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1 Introduction

Heterogeneous-agent models or more precisely, incomplete-insurance-market models are
now widely used to identify new mechanisms and to analyze the effects of policies, such
as monetary or fiscal policies. These models allow for investigating intertemporal and
distributive trade-offs. A recent literature analyzes optimal policies in these environments
to uncover normative implications. As with any model featuring heterogeneous agents,
an immediate question arises: Which welfare objective should be adopted? The answer
to this question is important both quantitatively and theoretically. Quantitatively, the
weights given to different agents will affect the optimal policies, especially if these agents
are differently affected by the policy under consideration. Theoretically, the qualitative
properties of the allocation, such as the existence of a stationary equilibrium or the use of
certain taxes, may also depend on the choice of the welfare objective.

The difficult question of interpersonal utility comparison has a standard solution in
the literature: defining an aggregation procedure that combines individual welfare into
a social welfare objective, using a Social Welfare Function (henceforth, SWF). Among
the class of linear SWFs, the heterogeneous-agent literature often employs the utilitarian
SWF for normative analysis following Aiyagari (1995), where equal weights are assigned
to all agents. This SWF serves as a useful benchmark, but is only one among many
alternatives, each with distinct properties. Some normative analyses use Pareto-Negishi
weights, allowing the planner to differentially weight agents, or consider SWFs with
inequality aversion to accommodate more general social objectives.

However, the assumption of country-wide social preferences raises challenges, as
inequality aversion and the desire for redistribution are heterogeneous among individuals
within a given country and may diverge from their strict individual preferences, as
evidenced by surveys or experiments. Additionally, some individuals may vote against
their direct material interests, guided by their own social preferences, which may thus
differ from their strict individual preferences (see the literature review below). As a
consequence, a country’s social preferences can be viewed as the outcome of a (possibly
biased) aggregation of heterogeneous individual social preferences. In this paper, we
present a theory of the SWF that explicitly models this aggregation process. The resulting
SWF is more general than the utilitarian SWF and sufficiently flexible to be estimated
and applied in heterogeneous-agent models.

Our aggregation theory of the SWF rests on four assumptions. First, individuals hold
their own view on how the planner should care about the welfare of society’s members.
This corresponds to so-called ethical preferences (Arrow, 1951; Harsanyi, 1955; Sen, 1977).
As Harsanyi (1955) states, ethical preferences reflect “what [an individual] prefers only in

those possibly rare moments when he forces a special impartial and impersonal attitude



on himself”? We represent these ethical preferences using Individual Welfare Functions
(IWFs), which are agent-specific and thus heterogeneous. Second, the heterogeneity in
IWFs arises from individuals’ life experiences. As a result, an agent IWF may evolve as
their economic history unfolds. Indeed, following the Bewley tradition, we assume that the
relevant life experience shaping IWFs is an agent’s economic history. While our framework
could accommodate other dimensions of heterogeneity, this representation is sufficiently
rich to explore a wide range of political implications. Third, we assume that ethical
preferences are represented by a discounted sum of weighted period utilities, where the
weights capture how agents perceive the utility of others. This representation is flexible
enough to encompass a variety of moral and political concerns—including egalitarian,
utilitarian or self-interested motives, or low-redistribution preferences—in the planner’s
objective.? Fourth, the SWF used by the planner to design policies is a (possibly biased)
aggregation of the heterogeneous IWFs. We further assume that heterogeneity in agents’
ability to influence the planner’s decisions — which we term political power — may introduce
bias into the aggregation.

We prove that the SWF resulting from this construction is stationary at the steady
state, despite the evolution of agents’ ethical preferences with their individual histories. For
this reason, we refer to this framework as a Bewley theory of the SWF. This construction
yields a flexible and consistent SWF that can be applied in heterogeneous-agent models.
In alternative models featuring ex-ante heterogeneity (e.g., Bassetto, 2014), Pareto-Negishi
weights offer a consistent and flexible approach to capturing the relative importance of
different groups in designing optimal policies. However, in models where heterogeneity
emerges from incomplete insurance markets, agents may transition between rich or poor
status depending on the realization of idiosyncratic shocks. Thus, assigning distinct
weights to rich and poor agents necessitates weights over idiosyncratic histories—a feature
inherent to our construction.

An outcome of our construction is that it generates restrictions enabling the estimation
of the SWF from data. The estimation of SWFs relies on revealed social preferences, or,
more precisely, the inverse optimal approach (see Heathcote and Tsujiyama, 2021, for a
recent example; additional references are provided in the literature review), which we
extend to an intertemporal general equilibrium environment. This strategy allows us to link
the estimated SWFs to public finance concepts such as Social Marginal Welfare Weights
(SMWW) and the Marginal Value of Public Funds (MVPF). Identifying the heterogeneous
IWFs underlying the SWFs is more challenging. While experimental or survey data can
inform priors, no direct quantitative evidence is currently available. In particular, the

high dimensionality of IWFs renders them sensitive to the observer’s priors. To address

IThese ethical preferences have a long tradition. They are the preferences of the “impartial spectator”
of Adam Smith (1759) or the preferences under the “veil of ignorance” of Rawls (1971).
2We provide in Section 2 the definitions of these concepts in our construction.



this, we develop an estimation strategy that decomposes IWFs into prior-dependent and
prior-independent components, each of which can be analyzed separately.

We apply our framework to estimate the SWF for both France and the United
States, two countries that exhibit sharp differences in taxation and inequality. First, we
demonstrate that a fiscal system comprising a progressive labor tax, a capital tax, a
consumption tax, and public debt, when combined with empirically relevant income risk,
can closely replicate the observed income and wealth inequality in both countries for the
year 2007. We select 2007 to avoid the distorting effects of the global financial crisis and
the subsequent COVID-19 shock, which introduced significant transitory changes in fiscal
structures. We then consider a heterogeneous-agent model in which agents face income
risk and the fiscal system finances a public good. A Ramsey planner sets fiscal policy to
maximize an SWF derived from our construction. To solve the intertemporal program in
general equilibrium, we employ the truncation method developed by LeGrand and Ragot
(2022a, 2023), extending it to accommodate a general disutility of labor that goes beyond
the GHH preferences previously analyzed in LeGrand and Ragot (2025). Finally, using
the first-order conditions (FOCs) of this Ramsey program, we compute the SWF and the
IWFs consistent with the observed allocations and tax systems in France and the US.
This approach extends the standard inverse optimal method to an intertemporal general
equilibrium framework.

Our estimation of the SWFs produces three main findings. First, the SWFs for France
and the US exhibit stark differences. In the US, SWF weights increase with income,
assigning the highest weight to high-income agents, followed by middle-class agents and the
lowest to low-income agents. This pattern aligns with the decreasing SMWWs documented
in the public finance literature. In contrast, the French SWF assigns substantial weight to
low-income agents. Notably, the SWF is U-shaped: weights initially decrease with income,
with the middle class receiving the lowest weight, before increasing for high-income agents.
Thus, the French SWF reflects both egalitarian concerns for the poor and a high valuation
of productive individuals. Second, to evaluate the influence of the SWF on inequality, we
simulate the optimal US fiscal system under the counterfactual scenario in which the US
adopts the French SWF, holding all else constant. We find that the wealth Gini coefficient
would decline from 78% to 63% falling below the French level of 68%. This result suggests
that social preferences play a crucial role in shaping fiscal systems and, consequently,
household (post-tax) inequality.

Third, we decentralize the aggregate SWF into heterogeneous IWFs to evaluate the
diversity of social preferences within each country. Following the political economy
literature, we use turnout data to estimate political weights in the US and in France. We
then identify the set of IWFs consistent with the observed SWF. Our findings indicate
that the middle class in the US prefers limited redistribution, whereas in France, it is

predominantly egalitarian. Although our framework does not offer a theory explaining



why ethical preferences vary across individuals, it provides a quantitative assessment of
their role in determining observed inequality.

The paper proceeds as follows. In the next subsection, we relate our construction and
methods to the existing literature. We provide the basics of our Bewley construction of
SWFs in Section 2 in the context of a simple model. The construction is generalized to an
infinite horizon model in Section 3. Section 4 presents the environment in which we will
compute the Ramsey program and conduct our estimation of SWF weights. Finally, the

quantitative investigation is presented in Section 5, while Section 8 concludes.

Related literature. This paper contributes to the recent literature on optimal policy
design in heterogeneous-agent models and on the inverse optimal approach. Early contri-
butions, such as Aiyagari (1995), analyze the general properties of capital tax in these
models. Aiyagari and McGrattan (1998) compute the optimal steady-state level of public
debt. Dévila et al. (2012) solve for a constrained-efficient allocation and demonstrate
that the steady-state capital stock can be too low. Some papers compute the optimal
path of relevant instruments using numerical tools (e.g., Conesa et al., 2009; Dyrda and
Pedroni, 2022), while others rely on the FOCs of the Ramsey problem to solve for optimal
policies (e.g., Bhandari et al., 2021; LeGrand and Ragot, 2022a; Agikgoz et al., 2022).
Auclert et al. (2024) use a sequence-space approach to compute long-run fiscal policy in
heterogeneous-agent models. They show that a steady-state Ramsey equilibrium may not
exist under a utilitarian SWF. These models typically consider the utilitarian SWF as the
objective of the planner. However, an important characteristic of Bewley environments
is that, even if agents are ex ante identical, their welfare will differ according to the
realization of idiosyncratic shocks. Our construction of the IWFs and SWF allows us to
rank history-dependent welfare, which cannot be achieved with Pareto-Negishi weights for
ex-ante heterogeneous agents. This enables us to derive a sufficiently general formulation
that can be estimated.

The inverse optimal approach we use is a common tool in static models of public
finance.?> Considering heterogeneous-agent models, some papers consider dynamic envi-
ronments introducing Pareto-Negishi weights (as LeGrand and Ragot, 2025, Olivi et al.,
2025). Other papers (e.g., LeGrand et al., 2025 and McKay and Wolf, 2025) introduce
more general weights, which can be history dependent. Dévila and Schaab (2022) refer to
such weights as dynamic-stochastic weights. All these papers implicitly estimate weights
to impose optimality at the steady-state, in order to compute the optimal policy following
a transitory aggregate shock, starting from a well-defined optimal steady-state. Our

construction can be viewed as a micro-foundation for this general form of the SWF,

3Heathcote and Tsujiyama (2021) also estimate the SWF in a static environment. Bargain and Keane,
2010; Bourguignon and Amadeo, 2015; Lockwood and Weingzierl, 2016; Hendren, 2020 use an inverse
optimal approach in environments without saving and with general tools.



allowing one to explicitly estimate the SWF at the steady state.

2 A Bewley theory of the SWF: Some initial defini-

tions

We present our aggregation theory of the SWF in a simple environment that abstracts from
heavy algebra and notation. We first explain how we construct individual welfare functions
(IWFs) and then aggregate them to obtain the social welfare function (SWF) (Sections
2.1 and 2.2). We next show how the SWF and the IWFs can be identified from observed
allocations (Section 2.3). Finally, we discuss interpretations of the estimates in terms
of political and social justice concepts — utilitarian, egalitarian, and low-redistribution

principles (Section 2.3).

2.1 The setup

We consider a one-period, one-good economy. The unique good is a final consumption
good over which agents have preferences represented by a utility function u, assumed to
satisfy standard properties: u' > 0, u” < 0, and «/(0) = co. The economy is populated by
two types of agents with total population normalized to one, and each type representing
an equal share of 1/2. Types differ only in their endowment. Let y; > y» denote the two
endowment levels.

A benevolent planner chooses the best allocation subject to feasibility. Allocations
are ranked by a SWF defined below. Feasibility reflects the planner’s ability to transfer
resources across types at a quadratic redistribution cost scaled by x > 0 intended to
capture all distortions associated with redistribution, which are micro-founded in the
general model below. Implementing consumption ¢; for an agent with endowment y;
destroys resources equal to §(c; — y;)?. Focusing on symmetric allocations in which all

agents of type ¢ consume ¢;, the resource constraint is:
2 o ) 2
> (Ci + 5((% —¥) ) <> v (1)
i=1

i=1

To ensure interior solutions, we assume redistribution costs are not too high and impose

that ky; < 1.

2.2 Individual and social welfare functions

We construct the SWF' from individual ethical preferences (IWFs) in three steps — later

replicated in the general model (Section 3): (i) each agent’s subjective valuation of others’



welfare; (ii) the IWFs, representing ethical preferences; (iii) the SWF, representing the

planner’s preferences.

The Individual Welfare Function (IWF). In this static setting, u(c;) is agent i’s
utility from consumption ¢;. Beyond individual utility, agent ¢ holds a view about how
the planner should count their own welfare and the welfare of others. We model this
subjective valuation using loading factors on individual utility. Let @;; denote the weight
that agent i assigns to agent j; then ¢’s valuation of j’s welfare is \N/Z-j = wjju(c;).

Agent ¢’s ethical preferences are constructed by aggregating their valuations of both
types. The IWF of agent i is the equally weighted sum of their subjective valuations:
IWF; := 3V + Vi, o

1

1
[WE = §@i1u(cl) + 5(1&‘2’&(62). (2)

Ethical preferences are heterogeneous because there are two income types; thus, het-
erogeneity in endowments is accompanied by heterogeneity in IWFs. This aligns with
empirical evidence documenting heterogeneity in ethical preferences, partly driven by
social position (see Gaertner and Schokkaert, 2012 and Stantcheva, 2021 for recent analyses
based on large US surveys).

Two remarks clarify the generality of the weights (&;;); j—12:

1. Intensity of preferences. We impose no normalization on the weights — neither
> Wi = 1 nor w;; = 1. Because IWFs will be aggregated, the weights carry both
ordinal and cardinal content. Normalization is not innocuous: it would suppress
heterogeneity in the intensity of ethical preferences (in Arrow’s terminology, Arrow,
1951). Consistent with this discussion, we adopt a cardinal representation of IWFs,
enabling aggregation via political weights. Our empirical strategy disentangles

intensity from political influence.*

2. Possibility of spitefulness or discrimination. We do not restrict the sign of (&;;); j=1,2;
weights can be negative. Then, an agent’s IWF may decrease with others’ utility.
Such negative interpersonal concerns have been modeled in asset pricing or macroe-
conomics to capture “keeping up with the Joneses” (e.g., Abel, 1990; Campbell
and Cochrane, 1999) and are supported by experiments (e.g., Fehr et al., 2013),
where this trait is termed spitefulness.® Negative IWF weights can also represent

discrimination against certain types (Piacquadio, 2017).

4See Section 7 for a longer discussion and our assumption of a linear aggregator.

SFehr and Schmidt (2006): “A spiteful person always values the material payoff of relevant reference
agents negatively. Such a person is, therefore, always willing to decrease the material payoff of a reference
agent at a personal cost to themself”



The Social Welfare Function (SWF). We aggregate IWFs into the SWF using
political weights. Following the political-economy literature, agents can differ in their
ability to influence the planner — through institutions, lobbying, or voting rules. We
capture this heterogeneity by political weights (wp;);, which load IWFs according to type.
These weights will be estimated empirically. The SWF is then:

SWF:QJPJ[WFl +WP72[WF2. (3)

Substituting (2) yields:
SWEF = wyu(ey) + wou(es), (4)

where the SWF weights are defined (for some w > 0) by:

w - -

wy = §(UJP,1W11 + Wpala), (5)
w - -

Wy = §(WP,1W12 + WpaWas). (6)

Unlike IWF weights, SWF weights need not have a cardinal interpretation; we therefore
normalize without loss of generality by choosing w so that wy + ws = 1.

This construction embeds standard benchmarks. The utilitarian SWF arises with
self-interested agents.® Such agents value only their own welfare. Their IWF aligns with
their utility: IWF; = u(c¢;), and correspond to IWF weights @;; = 1,—;, where 1,_; = 1 if
¢ = j and 0 otherwise. Constant political weights, wp;, and proper normalization factor w
in (5)-(6) then yields a utilitarian SWF with w; = wy = 1/2.7 Moreover, SWF weights
need not be positive; negative SWF weights can emerge from the aggregation. In this
simple setting, that possibility implies the planner may select allocations that are not

Pareto optimal. See also Section 2.3 for further discussion.

2.3 Inverse optimal approach: Identifying the Welfare Functions

The identification of SWF weights. The inverse optimal approach infers social
preferences from the observed allocation and available fiscal instruments, assuming the
instruments are optimally set by the planner. In our framework, the fiscal system allows
the planner to implement any allocation (¢, ¢2) that maximizes the SWF in (4) subject
to the resource constraint (1). For given SWF weights (wy,ws), the optimal allocation

satisfies the FOC:
wit'(er)  wo'(c2)

L+klcr—y) 14+ k(ce—1p)

(7)

SWe avoid terms such as “selfish” or “rational” with strong connotations; Sen (1977) uses “self-seeking.”
"Even with heterogeneous preference intensity of self-interested agents, Wij = Aili—j with Ay # A, we
—1

can recover the utilitarian SWF if political weights offset intensity: wp; = )\,1\‘? With w = A7+ A5,
1 2

we again obtain wy = wy = 1/2.



together with the constraint (1). The condition ky; < 1 guarantees that the FOC is
well-defined.
The inverse optimal approach uses the same FOC but reverses the mapping: it infers

the weights from the allocation. For any allocation (c1, ¢2) satisfying the resource constraint

(1), the FOC (7) implies:
wi _ W (c2) 1+ k(er — y1)
wy  W(er) 1+ k(e —y2)

(8)

which, together with a normalization, determines the weights (wy,ws). While one can also
compute social marginal welfare weights (SMWW) w;u'(¢;), we focus on SWF weights,
which more directly characterize the SWF and facilitate political and ethical interpretations

— see Section 2.3.

The identification of IWF weights. Our quantitative analysis (Section 5) primarily
estimates the SWF. As (8) shows, this step is independent of IWFs. Nonetheless, recovering
IWFs consistent with the estimated SWF provides valuable insights into the underlying
heterogeneity in social perceptions.

Additional information, such as surveys or experiments, may provide priors on IWFs,
prior
i?j
Survey responses indicate that demand for redistribution varies with income, but it is

denoted w for i,j € {1,2}. Such evidence is indirect. For example, World Values
unclear whether this reflects self-interest or ethical views. To address this ambiguity, we
estimate IWFs by decomposing them into two components: one independent of priors and
one independent of the SWF.

Specifically, we first estimate political weights (wp;); for each group using political-
economy evidence.® For normalization, we set their Euclidean norm to one: \/wl%’l + wl%g =
1. We then define the estimated IWFs as the weights closest (in quadratic norm) to the
priors w; gior, subject to consistency with the observed SWF:

(@i j)ij=12 =argmin, .- ; Z (@” _w%ior) 7
ij=1,2

w
st wi = §(WP,1@1¢ + wpaldy;), fori=1,2
The solution of this optimization problem is:

@i = F(i, ) + wpwj, fori,j=1,2
CIWF

prior

where F(i,7) := w}}" — wp, (wP,lw{’Z-ior + wp,2w§’?m").
The term F'(i,j) depends on the priors and political weights but not on the estimated
SWEF weights (wy,ws). Consequently, the second term, wp,w;, represents the contribution

of the estimated SWF to the IWFs, independent of priors. Their interpretation is intuitive:

8Empirical measures and robustness checks are in Section 6.



if the aggregate weight on type j is large (high w;), then types with greater political
weight (high wp;) must assign more weight to j to rationalize the aggregate. We will
therefore report the term wp,;w;, which captures the contribution to IWFs (CIWFEs) that

is independent of priors: CIWF; ; := wp,w;. The results are provided in Section 3.

Interpretations of Welfare Functions Given an observed allocation, welfare weights
have a natural interpretation in social choice and moral philosophy (Saez and Stantcheva,

2016). We use the following concepts in the quantitative exercise of Section 5:

— Utilitarian. Type-i agents assign equal weight to all agents: @W;1 = ©;0. With w) = ws

and x > 0, the planner accepts some inequality (c¢; > ¢g) due to redistribution costs.

— FEgalitarian. Type-i agents oppose inequality, placing greater weight on poorer
agents: w;; < @W;z. The planner reduces ¢; and raises ¢y, lowering inequality at the

cost of total consumption.

— Low-redistribution. Type-i agents favor limited redistribution: @;; > @;2. Moti-
vations include maximizing output (minimizing distortions), merit-based views of

endowments, or a preference for lower distribution or a smaller state.

In a two-type economy, these three categories partition the space of welfare weights, imply
different redistribution levels, and align with distinct moral norms — an advantage of this
representation. Each agent type, and the planner, belongs to exactly one category. If agent
types fall in different categories, the planner’s classification depends on the interaction of
political weights and preference intensity. This partition does not extend to economies

with more than two types; we return to this in Section 3.

What about Pareto deviations? Our SWF construction is not restricted to Pareto-
optimal SWFs. In the simple setup, non-Pareto optimal allocations can arise with negative
SWEF weights. In richer settings, such allocations may occur even with positive SWF
weights. For example, in the presence of individual risk, a low-redistribution planner
may be reluctant to implement insurance even if it is ex ante individually optimal for
all agents. As shown by Sen (1970), the SWF need not satisfy the Pareto principle if
the planner considers factors beyond individual utility, such as ethical, moral, or political
concerns. Kaplow and Shavell (2001) further show that Pareto can fail when departing
from welfarism, i.e., when the SWF goes beyond agents’ intertemporal welfare. Since our
goal is to rationalize observed fiscal systems and explore their political implications, we

relax welfarism rather than restrict the generality of the SWF.

10



3 A Bewley theory of the SWEF': The intertemporal

case

We extend the previous construction of the SWF to a general intertemporal framework,
which is a main contribution of this paper. Our approach relies on the sequential
representation of the heterogeneous-agent model, a formulation particularly well suited to
normative analysis.” Before constructing the SWF in Section 3.2, we present the setup,

which coincides with the quantitative model used in the subsequent sections.

3.1 The setup

We consider an infinite-horizon economy with incomplete financial markets. Time is
discrete, indexed by ¢t > 0. The population consists of a continuum of ex-ante identical

agents of measure one.

Risk structure. Idiosyncratic risk is modeled as an uninsurable individual productivity
shock y; that can take Y distinct values in the finite set ). The productivity risk follows
a first-order Markov chain with transition matrix (I, ), ,ecy. This matrix is assumed to
be irreducible and aperiodic, ensuring a unique stationary distribution (m,),ey, satisfying
2yey Ty = 1.

Let ' = {...,y!_,,yl} denote a one-sided infinite sequence of productivity levels
representing an agent’s history up to date t. The set of all such histories is J*°. Since
we track the evolution of histories over time, we retain time subscripts for clarity. For
a given history y* € Y, we use: (i) y- € Y for the productivity level at date 7 < ¢; (ii)
y*! for the truncation of y* at date s < ¢, such that y®' and y' coincide for all 7 < s, i.e.,

y>t = yL. Distinct histories are indicated with decorators, e.g., §* and y*.

Initial distribution. To simplify notation, we impose two assumptions on the initial
distribution: (i) all agents start the economy with an initial infinite history in Y°°; (ii)
initial wealth depends only on an agent’s initial history. This assumption encompasses,
as special cases, economies in which all agents share identical wealth or start from the
steady-state wealth distribution. Because our analysis focuses on stationary allocations

and distributions, this restriction entails no loss of generality.

9While some studies (e.g., Chang et al., 2018) have considered social weights depending on endogenous
variables, such as consumption or wealth, this approach can introduce inconsistencies and multiple
equilibria. When social weights vary with the allocation, the planner must account for the feedback
between the allocation and the weights, which complicates the optimization problem and may undermine
the stability of the solution. To address these issues, we instead allow social weights to depend on
idiosyncratic histories rather than on wealth or other endogenous variables. This choice ensures analytical
tractability and preserves a clear separation between individual choices and social valuation.

11



The sequential representation. A subtlety of infinite-horizon models is that the set
of histories has the cardinality of the continuum (neither finite nor countable). Hence, the
probability space over histories must be defined with a general measure. We construct
the probability space (Y, F, u), where F is a suitable o-algebra and p a measure (see
Appendix A.1). For any measurable set B € F, u(B) > 0 is the measure of agents currently
in histories 3* € B.'° Normalizing population size to one implies fyt ey H(dy") = 1.1
Transitions across histories are defined as follows. Consider 3™t ¢ € Y. The
probability of moving from 4 in the current period to y'*! in the next period equals the

t+1 tt+1

probability of switching from g} to y; {7 if y***' and §" coincide, and zero otherwise. Denote

this conditional probability by ui(- | '), formally: u(dy*™ | §') = Hgiyfiiégt<dyt’t+l),
where g is the Dirac delta at g'.'

By induction, the probablhty of moving from §' to a future history y'™* in s > 1

periods is ju,(dy'™* | §) = [Ii_5 11 sttt % 05t (dy™*5). In words, transitioning from g’
to y'™* requires that the hlstorles coincide up to period t, followed by the cumulative

probability of the sequence v, 15, ..., yiLs.

Individual intertemporal welfare. For a given allocation, let U(y') denote the period
utility of an agent with history 3. To lighten notation, we suppress explicit dependence
on the allocation. In the benchmark case with private consumption and labor supply (as
in our quantitative application), U(y") := u(c(y')) — v(l(y")), where ¢ : Y* — R* and
[:Y> — R* are the policy functions for consumption and labor.

Intertemporal welfare is time separable and of the expected-utility form. It is thus

defined as the discounted sum of expected period utilities over all future dates:

=> p / U5 s (dg™[y). (9)
s=0 gtrseyee

As we consider a steady-state allocation, the intertemporal welfare can be written recur-

sively as:

V(') = UW") + BBz [V ly'] (10)

where Egerr [V(§H Y] = [Li1eye VF T (dg™[y') is a conditional expectation. See
Appendix A.3.

10A single history is an event of measure zero in F. Therefore, statements that hold for all histories 3¢
should be understood as holding almost surely.

UTn finite time, we would write yreyt 1t (Y *) = 1 instead of [, ey u(dy?) = 1. The finite-time
intuition carries over directly to the mﬁmte horizon framework.

12The measure ,u1 satisfies the standard properties of a conditional probability: ;3 > 0,

Jyrreyee ta(dy™ | §7) =1, and [o, o pr (dy*™ | §5)p(dy") = p(dy'*'). See Appendix A.2.

12



3.2 Constructing the SWF

We now extend the SWF construction of Section 2 to the intertemporal framework. The
construction proceeds in three steps. The first step differs slightly from the static case. In
the simple framework, agents of type i held subjective views on how the utility of agents
of type 7 should be valued by the planner. Here, because histories are the sole source of
heterogeneity, perceptions of others’ situations are perceptions of other histories. Thus, an
agent with history 3 forms a subjective valuation of the utility of agents with history .

The second and third steps parallel the static case. In the second step, we aggregate
perceptions over the entire distribution p of histories to obtain the Individual Welfare
Function (IWF) for agents with history y*. In the third and final step, we aggregate IWFs
across histories to obtain the Social Welfare Function (SWF'). We now formalize these
steps.

For clarity, we first state the assumption underlying the aggregation procedure. Issues
regarding cardinal comparability of utilities and the role of linear aggregation are discussed

in Section 7.

Step 1: Constructing the subjective valuation of the utility of another agent.
Consider two agents characterized by their histories y* € Y and ' € Y at date t;
the allocation is taken as given. Under our preference specification, the g'-agent values
the allocation associated with any future history g'** by its period utility U(7'"*). The
y'-agent may perceive the same future allocation differently. Specifically, the y'-agent
assigns to the utility U(g'"*) of the g'-agents a corrective factor @(y', §**%), such that
Oy, gt U (§"*) represents the valuation of the history '™ by the yf-agent.'3
Summing these weighted valuations @(y', 7"*)U(5'"*) over all future periods and
histories — using the appropriate conditional probabilities — yields the total valuation
that the y'-agent assigns to the j'-agent’s lifetime utility. Denoting this by V (i, 7"), we

obtain:

Viy' i) =3 By, g U () s (5 13"). (11)
s=0J gitseyee

This expression mirrors the definition of the intertemporal utility V' (g*) but includes the
weighting terms @(y', §**%). In words, V(yt, §') represents the expected intertemporal
welfare of an agent currently in history 7, as perceived by another agent whose current
history is y*. Consequently, two agents with different histories today, such as y* and y*?,
can disagree on the welfare of agents in history ¢. For instance, unemployed and employed
individuals may hold different views about the welfare of a firm manager.

This construction embeds an assumption of stable moral values. Although the weights

13This corrective term parsimoniously captures habit formation or preference heterogeneity: agents
with distinct histories may value the same consumption bundle or labor differently.
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® evolve as their own history

that an agent in history y' assigns to future history ¢'*
changes, they evaluate the future using the values attached to their current history .
In other words, they do not internalize that their subjective valuations may change over

time.!*

Step 2: Constructing the Individual Welfare Function (IWF). The IWF for
agents with history y' is obtained by aggregating their subjective valuations V(yt, g') over

possible histories 7:

WFG) = [ Vi) (12)
,gteyoo

The IWF represents the ethical preferences of agents with history 3* — that is, how these
agents think the welfare of all others should be accounted for by the planner. As in the

simple model, no weight normalization is imposed at this stage.

Step 3: Aggregating IWFs to obtain the Social Welfare Function. We assume
that the planner observes IWFs in the population and aggregates them according to
weights assigned to each agent. Agents need not have the same importance for the planner;
they differ in their political weights, as in the simple model. Formally, the IWF of agents
with history y' receives planner weight wp(y"), which captures their influence in the

political process and hence their ability to have their IWF accounted for by the planner:
SWE = [ wnls)IWF(u(dy') (13)
yfeyoo

Special cases. We illustrate the construction with two special cases.

First, suppose agents identically value all other histories. Formally, for agent v,
O(y') == @y, §"**) for all g*+5. Then the ethical preferences are represented by an IWF
proportional to the utilitarian SWF: ITWF(y*) = &(y") fy V(g p(dgt). All agents

teyoo

14 An alternative specification would allow agents to anticipate potential changes in ethical values and to
evaluate future welfare using those future ethical perspectives. In that case, the intertemporal valuation
would be:

Vi) =3 / o / I U e LG T A T T L )
S:O yt SE oo g Se oo

:Z/+ , Bs (/+ ) w(yt-‘rs’~t+s)Ms(dyt+s|yt)> U(ﬂt+s)us(d§t+s‘gt).
s=0 yi sgyoe yt sgyoo

=& (yt,gtte)

This is equivalent to our specification with weights &(y?, 7°%) expressed as the expectation of future
weights. As a consequence, only well-defined average weights matter. This property is related to the
additive expected utility specification. Indeed, it is akin to the property of ambiguity neutrality in the
additive expected utility framework: when there is ambiguity about future probabilities, only the average
probability—mnot the full distribution—affects utility.
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place the same weights in their ethical preferences; hence there is no disagreement about the
ordering of allocations. The SWF reflects this absence of disagreement and is also propor-
tional to the utilitarian SWF: SWF = (fgteyoo wp(gjt)@(gt)u(dgt)) Syreyee V() pu(dy').?

Second, consider self-interested agents who only care about histories they can possibly
experience. Formally, &(y", §7%) := §,:(§""*)D(y"). Then ethical preferences coincide with
individual preferences and the IWF is proportional to intertemporal utility: IW F(y') =
O(y" )V (y'). In this case the SWF is expressed as a weighted sum of individual intertemporal
utilities: SWF = fyteyoo wp (Yo (y)V (y") pu(dyt), corresponding to a weighted additive
SWEF consistent with the welfarist approach. It reduces to the utilitarian SWF when the

product wp(+)o(+) is constant.

3.3 Properties of the SWF

An explicit expression of the SWF. We state the following proposition.

Proposition 1 The SWF (13) admits the following expression:

SWE=Y" [ BuUudy), (14)

t=0Jyteyee

where the weights w are given by:
o) = [ wr@ald v () (15)
gteyoo

Proposition 1 shows that there exist period weights w depending on the current history
such that the SWF equals the discounted sum, across dates and histories, of period utilities
weighted by w. In other words, the utilitarian SWF is “twisted” by history-dependent
weights — the utilitarian case corresponds to constant and identical w). The weight w(y***)
in (15) can be interpreted as the average weight given to history y'™ by all agents, where
agents are themselves weighted by their political leverage wp. See Appendix A.4 for the
details of the proof.

The sequential representation (14) also admits a recursive form:
SWF= [ wlhUW () + 5 SWF,
yieyoo

which extends the recursive representation of the utilitarian SWF to history-dependent
weights. Under aggregate dynamics, period utility U; is time dependent (through the
allocation). The SWF then satisfies SWF; = fytey‘x’ w(yHU(y ) p(dy') + 8- SWFyy. We

use this form when solving the Ramsey problem.

15This property is known at least since Aiyagari and McGrattan (1998) as a justification for using the
utilitarian SWF under the veil of ignorance.
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Weight restriction. As in the simple framework, we do not require the SWF to satisfy
the Pareto principle. We do, however, impose a weaker restriction. To state it, we make
the dependence on the allocation explicit. Let U : Y*° x A — R denote period utility
and SWFE : A — R the social welfare function, where A is the set of allocations. Period
utility under history y* and allocation A is U(y*, A). In our quantitative application,
U(y', A) := u(c(y')) — v(l(y')), where A collects the policy functions (¢,1). We can now
define the property.

Definition 1 A SWF SWF : A — R, associated with a period utility U : Y*° x A — R,
is said to be element-wise monotone if for any two allocations A and A" such that
Uyt, A) > U(y', A') for all y*, we have SWEF(A) > SWEF(A").

This definition states that if one allocation yields weakly higher period utility in
every history and date, then it is weakly preferred by the SWF. The property parallels
element-wise monotonicity for utility functions. It is weaker than the Pareto principle,
which would require A to be preferred to A" in terms of intertemporal (not merely period)
utility. ¢

Proposition 2 A SWF fulfills element-wise monotonicity iff the weights w defined in

(15) are non-negative.

In our quantitative work we may impose w > 0, corresponding to an element-wise
monotone SWF: the SWF cannot increase when the welfare of any agent is reduced;

everybody (positively) counts. The proof is direct and it can be found in Appendix A.5.

3.4 Identification of the weights

The SWF expression in Proposition 1 is general and not immediately suited for estimation.
We therefore introduce a tractability assumption that allows us to compute the SWF
weights and the IWFs. We assume that agents with the same current productivity level
value future histories identically, and that this valuation depends only on the current
productivity level of the future history under consideration. We impose a parallel restriction
on political weights, which also depend only on current productivity. In words, current
productivity is a sufficient statistic for both IWFs and political power, and agents with
the same productivity place the same welfare weight. The primary motivation is empirical:
this restriction renders the SWF identifiable in the data. More general specifications

deliver similar results (see Section 7). Formally:

16This helps explain why the planner may choose not to implement an insurance mechanism even when
it is individually desirable. Such a mechanism typically raises utility in some states (the “bad” ones) and
lowers it in others (the “good” ones), which is not covered by element-wise monotonicity of Definition 1.
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Assumption A There exist two functions, denoted (with slight abuse) @ :Y x Y — R
and wp Y — R such that for all histories y', 4" € Y>°, we have:

Gy’ 7)

=w t ~tts
Yy 7yt+s7

WP(yt) = Wpyt,

where we recall that y} is the current productivity level in history y'.

Assumption A reduces dimensionality by defining weights on finite sets. We interpret
these as loading factors on productivity levels. To avoid heavy notation, we maintain
the same symbols but use subscripts for productivity dependence. The weights w in (15)
then satisfy for all y € V, wy, = > jcy Tywpy Wy,y, Where 7y is the share of agents with

productivity §. Simple relationships between the SWF, political weights, and IWFs follow.

Proposition 3 (IWFs identification) 1. If all groups are self-interested (wg, =
ly—z), then the SWF is pinned down solely by political weights: w, = m,wp,, for all

Y.

2. 1If all agents agree on the same SWF, &g, = w, for ally,q, then the SWF is consistent

with constant political weights: wp, =1 for all y.

Proposition 3 follows directly from the aggregation identity w, = > ;cy Tywpywy,,. It
highlights two extreme identification strategies. First, imposing self-interest implies that
political weights fully determine the SWF (Item 1), so the SWF is informative only about
political power. Second, imposing away political heterogeneity by assuming common
IWFs (Item 2) implies constant political weights, so the SWF fully summarizes agents’
welfare functions. Neither extreme is consistent with evidence on altruism or spitefulness
in experiments (see Fehr and Schmidt, 2006; Andreoni et al., 2007) or with heterogeneity
in welfare and policy views documented in experiments (Almas et al., 2020) and in surveys
(Stantcheva, 2021). Our identification therefore proceeds in three steps: (i) estimate the
SWF weights (w,)yey from the model; (ii) estimate political weights (wpy),ey from the
data; (iii) infer the IWF weights (@gy)y.5ey from the SWE weights and data as the smallest
deviation from observer’s priors about IWFs. The main focus of the paper is on the first
step and the second and third steps are relegated to Section 6.

Without loss of generality, we impose the normalization 3°, m,w, = 1.

Identification of SWF weights. We identify the SWF weights by finding (wy),ey
such that a given fiscal system (typically the observed one) can be rationalized as the
solution to a Ramsey problem. Formally, the FOCs of the Ramsey planner imply some
linear constraints for the SWF weights (w,),ey. The number of constraints, n, depends on

the number of the planner’s instruments. In general, the system (the n linear constraints
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plus the normalization) is weakly underdetermined because |Y| > n + 1 (for any set X,
| X| denotes cardinality).!” Hence there are p = |Y| — n — 1 degrees of freedom.
Following Heathcote and Tsujiyama (2021), we resolve underdetermination by assuming
a parametric specification for w, with exactly n 4 1 parameters. Under mild conditions on
the functional form, the weights are then identified uniquely as the solution to a nonlinear

system. We formalize this as follows.

Definition 2 Given 1 < n < |Y| — 1 linear constraints represented by the matriz
(Lky)k=1...nyey and a set of parametric functions f, : R"™ — R (y € V) for the
weights, the estimated SWF weights are (wy)yey = (fy(9)),, where § € RP solves

0=> Liyfy(0) forallk=1,...,n, (16)
yey

I = Z Ty fy(0).- (17)
yeY

As a robustness check, we also consider a nonparametric estimation. In that case, the
system (16)—(17) is underdetermined, and we select the solution with the lowest variance
across productivity levels. Both approaches deliver quantitatively similar weights, which
supports our identification strategy. See Appendix F.2 for definitions and results in the

nonparametric case.

4 The general model and the Ramsey program

We now develop the macroeconomic model that underpins the estimation of the SWF
and the IWFs. The economy features a unit mass of ex-ante identical agents facing
idiosyncratic productivity risk y — the risk structure is the same as in Section 3. There
are two goods: a final consumption good ¢ and labor [. The remaining elements of the
environment are as follows: the planner’s fiscal instruments and the production side in
Section 4.1; households’ behavior and the competitive equilibrium in Section 4.2; the
Ramsey program and its FOCs in Sections 4.3 and 4.4; the SWF expression in Section

4.5; and the solution method for the Ramsey program in Section 4.6.

4.1 Production and government

Production. In each period ¢, a production technology with constant returns to scale
transforms capital K;_; and labor L; into F/(K;_1, L;) units of output. The production
function is smooth in K and L and satisfies the standard Inada conditions. Depreciation

is subsumed into F'. Labor L; is measured in efficiency units. Output is produced by a

"In our quantitative exercise, there are typically 10 idiosyncratic states and 4 planner instruments.
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representative profit-maximizing firm. Let w; denote the real before-tax wage and 7, the

real before-tax rental rate of capital. Profit maximization implies, for ¢t > 1,

,Ft = FK(Kt—b Lt) and ﬁ]t = FL(Kt—17 Lt) (18)

Government. A benevolent government finances a path of public spending (G;) with
several instruments. First, it issues default-free one-period public debt B;. With no
aggregate risk, public debt and capital are perfect substitutes and earn the same pre-tax
return 7. Second, it levies distortionary taxes on consumption, labor income, and capital
income. Consumption and capital taxes are linear and denoted by 7¢ and 7. For labor
income, if an agent with productivity y supplies labor [, pre-tax labor income is w;yl. The

labor income tax, 7Ty, is non-linear and potentially time varying, as in Heathcote et al.
(2017) (HSV, henceforth):

Ti(wyl) == Wyl — rk(Wyl)' ™™, (19)

where k; controls the level of taxation and 7; its progressivity — both are planner instru-
ments. When 7, = 0, labor taxes are linear with rate 1 — k;; when 7, = 1, all agents earn
the same post-tax income k;. This functional form, together with a linear capital tax,
reproduces salient features of the US tax system and its progressivity.®

These three taxes imply a total governmental revenue equal to 77Cy+ fl Te(Weyieli2)(di)+
757 (K;_1 + B;_1), where C; is aggregate consumption and A, | := K; ; + B;_; denotes
aggregate savings at ¢ — 1 — with capital income 7 A; 1 at t. With these elements, the

governmental budget constraint can be written as follows:

G + (1 + ft)Bt—l = TtCCt + /ﬁ(wtymlz,t)f(dl) + TthtAt—l + Bt. (20)

(2

We define the post-tax rates r; and w; as follows:
ryi= (1= 1), wy = k(). (21)

Using constant returns-to-scale and (21), we can rewrite the government budget constraint

(20) as:

G + (1 + rt)Bt—l + Wt /(ymlivt)l_ng(di) + Tth_l = thCt + F(Kt—h Lt) + Bt' (22)

(]

18The literature uses either the combination of a linear tax and a lump-sum transfer (e.g., Dyrda and
Pedroni, 2022; Agikgoz et al., 2022) or the HSV structure (see Ferriere and Navarro, 2023). Heathcote
and Tsujiyama (2021) show that the HSV structure is quantitatively more relevant.
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4.2 Households’ program

Period utility. Agents have separable period utility over private consumption and
labor:
U(ce,l) :==u(c) —v(l). (23)

The function u : R, — R is twice continuously differentiable, strictly increasing, and
strictly concave, with u/(0) = oo, while v : R, — R is twice continuously differentiable,

strictly increasing, and strictly convex, with v/(0) = 0.

Agents’ program. Agents’ resources consist of labor income and savings payoffs.
For agent ¢ with productivity y;, and labor [;;, post-tax labor income is wy; +{;+ —
Te(Weyislis) = wi(yisliy) ™™, Since public debt and capital are perfect substitutes, savings

pay (14 r¢)a;—1. The agent chooses consumption, labor, and next-period assets to solve:

max Eo Z gt (U<Ci,t) - U(li,t)) ) (24)
{ci,tslie,ai 1 }52, o
(1 +77)cip +ay < wt(yz;tli,t)l_n + (14 r)ai-1, (25)
@iy > —a,ciy > 0,0+ >0, (26)

where g is an expectation operator over idiosyncratic risk, and where the initial state
(Y0, @i —1) is given.

At date 0, agents decide their consumption (¢;)>0, their labor supply (I;+)>0, and
their saving plans (a;+):>0 that maximize their intertemporal utility of equation (24),
subject to a budget constraint (25) and a previous borrowing limit (26), taking prices
as given. Decisions depend on the initial asset a; _1 and the idiosyncratic history y!. To
simplify notation, we denote optimal objects with subscripts (i,t) rather than writing
explicit functional dependence on histories as in Section 3. Aggregation over agents
replaces aggregation over histories: fl X +0(di) on the population interval J with measure
l.

The FOCs associated with the agents’ program (24)—(26) are:

1+ 7f
u'(ciy) = BE: | (1 + 7“t+1)76tul(0i,t+1) + Vig, (27)
1+784
U/<lit) = ﬂwtyz’t(yitlit)ﬂul(cit), (28)
’ 1+7f e ’

where 'y, is the Lagrange multiplier on agent 4’s credit constraint at .
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Market clearing and resource constraints. The clearing conditions for capital and

labor markets can be written as follows:
/amﬁ(dz) = At = Bt + Kt, /yi,tli,tg (dl) = Lt' (29)

Equilibrium definition. A formal definition is in Appendix B. Intuitively, given a fiscal
policy (78,75, 7, k¢, Bt )¢, a competitive equilibrium is a collection of individual decisions
(City ligs ity Vit)ei, Of aggregate quantities (K3, Ly, Yy):, and of prices (wy, ry, Wy, 7¢); consis-
tent with: (i) agents’ optimality (24)—(26); (ii) market clearing (29); and (iii) factor pricing

(18) and (21). A steady-state competitive equilibrium has time-invariant quantities.

4.3 The Ramsey problem and the identification of weights

We use Proposition 1 to construct the SWFE and impose Assumption A for identification.
With separable period utility, the date-0 SWF is:

SWEFy :=E,y [i B /wyi’t (u(cie) —v(lie)) (di)] (30)

t=0 7

where the weights (w,),ey depend solely on current productivity due to Assumption A.
The Ramsey planner chooses a fiscal policy that corresponds to a competitive equilib-
rium maximizing aggregate SWF (30) subject to the government budget constraint. A
Ramsey equilibrium consists of a policy, prices, individual allocations, and aggregates
solving the program; a Ramsey steady state is a time-invariant Ramsey equilibrium.

Formally,

max W, (31)

-~ ¢ K A
(wt,Tt,wt,Tt,Tf,Tt ,Tt,"ft,Bt7Gt,Kt7Lt7(ci,t7li,tﬂi,t7Vz,t)z)t>0

Gt + (1 -+ Tt>Bt,1 + Wt /(yi’tlii)lng(dl-) + Tth,1 = TtCCt -+ F(thl, Lt, St) + Bt, (32)

7

foralli € T: (14 7F)cis + aiy = (1 4+ 7r)ais1 +wi(yislis) ™™, (33)
aj; > —a, vig(a;+a) =0, v,y >0, (34)

1+ 7¢
u' (¢ ) = PE [(1 + Tt+1)170tul(0i,t+1) + Vig, (35)

Tt

1—m7

V(i) = (1 n T:C> WYt (Yinlie) T (1), (36)
K+ B — / aul(di), Ly = / oals o (di), (37)
ft = FK(Kt—17 Lt) al'ld /II)t = FL(Kt—h Lt)7 (38)
re=(1— TtK)ft, Wy = /‘ft(wt)l_Tt- (39)

plus positivity of ¢ and [ and given initial conditions.
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Because the Ramsey planner selects a competitive equilibrium, the constraints include
individual budget constraints (33), borrowing constraints (34), Euler equations (35), labor
FOCs (36), and market clearing (37). Moreover, the fiscal policy must also fulfill the
governmental budget constraint (32).

The Ramsey program can be simplified. First, with a linear capital tax, a progressive
labor tax, and one-period public debt, consumption taxes are redundant. Second, following
Chamley (1986), we can work with post-tax prices only. Under these steps, the planner’s
instruments are post-tax wage and interest (W, R;), labor tax progressivity, and public
debt — chosen to satisfy (22). The other choice variables are individual and aggregate
allocations satisfying competitive-equilibrium conditions: (25), (26), (27)-(28), and (29).
Proposition 4 in Appendix C.1 states the reformulated program.

A Ramsey allocation solves (31)—(39). A Ramsey steady state is a Ramsey allocation
with constant prices and aggregates, which can be understood as the long-run Ramsey

allocation.

4.4 Interpreting the Ramsey FOCs

The planner’s trade-offs can be identified in the Ramsey FOCs that can be found in
Appendix C.2.1 We summarize the economic content using convenient statistics.

Fix a fiscal instrument (I;); that directly impacts solely the current-period budget
constraint. In our context, this can be capital taxation (or post-tax R;), the level of
labor taxation (or post-tax W), or labor tax progressivity. Public debt, which affects
current and next-period budget constraints, is handled separately below. Consider raising

resources via I, which reduces consumption for all agents. The Lagrangian is
L=Eo > B (Wit mb).
t=0

Here W, is the date-t augmented welfare, comprising the pure welfare term w,, , (u(c;;) —
v(l;+)) and as well as the general-equilibrium effects implied by individual decisions about
savings (i.e., Euler equation) and labor supply (i.e., FOC labor supply).? It depends on
the fiscal instrument [;, and on all consumption levels (¢;;); of date ¢t. The term B; is
the government budget constraint and 3%y, its multiplier. As shown in Appendix C.2, B;
depends on I; but not on (¢;;);. The FOC with respect to I, is:*!

Iy ol ot ol
:SVLiyt

Ocit
W ~ o, .
o /z aCz‘t 9By + 1 oW g(d2)7 (40)
—_—

Ci,t

— 1
=MVPF},

9Technical issues in Lagrangian formulations are discussed in LeGrand and Ragot (2025).
20The consumption tax is redundant and as such does not imply any specific FOC.

21 gC—Wi is the partial derivative of W, with respect to ¢; ;+ holding I; fixed; %VI‘? holds all ¢; ; fixed.
it |, Ci,t

22



or

= / SV Liy x MV PF}, ((di). (41)

Thus, the instrument is set where the shadow value of revenue (i) equals the total
marginal cost across agents. For agent ¢, the marginal cost measures the welfare cost
of instrument I and equals the product of two terms: the welfare impact of a marginal
consumption variation (SV'L; ;) and the consumption cut for agent ¢ implied by instrument
I. Following Finkelstein and Hendren (2020) and Hendren and Sprung-Keyser (2020), we
interpret this marginal cost as the (negative) bang for the buck of one unit of resources
raised by the planner from agents i.

The social value of liquidity, SV L;; (denoted v;; in Appendix C) measures the total
welfare loss from a one-unit reduction in agent i’s consumption. This notion is independent

of the instrument generating the consumption cut. It includes three components:

/ "
SVLi,t = Wit (Ci,t) - (/\c,z‘,t - Rt/\c,z‘,t—l)u (Ci,t) (42)
direct effect externality on savings incentives

+ Aie(1— Tt)Wt(yi,t)l_Tt(lz‘,t)_nu”(ci,t)a

externality on labor supply incentives

where 3'\.;, and 'A\;;; are multipliers on the Euler equation and labor FOC. The first
term, w; ¢t (c; ), reflects the direct welfare effect of a consumption variation. This is related
to the concept of social marginal welfare weight (SMWW) used in the public finance
literature (e.g., Ferey et al., 2024, among many others). The second and third terms
capture induced changes in savings and labor. The welfare impact due to savings channels
through the Euler equation, while the one due to labor supply channels through the FOC
on labor supply. This makes these effects proportional to the Lagrange multipliers.??
The term MV PF/, measures the agent i’s consumption cut caused by a one-unit
revenue raised through I;, net of fiscal externalities. We call it the marginal value of
public fund, as it extends the same static public finance concept, used in Finkelstein and
Hendren (2020) and Hendren and Sprung-Keyser (2020). In equation (40), g—i’f is the
direct revenue effect and equals the tax base of I: asset payoffs for capital taxes, labor
supply for labor taxes. The term i %Vl\f . is the fiscal externality of I; that channels

through the distortion of savings incentives. This fiscal externality reflects to which extent

the instrument [; is distortionary.

With an available aggregate lump-sum transfer 7', the MVPF for T would simply be 1.

There is no externality, %VTV: = 0, and the flow of resources from the transfer to agents
Ci,t
involves —%C}‘: = g—%. The planner would set T; such that p, = [, SV L;£(di). With

22This SVL is similar to the quantity ¢ defined in Ferey et al. (2024) that they describe as “the social
marginal welfare weights augmented with the fiscal impact of income effects” and which represents “the
full social value of marginally increasing the disposable income of [an] individual”.
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individual lump-sum transfers T¢, each would satisfy pu; = S VL. The gap SV L;; — 1
can be viewed as capturing the cost of relying on distortionary rather than lump-sum
instruments for agent 7.2

Public debt is the sole instrument that does not admit a FOC of the form (41). Public
debt issued at ¢ relaxes the budget constraint B; contemporaneously and tightens B,
via repayment. Public debt also has no direct utility effect: 2% = 0. The FOC is

0B,
e = Bpgr1(1 4+ 1451). This Euler-like condition states that debt smooths the marginal

cost of public funds over time.

4.5 Expression of the SWF

Fiscal policy is composed of five instruments (7%, 7¢, B, k, 7), but these five instruments
actually impose only two constraints on social weights. Indeed, consumption taxes 7¢ are
redundant, as explained above (see Appendix C.1 for the details). Second, the public
debt FOC, provided in equation (78) of Appendix C.2, imposes a steady-state value on
the before-tax real interest rate 1 + 7 = 1//3, but does not restrict the social weights.
Therefore, this means that the three remaining instruments (7%, k,7) yield three FOCs.
One of them determines the Lagrange multiplier of the governmental budget constraint
1, while the two remaining ones provide two linear constraints on the SWF weights.
We apply then the identification strategy in Definition 2 with three constraints: two
linear constraints from Ramsey FOCs plus the normalization. A parametric specification
with three free parameters delivers exact identification. We adopt the following functional

form, which naturally extends the one in Heathcote and Tsujiyama (2021):
Yy € Y, logw, := Wy + @ log(y) + wa(log(y))?, (43)

where (@;)i—o12 are free parameters.

4.6 Solution method and algorithm

The Ramsey problem discussed in Section 4.3 involves a joint distribution across wealth
and Lagrange multipliers. This high-dimensional object raises a number of difficulties for
the resolution of the Ramsey program. We rely on the truncation method, which has
already been used in recent papers (LeGrand and Ragot, 2022b, 2023, 2025). We here
improve on previous work to allow for the estimation of the SWF with a utility function
separable into consumption and labor, instead of the GHH case considered in previous

papers.

2LeGrand and Ragot (2025) introduce the notion of SVL. In this section, we generalize their analysis
by introducing the concepts of SMWW and MVPF, thereby connecting our results to the public finance
literature.
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The idea is to construct a consistent finite state-space approximation, compute the

Ramsey FOCs in that environment, and then apply the inverse optimal approach to

estimate the SWF. More precisely, the solution method is based on the following steps.

1.

Simulate the heterogeneous-agent model at the steady state using realistic fiscal
instruments and income-wealth inequality. Standard techniques deliver the steady-
state wealth distribution A(a,y) for each idiosyncratic state y € ) and asset holding

a, and policy rules for assets, consumption, and labor, g.(a,y), g.(a,y), and g;(a,y).

. Fix a finite set H of histories with Markovian transitions. An intuitive choice is the

set of all histories of length N, yielding YV truncated histories when there are Y

idiosyncratic states.

For a truncated history ¢y~ := {y1,...,yn} € H, representing agents who experienced
y™ over the last N periods, use A(-, ;) and the policy rules to compute the wealth
distribution A(-,y") for the truncated histories.

. Aggregate over A to construct truncated-history equations. The size of y¥ is Syn =

J7° A(da, y™); per-capita consumption is e,x = [1° go(a,yV)A(da, y™)/S,~; average
marginal utility satisfies [;° u'(g.(a,y NNA(da,yN) /S~ = Eywu'(eyn), where 'y
captures nonlinearity and within-y"V wealth heterogeneity. This yields YV budget
constraints, Euler equations, and labor choices (see equations (92)—(94) in Appendix
D.1). This defines the truncated model.

Derive the FOCs of the planner in the truncated model (see Appendix D.2).

Extract from those FOCs two linear constraints on the SWF weights and feed them
into (16) within Definition 2.

Use the parametric form w, = e*0**1 log(y)+&2(108(4))* with parameters (@;)i0.1,2 and
apply the identification strategy in Definition 2. This is a direct generalization of
Heathcote and Tsujiyama (2021)’s parametric form, expanding from two to three

degrees of freedom.

The detailed derivations of these steps are performed in Appendix D. We consider 10

idiosyncratic states and N = 5 as a benchmark, and thus 10° possible histories. The

estimation process takes less than 3 minutes on a standard laptop, and we have checked

that the results are robust to an increase in N. We now turn to the quantitative exercise

and further discuss the choice of political weights in Section 2.3.

5

Estimating SWEFs

We begin by calibrating the model to reproduce the tax systems and the wealth distribu-
tions of the United States and France over 1995-2007.
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5.1 The French and the US fiscal systems

We document the tax systems of the US and France, focusing on average values from
1995 to 2007, before the Great Recession and the COVID-19 period, which introduced (so
far) transitory changes.?* We construct country-level averages using Trabandt and Uhlig

(2011), reported in Table 1, which also includes inequality measures.

Total taxes 75(%) 75(%) 79(%) B G  Gini before Gini after  Gini

(% GDP) (% GDP) redist. redist.  wealth
France 40 35 46 18 60 24 0.48 0.28 0.68
United States 26 36 28 5 63 15 0.48 0.40 0.77

Table 1: Summary of fiscal systems and inequalities in the US and in France.
Total taxes, public debt B and public spending G in percentage of GDP; tax rates 75, 7
and 7¢ in percent; Gini indices unitless.

L

The first column reports the total mandatory levies as a share of GDP for the two
countries. Following the literature, total levies are divided into three linear components:
capital tax (75), labor tax (71), and consumption tax (7¢). Since Mendoza et al. (1994),
this decomposition is widely used to compare the tax structure across countries (OECD,
Eurostat). Columns 2—4 report these implicit tax rates: capital tax receipts over the
capital stock, labor tax receipts over aggregate labor income, and consumption tax receipts
over consumption.

To compare redistribution, Table 1 reports the average Gini index between 1995 and
2007, for income before and after taxes. The data come from the OECD Income Inequality
Database.?® Before-tax income Ginis are similar across countries. For France, the higher
pre-tax Gini reflects the treatment of public pensions as transfers rather than income,
which mechanically raises pre-tax inequality. After-tax income Gini indices diverge:
transfers in France reduce the Gini by about 20 points, compared with less than 10 points
in the United States. France’s fiscal system is thus more redistributive than the US one.

The last column reports wealth Gini indices. For France, we use the 2010 Household
Finance and Consumption Survey (HFCS), which is the closest wave to our benchmark
window. The Gini index is stable across waves. For the US, we use the PSID in 2006.2¢
Wealth inequality is substantially higher than post-tax income inequality in both countries
(by more than 35 points), and remains about 10 points higher in the US than in France.

Although Table 1 lists a linear labor tax, our model uses a progressive labor income

tax consistent with both countries’ systems. We estimate the HSV functional form for the

24Extending the sample to 1995-2021 does not alter the main tax results. For consistency with the
steady-state analysis, we use a pre-shock window.

25See https://stats.oecd.org/index.aspx?queryid=66670.

26The 2007 SCF yields a wealth Gini of 0.78, close to the PSID value.
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labor tax:

Tax: T(I.)=1.— kI, (44)
Disposable income: D(I,) = kI, (45)

where I. denotes labor income in country ¢, 7 is progressivity, and k governs the level
of taxation. This formulation enables cross-country comparisons despite a complex
combination of heterogeneous schedules and multiple deductions in each country.

We estimate labor tax progressivity using the Luxembourg Income Study (LIS) database
for France and the US in 2005.2” Regressing the log of disposable income on the log
of labor income (i.e., the log of (45)) yields the estimates in Table 2, where 7 is the
estimated labor tax progressivity and SE is the associated standard error. France exhibits
substantially greater progressivity. Our US estimate 7 = 0.16 is close to values in the
literature. It is slightly below Heathcote et al. (2017)’s value of 0.181, since we focus on

labor income only instead of labor and capital income.

7 SE Obs. R?

France 0.23 0.0056 5289  0.855
United States 0.16 0.0019 38111 0.942

Table 2: Estimates 7 of the progressivity of the labor income tax in the US and in France
for 2005.

We regress the log of equation (45) using the LIS database: SE is the standard error of 7,
Obs. is the number of observations, R? is the R? of this regression.

5.2 Calibration of the model

We now calibrate the model to reproduce the inequality and fiscal aggregates described
above. The model period is a quarter across all calibrations.

The US calibration

The estimation parameters are gathered in Table 3, and we detail below our calibration

strategy.

Preference parameters. We set § = 0.992 to match a realistic capital-output ratio.

Period utility is u(c) = Cl:;l and v(l) = iil//::. We set v = 1.8 to match wealth

2TWe restrict our attention to the heads of households and their spouses aged between 25 and 60 who
were employed. We define labor income as the sum of wage income, self-employment income, and private
transfers. Using Trabandt and Uhlig (2011) to infer capital tax, we compute the amount of capital income
tax. We then subtract from total LIS income taxes the capital tax amount, to estimate labor income tax.
Disposable income is then labor income minus the labor income tax.
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inequality at the targeted capital-output ratio, and ¢ = 0.5 per Chetty et al. (2011). The

scaling parameter y = 0.0477 normalizes aggregate hours to 0.3.

Technology. The production function, with depreciation embedded, is F(K, L,s) =
sKL'™ — §K. We set a = 0.36 and quarterly depreciation rate § = 2.5% (10%

annualized). These values are standard.

Idiosyncratic labor risk. Productivity follows logy: = p,logy—1 + e/ with e/ ~
N(0,07). We set p, = 0.99 and o, = 0.0995, close to Krueger et al. (2018), and discretize
via Tauchen (1986) using 10 states. The calibration reproduces a post-tax income Gini
index of 0.40, as in Table 1.

Taxes and government budget constraint. We adopt Trabandt and Uhlig (2011)’s
values for fiscal parameters 75 = 36% and 7¢ = 5%. For the progressivity of the labor tax,
we use our estimate 7 = 0.16 from Table 2. We choose x to match a public-spending-to-
GDP ratio of 15%, obtaining x = 0.85, close to Ferriere and Navarro (2023). The model
implies a public-debt-to-GDP ratio of 63%, as in Table 1.

The model replicates key macro ratios. Consumption over GDP is 58% in the model,
while it is 60% in the data for 1995-2007. Investment-to-GDP ratio generated by the
model amounts to 27%, close to the empirical value of 25%. Inequality targets are also
close to empirical data. The post-tax income Gini index is 0.40 in the model and in the
data, while the wealth Gini index is 0.78 in the model and 0.77 in the data. Table 4
collects model-data comparisons. These implications show that our tax system provides a
good approximation of the income and wealth distribution in the US, and hence of the
redistributive effects of the US tax system. This confirms the results of Heathcote et al.
(2017) and Dyrda and Pedroni (2022).

French calibration

The French calibration mirrors the US one: same period and same functional forms.

Parameters appear in Table 3.

Preference parameters. We set § = 0.996 and ¢ = 0.5, and choose x = 0.0228 to
normalize aggregate hours to 0.3. As in the US, v = 1.8 matches inequality targets.

Technology and TFP shock. We keep the same production function: F(K, L,s) =
sKL'™ — §K with o = 0.36 and § = 2.5%, which fits well French aggregates.
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US France

Parameter Description Value Target or ref. Value Target or ref.

Preference parameters

g discount factor ~ 0.992 K/Y =27 0.996 K/Y =31

U utility function . v=1.8 . v=1.8

® Frisch elasticity =~ 0.5  Chetty et al. (2011) 0.5  Chetty et al. (2011)
X hours worked 0.33  Penn World Table  0.29 Penn World Table

Q capital share 36%  Profit Share, NIPA  36%  Profit Share, INSEE
J depreciation rate  2.5%  Chetty et al. (2011) 2.5%  Own calc., INSEE

Productivity parameters
logd std. err. prod. 0.10 Gini for income 0.06  Fonseca et al. (2023)
pY autocorr. prod.  0.99 Gini for income 0.99  Fonseca et al. (2023)

Table 3: Parameter values.

Idiosyncratic risk. The AR(1) productivity process uses p, = 0.99 and o, = 0.0646,
which are consistent with Fonseca et al. (2023). As for the US, we discretize with 10

states.

Taxes and government budget constraint. We follow Table 1. We consider a capital
tax of 7% = 35%, a progressivity parameter of 7 = 0.23, and a consumption tax of
7¢ = 18%. This tax system has realistic implications for the model, as reported in Table
4. Choosing x = 0.728 matches the empirical public-spending-to-GDP of 24% and implies
a public-debt-to-GDP ratio of 60%, as in Table 1. The model generates an aggregate
private consumption equal to 44% of GDP, which is close to the value of 45% estimated
by Trabandt and Uhlig (2011) for the period 1995-2007, while investment amounts to 31%
of GDP, equal to its empirical counterpart. The Gini index is 0.28 for post-tax income
and 0.68 for wealth, matching the data of Table 1. Again, this confirms that the tax

system is empirically relevant.

5.3 Estimation of the SWEFs

We estimate the SWF weights using the algorithm in Section 4.3 and the truncation
algebra in Appendix D. We set the truncation length to N = 5 but results are robust to
larger N. With 10 idiosyncratic productivity levels, the number of truncated histories is
10° = 100000.

As in Section 4.5, we recover weights such that the Ramsey FOCs are exactly satisfied.

Applying the algorithm of Section 4.6, we obtain the following parametric forms:

logw(y)" = — 0.25 + 1.06 log(y) + 0.22(log(y))?,
logw(y)!" = —0.51 4+ 0.62log(y) + 1.44(log(y))>.
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US France

Parameter Description Model Data Model Data
Public finance aspects
B/Y Public debt (%GDP) 63%  63% 60%  60%
G/Y Public spending (%GDP) 15%  15% 25%  24%

Aggregate quantities
A% Aggregate consumption (%GDP) 58%  60% 44%  45%

/Y Aggregate investment (%GDP) 27%  25% 31%  31%
Inequality measures

Gini for post-tax income 40%  40% 28%  28%

Gini for wealth 8%  TT% 68%  68%

Table 4: Model implications for key variables.
Empirical values are discussed in Section 5.1 and summarized in Table 1.

Figure 1 plots the resulting period SWF weights by productivity index. The US weights
rise with productivity, and agents with the highest weight in the population are those
with the highest productivity. In France, weights are U-shaped, assigning relatively high
weight to the lowest and highest productivity groups and lower weight in the middle. The
high productivity agents have the highest weights, but the low-productivity agents come

next.

(a) United States (b) France

Figure 1: Parametric period weights as a function of productivity for the US and France.

Implied marginal weights

As discussed in Section 4.4, public finance analyses often consider social marginal welfare
weights (SMWWs), wu/;, i.e., SWF weights multiplied by average marginal utility for
group 7. Although the relevant object in our environment is the SVL (equation (42)),
SMWWs provide a useful benchmark (see Hendren, 2020 for US evidence). Figure 2

reports mean SMWWs by income quintile, normalized to average one.
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(a) United States (b) France

Figure 2: Mean SMWWs per quintile as a function of the quintile of labor income in the
United States and in France.

First, despite differences in SWF weights (Figure 1), the SMWWs display broadly
decreasing patterns in both countries because average marginal utilities v/; decline sharply
with income. Hence, similar SMWW shapes can be consistent with very different SWF
profiles.

Second, the shape of US SMWWs is close to the one estimated in Hendren (2020):
decreasing in income with a slight uptick at the top. Our first-quintile value (about
1.8) exceeds Hendren’s (1.2), reflecting that our fiscal system, although relevant for
macroeconomics, is very simple compared to the actual transfer scheme in the US. It does
not include some transfers that reduce marginal utility among the poorest in administrative
data. Even so, the overall similarity supports the consistency of heterogeneous-agent

models with public finance estimates.

5.4 Investigating the drivers of the weight differences between
the US and France

We next explore why estimated weights differ across countries by isolating three dimensions
in which calibrations differ: (i) the discount factor g; (ii) the tax system; and (iii) the

productivity process.

Discount factor. In panel (a) of Figure 3, the red dotted line shows US weights when
replacing the US discount factor by France’s. We observe slightly higher weights for
low-productivity agents, with the overall increasing shape preserved. In panel (b) of
Figure 3, adopting the US discount factors in France reduces weights at the bottom and
raises them at the top. Thus, greater patience, for both agents and the planner, tends to
tilt the SWF toward the bottom of the distribution and to decrease weights at the top.
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Tax system. In panel (a) of Figure 3, the orange dashed line shows US weights under
the French tax system and French discount factor 5. SWEF weights shift toward the
bottom at the expense of the top. Conversely, in panel (b) of Figure 3, applying the
US tax system (and the US discount factor) to France shifts top weight upward, but
bottom weight downward. Hence, tax progressivity and the level of redistribution play a
central role in shaping the SWF. Higher progressivity, and a greater inclination to reduce

inequality, contributes to increasing the weights at the bottom at the expense of the top.

Productivity process. Finally, we replace the US income process with France’s,
together with French discount factor and taxes. The resulting SWF weights exactly
reproduce the French weights (blue line in panel (a) of Figure 3). The same holds for
France (panel (b)). This mechanical check verifies that the three ingredients together

account for the cross-country differences.

5

Weights with US B
-- Weights with US B + Taxes
—— Weights with US B + Taxes + Income Process
== Distribution

Weights with French B
-~ Weights with French B + Taxes
—— Weights with French B + Taxes + Income Process
== Distribution

=
-
-

(a) United States (b) France

Figure 3: Impact of different preference parameters, tax systems, and income processes
on the US and French period weights.

We further analyze replacing the US tax system with the French one (and conversely).
Figure 7 (Appendix E) shows that adopting the French tax system in the US reduces labor
income for high-productivity agents, because it reduces labor supply incentives. Thus, it
also reduces the utility of these high-productivity agents. Conversely, the progressive tax
system boosts the consumption and the utility of low-productivity agents, and this is the
result of their larger SWF weights. This experiment demonstrates that changes in the tax
system can explain changes in weights. Adopting a more progressive labor tax would shift

US weights toward the bottom at the expense of the top.

5.5 A world where the US has the French SWF

We now compute the US fiscal system that makes its SWF weights as close as possible
to France’s. The exercise isolates the role of social preferences in shaping policy, holding

technology and preferences fixed.
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We proceed as follows. Consider a “core” US economy with US preferences, technology,
and productivity process. We then jointly choose the capital tax and the labor-tax
progressivity to minimize the Euclidean distance between the resulting SWF weights and
the French SWF weights. Because SWF weights are defined on each country’s productivity
grid, we interpolate both sets of weights onto a common grid before computing the distance.
Finally, we adjust the parameter x, driving the labor tax level, to keep the spending-to-
output ratio equal to the US benchmark. Hence, at the solution, the main macro ratios
(capital-to-output, investment-to-output, aggregate consumption to output, and public
spending to output) match US values by construction.

The outputs of this estimation are a fiscal system and SWF weights. Resulting SWF
weights of the “US with French SWF” closely match the French profile, as can be seen in
Figure 4.

—— Weights Parametric
5F| === Weights Parametric France
== Distribution

Figure 4: SWF weights for France (red dashed line) and for the US with the tax system
that minimizes the distance to the French weights (blue line). The x-axis corresponds to
the 10 productivity levels in France.

Table 5 reports the implied fiscal system for the “US with French SWF” alongside the
baseline US and French systems. Inequality statistics in the “US with French SWF” are

now close to France’s and are substantially lower than in the US benchmark.

Public debt 7, (%) 7 (%) & (%) Gini Gini
(%GDP) post-tax wealth
income
US 63 36 16 85 40 78
France 60 35 23 73 28 68
US with French SWF 299 9 57 71 27 63

Table 5: Comparison between the benchmark economies and the US economy with the
French SWF.

Mechanisms and macro implications. This reduction in inequality is primarily

driven by the higher weight placed on low-productivity (low-income) agents in the French
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SWF profile. The optimization selects a much higher labor-tax progressivity (from 16%
to 57%), which mechanically redistributes toward the bottom. Crucially, the other “core”
parameters and the main macro ratios (C/Y, G/Y, I/Y, and—Dby construction—K/Y)
are held at their US benchmark values by appropriate adjustment of x, and the pre-tax
interest rate remains pinned down by 1/4.

Higher progressivity reduces labor supply at the top (via a lower net-of-tax wage),
compressing earnings dispersion. Given the maintained US productivity process, the
reduction in effective hours for high-productivity agents lowers the efficient labor input.
With K/L anchored with the pre-tax interest rate, the implied capital stock adjusts to
preserve the steady-state factor price conditions. At the same time, higher social weights
at the bottom increase the planner’s willingness to trade-off efficiency for redistribution,
raising disposable income for low-productivity agents and supporting their consumption.
Because the model keeps the aggregate ratios and productivity at US levels, the saving
demand is higher than in France. This requires an expansion in public debt—from 63%
to 299% of GDP—so that the resource constraint and the targeted G/Y continue to hold.

The higher progressivity is detrimental to high-productivity agents. However, they
have a quite a large weight in the French SWF. To partly offset the large progressivity
increase for those agents, the capital tax is lowered. This lower capital tax also tends
to boost aggregate savings, and hence also contributes to increasing the public debt.
Ultimately, the middle class suffers from the higher progressivity and does not benefit
much from the lower capital tax, which is why they end up with the lowest weights in the

population.

6 Estimation of Individual Welfare Functions

This section develops an identification strategy for Individual Welfare Functions (IWFs)
using the estimated SWF. Our quantitative analysis (Section 5) primarily estimates the
SWF, which is independent of IWFs. Nonetheless, recovering IWFs consistent with the
estimated SWF' provides valuable insights into the underlying heterogeneity in social
perceptions.

Identifying IWF weights is a high-dimensional problem: we must recover the || x ||
parameters g, from the || SWF weights. Additional information, such as surveys or
experiments, may provide priors on IWFs, denoted wggor for (7,y) € Y. However, such
evidence is indirect. For example, World Values Survey responses indicate that demand
for redistribution varies with income, but it is unclear whether this reflects self-interest or
ethical views. To address this ambiguity, we propose an estimation strategy that allows
us to decompose IWFs into two parts: one independent of SWF, and another independent
of priors.

We begin with empirical estimates of political weights wp,. Without loss of generality,
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we normalize using the Euclidean norm: \/ >yey Ty(wpy)? = 1. Our estimation strategy
consist in choosing IWF weights @ that are closest to given priors subject to consistency
with the estimated SWF. This procedure offers an intuitive decomposition of the IWF
into two components, including one independent of the prior, generalizing the results in
Section 2.3.

We first formalize the estimation strategy, then present political-weight estimates, and

finally report quantitative results.

Definition 3 Given: SWF weights (wy)yey; political weights (wpy)yey normalized such
that 3 ey m,(wpy)? = 1; and priors on IWFs Wl for (4, y) € V?, the estimated IWF
weights are the matriz (0gy)g, solving

. 2
~ - _ . . {)T’LOT
(G0 = arg moin 37 (g — ")

yyJy,y (g’y)eyQ

5.t wy = Z Tgwpgy for ally € .
gey

The solution satisfies, for all (§,y) € V?,

(’Dﬂy = F(ga y) + wp,gWy, (46)

prior
9,y

where F(y,y) depends on the prior w but not on w,.

Equation (46) has a transparent interpretation (see Appendix A.6 for the details of the
algebra). The first term captures the contribution of the prior and is independent of the
estimated SWF weights. The second term, wpgw,, is the contribution to IWFs implied by
the observed SWF and is prior-free. Intuitively, if the aggregate social weight on type y is
high, then agents with greater political influence (high wp;) must assign more weight to
type y to rationalize the aggregate; thus, the estimated valuation increases with both w,
and wp.

To report results that are independent of priors, we focus on this adjustment term,
CIWFg’y = WpgWy,

which we label the contribution in IWFs (CIWF).
For completeness, Appendix H reports estimated IWFs under a standard self-interested
prior -1

prior, wy,

to illustrate how priors affect the prior-specific term F(7,y).

y=j, Where agents only value their own productivity type. This allows us

6.1 Political weights

The political-economy literature offers several proxies for political power across income

groups: turnout, donations, and representation biases (see Cagé, 2024 for a survey). All
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suggest that political weights increase with income. Because donation regimes differ
substantially between France and the United States, we use turnout-based measures and

discuss robustness in Section 7.2%
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a) United States b) France

Figure 5: Participation rates (in percent) as a function of annual individual income
(expressed as a percentage of average income). US data refer to the 2008 presidential
election. Data for France are for the 2007 presidential election. The 100 on the x-axis is
the average income in each country.

Figure 5 plots participation rates by relative income for the US (panel a) and France
(panel b). Relative income is computed as a percentage of the ratio of the individual
annual income and the average annual individual income in the country.?? Average
individual income is $51726 in the US and 31093 € in France (both 2007). We observe
that participation rises with income in both countries. Our identification strategy is to

infer relative political weights from relative participation:

wpy  Part,

wpy  Party’

where Part, is the participation rate of income group ¥, interpolated from Figure 5. Thus,
political weights inherit the shape of participation profiles. Cross-country differences
in average participation levels do not directly map into political weights under this

normalization.

6.2 Results

We report the CIWF, CIWF, ; = wpy,wy, for the United States and France. Figure 6
displays, for each country, the politically weighted factors from Actual productivity y
(valuer) to Considered productivity § (recipient): panel (a) shows the US and panel (b)

28In France, individual donations are capped at a relatively low level (7500€), complicating cross-
country comparisons. Moreover, evaluating the causal effectiveness of donations on policy is difficult. Our
identification strategy is robust to alternative measures that generate increasing political weights.

29US: Current Population Survey, November 2008, Table 8 (US Census Bureau). France: IPSOS
participation by occupation combined with DADS 2007 to map occupations to annual income.
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France. The z-axis reports wp, wy for all y, g =1,...,10. As discussed in Section 6, these
factors indicate how political influence on the valuer side loads onto social valuation on

the recipient side.

20 7 20 7
15 7 15 7
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(a) United States (b) France

Figure 6: CIWF weights for the US and France
Note: The CIWF weights are measured as (wpywy)y,5. Actual productivity is the productivity y of the
agents, while Considered productivity is the productivity g of the agents under consideration.

Three patterns emerge. First, in both countries, CIWF increases with the recipient’s
productivity g, reflecting larger SWF weights at higher productivity; the gradient is
steeper in the US, where the most productive types receive the largest valuation. Second,
along the valuer dimension y, the US exhibits a stronger gradient: groups with greater
political weight load more onto all recipients, generating a concentrated peak around
intermediate y and mid-high . Third, combining these dimensions, CIWF is largest where
politically influential valuers (y) align with socially emphasized recipients (7). Political
power translates therefore directly into higher social valuation of productive types. Hence,
shifts in political influence among high-y groups disproportionately affect the social
valuation of high-y recipients, with clear distributional implications. This dynamic is
particularly pronounced in the US. In France, weights are more evenly distributed across

y, indicating a more balanced mapping from political influence to social valuation.

7 Discussion of identification and cardinality assump-

tions

Linear aggregation assumption. We consider the linear aggregation procedure at the
individual level (concerning IWFs), which enables a transparent and tractable aggregation
from IWFs to SWFs. To our knowledge, this approach was first proposed in Aiyagari

and McGrattan (1998) for incomplete-insurance models and has since become standard
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because it is consistent with the expected-utility framework.3°

Departing from this linear aggregation would introduce additional concavity that would
be difficult to identify and estimate empirically. As emphasized by Saez and Stantcheva
(2016), the linear SWF can be understood as a first-order Taylor expansion of a more
general SWF. This is also the approach followed in Olivi et al. (2025). SWEF weights can
thus be interpreted as marginal valuations in the neighborhood of the observed allocation,
of a more general SWF. Hence, our estimated SWF weights can be understood as marginal

social weights.

The cardinality of the utility function and estimated weights. In the static
setting, utility functions are ordinal concepts defined up to a monotonic transformation.
Indeed, u and ¢ o u represent the same preferences whenever ¢ is strictly increasing.
However, in the presence of risk and in the context of expected utility, the function u
is unique up to a positive affine transformation only — and not to a general increasing
transformation. This is also the case in a multi-period setting. In particular, changing
the period utility function u to ¢ o u with a general ¢ changes the agents’ preferences: it
alters the elasticity of substitution and the risk aversion.

However, our SWF weights are invariant to affine transformations. Therefore, the
cardinality assumption we are making is actually subsumed in the expected utility

framework and does not affect our SWF weights.

Identification of the SWF. In our baseline specification, we adopt the functional form
(43) for SWF weights. The estimation strategy of Definition 2 introduces a parametric
solution to address the underdetermination of weights, which is required since the number
of unknowns exceeds the number of Ramsey constraints. We verify that results are robust
to relaxing this parametric form. In particular, we estimate nonparametric weights by
selecting the variance-minimizing weights that satisfy the Ramsey constraints. These
weights can also be interpreted as the closest to the utilitarian benchmark. The resulting
nonparametric estimates, reported in Appendix F.1, are very similar to those in the main

text: SWF weights increase with productivity in the US and display a U-shape in France.

Weights depending on histories. The identification of SWF weights relies on the
assumption that weights depend only on current productivity (Assumption A). As
discussed in Section 3, weights cannot depend on endogenous variables such as wealth or
consumption, since the planner would then need to account for the effect of allocations on
its own weights, potentially generating inconsistencies and multiple equilibria. However,

in a more general setting, weights could depend on the full idiosyncratic history. We

30More precisely, Aiyagari and McGrattan (1998) show that the utilitarian SWF is consistent with
expected individual welfare when state variables are drawn from the equilibrium distribution.
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interpret the restriction of weights dependence to current productivity as a practical
identification assumption with negligible quantitative cost.

Indeed, relaxing this assumption and assigning separate weights to each truncated
history implies YV weights instead of Y (where Y is the number of productivity levels). We
estimate these as the variance-minimizing weights satisfying the Ramsey constraints. The
resulting estimates are nearly identical to the benchmark ones. In particular, the average
of history-dependent weights by initial productivity is very close to the nonparametric

weights discussed above. Further details are provided in Appendix F.2.

Political weights. Political weights pose a different normalization issue, as there is
no clear convention in the literature. Following Section 6, we rely on voter participation
rates in the US and France, since other measures (e.g., lobbying resources or donations)
are not comparable across countries or only loosely related to our concept of political
influence. Because we use ratios of participation rates, our strategy is invariant to any
linear transformation of political weights. While nonlinear transformations could in
principle affect the planner’s problem, our robustness checks suggest that such effects are
quantitatively small.

Specifically, we explore ad hoc variations in the profiles of political weights — flat,
linearly increasing, or convex (instead of concave) — using the participation data plotted
in Figure 5. None of these alternatives substantially affects the estimated IWFs. The
results under these alternative profiles are presented in Appendix G. Hence, although the
exact measurement of political weights remains an open issue, our identification strategy

appears robust.

8 Conclusion

We propose a methodology to identify the Social Welfare Function (SWF) and the
Individual Welfare Functions (IWFs) from a country’s empirical wealth and income
distributions and its observed tax system. We apply this approach to France and the
United States. Using four fiscal instruments—consumption, capital, and progressive labor
taxes, together with public debt—we estimate the SWF in each country and show that their
structures differ markedly. The French SWF assigns greater weight to low-productivity
agents and exhibits less heterogeneity, whereas the US SWF increases with productivity,
placing larger weights on higher-productivity agents. The United States thus appears
more inclined toward low-redistribution, while France is more egalitarian, particularly at
lower income levels.

These results open new avenues for research, especially regarding the stability of social
preferences over time. A key next step is to examine the role of the SWF in shaping fiscal

responses to economic shocks, particularly in business cycle stabilization.
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Online Appendix

A Proofs related to the SWEF construction

A.1 Construction of the measure on the set of idiosyncratic

histories )

We can construct a probability space related to the set of infinite idiosyncratic histories,
Y. We summarize here the construction, and further details can be found in LeGrand
and Ragot (2022a, Appendix B.3). Consistently with the main text, we will typically
denote by y' an element of J>°. Such an element §* € > can be described as a left-infinite
sequence:

~1

Yy = ( e 7y*k<gt>> cee 7y*1(gt>7y0(gt))7

where each y_, : Y*° — ) is a coordinate function returning the idiosyncratic state

k periods ago. For the sake of simplicity, and as in the main text, we will denote by

YL = y_@—s)(y") for any s < ¢ the state at date s, which is ¢ — s periods ahead of date .
We define L(y") as the past of history y* — which discards the current state y!:

L<yt) - ( . in—k? s 7y§—1>‘

Consistently with the main text, we also denote by 3!~ %! the past history of y': =1 =

L(y").
We can then define the cylinder sets Cy(A) for any & > 1 and any A C Y* as follows:

Co(A) ={y' € Y™ 1 (Yr_py1>-- - ¥r) € A}

The cylinder set Cy(A) is the subset of Y containing all idiosyncratic histories whose
truncation of length k belongs to A. We then define Cy as the set of all cylinder sets,
which can be shown to be a field (Billingsley, 2012, Section 2). We denote by F := o(Cp)
the cylindrical o-algebra generated by Cy, and we define the set function p: Cy — R from
the transition matrix II and the stationary vector 7, such that for any £ > 2 and any
AcC "

M(Ok<A)) - Z(y—k+1 ,,,,, Yyo)EA Wy7k+1]:[y7k+1y7k+2 T Hyflyo for any k > 2 and AC yk7

p(C1(A)) = Xyoea Ty, for any A C ).
(47)

Finally, we can state the following lemma.
Lemma 1 The triplet (Y*°,F, 1) is a probability space.
Proof. A proof can be found in Billingsley (2012, Section 2). The key part of the proof

1



is to extend the measure p defined on Cy to a measure defined on ¢(Cy) = F. mA

consequence of Lemma 1 is that u()>°) =1, or fyteyoo p(dy®) = 1.

A.2 The conditional measure

To lighten formulas, for any (y_pi1,...%0) € V¥, we define y_j 1.0 := (Y_g41,-.-,%0) as
the vector of length k, containing elements whose indices range from —k+1 to 0. Similarly,
for any 9" € Y%, 9, 119 = (Ji—ps1 - - - U;) is the vector of the last k realization of g'.
We define 1 by:

M1 (Cl(}q)lgt> = Z Hy},fytﬂv fOI' any }/1 C ya (48)

Yt+1E€EY1
. k
vk Z 2a M1 (Ck(Yk’)lyt) = Z H?],?yu-l1y(t7k+2):t:7]§7k+2:t7 for any Yk C y ) (49)
Y(t—k+2):t+1€Yk
where for any elements x, Z of the same set, 1,z = 1 if x = Z and 1,z = 0 otherwise.
Intuitively, the expression in (49) sums, over all possible vectors y—i42)441 of length
k, the probability to switch from g’ to a history ending up in y(—_g+9).441. The latter
probability is equal to the probability to switch from 7! to y;11, provided that g and

Y(t—k+2)+ are compatible (i.e., the k — 1 last realization of 7' equals Y(t—k+2):). Note that

k—2 1

we could also write: 1y<tfk+2:t):?7@_k+2;t) =155 Vies =Tl

Lemma 2 For any §' € Y*°, the set function C € Cy — u1(C|g") is a pre-measure.

Proof.
In the remainder of the proof, we set ¢§° € Y>. As a preliminary, we state two

properties that we will use extensively below:

— For all k' > k> 1, for all Y, C V¥, for all Y/,_, C V¥~

Z Hg:yt-‘rl 1y(f—k/+2>it:gft7k’+2):t = (50)
Yok +2):e41€ Y XV
Z <H17€yt+1 1y(t7k+2):t:ggt,k+2):t X
Y(t—k+2):t+1€Yk
Z 13/ / =gt
, (= +2):(t=k+1) TY (o g/ 12): (1 k4 1)
Ye—k!+2):(—k+1) €Y _p
— Forall ¥ > k> 0:
Z 1yt—k’:t—k:g:,k/:t7k =1 (51)

!
Yot g EYF TR

In the remainder these will be referred to by their equation numbering. The proof of (51)

is straightforward and comes from the fact that (gf_,,,...,9¢_,) is a unique element of



the set V¥ ~*+1. For the proof of (50), we denote by Sj i the left-hand side. We have:

Sk = Z Z <Hl7fyt+1 X (52)

Yt—k+2):t4+1€YE Yo i/ 10y (t—rr 1) EY

1

—i 1 —
y(t—k+2);t—y€t,k+2):t y(t—k’+2):(t—k+l)_yft_k/+2):(t_k+1) ’

where we have used the properties of a sum on a product space and the fact that
(x,y) = (2/,y) iff v = 2’ and y = ¢/ (where (z,2’) and (y,y’) are two pairs of vectors of
and 1y(t—k+2):t=ﬂ§t,k+2):t in (52), as they

are independent from the sum over yq_p42).¢—k+1) € Yir_i. We then readily obtain (50).

the same length). Then we can factorize Iy,
We now go back to the proof of Lemma 2. Three properties need to hold: (i) well-
defined, (ii) (countably) additive, (iii) u;(Y*]g") =1 for all §* € Y°°.
For Point (i), we need to check that i (Ci(Y:)|7') = pu1(Cr(Y¥F x Y3)|3) for all
k' > k. We have for k > 2:

k'—k ~t
/“Ll(Ck‘/(y X Yk‘)ly ) = Z Hz},fytﬂ1y(t_k/+2):t:gétik,+2):t7

Y(t—k!+2):t+1 eVF —kxyy

= Z Hﬂfyt+1 1y(t7k+2):t::gft_k+2):t = Ml(Ck’(Yk) |gt)a (53)
Y(t—k+2):t+1€Yk
where the first and last equalities use the definition of y;, and the second the combination
of properties (50) and (51).
We need to prove the result for £k = 1. We have for k' > 1:

K1 N
'ul(ck' (y X Y1>|yt) = Z Hﬂ,fytﬂ ( Z 1y(t—k’+2):t:gétk/+2):t>’

Yt+1€EY1 y<tik,+2):t€yk’71

- Z Hﬂ%ytﬂ = #1(01(5/1”?7),
Yt+1€Y1
where the first equality combines the definition of y; and (50), the second uses the property
(51), and the last the definition of y;.
For point (ii), we consider two disjoint cylinders, Cy(Y%) and Cy (Y},) (K’ > k, Yy C V¥
and Y}, C Y*). Since both cylinders are disjoint, then ¥ % x Y}, and Y}, are disjoint too.



We deduce that:

11 (Cr(Y3) U Co (Y)15') = 1 (Cro (VF % x Yi) U Y)Y,

= Z H??,’fytﬂ 1y(t7k/+2);t=?§ft_k/+2);t )
!
Y(t—k'+2):t+1 Yk -k XYk)UYk//
= Z Hﬁy“‘l 1y(t*k/+2)3t:gzt—k’+2):t

y(tik/+2>:t+1€(yk’7k XYy)
+ Z H.ﬂiytJrl 1y(t7k’+2):t:gzt7k/+2):t7
Y-k 42):011€Y}

= Z Hﬂéytﬂ 1y(t7k+2):t:gft_k+2):t
Y(t—k+2):t+1€Yk

+ Z Hﬂgyﬂl 1y(t7k/+2):t:gft,k/+2):t’
!
Yet—k/+2):t+1€Y s

= 111 (Cr(Yi)7") + 11 (Crr (V1T

where the first equality uses the algebra property of cylinder sets, the second the definition
of p11, the third the property that V¥ =% x Y}, and Y, are disjoint, the fourth the combination
of properties (50) and (51), and the last the definition of p; twice. We have thus proved
that p(-|g") is finitely additive.

For point (iii), let £ > 2. We have:

kN[t
/‘Ll(Ck(y )|y): Z Hﬂéyt+1 Z 1y<t*k+2)it:gét—k+2);t’

Yr+1€Y Y(t—ky2):t €EVFL
- Z Wgey = 1,
Yyt+1€Y

where the first equality uses the definition of y; and (50), the second property (51), and
the third the property of the transition matrix II. We thus deduce that ui(Y>°|7") = 1.

We have proven that p(-|3") is a finitely additive probability measure on the algebra
Co. Billingsley (2012, Theorem 2.3) states that any finitely additive probability measure
on the cylinder algebra is countably additive. We thus conclude that p is a countably
additive probability measure on Cy and is therefore a pre-measure on Cy. m

We then prove the following lemma. We recall that F is the cylindrical o-algebra,
a(Cy), generated by Co.

Lemma 3 For all §* € Y*°, the function ui(-|g") uniquely extends to a measure on F.

The proof is similar to the one showing the extension of i as a pre-measure on Cy to a
measure on F. It relies on the Hahn-Kolmogorov theorem (Billingsley 2012, Theorem
3.1). See LeGrand and Ragot (2022a, Lemma 3 in Section B.3).

Finally we can state the following lemma, showing that p; is a conditional measure.



Lemma 4 For all §* € Y and for all F € F:

[ ) = p), (54)

Proof. We first prove (54) for F' being a cylinder set.
First, let Y7 C Y and consider C}(Y;). We have:

[ w0 = [ % Mgl
greyee g

LeY> yiievy

= Z 7T t Z Hytyt-u’

gley Yt+1€EY1

= Z ZWtHyéytHv

Ye+1€EY1 Gtey

= Z Tyy = Cl Yl))
Yt+1€Y1
where the first equality comes from the definition (48) of p, the second from the fact
that the integral is actually carried over a cylinder set of the form C7()) and from the
definition (47) of p, the third from the permutation of finite sums, the fourth from the
fact that 7 is stationary (3_,cy myIl,, = m,), and the last (as in the line four) from the
definition (47) of p.
Second, let Y3 C V¥ and consider Cy(Y;). We have:

[ (Gt

- ~t
o /t Z Hyztyt+11y(t k42):t= y<t kt2):t :u(dy )’
G €Y g2yt +1€Y
- Z ng—kﬂngzt—kmgf—ms T Hgi—lﬂf Z Hyﬁyt-u 1y(t k2t =0y yoya
g€t7k+2):t€yk_1 Y(t—k+2):t+1€Yk
- Z Z 7T?7Lk+2nngk+2ngk+3 t Hgfqﬁnﬁytﬂ 1y(t7k+2):t:gft_k+2):t7

Y(t—k+2):t+1€Y% z}&_k_w):teyk*l

- Z 71-yt—k+2I_Iyt—k+23/t—k+3 R | T L 1(Cr(Ye)),
Y(t—k+2):t+1€YE

where the first equality comes from the definition (49) of p, the second from the fact
that the integral is actually carried over a cylinder set of the form Cj_;(Y*!) and from
the definition (47) of p, the third from the permutation of finite sums, the fourth from
the fact that all terms in the sum over §f, ;... € Y*=1 are zero except the one for
Ul—ky2yt = Y(—k+2):, and the last from the definition (47) of y. This proves (54) on Co.
Since cylinder sets are a generating family of F and a w-system, the equality (54) also
holds on ¢(Cp) = F. =

We finally prove the following lemma. It justifies that in the main text we define 1, as
pu(dy*Hg") = Ty ee1 05 (dy’).

JYsia



Lemma 5 For all §* € Y* and for all C € Cy, we have:
(€17 = [ Mgl (L),
yt+leC
where dg is the Dirac mass in '

Proof. Let Y, C V* for some k > 1.

For k = 1, we have:

/ t Mgyt 05r (L(dy™)) = / Mty 07 (),
yttleC(Y1) (¥t yt+1)EY> xY,

- Z Hytyt+1/ 527t(dyt)a
ytey

Yt+1€Y1

= Z Hﬂiym = Nl(cl(}/lﬂgt)’
Yt+1E€EY1
where the first equality comes from using C(Y;) = Y x Y}, the second from using
the Fubini theorem (we consider o-finite measure spaces and (7", y;41) € Y x Y] —
Mgy, 05t (dy') is integrable), the third the property of Dirac mass, and the fourth the
definition of ;.

For k > 2, we have:

I t+185 (L(dy"™™)) (55)
/Hleck(yk) V¥t

_ t—k+1
- / gty 1y(t—k+2):t:gft,k+2).t5[/(’671) (7*) (dy ), (56)
WLy pt2)it 1) EYO XYy )

where L¥=1(.) is k-iterate of the shift operator L: L*=V(gt) = (..., 9! 4, 9t js1). To
write equality (55), we used that Cy(Yy) = V> x Y} and the fact that 0z (Y;_1 x C) =
2 ekt €Y1 Ly o= i, k+2)t5L(k g (C) for all € € Cp and Yy C V=1 Hence the
two measures coincide on Cy and are also o- finite. Using Fubini and the property of a

Dirac mass, we obtain from (55):

I t+105 (L(dy"™™)) = M, 1
/t+1eCk(Yk) Y:Yri1 Z Y1 Yt+1 Yt —k+2):t— y(t k+2)t

Y(t—k+2):t+1€Yk

= 11 (Cr(Y)[7),

where the last equality comes from the definition of ;. This concludes the proof. m

A.3 Proof of Equality 10

We consider an agent whose individual preferences are represented by a utility function
denoted by V : Y* — R. The allocation is subsumed. Let y* € Y*°. The representation



result of equation (9) becomes, after splitting the sum for s = 0 and s > 1:

V() = U + 83 B0 () a(dy |y, (57)

s=1Jyttsey>

Using the definition of 4 given in Section 3.1 and Bayes’ rule, we have, for all s > 1:

oyl = / oo (dy Y (dy ). (58)

yt+1 eyoo

S

In words, it means that the probability of transitioning from v’ to y'** in s periods is

equal to the product of the probabilities of transitioning from y* to y**! (in 1 period) and

t+1

from y**! to y'** (in s — 1 periods), summed over all possible histories y**1. Using (58),

the expression of V in (57) becomes:

V") =U(y") + 8 i B U(y"*?)

yt+s e:)}oo

X / frs—1 (dy" 2y (dy ).
yt+1 Eyoo

Since all functions are integrable, we can use the Fubini theorem twice, to swap the order

of integrals and then of the sum and of the integral on y'*! € Y>°. We obtain:

V(') =UW)+ (59)
+6 / {Z / petu (yt+s)/~bs_1(dyt+$|yt+l)}m(dy”llyt)-
yrtleyee Ls=1Jyttsey>

The term between curly braces is V (y*™!) using (9) applied to ¢ + 1. The previous equality

becomes:
V) =UW") + B/ V(™ (dy™yh).
yt+1eyoo

which gives the representation (10) using the notation Eye+ [V(y"™*)[y'] = [ i1 cpee V(¥ pa(dy™y")

for the conditional expectation.

A.4 Proof of Proposition 1

Using the definition (12), the expression (13) of the SWF becomes:
SWE= [ wels) [ V0L Oudi (),
yteyee FteY>

which can be further simplified using the expression (11) of v



_ t - ~t+s ~t+s t+s|~t ~t t
SWF - /yteyw“P@) [»> /Hwﬁ S, 717 ),

ey s=0

— [ e [ B g U g ()
yteyoo 5=0Jgrey> t+Sey°°

Since all functions under consideration are positive and measurable and since it is assumed
that SWF < oo, we can use the Fubini theorem to permute the order of integrals and
obtain:

o0

SWF B Z/tJrSGyoo ﬁs [/téyw P (y )(O(y yH_S) (dyt)‘| U(ﬁt+5)

s=0

Y [ [ =ttt

A straightforward extension of Lemma 4 for p; (for any s > 1) yields: fgt ey 1s(d9 |71 u(dy') =
w(dg'™#). Using the definition (15) of the weights w, we deduce:

SWF _ Z\/H_Qeyoo Bsw(gt-l-s)U(At-‘rS) (dAt-‘y—s)

s=0

which proves Proposition 1.

As a final remark, observe that by splitting the sum over s into s = 0 and a sum for s >
1, we also obtain the following expression for SWE: SWF = [, w(y")U(y", A)p(dy") +
BSWE.

A.5 Proof of Proposition 2

We recall the expression of the SWF when the allocation is explicit:

SWEF(A) = iﬁt/ w(yU(y', A)u(dy").

yteyee

Assume that the weights are non-negative and consider two allocations A and A’
such that A element-wise dominates A’. We thus have U(y", A) > U(y*, A’) for all y".
The non-negativity of weights implies that: S'w(y")U(y*, A) > flw(y")U(y', A") for all ¢,
which after integration and sum yields SWF(A) > SWF(A).

Let us assume that SWF(A) > SWF(A’) for any pair of allocations A and A’ such
that A element-wise dominates A’. Let us assume that the weights are strictly negative
on a subset X' C Y of positive measure. We consider an allocation A’. We construct
the allocation A such that A and A’ coincide on Y \ X and A strictly dominates A’ on
X. We thus have U(y', A) = U(y", A') for all y* € Y>*\ X and U(y', A) > U(y*, A’) for



all y* € X: A element-wise dominates A’. We thus deduce that:

/ OO~ U At = / W)U A) — U A)uly)

yteY>\X

+ /te/’\f wy ) Uy, A) = Uy, A))uly"),
N /texw(yt)(U(yi A) = Uy, A))uy"),
< 0,

where the first equality is a split of the integral over two disjoint sets, the second comes
from U(y', A) = U(y", A’) on Y* \ X, and the third from U(y*, A) > U(y", A’) and
w(y') <0on X.

Summing the previous discounted inequality implies SWF(A) < SWF(A’), which is

a contradiction. We must thus have positive weights. This concludes the proof.

A.6 Proof of equation (46) in Definition 3

The program in Definition 3 is:

~ . A rior 2
(@gy)gy =argming, ) Z Ty (wgy —wyy ) ,
(y,9)€Y°e2
s.t.owy = Y mwpggy (y € Y). (60)

JEY>®

We denote by 2\, the Lagrange multiplier to the constraint of equation (60) for y € V.
We obtain the following Lagrangian:

N2
I _ A prwor _ 5 N
L= X, (Wyy Wy ) DNy ( > Tgpgy wy) -

(y,9)€Y>°? yey geEY>®

Computing the derivative with respect to @y, yields the following FOC:

N __, .prior 5
Wy =Wy, + Aywpy-

Using the constraint of equation (60) and \/ Y gey= Ty(wpg)? = 1 we deduce:

o . _ _, ,prior
Ay = wy Z TgWP Wy
geYe

This finally implies equation (46), with

~\ ., prior ~ R _, ,prior
F(y,7) = Wiy wWrg Z Ty pWysy
gey>



B Competitive equilibrium
We provide a formal definition of a competitive equilibrium.

Definition 4 (Competitive equilibrium) A sequential competitive equilibrium is a col-
lection of individual allocations (¢; ¢, li v, @i, Vit)i>0iez, Of aggregate quantities (Ky, Ly, Yy )t>o,
of price processes (wy, ¢, Wy, Tt )10, and of fiscal policies (78, 75, ¢, k¢, Bt)i0, such that, for
initial conditions and initial values of capital stock and public debt satisfying K_1+ B_1 =

[ ai—1€(di), we have:

1. given prices, the functions (¢it,lit, it Vit)t>0iez Solve the agents’ optimization

program in equations (24)-(26);

2. financial, labor, and goods markets clear at all dates: for any t > 0, equation (29)
holds;

3. the government’s budget is balanced at all dates: equation (22) holds for allt > 0;

4. factor prices (wg, ry, Wy, Tt)e>o are consistent with the condition (18) and post-tax

definitions (21).

A steady-state competitive equilibrium is a competitive equilibrium in which the joint
distribution of agents’ decisions (¢, [, a, V), aggregate quantities K, L, Y, prices w, r, w, 7,

and fiscal policy (7¢, 75, 7, k, B) are time-invariant.

C The Ramsey program 4

C.1 Reformulating the Ramsey program

We now reformulate the Ramsey problem. We define the following variables:

Qg ¢

~Z' = 5 61
Qi 1+ 7¢ (61)
Wy
W, = 62
LA (62)
(I+r)(1+77)
R, = 63
! 1+7¢ ’ (63)

which represent the asset choices in (61), the wage rate in (62), and the interest rate in

(63). With this notation, the agent’s budget and credit constraints become:

Cit+ air = Wi(yiilis)™™ + Riig1, (64)

TN a
a; - = —a.
R

S
—~

o}

(S
~—

10



Since taxes and prices are considered as given by agents, we can equivalently state their
optimization program using the notation (61)—(63) and the constraints (64) and (65),
rather than the original notation and the constraints (25) and (26). This modifies the
Euler equations (27)—(28) as follows:

u'(cip) = PE, lRt+1u/(Ci,t+1)] + Vi,
V(L) = (1 = )Wy e(Yirlin) 70! ().

We now turn to the government budget constraint. We further define:

. B,
B = , 66
Y+ (66)
~ A,
A, =
T e (67)
and
_ét = (]_ -+ TtC)Bt - TtCAt. (68)

With these new definitions, the financial market equilibrium given by (37) holds, since
we have A; = J;a(@)l(di).

Using the government budget constraint defined in (22), we have:

Gy + (1 + 1) By + wy /(yi,tli,t)l_”f(di) + 1Ky =77Cy + F(Kyi-1, Lt, $¢) + By

(2

Using the resource constraint C; + Gy + Ky = F(Ky_1, Ly, s¢) + K;_1, we obtain:

Gt + (1 + Tt)Btfl + wy /(yi,tli,t)lnﬁ(dz’) + Tth,I =

)

1 (F (K1, Lt, st) — Gy — (K¢ — K1) + F(Ki-1, Ly, st) + B

Divide both sides of the equation above by (1 + 77) and obtain:

147 Wy / 1— .
G+ ——B; ialin) " (d K, 1=
t+1+7'tc t1+1+Tf Z.(y,t t) (Z)+1+th t—1
TtC Bt
- K, — K, F(K;_1, L :
1+th( t —1) + F(K_q, t73t)+1+7_tc
Using the definitions (62), (63), and (66):
T ~

~ _Tt ) r
G+ RBi1 + W, /(yi,tli,t)l 0(di) + L K1 =— (K — Kyq) + F(Ky—1, Ly, s¢) + By.

i 1 +th 1 +th

We now substitute the expressions of K; and K;_;. From (66) and (67), we have K; | =

11



At—l — Bt—l = (1 + th_l)(At—l — Bt—l) and:

~ r . r(l+7°) ~ ~

G+ RBi_1 + W, /(yi,tli,t)l 0(di) + t(ltcl)(At—l — Bi4) =
i + 7

(1 + 77 )

1 - (At—l — Bt—l) + F(Ki-1, L, s¢) — TtC(At - Bt) + Bt-
+ 7

1 c 1 c
Observe from (63) and (68) that M =R, — 1++thl
Tt

14 7f
This yields:

G+ RiBoy + W, / (orli) (i) + (R, — (1475 1)) (Ars — Bry) =
F(K_1, Ly, s) + Bt-
Finally, using (68) in period t — 1 (i.e., B,y = (1 +7¢ ) Bi_y — 7¢_ | As_1) we get:
Gt + Wt /(yi’tli’t)lﬁf(d@') + (Rt — 1)12115,1 + Btfl =

F(K—1, Ly, ) + ét-

and —th(zzit — Bt) —+ Bt =

B;.

Since the public debt can be freely chosen by the planner, it is equivalent for the planner

to choose Bt rather than B;.

The reformulated Ramsey program. We reformulate the Ramsey program (69)—(75)
using the variables a, ¢, Wy, Ry, A;, B, introduced in (61)-(63) and (67)—(68). The program

can be expressed in post-tax prices R; and W, — taxes and pre-tax factor prices can be

deduced from the allocation and the post-tax price definitions. The following proposition

summarizes the reformulation of the Ramsey program.

Proposition 4 The Ramsey program (69)-(75) can be rewritten as:

max SW Fy,

(Wtth»Tt:Bt7At’Kt7Lt,(Cz’,tyli,t:ai,t:’/i,t)i)t>0

G -+ Wt /(yi7tli7t)1_Tt€(di) + (Rt — 1)At_1 + Bt—l = F(Kt—h Lt, St) + Bt,

foralli € T: ¢y + iy = Wy(yislin)' ™™ + Ry,

Qi > —a, vy +a) =0, vy >0,
U/(Cz‘,t) = BE, [Rt+lul(ci,t+1)‘| + Vi,
V' (lig) = (1= m)Weyi s (yiilin) 0 (ci),

Kt + Bt == At == /&mf(dz), Lt = /y17tll7t€(dl)

12



C.2 The Lagrangian, the FOCs of the Ramsey program and

equilibrium definitions

The Lagrangian associated with the Ramsey program (69)—(75) can be written as:

L EOZ[)’ /w” wler) — v(li))(di)

7

_E, z 8 [ O = Rdeas) i) ()

i

—EoZB s (91020 = (1 = O Waalwsasa) ™0’ () €

_ R, Zﬁtﬂt (Gt +(1- 5)3271 + (Ry —1+9) /di7t1€(di) + Wy /(yi,tlit) “T(di) — Bt) 5

where the value of v;; is given by the complementary slackness conditions (72) and (73),

and where we have:

Cip = =iy + Ritiig—1 + Wiyialie) ™™, (76)
> o L\ 1l—«a
Y, = (/dz‘,t—ﬂ(di) - Bt—l) (/yi,tli,tg (dz)) . (77)

Consequently, the instruments are: a; ., l;+, Wi, Ry, 7, and B,. Using the two previous

equations to substitute ¢;; and Y}, the planner’s program is:

max L.

(Wt7Rt,Tt,Bt7(li,t7&i,t)i)t>0

We now provide the first-order conditions of the planner, and we present an alternative

interpretation of the Lagrangian in the next section.

FOC with respect to public debt B,.

pre = BBy [(1 + Frpn) o] - (78)

FOC with respect to saving choices a;;. We define the marginal social value of

liquidity for agent 7 at date t as:

T/Ji,t = wi,tul(ci,t) - ()\c,i,t - Rt)\c,i,t—l - )\l,i,t<1 - Tt)“@(yi,t)l_ﬁ(lz‘,t)_n) u”(ci,t)v (79)

and QZJM = ;4 — j as the marginal social value of liquidity net of the planner’s resource

cost. Using (78), we obtain:

'(;i,t = PE, {Rﬁﬂgi,tﬂ} : (80)

13



FOC with respect to labor supply /;;. We define:
Yrig = Wi,tvl<li,t) + )\l,i,tvﬂ(li,t>-

The FOC with respect to labor supply /;; is:

¢l,z‘,t = (1 - Tt)Wt(%t)l_Tt(lz‘,t)_nl/;z‘,t + MtFL,tyz‘,t - (1 - Tt)Wt(yi,t)l_Tt(li,t)_Tt

FOC with respect to the wage rate W,.
0= /(yj,tlj,t)l” (P + Mg (1= 70 (cs0) /152) £(df)-
J
FOC with respect to the interest rate R;.

0= /(@/Afj,tagl + Aejiat(cje))0(dj).
j

FOC with respect to progressivity ;.

0= /(yj,tlj,t)l_Tt (%Ej,t + )\l,j,t(l - Tt)(u,(cj,t)/lj,t)) 1n(yj,tlj,t)€(dj)
j

" / M relse) =7 (0 (301 ().
7

(82)

A Ramsey allocation is a competitive equilibrium in which the fiscal policy and

allocations satisfy the first-order conditions of the planner (78)-(82).

A Ramsey steady state is a Ramsey allocation in which fiscal policy (7¢, 7%, 7, k, B),

aggregate variables (K, A, B) and prices r,w are constant.

C.3 Expression of the Lagrangian using a public finance repre-

sentation

The Lagrangian can be written as:
L=Ey> BN+ mbB),
t=0
with:

Wy = / (@ir(u(ess) — 0(02)) — Cais — Bodeser) o (ci)

(2

_)\l,i,t (U/<lz',t) - (1 - Tt)Wtyz',t(yi,tli,t)ﬂu/(ci,t))) E(dz’),

B, =Y, —B,—G,—(1—0)B,_, — (R, — 1+96) / i e 0(di) — W, / (yiolig) "0 0(di).

14



The quantity B, is the budget constraint of the government, whereas W, is the aggregate
welfare taking into account the possible general-equilibrium effects generated by each
agent’s choice and captured by individual Lagrange multipliers A.;: and A;; ;. Note that
if these multipliers were zero, then W, would only be the weighted welfare.

Considering an instrument [, in period k (I can be public debt, the interest rate,
the labor tax, or labor-tax progressivity), the FOC of the Lagrangian with respect to Iy

implies:

s aB 19)4Y oW, Oc;
Eo Zﬁtﬂtit +Eo Zﬁt/ - = —Eo Zﬁt/ oc; t 8[kt€(dz) (83)
it

Since Wy, Ry, 7, only affect the current value of welfare and the budget constraint (for
It € {Wt,Rt,Tt} oWy % =0if k 7£ t) we have for any It € {Wt,Rt,Tt}I

A
Oci ¢
GWt - 8[; .
= ((di). 84
¢ dciy %11113: + i%vl\it (di) (84)

It is then straightforward to compute the partial derivatives and verify that we obtain the

same expressions as in Section C.2. For instance, we have 2% = 1; and when the fiscal

aczt
instrument is the post-tax rate R;: dBt = — [; Qi1 0(di), g‘g’: = [ Ridaiso1v(c;y), and
?9%; = @;4—1. Then, (84) becomes:

—Qit—1 :

== @U@ = ; : E di s

. / - fiai,tflg(dw + i fl Ri)cip1t/(ciy) ()
which can be written as [ (¢;; — pe)@iz—10(di) + [, Rideiz—1t/(¢;p) = 0, which is the FOC

(81) with @Z;i,t = i+ — 4. The same derivations can be obtained for R;, 7.

The instrument B; is a fiscal instrument that affects current and future budget
constraints but not welfare: gg: =0, for all k and gBtt = -1, 8?];1 = 14741, and g%z =0if
T ¢ {t,t+1}. As a consequence, the FOC (83) simplifies into Eq 3" iy 8Bt + 51 p1, 1 9B1] =

taB, dB,
0, or —p; + BE[pes1(1 + 7411)] = 0, which is the FOC (78).

D Truncating the model and identification of Pareto
Weights

D.1 The truncated model

The key step of the aggregation consists of assigning the same wealth and allocation to
all agents sharing the same idiosyncratic history over the recent past. The recent past is
characterized by a number of periods, called the truncation length and denoted N, it is a
parameter of the model. This N-period history will be referred to as a truncated history.

For a history y* = {...,¥{_N,Yi_N41,---»Yi_1, Vi }, this corresponds to the N-length vector

15



denoted yV := {y!_n.¥_ni1,---,Yi_1,yi}. To sum up, we can represent the truncated

history of an agent ¢ whose idiosyncratic history is y' as:

t __ t t t t t t
Yy = {"'>yt—N—2ayt—N—hyt—N’yt—N—&-l»'"’yt—byt}?

_. N
£,N =y

where the parameter {,~ captures the residual heterogeneity for the truncated history
y~, and y!_, represents the idiosyncratic variable (at date t) k periods in the past. The
method to compute the set of parameters (§,~),~ will be discussed further below. In what
follows, we will discuss the various elements needed to apply the aggregation procedure.
First, we need to compute the measure of agents with the same history 3. An agent
with history " at t — 1 will have a different truncated history in period ¢ depending on the
realization of the idiosyncratic variable at date . The probability to transit from truncated
history 7" to truncated history y™ will be denoted by v, (with 3, vyeen T,y = 1)

and can be computed from the transition probabilities for the productivity process as:
v,y =1

Ny yNtﬂNHﬂévyéV > 0,

where 1,vy ;v is equal to 1 if ¢ is a possible continuation of g, and 0 otherwise. With
these elements, we can compute the share of agents with truncated history 3" as Sp N

This element is:

St,yN - Z St,LgNHgNyN, (85)

gNeyN
where the initial shares (S_; ,~),~veyn are given with 35 veyn S_q v = 1.
The model aggregation then assigns to each truncated history the average choices
(whether for consumption, saving, or labor supply) of the group of agents sharing the same
truncated history. Let us consider a generic variable denoted by X;(y', s'), and denote by

X~ the average quantity of X assigned to truncated history y~. Formally:

p— ) X, (4,5 e (0), (6)

St N
Yyt eV (et )=y N

where we recall that p;(y") is the measure of agents with history y*. Definition (86) can
be applied to consumption, savings, labor supply, and the credit-constraint Lagrange
multiplier. This leads to the quantities ¢, ,~, @ ,~, I, ,~, and v, v respectively. Note that
applying (86) to beginning-of-period wealth involves accounting for the fact that agents
with truncated history ¢y at date t may come from various truncated histories at ¢ — 1.
Specifically, this variable consists of the wealth of all agents with history 3" in period ¢
but with any other possible history at ¢t — 1. Formally, the beginning-of-period wealth

16



(:lt’yN for truncated history gy is:

. : 0
We now define the various “£s”. First, we define f;‘;v as:

> u(e(y")) = &'l ) a(y')),

YREVIH (Yt yoe Wy WD) =YY YPEVIH| (Y yyyore Wl W)=Y

or compactly as:

S ule) = §ulenn). (58)

yleytrijybN=yN

The quantity 5;%0 reflects that aggregating utility levels is not equal to the utility of
aggregated consumption. This comes from a combination of two factors. First, there
is heterogeneity of consumption among the population of agents having the truncated
history », due to their history prior to date t — N. Second, the utility function is not
affine in general.

The same procedure applied to the other variables for the Ramsey problem (69)—(75)

yields:
Z U<li,t) = gz}gv(lt,ylv)a (89)
yleytijybN=yN
Z u'(ciy) = §Zz’vlul(0t,yN)a (90)
yleyttiylN=yN
) (Yiglia) T = 3o (Y3 Loy )™ (91)

t,N
yleyttlly, " =yN

We can now proceed with the aggregation of the full-fledged model. First, the
aggregation of individual budget constraints (64) yields:

CoyN + Ay yn = Wtsz (ltnyy(])V>1_Tt + Rt(:lt’yN, for yN S )/OON. (92)

The aggregation of Euler equations for consumption (73) and labor (74) yields:

;LJ’VEU/(CLyN) = BEt Rt+1 Z Ht+1,yNgN€g],\fEul(Ct+1’gN) + thyN, (93)
gNeyooN
ExV (L) o= (1= T)Willn (Lyvyg )T E R (0 (oyn ) i), (94)

where the coefficients ({;L;VE)yN for the consumption Euler equations ensure that the
aggregate Euler equations yield Euler equations with aggregate consumption levels. In
other words, the (5;;VE)yN are determined such that the aggregated consumption levels

(for truncated histories) satisfy the consumption Euler equation (93). These coefficients
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are necessary because Euler equations involve nonlinear marginal utilities. The same idea
applies to the coefficients (5;’}3)yzv for the FOC on labor.

Finally, the market clearing conditions can be expressed as:

K+ Bt = Z St,yN&t,yN7 L, = Z St,yNnylt’yN. (95)
yNEyN yNeyN
Equations (92)—(95) exactly characterize the dynamics of the aggregated variables c; ,n,

agyn, lpyn, and v v, as well as aggregate quantities Ky, By, and L.

Steady state and computation of the ¢s. Steady-state allocations allow us to
compute the parameters &s as follows. We compute the policy functions and wealth
distribution of the Bewley model, and identify the set of credit-constrained histories,
denoted C. Aggregation equations (86) and (87) can then be used to aggregate (steady-
state) allocations c,v, a,~, l,~, and v,~. We then invert the consumption Euler equations
(93) to deduce the preference parameters (gé‘&E)yw. The other &s are computed explicitly
by equations (88), (89), (90), (91), and (94).

The truncated model in the presence of aggregate shocks. We state two further
assumptions that enable us to use the truncation method in the presence of aggregate

shocks, which results in the so-called truncated model.

Assumption B We make the following two assumptions:

1. The preference parameters (§,~),~ remain constant and equal to their steady-state

values.
2. The set of credit-constrained histories, denoted by C C Y>°V, is time-invariant.

Finally, two properties are worth mentioning. First, a straightforward consequence of
the construction of the &s is that the steady-state allocations of the initial and truncated
models are identical. Second, as the truncation length N becomes increasingly longer,
truncated allocations (in the presence of aggregate shocks) can be shown to converge to
those of the full-fledged equilibrium. Section 5 shows that from a quantitative standpoint,
the &s efficiently capture the heterogeneity within truncated histories, even when the

truncation length remains limited.

D.2 Ramsey program

Program formulation. The finite state-space representation of the truncated model

allows us to solve for the Ramsey program in the presence of aggregate shocks.?! Let

310ur method involves deriving the FOCs of the truncated model, rather than truncating the FOCs of
the full-fledged Ramsey model. This ensures numerical stability, as the truncated model is "well-defined"
for the fiscal policy under consideration by construction.
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(wy)yey denote the period weights associated with each productivity level. The Ramsey

program in the truncated economy can be written as follows:

max Wo, (96)

~ o~ c K B ~
(Wt,Rt,wt,Tt,Tt )Th aTt:’@thtaGtaKtthy(Ct7yN1lt7yN7at’yN7Vt’yN)yN)tZO

where Wy := E, {Zt 0B Xy veyn Spyvwyn (€ Nu(cty ) — f;}\(,)v(lt,yzv) + uG(Gt))} and sub-
ject to aggregate Euler equations (93) and (94), aggregate budget constraint (92), aggregate
market clearing conditions (95), credit constraints a; ,~ > —a, as well as the governmental

budget constraint (70), which is already present in the full-fledged Ramsey program.

First-order conditions. We define the net social value of liquidity of history " as in
(79):
Vi = wynE R (Cyn) —

- <)‘c,t,yN€ij — Rt:\c,t,nysz’vE - /\l,t,nyzN( )Wt(yo )1 Ttl fu 1) ”(Ct,yN)' (97)
FOC with respect to a;,~:

Q;t?yzv = OE; [Rt-H Z Ht7yNgN1;t+1,gN if vyn =0 and /\c,t,yN = 0 otherwise. (98)

gNEyOON
FOC with respect to [, ,~:

v,0_ 7 v,1 1y
wynENV (Lyn ) + A vENV (Lyy) "y
) by ) — _ )\ u, l
(1 =)W (w0 ) ™1 Dy = Mg Ty (W (v ) [y v)
Yy
(L= Wil ()l Lo

+ (1 — )

(99)

FOC with respect to W;:

Z St,yNé-ly/N (lt,yNny)liTt ('Izt,yN + )‘l,t,yN (1 - Tt)fgj\} (u/(ct,yN)/lt,yN)> == 0 (100)

yNeyoonN
FOC with respect to R;:

Z St,yN ('l;tijaLyN + S\C,myNg;L]’\rEu/(Ct’yN)) = O (101)

yNeyoeN
FOC with respect to 7;:

> S (Brgy + Mgy (1= 76 (W (o) g ) ) I (g ) € legmyyv)
yNeyooN
=— ¥ st,yNAl,tﬁyNgng(zt,yNny)Pﬁg;‘;&(u'(ct,yzv)/zt,yzv). (102)

yNeyoeN
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FOC with respect to By:

Y
My = BE M1 (1 +« [t;,rl — 5>:| . (103)
t
We must furthermore have:
~ St*l,ﬂN
)\at,yN = Z St N Ht’gNyN)\c’t,LgN, (104)
gNeyooN Y
~ = St—l,g]N ~
a;t7yN 2 0 and at7y1\1 == Z St N HthyNa,t_l’gN. (105)
@NEy‘x’N Y

D.3 DMatrix expression

In this section, we provide closed-form formulas for preference multipliers s (Section D.1)

and the weights ws. We start with some notation:
o is the Hadamard product, ® is the Kronecker product, x is the usual matrix product.

For any vector V', we denote by diag(V') the diagonal matrix with V" on the diagonal.
The matrix representation consists in stacking together the equations characterizing
the steady state, so as to provide a convenient matrix notation for solving the steady
state. Truncated histories are simply indexed by ¥ (the precise index does not matter
as long as it remains the same). This also provides an efficient solution to compute the

values for the coefficients (§,~) and (w,~).

D.3.1 A closed-form formula for the &s

Let S = (Sy~),~ be the Ny-vector of steady-state history sizes (where Ny is the number
of truncated histories). Similarly, let a, ¢, I, v, u/(c), v’'(I) ©”(c), v”(1) be the Nyy-
vectors of end-of-period wealth, consumption, labor supply, Lagrange multipliers, marginal
utilities, and derivatives of the marginal utility, respectively. These vectors are known
from the steady-state equilibrium of the Bewley model. Each element is defined as the
truncation of the relevant variable computed using equation (86). We also define by
y = (y) )y~ the Niy-vector of current productivity levels of truncated histories, and by P
the diagonal matrix having 1 on the diagonal at y” if and only if the history 3" is not
credit-constrained (i.e., v,n = 0), and 0 otherwise. Finally, I is the (Ny X Ny )-identity
matrix, and II is the transition matrix across truncated histories.

Writing (85), (92) and credit constraints at the steady state yield, respectively:

S = IIS, (106)
Soc+Soa=RII(Sca)+WSog¥o(yol) T, (107)
(I - P)EL = ONtotxl' (108)
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The Euler equation for consumption in (93) becomes:
€ ou'(c) = BRITT (f“E o u’(c)) +v,

where the transpose matrix I implies expectations about next-period histories. Equiva-

lently:
Du’(c)gu’E = ﬁRHTDu’(C)Su’E +v,

where D, stands for the diagonal matrix with the vector & on the diagonal. Finally:
€% = [(I-BRI) Dy v, (109)
From the FOC on labor in (94), we obtain:
€ =(1—1)W(yol)' "ot¥o " ou/(c)./(Lov/(1)). (110)
The equations (88)—(91) yield:

ZyNeyOON U(Cz"t> ZyNeyOON U,(Ci,t)
u(cyyn) u(Cpyn)

EU’O . ZyNeyooN U(lz‘,t) Ey . ZyNeyooN(yi,tli,t)li
- ’ - 1-7
(y(])Vlt,yN>

Su,O — 7 Eu,l — ’ (111)

T

ollyyv) (112)

D.3.2 Matrix expressions for the FOCs

We define the following variables: A; := So X, ¥ := So, II := SoIl' o (1/8),
@:=8Sow, A := 8o, éu’l = &I, év’l =& (1 —T)WegY oy "ol™7), and
év’o = €0 /(1 = )W oy " ol™™). and notice that S o A, = IIA.. The FOCs
(97)—(103) become:

Y=ot ou(c)— uS (113)

_ <5\c o €“E — RII\, o £"E - (1- T)Wj\l o&o(yo l)lfT o EUI> ou”(e),

Py = BRPIIY, (114)

(I - P)X. =0, (115)

(€ oo) ™) B=—(1-7) (e olyol) To&" ou(e) A, (116)
"= — (¢ o)) TA., (117)

@€ ov! (1) + Xjo€™ ov(1) = p—7E" oul (€)o X + pFLS. /(1 — )W E oy ol T,
(118)

<1n(y ol)ogYo(yo l)l_T)T’:,Z_J = —((1 + (1 —7)In(yol))ot’o(y o l)l_ToEu’lou’(cD A
(119)
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D.3.3 Solving the system

Equation (118) yields:

D~v,1

13 ov"(l)-l-Téu’lou’(C);\l = MFLS/((l - T)Wgy © y_T © liT) + Q’E o Dév’oov’(l)a)’

5\[ :MoaJ—i-Ml’l,_b—l-,uVo, (120)
with: Mg := _MlDév,Oov/

TIWE oy "ol ™).
Equation (113) then implies:

M1 = ngl,l and V() = FLMlS/((l —

1y ov’ (1) +7€" o' ()’
'I,Z:M()a)—f-Mlxc—f-ngl—,uS, (121)

with: Mo := Dyuooy ey, M1 = —D g (o (I—RIL), My := (1-7)WD
We obtain using (121) and (120):

g¥o(yol) =o€ ou’(c)’

P = M3+ M, + pVy, (122)

where My := I — M,M,, M3 := M;' (M, + MyM,), M, := M;'M,, V; =
M3 (M,V, - S).
Furthermore, equations (114), (115), and (122) imply:

Ae = M@ + Vo, (123)
where R; := —((I — P) + P(I — BRII)M,)"'P(I — BRII), M5 := R;M3, and V, :=
R;V,.

Substituting (122) and (123) into (117), we deduce:

4= —Low, (124)
where Cy := & (V1 + M,Vy) + (€°F o u/(¢))TTIIV, and Lo := (&' (M3 + M,Ms) +
(€“F ou/(c))TTIM;)/C).
We deduce from (122) and (123):

A= (M5 — VL)@, (125)
Y = M@, (126)

and from (120):
A = Mw. (127)

We have defined MG = M0+M1M6—VOL0 and M6 = M3+M4<M5—V2L0)—V1L0.
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Constructing the constraints. The constraint of equation (119) becomes after substi-
tuting the expressions (126) of 1 and (127) of A;:

L@ =0, (128)
where:
Ly:= (In(yol)og¥o(yol) ™) M
+ (1 + 0 —r)In(yol))og’o(yol) "o o u/(c)>T M.
The constraint (116) becomes after substituting the expressions (126) of 4 and (127) of
DVE
Lo@ =0, (129)
where:
L= (&0 (yol)' ™) Mg+ (1-7) (€0 (yol) "0&" ou'(c)) N

The two constraints imposed on the history weights are L1@ = 0 and L.o = 0.
However, @ is a vector of length N,,, while we care in Definition 2 about a vector
wY = (wy)y of length Y. We define the N, x Y-matrix R, that maps a Y-vector into an

Nige-vector (where 1g, € RS is an S,-vector of 1):

15y1 0 0 0
R, = 0 1%2 .0 0 )

0 0o ... S

Yy

and the Ny,; X Y-matrix R; := DgR,; that maps a Y-vector into an N,-vector, but
where history sizes have been accounted for. To obtain dimensions compatible with other

vectors and matrices, we define w = Ryw" and @ = RiwY .

Y

In conclusion, the two constraints of Definition 2 on the weights w Wy )y are:

Liw" = Lyw", (130)

with L1 = ElRl and LQ = EgRl.

E Changes in the fiscal system

To identify the effect of the fiscal system in the identification of weights, we now assume

that fiscal systems are swapped between the two countries: France adopts the US fiscal
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system and vice versa. Table 6 summarizes the new fiscal system for each country.

United States France
Tk 0.35 0.36
Te 0.18 0.05
K 0.98 0.65
T 0.23 0.16
B/Y 0.21 0.91

Table 6: New fiscal system for the United States and France in the current experiment.

We use our estimation strategy to compute the new SWF weights with the updated
fiscal system of Table 6. We report in Figure 7 the differences implied by the new fiscal
system compared to the benchmark for some key variables. These variables are SWF
weights, utility level, labor supply, and capital income change. The results are averaged
for each productivity level.

Considering the United States in panel (a), we observe that the change in the fiscal
system increases the weights of low-productivity agents and decreases those of high-
productivity agents. This results from low-productivity agents benefiting from the new
fiscal system, as can be seen from the period utility, which decreases with productivity.
We also observe that the new fiscal system makes both labor and capital income more
progressive. Considering France in panel (b), we first observe the opposite variations. As
can be seen from the decreasing utility, low-productivity agents suffer from the new fiscal
system, which contributes to lowering the SWF weights of low-productivity agents. The
hump-shaped weights arise because high-productivity agents benefit from the new fiscal

system, which makes the labor and capital income less progressive.

Weights Utility Weights Utility
— 0.75 _ N
0.05 0.50 0.0 X
0.00 023 -0.1 .
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
Labor Inc. Capital Inc. Labor Inc. Capital Inc.
0.50 0.50 00 __/ 0o} —m—
025 025
-0.1 -0.1
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
(a) United States (b) France

Figure 7: Difference in weights between the US and French fiscal systems.
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F Robustness checks for SWF weights

We conduct three robustness checks regarding our estimation of SWF and IWF weights.
First, we relax two assumptions of our identification strategy of SWF weights: (i) that
the weights are determined exactly by the Ramsey constraints by imposing a parametric
functional form (Section F.1); (ii) that the weights depend only on the current productivity
level (Section F.2). Finally, we assess the sensitivity of IWF weights to political weights
(G).

F.1 Non-parametric weights

In the baseline quantitative exercise, we estimated parametric weights by imposing a func-
tional relationship between the weights and productivity to obtain an exact identification
(see Definition 2). We relax here this assumption and estimate non-parametric weights, by
choosing, among all the weights verifying the Ramsey constraints, those with the lowest
variance.

As explained in Section 3.4 (see equation (130)), the Ramsey FOCs impose two
constraints: >, cy Lypyw, = 0, where Ly, € R (k = 1,2 and y € V). The variance-

minimizing weights are characterized by the vector (@,),, solving the following program:

(@y)y =argmin, Z Ty (wy — 1)%, (131)
yey
st. 0= Lyyw, forall k=12, (132)
yey
1= muw, (133)
yey

— Weights — Weights
5 --- Weights Parametric 1 5 --- Weights Parametric
Distribution / == Distribution

(a) United States

Figure 8: Non-parametric weights (solid line) as a function of productivity levels for the
US and France.

Figure 8 plots the non-parametric weights (blue solid lines) along the productivity

dimension for the agents. We also report the parametric weights discussed in Section 5.3
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(black dashed lines). Parametric and non-parametric weights are quite close to each other
and exhibit a similar shape. The weights are increasing in the US and have a U-shape in
France, with a high value of weights for low-productivity agents. From this experiment,
we conclude that the shape of the weights is robust to the identification strategy, even if

the value of the weights for high-productivity agents is not exactly identified in France.

F.2 Weights per truncated history

We relax the assumption here that the SWF weights depend solely on the current
productivity level. We assume that weights possibly depend on the whole truncated
history. We thus need to compute YV weights instead of Y. These weights are thus
strongly under-identified. We use the same identification strategy as for non-parametric
weights in Section F.1. We select the minimal-variance weights verifying the constraints

imposed by the Ramsey program. Formally, the weights (&~ ),~ are determined as follows:

(&)~ =argming, ) > Syv(wyy —1)% (134)
st. 0= Y Lp,vw,y forall k=1,2, (135)
yNeyN
1= Z SywaN, (136)
yNeyN

where L; and L are defined in (128) and (129).

In Figure 9, we plot these history weights for the US in panel (a) and France in panel
(b). We restrict ourselves to histories with a positive mass. To make them comparable
with previous parametric weights, we compute an average weight by summing the weights
of truncated histories that have the same productivity level in the first period, and taking
into account the size of each truncated history. This results in 10 weights, as for the
initial weights. The results are plotted in Figure 10, where we report the non-parametric
Pareto weights as a solid blue line and the average history weights as a dashed red line
(averaged over histories having the same current productivity level). We can observe that
the average history weights (red dashed line) closely approximate the non-parametric ones

(blue line). Despite small differences, the two methods imply very similar weights.

G Owutcomes with other political weights

As a robustness check, we provide estimates of the IWFs using different shapes of political
weights and using the same estimation strategy. We consider three cases. First, we
estimate the SWF assuming that the political weights are the same for all agents within
France and within the US.

The results are provided in Figure 11. One can observe that the weights are very
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Figure 9: History weights for the US and France.
Histories are arranged in the ascending order of the first-period productivity level.

— Weights
--- Average Weights by History
== Distribution
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== Distribution

(a) United States

(b) France

Figure 10: Comparison between non-parametric weights and average history weights for

the US and France.
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Figure 11: Implied IWFs when political weights are the same for productivity levels, for

the US and France.
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similar to those provided in the benchmark case. The only small difference is that the
social weights are a little smaller for high productivity agents, as they have less political

power compared to the benchmark case.

50 100 150 200 250 300 50 100 150 200 250 300

(a) Political weights : US (b) Political weights : France

2
Weights

10 10

8

8
6
2 Actual productivity

6
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: 2 Actual productivity

6
Considered prod#ictivty
2

(c) IWFs: US (d) IWFs : France

Figure 12: Linear political weights for the US and France and implied IWFs.

In addition, in Figure 12, we consider linear political weights (instead of concave) for
the US and France given in panel (a) and (b). One can observe in panel (c) and (d) that
the estimated IWFs are close to the ones found in the benchmark case. The only difference
is that the weights given by intermediate-productivity levels to the high-productivity
levels are a little lower.

In Figure 13, we consider convex political weights for the US and France given in panel
(a) and (b). Once again, the estimated weights are close to the benchmark outcome with

even lower weights given to high-productivity levels by intermediate-productivity levels.

H Results with self-interested priors

With the political weights of Section 6, we can calculate the IWFs of equation (46) in

Definition 3, using the self-interested prior

prior __ ~
Wiy = ly=g

The results are plotted in Figure 14, where the left panel (a) is for the US and the right
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Figure 13: Convex political weights for the US and France and implied IWFs.

panel (b) is for France. More precisely, we report the politically-weighted factors given
by agents of productivity y (Actual productivity) to agents of productivity g (Considered
productivity). The politically-weighted factors on the z-axis are equal to the value of
wpyTywy g for all y, g =1,...,10. As explained in Section 3.4, these factors have a simple
interpretation: the larger the factors wp,m,w, 5, the more agents y affect the valuation of
the planner for agents 7.

First, in both countries, the diagonal shows high weights, reflecting that the self-interest
motive dominates the altruistic one: agents mostly care about their own productivity.>2
The diagonal weights are also increasing with productivity in both countries, which mirrors
the higher political weight of high-productivity agents. In the US, the increase is steeper
than in France, and diagonal weights reach higher values than in France because SWF
weights are also higher. In consequence, the most productive agents have the highest
impact on social preferences, and this is especially true for the US. This is consistent with
the results of Section 5.3.

Second, out of the diagonal, the US weights exhibit an increasing pattern in g for
each productivity level y. This is especially true for middle-class agents, corresponding
to intermediate values of y, who have the largest share in the population. Such a shape

generates a low level of redistribution, as discussed in Section 2.3: higher weights are

32We recall that equation (46) implies: Tywp @y, = 1+ %’():)Z(wy —1).
geyoo TINPT
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Figure 14: IWF weights for the US and France.

The IWF weights are measured as politically-weighted factors (wpymywy 5)y.5. Actual
productivity is the productivity y of the agents, while Considered productivity is the
productivity ¢ of the agents under consideration.

attributed to the most productive agents. Third, out of the diagonal, the French weights
exhibit a U-shape pattern, consistent with the findings of Section 5.3 for the French SWF.
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