D													(𝐴. 6) 

where 𝜌 is the utility discount rate, while 𝜂 represents risk aversion, and, by extension, also the 

social evaluator’s aversion to inequality in consumption. From the previous expression, we can 

recover also the formula to determine the SCC in the deterministic scenario: 

𝑆𝐶𝐶>? =A
1

(1 + 𝜌)D
𝑁D
𝑁%
�
𝑐D
𝑐%
�
Z[
𝑏D

L

D;%

																																									(𝐴. 7) 

Assume that the priority function 𝑔 also has an isoelastic form: 𝑔(𝑢) = 	 h
WXm

$Zn
 if 𝛾 ≠ 1, and 𝑔(𝑢) =

log(𝑢) if 𝛾 = 1, where 𝛾 denotes the social evaluator’s aversion to inequality in individual well-

being. The utility function 𝑢 has a zero point to guarantee a positive well-being level: 𝑢(𝑐) =
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TWXY

$Z[
− Tijkl

WXY

$Z[
. Let 𝑔′(𝑢) represent the marginal priority of utility. In a deterministic context, the SCC 

under prioritarianism is given by: 

𝑆𝐶𝐶b =A
𝑁D
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The previous expression can be easily extended to the ex-post prioritarian approach: 

𝑆𝐶𝐶=bb =A
𝑁D
𝑁%
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						(𝐴. 9) 

It is similar to the EDU formula except for the fact that the utility discount rate 𝜌 has been replaced 

by a “priority discount” term. 

In the ex-ante prioritatian case, the policy evaluator cares about the distribution of expected utilities 

across generations. The SCC is equal to: 

𝑆𝐶𝐶=�b =A
𝑁D
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Let (𝑔8Z$)′ be the first derivative of the function 𝑔8Z$ = 𝑔Z$ P$
�
∑ 𝑁D𝑔(𝑢(𝑐8D))L
D;% Q. When using 

an Atkinson social welfare function, we get: 𝑔8Z$ = º$
�
∑ 𝑁D �

TU*
WXY

$Z[
− Tijkl

WXY
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�
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L
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W
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 , and its 

derivative is equal to: (𝑔8Z$)′ =
$

$Zn
º$
�
∑ 𝑁D �

TU*
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m
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. In the equally distributed 

equivalent ex-post prioritarian framework, the SCC is given by: 
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with 
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Tables and Figures 

Figure 1. The Social Cost of Carbon under the expected discounted utilitarian approach, as 

a function of the utility discount rate 𝝆 and of the coefficient of risk aversion 𝜼  
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Figure 2. The Social Cost of Carbon under ex-post prioritarianism as a function of the 

coefficient of risk aversion 𝜼 and of the coefficient of inequality aversion 𝜸.  

 
Notes: When 𝛾 = 0, the ex-post prioritarian case coincides with undiscounted expected 

utilitarianism. Assumption: 𝑐rs(t = $1000. 
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Table 1. The Social Cost of Carbon under different social welfare function approaches as a 

function of the coefficient of risk aversion 𝜼.  

 Coefficient of risk aversion 

𝜼 = 𝟏 𝜼 = 𝟐 𝜼 = 𝟑 

Undiscounted 

utilitarianism (no risk) 
$65.4 $17.5 $8.2 

Undiscounted expected 

utilitarianism 
$69.7 $18.8 $8.9 

Prioritarianism (no risk) $39.9 $16.7 $8.2 

Ex-ante prioritarianism $42.6 $17.9 $8.8 

Ex-post prioritarianism $42.7 $17.9 $8.8 

Equally-distributed-

equivalent prioritarianism 
$42.5 $17.9 $8.8 

Notes: Assumptions for the prioritarian approaches: 𝑐rs(t = $1000, coefficient of inequality 

aversion 𝛾 = 1. In the paper, 𝜂 was also referred as the elasticity of marginal utility of 

consumption. 
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Table 2. Parameters used in the climate-economy model 

Parameter Definition Value Source 

𝑌% GDP in 2018 $85.91 trillion Worl Bank 

𝐸% Emissions in 2018 10.04 GtC Tollefson (2019) 

𝑔¡ Rate of decarbonization -0.0102 Dietz et al. (2018) 

𝛿¡ Rate of decline of rate of 

decarbonization 

-0.001 Nordhaus (2017) 

𝑀¦(s Pre-industrial level of CO2 280ppm  

𝑀% Carbon stock in 2018 409ppm NOAA 

𝛿§ Decay rate of the carbon stock 0.0138 Lemoine and Rudik 

(2017) 

𝜒 Climate sensitivity 3 Assumed 

𝑇% Temperature increase with 

respect to pre-industrial level in 

2018 

1.1°C Hansen et al. (2019) 

𝜙 Inertia of the climate system 0.032 Traeger (2014) 

𝛼 Damage coefficient Mean=0.26% 

Standard 

Deviation=0.1616% 

Tol (2014) 

𝜇 Economic growth rate 2.06% Assumed 

𝑁% Global population in 2018 7.5 billion United Nations, 

World Population 

Prospects  

𝑔� Annual population growth rate 0.0268 Assumed  

𝐿´ Asymptotic population 11.5 billion Assumed 

 


