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Abstract

We revisit the efficiency-equity trade-off of optimal tax theory by emphasiz-
ing the consequences of increased progressivity on growth. We use an endogenous
growth framework that considers both the decision to become a researcher and the
effort established entrepreneurs make to improve their products. We find that the
optimal level or progressivity is lower than the current one but that welfare gains
are moderate – CEV ≈ 0.5%. However, if one disregards the growth impact one
would prescribe a substantially higher level of progressivity at significant welfare
cost –CEV ≈ −9%. JEL classification: O30;H21 Keywords: Creative Destruc-
tion; Research Spillovers; Progressive Taxation

OPTIMAL tax theory emphasizes the trade-off between equity and efficiency typi-

cally captured by the level of output that is sacrificed for a more equitable distri-

bution of income. Yet, a potentially more consequential side-effect of the disincentives

created by tax distortions, its impact on growth, remains understudied.

*Corresponding author: Artur Rodrigues artur.bfrodrigues@gmail.com. da Costa thanks CNPq
project 304955/2022-1 for financial support. This study was financed in part by the Coordenação de
Aperfeiçoamento de Pessoal de Nível Superior - Brasil (CAPES) - Finance Code 001. We thank partici-
pants in the EPGE FGV Macro group and the 45th SBE meeting for their comments and suggestions. All
errors are our responsibility.
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We investigate the equity/growth trade-off in light of an endogenous growth model

along the lines of Jones and Kim [2018]. A progressive income tax is used to redistribute

income across individuals thus allowing risk to be shared across lucky and unlucky

individuals with risky occupational choices and between these agents and those who opt

for a safe occupation. Agents are heterogeneous in both their labor market productivity

and their cost of engaging in research. This adds a distributive motive to the risk-sharing

role of taxes. This added heterogeneity is key to capturing the entire distribution of

income for the U.S., which is essential for our goal of quantifying the aforementioned

equity/efficiency trade-off.

We focus on constant progressivity tax schedules – Benabou [2002] and Heathcote

et al. [2017].1 The policy experiment is to vary the progressivity parameter and adjust

the level of taxes in such a way as to preserve the level of government consumption as a

share of GDP fixed. More progressivity leads to less growth and inequality thus inducing

an increasing relationship between the growth rate and the Gini coefficient. We find

that the curve that represents this trade-off is strictly increasing and strictly convex; the

more redistribution the greater the growth sacrifice that is required for further inequality

reductions. Or, seen from the symmetric angle, the higher the growth rate the more one

needs to sacrifice equity to further increase the growth rate.

Our central welfare assessment is done by identifying the Utilitarian optimal level of

income tax progressivity. Intensifying progressivity in the tax system enhances income

redistribution and fosters better risk-sharing among individuals. This comes with the

traditional work disincentive emphasized in the macroeconomic literature. This is not

all, however. Entrepreneurial research efforts contribute to technological advancements

and stimulate the creative destruction process by increasing the gains from research by

potential entrants. Progressive taxes reduce the payoff in the case of success and increase

or decrease the payoff in the case of failure depending on where in the distribution

of labor market productivity researchers are drawn from. We assess how these forces

play out in an economy calibrated to reproduce the labor market productivity profile of

researchers found in the data for the U.S. economy.

We find that the ideal level of progressivity is slightly lower than the current one. Yet,

transitioning to the optimal tax system is expected to yield only moderate welfare gains.

1The schedule is automatically adjusted to keep the budget constraint satisfied. This precludes the
income-weighted average marginal tax rate from mechanically changing with economic growth.
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However, failing to account for the growth consequences of progressivity could lead to

misguided policy prescriptions; ignoring the effects of progressivity on entrepreneurial

research leads one to prescribe very high levels of progressivity, resulting in significant

welfare losses – CEV = −9.0%.

An important statistic for our quantitative exercises is the elasticity of productivity

growth to the progressivity parameter. In our baseline exercise, we adopt a conservative

(low) value, based on Akcigit et al.’s (2021) findings for the elasticity of innovation to

taxes. Even lower elasticities can rationalize the current progressivity whereas a more

central value would make the current welfare loss far from trivial, CEV = −2.7%.

The rest of the paper is organized as follows. After a brief literature review, Section

I displays the environment. In Section II, we present the definition of a balanced growth

path equilibrium and its characterization. In Section III, we describe the calibration and

present our main quantitative findings. Section IV concludes the paper. Longer proofs

are collected in the appendix.

Lit. Review

The main question we are after in this paper relates to the consequences of taxation on

economic growth. This is also what Jaimovich and Rebelo [2017] investigates. They

consider a version of Romer’s [1990] growth model in which researchers are heteroge-

neous in their innate talent. As in our case, taxes can affect growth rates. They show

how non-linear effects arise from linear taxes due to the researcher’s heterogeneity.

Similarly, Li and Sarte [2004] studies the growth impact of progressivity in an en-

dogenous growth model using Rebelo’s [1991] approach, which is substantially different

from Jones and Kim’s [2018] on which our approach is based.

The model’s dynamics are mostly based on the process of creative destruction fa-

mously conceptualized by Joseph Schumpeter [1950]. Models of this kind gained promi-

nence since the seminal works of Aghion and Howitt [1992] and Grossman and Help-

man [1991] and have been used to explain economic phenomena ranging from rising top

income inequality across time [Jones and Kim, 2018] to business dynamics [Klette and

Kortum, 2004].2 The most salient feature of such models is the process of innovation

arising from the capitalistic competition in which entrepreneurs are constantly trying

2A comprehensive presentation of the relevant literature is found in Aghion et al. [2015].
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to gain an innovative edge for themselves to the detriment of their competitors. They

do so to attain a position of monopoly power that could compensate for the uncertainty

involved in their enterprises.3 Thus, both entrant and incumbent entrepreneurs devote

themselves to innovation. This is the driving force of economic growth in our model.

Acemoglu and Cao [2015] develops a model with a complex interplay between en-

trant and incumbent innovation; the former, is mainly disruptive, and the latter, is incre-

mental. Acemoglu and Cao [2015] creates different growth decompositions and repli-

cates Zipf’s law for firm sizes. Garcia-Macia et al. [2019] estimates the contribution

of new varieties of products, creative destruction, and firms’ own-variety improvements

using data on establishments and job creation and destruction aiming at giving an em-

pirical account of these different sources of growth. They find that creative destruction

could directly account for about one-fourth of economic growth.

Our model introduces progressive taxation in an environment built on Jones and

Kim’ (?). For our purposes producing an accurate income distribution is paramount so

we add worker heterogeneity to further improve its empirical fit in the cross-sectional

dimension. Indeed, Jones and Kim’s model is well suited to account for the top of

the income distribution, but not for the bottom. Because a substantive fraction of the

benefits associated with a progressive system accrues to those at the lower end of the

distribution, we can think of our extension as focused on getting the benefits right.

Closest to our work is Jones [2022] which investigates how innovation as a non-

rival good shapes the analysis of top-income taxation and shows that revenue or welfare

gains from (semi-endogenous) growth can severely limit top tax rates. As Jaimovich and

Rebelo [2017], we consider an economy that produces endogenous long-run growth,

even with a constant population. We also give the model a more complete mechanism

of responses by considering both extensive and intensive margins — while those two

papers consider either one or the other —, and include risk as a defining feature of the

pursuit for innovation.

In a very early version of this paper, Rodrigues [2021] goes after some of the same

questions we explore, but in a world without worker heterogeneity. He finds substan-

tially lower progressivity to be optimal, which emphasizes the importance of taking

3In the words of Schumpeter himself (1950, p. 89): “enterprise would in most cases be impossible if
it were not known from the outset that exceptionally favorable situations are likely to arise which if ex-
ploited by price, quality and quantity manipulation will produce profits adequate to tide over exceptionally
unfavorable situations provided these are similarly managed”.
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distributive motives into account.

I The Model

The core of our model is a variation on Jones and Kim’s [2018] Schumpeterian econ-

omy.4 We enrich their framework by assuming agent heterogeneity to add a distributive

motive to the use of progressive income taxes. Time is continuous denoted by t. When-

ever convenient, we omit the time subscript from the variables.

I.1 Demographics and preferences

The economy is inhabited by a continuum of infinitely-lived utility-maximizing individ-

uals of fixed size, N . We, therefore, assume no population growth. Each individual is

characterized by a pair of parameters (ν, κ), where ν is the individual’s labor productiv-

ity and κ is her cost of entering research.

Types are assigned to individuals through i.i.d. draws from the distributions,

log ν ∼ N (0, σ2
ν) c.d.f. Fν(ν)

κ ∼ Exp(ψ) c.d.f. H(κ)

We assume that, before entering the labor market, ν-workers face a lottery that, with

a b(ν) probability of success, determines whether they will be able to choose to become

researchers,

χ(ν) ∈ {0, 1}, Pr(χ(ν) = 1) = b(ν)

b(ν) ∈ [0, 1], b′(ν) ≥ 0.

Under this assumption, a fraction, 1 − b(ν), of each type, ν, faces no occupational

choice. This two-stage determination of each agent’s prospect allows us to keep the

model tractable by making the conditional (on being a potential researcher) distribution

of researchers independent of ability types while accommodating the empirical ratio of

4Jones and Kim [2018] in turn builds on an older tradition of modeling and understanding en-
trepreneurship and innovation – e.g., Aghion and Howitt [1992], Grossman and Helpman [1991], Schum-
peter [1950].
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workers and researchers for each type. Note that our assumption does not trivialize the

distribution of researchers, since a positive mass of agents still decide on their occupa-

tion.

Individual preferences are defined over random paths of consumption and effort. In

t, the associated expected utility is,

Et
∫ ∞

t

e−ρ(s−t)
(
log cs −

ℓ1+ηs

1 + η

)
ds, (1)

in which ct ≥ 0 and ℓt ≥ 0 denote consumption and effort, respectively, and ρ is the

discount rate. The parameter η corresponds to the inverse of the Frisch elasticity of

effort. Effort ℓ by a (ν, κ)-agent generates l = νℓ efficiency units of labor as a worker.

I.2 Production technology

There are two sectors in the economy: one produces final consumption goods from

intermediate goods, and the other produces intermediate goods from labor. The final

goods sector consists of a price-taking representative firm that combines a unit-measure

continuum of varieties of intermediate goods according to the CES technology,

Y (q) =

(∫ 1

0

qθi di

) 1
θ

, 0 < θ < 1, (2)

where q ≡ {qi}. The index i ∈ [0, 1] specifies the goods’ variety, and θ governs the

degree of substitution between them.

These intermediate goods are in turn produced by entrepreneurs. The measure of

goods’ varieties is fixed and each entrepreneur owns the exclusive right to produce ex-

actly one of them at a time. Their variety qi is produced proportionally to effective labor

hired, Li,

qi(Li) = AitLi. (3)

The time subscript in the factor productivity, Ait, anticipates its central role in the model

dynamics. As we shall see this is ultimately related not only to inequality among en-

trepreneurs but also to the diffusion of ideas and their non-rival nature which, in the

spirit of Romer [1990], enables growth. The determinants of Ait are explained next.
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I.3 Entrepreneurship

Those engaged in entrepreneurship, broadly speaking, are subdivided into two cate-

gories representing their current state: established entrepreneurs, who own the right to

produce a variety and do so under the conditions previously described; and researchers,

who are trying to come up with new and better marketable ideas and displace the es-

tablished entrepreneurs who occupy limited market space. We discuss each one in se-

quence. First, the established entrepreneurs, which we refer to simply as entrepreneurs.

An entrepreneur’s productivity Ait is given by

Ait = Ātx
ϕ
i , ϕ > 0, (4)

where Āt measures the aggregate technological level and xi, the idiosyncratic produc-

tivity. We explain xi in this section.

The relative position of the entrepreneur in the market, which she hopes to improve

through effort, is measured by her idiosyncratic productivity denoted by x. For a given

i, x is governed by the law of motion,

dxit = µ(ℓit)xitdt+ σxitdBit, dBit ∼ N (0, dt), (5)

a geometric Brownian motion with mean growth rate µ(ℓit) ≥ 0 and percentage volatil-

ity σ > 0. Since µ is an increasing function of ℓ, the growth rate of x can thus be

influenced (in expected value) by the effort exerted by the entrepreneur. Incumbent

research, therefore, takes the form of an improvement effort.

Every new business starts with a normalized base productivity x0 = 1. If left

unchecked, x would grow without bounds unless a resetting mechanism acts as a sta-

bilizing force. With suitably chosen resetting mechanisms x converges to well-known

distributions.5 Entrepreneurs can retire, die, or simply be competitively displaced by

new entrepreneurs. Above all, in a free market economy the stronger the competition,

the harder it is to maintain one’s business profitable and the more likely it is for old

entrepreneurs to go out of business. Here, we model exit as the first occurrence between

two independent Poisson processes, faced equally by all entrepreneurs. One has an ex-

ogenous arrival rate δ̄ while the other has a rate δcd increasing in “outside pressure”,

5E.g., Gabaix et al. [2016].
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more precisely defined in the next section. Let us call the former process natural retire-

ment and the latter creative destruction and denote the total resulting exit rate faced by

an entrepreneur by6

δt ≡ δ̄ + δcdt . (6)

Once the entrepreneur of a given variety, i, exits, the production of i is taken over by a

new entrepreneur. If that happens through the natural retirement process, the variety’s

xit accumulated up to that point is destroyed and set back to its base level x0 providing

the necessary resetting mechanism. We have, thus, fully described the “life-cycle” of an

entrepreneur.

I.4 Research

Established entrepreneurs were researchers at some time in the past. Since the economy

is served by a fixed unit mass of intermediate varieties, those involved in research are

actively trying to come up with a better version of an existing variety to take the place

of an incumbent entrepreneur. This research is undirected, that is, not tied to a particular

variety, and success comes randomly at a Poisson rate λ̄ for any given researcher.

If successful, the researcher gains exclusive production rights over a better-quality

version of a randomly defined existing variety, rendering its former version obsolete.

The entrepreneur who produced that old version must now become a researcher again

to regain the position. This corresponds to the previously mentioned process of creative

destruction. So, equating entrepreneurial entry and exit flows, and letting Rt denote the

measure of researchers, we get

δcdt = λ̄Rt.

Entrepreneurs are, therefore, subject to the pressure of competition from the outside: the

more outside research and innovation there is, the faster the rate at which they go out

of business. Importantly, it is not within the powers of an entrepreneur to change the

probability with which he or she is displaced.

A second mechanism through which researchers replace entrepreneurs can be de-

scribed as follows. With identical probability, δ̄/R, across researchers, they are selected

6Note that natural retirement refers to the product or service that the entrepreneur is offering. The
agent himself returns to the drawing board to try to have an idea that will allow him or her to return to
being an entrepreneur.
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to take over varieties left by entrepreneurs through the natural retirement process. Al-

though the switch in positions has the same consequence from a private perspective, this

form of replacement does not generate innovation like creative destruction does.

Taking these two processes, creative destruction and replacement of vacant variety,

into account, the total rate at which researchers individually become entrepreneurs is

given by

λt ≡ δ̄/Rt + λ̄. (7)

This is the counterpart to the definition in equation (6) for entrepreneurs.

The cost of researching is that agents must sacrifice their labor market production.

In particular, we assume that a (ν, κ)-agent who is engaged in research generates only

l̄ = ξνℓ efficiency units of labor for an effort ℓ, with 0 < ξ < 1 common to all. As

previously mentioned, it costs, in addition, κ units of utility to engage in research. Note

that in this latter respect, types differ.

I.5 Innovation

Innovation is the sole responsible for long-term growth since it can indefinitely expand

the stock of ideas and technology which determine the total factor productivity of the

economy. To differentiate the economy’s technological level from entrepreneurs’ id-

iosyncratic productivity xi, we use terms such as quality and technology to refer to

them. However, they play the same role of a labor-augmenting factor in production.

Innovation occurs through two processes already described: creative destruction and

incumbent research and is spread in the economy as a side effect. When creative de-

struction occurs, i.e., when the entrant entrepreneur comes up with a new idea, the

technological level of a given variety i is raised, increasing Ait by a factor of γ > 1,

the step size of innovation. We assume for simplicity that technological diffusion, a

positive spillover effect of innovation, is instant and universal so that all varieties have

their technological level raised by this same factor.

Incumbent research done by entrepreneurs, i.e. x-increasing effort, also contributes

to innovation and also has a spillover effect to varieties other than their own. Likewise,

it generates an increase by factor γ to all varieties’ quality but weighted in proportion to

their own-productivity growth rate µ(ℓit).

Let nt denote the cumulative stock of innovation steps at time t and assume n0 = 0.
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We can define Āt in equation (4) as Āt ≡ γnt and get the final form of Ait,

Ait = γntxϕi (8)

The total contribution of researchers and entrepreneurs towards innovation at any given

time is then,

ṅt = δcd(Rt) + ιµt, (9)

where ι > 0 and µt ≡
∫
µ(ℓit) di.

Since we have a uniform effect of innovation on all varieties, we get to simplify

the analysis by having a single nt that tracks the common progress of technology. This

eliminates the need for integration across varieties on different levels of quality.

I.6 Market arrangements

The final good is the numeraire of the economy and the firms that produce it are perfectly

competitive. Entrepreneurs, in contrast, operate in monopolistic competition, setting

prices pi for their products and hiring labor from workers in a competitive market that

pays w per unit of effective labor.

There are no traded assets in the economy.

I.7 Government

The government redistributes income through taxes and transfers. We adopt the con-

stant progressivity tax schedule of Benabou [2002] and others, in which the disposable

income of household h is defined by

ŷh,t ≡ y1−τh,t ỹ
τ
t , (10)

where yh,t denotes pre-tax income and the break-even income level ỹt is determined as

a result of the government balancing its budget constraint. The implied tax function for

income yh,t is, therefore,

T (yh,t) ≡ yh,t − y1−τh,t ỹ
τ
t , (11)
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and the government must raise a fraction ζ ≥ 0 of the economy’s output in tax revenue

so that it must satisfy at every t the following budget constraint:∫
h

T (yh,t) dh = ζ

∫
h

yh,t dh. (12)

The policy parameter, τ ≤ 1, governs the progressivity of the schedule, which can

be seen in the elasticity of disposable to pre-tax income, (1 − τ ). If τ > 0, then the

schedule is progressive and both marginal and average tax rates are increasing in pre-tax

income. Otherwise, it is either regressive (τ < 0) and the opposite occurs, or when

τ → 0, taxes approach a flat rate schedule. Note also that, from a macro perspective, τ

is equivalent to the income-weighted average marginal tax rate:∫
h

T ′(yh,t)

(
yh,t
Yt

)
dh = τ.

Finally, it is worth noting that the term ỹτt resulting from balancing the budget ensures

tax rates are always relative to average income so that the schedule automatically adjusts

for the general income growth.

I.8 The household’s problem

The household initially chooses the occupation: either worker or researcher. As men-

tioned, individuals are endowed only with their capacity to exert effort. Moreover, there

are no financial assets available for them to smooth consumption. A ν-worker can con-

vert a unit of effort into ν units of effective labor. These are, then, used in the production

of intermediate goods and are paid a wage, w.

Researchers engage in the process of research already described, but must also sup-

ply work in the market to finance their consumption. They have, however, an oppor-

tunity cost of not working full-time, so that effort is converted at a rate ξν < ν into

effective labor.

Denote by

Vt(ν, κ) ≡ max{V W
t (ν), V R

t (ν)− κ} (13)

the (ν, κ)-non-entrepreneur household value in period t. V W
t (ν) and V R

t (ν) are, respec-

tively, the value of being a worker and of being a researcher, net of κ. Furthermore, let
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V E
t (x) be the value of an entrepreneur with productivity x; then we can represent the

problem recursively through the Bellman equations,

ρV W
t (ν) = max

ℓt
log cWt (ℓt, ν)−

ℓ1+ηt

1 + η
+
dV W

t (ν)

dt
, (14)

ρV R
t (ν) = max

ℓt
log cRt (ℓt, ν)−

ℓ1+ηt

1 + η
+
dV R

t (ν)

dt

+ λ̄
(
Ex[V E

t (x, ν)]− V R
t (ν)

)
+ δ̄/Rt

(
V E0
t (ν)− V R

t (ν)
)
. (15)

where consumption is equal to disposable income, i.e., cWt (ℓt, ν) = (wtνℓt)
1−τ ỹτt and

cRt (ℓt, ν) = (wtξνℓt)
1−τ ỹτt . We use the shorthand V E0

t (ν) ≡ V E
t (x0, ν). The last two

terms in equation (15) account for the researchers’ expected value change due to their

becoming entrepreneurs in both possible ways.

With log-utility, the optimal choice of effort for both occupations is invariant to

productivity, time, and wage rate: ℓW = ℓR = (1− τ)
1

1+η .

The entrepreneur’s value function is somewhat more involved since it has a diffusion

process for its state variable. That is,

ρV E
t (xt, ν) = max

ℓt

{
log cEt (xt)−

ℓ1+ηt

1 + η
+

Et[dV E
t (xt, ν)]

dt

+ δt
[
V R
t (ν)− V E

t (xt, ν)
]}

. (16)

Given the law of movement of xt in equation (5), the expected rate of change term

is established using Ito’s lemma,

Et[dV E
t (xt, ν)]

dt
≡ µ(ℓt)xt

∂V E
t (xt, ν)

∂x
+
σ2

2
x2t
∂2V E

t (xt, ν)

∂x2
+
∂V E

t (xt, ν)

∂t
. (17)

The entrepreneur’s consumption cEt does not depend on ℓt. Instead, it is a function

of productivity xt which ultimately determines his or her income and is influenced by

the agent’s history of efforts. That is, the way effort creates value for the entrepreneur is

by influencing their projected value growth through xt, as made evident by the first term

of equation (17). Therefore, ℓt plays a fundamentally different role for entrepreneurs
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than it does for workers and researchers, a role that more closely resembles “investing

into one’s business” than anything else.

The derivation of the optimal decision rule depends on the effort-converting technol-

ogy µ(ℓt) as well as the relationship between xt and income, which still needs explain-

ing.7

II Equilibrium

Let Wt be the measure of agents who either have no option but to be workers or choose

to be, andRt be the measure of agents who choose to engage in entrepreneurial activities

but who have not yet become entrepreneurs. Then, we define a balanced growth path
equilibrium – BGP as follows.

BGP Equilibrium Given a government policy, τ , a balanced growth path equilibrium

consists of a measure of workers and researchers {Wt(ν), Rt(ν)} of each type; choices

of effort {ℓWt (ν), ℓRt (ν), ℓ
E
t (x)}; intermediate input lists {qt}; tax levels {ỹt}; a distribu-

tion f(x); growth rate g; and prices {wt, {pit}} which satisfy the following conditions

for every t:

1. (ν, κ)-agents solve their recursive problems: Vt(ν, κ) for non-entrepreneurs, and;

V E
t (x, ν) for entrepreneurs, defining the associated ℓWt , ℓ

R
t , ℓ

E
t (x) decision rules.8

2. The final goods firm maximizes profit by choosing inputs qt = {qit} given prices

{pit}; the intermediate goods firms maximize profits given wage rate wt by setting

prices {pit} under monopolistic competition.

3. Prices {pit} clear the intermediate goods market; wage rate wt clears the labor

market;
7While the utility of an entrepreneur with a higher ν is higher than that of an agent with a lower

ν through V R
t this has no bearing on the entrepreneur’s choice of effort ℓ, hence on Et[dV

E
t (xt)/dt].

The probability δt of being replaced is independent of xt, hence, of ℓ. As a consequence, the additional
expected utility that an entrepreneur gets from having a higher ν cannot be altered by his or her choices.

8Using the convention that an agent who did not get the chance of becoming a researcher, drew a value
κ = ∞, the definition also applies to these agents.
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4. Wt, Rt satisfy the population constraint,

Wt +Rt + 1 = N ; (18)

where W and R are endogenously defined as a result of (13);

5. The government chooses ỹt to balance its budget as in equation (12);

6. f(x) is the stationary distribution of x, which satisfies the proper Kolmogorov

forward equation, and;

7. Output grows at the constant rate of g.

To characterize the equilibrium, we now explain how each of the aggregate variables

for which we will impose market clearing is determined.

II.1 Labor Supply

Agents in our economy make two types of choices: whether to remain workers or be-

come entrepreneurs/researchers (extensive margin) and how much effort to make condi-

tional on those choices (intensive margin). Let us start with the former.

II.1.1 The Extensive Margin

The net value of entering research for type (κ, ν) is

D(κ, ν) ≡ −κ/ρ+ V R(ν)− V W (ν).

This defines thresholds, κ∗(ν), through D(κ∗(ν), ν) = 0, that we later show to be

given by

κ∗(ν) = − (1− τ)λ

ρ+ λ+ δ︸ ︷︷ ︸
a

log ν + ρ[V R(1)− V W (1)]︸ ︷︷ ︸
C

= −a log ν + C,

in equilibrium.

We use this expression to define the share of each type, ν, with the opportunity to

become a researcher that does become one, r∗(ν) ≡ Pr (D(κ, ν) > 0 | ν, χ(ν) = 1). In
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this case, r(ν) = b(ν)r∗(ν) is the share of ν-types that become researchers, and 1−r(ν),
is the share that are workers. Following from the definitions and the distribution of κ,

r∗(ν) = H(κ∗(ν)) =

1− e−ψκ
∗(ν) k∗(ν) ≥ 0

0 otherwise

=

1− e−ψCνψa 0 ≤ ν ≤ eC/a

0 otherwise

Those who engage in research eventually stop contributing with their effort to the

production of varieties as they become entrepreneurs. To characterize the aggregate

supply of efficiency labor units, we return to the population constraint, N = W +R+1.

Those who have no option but to remain workers, comprise a share 1− b(ν) for each ν.

Those who can become researchers but choose not to, comprise a share b(ν)(1− r∗(ν))

for each ν. Adding the two groups we obtain the number of workers in the population,

W = N

∫
[1− b(ν) + b(ν)(1− r∗(ν))] fν(ν)dν

=

∫
[N(1− r(ν))fν(ν)]︸ ︷︷ ︸

≡W (ν)

dν =

∫
W (ν)dν. (19)

Among those who are engaged with entrepreneurship at any given time, one must

distinguish those in the research phase, who still contribute to the labor force, from

established entrepreneurs, who do not:

R + 1 = N

∫
[b(ν)r∗(ν)fν(ν)] dν

∴ R =

∫ [
N

R

R + 1
r(ν)fν(ν)

]
︸ ︷︷ ︸

≡R(ν)

dν =

∫
R(ν)dν. (20)

R(ν), the measure of researchers at each ν, is defined this way because, in equilibrium,

the ratio of researchers to entrepreneurs must be the same across ν, since all face the

same rate of entry and exit.
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II.1.2 The Intensive Margin

If an agent opts to be or is constrained to be a worker, or if the agent is in the research

phase of life as an entrepreneur, the effort choice is essentially static, and given by

max
ℓ

(1− τ) ln ℓ− ℓ1+η/(1 + η). (21)

The choice depends neither on the productivity ν nor on whether the agent is a full-

time worker or whether some of what he/she produces is spent on research activities,

thus leading to ℓW (ν) = ℓR(ν) = ℓW , where ℓW is the solution of (21).

Because established entrepreneurs spend no time in production, knowing ℓW , is suf-

ficient to characterize the aggregate supply of efficient labor,

L = ℓW
(∫

νW (ν)dν + ξ

∫
νR(ν)dν

)
≡ ℓW

(
ν̄W + ξν̄R

)
,

noting that ν̄ denotes aggregate ν.

The intensive margin choice for entrepreneurs is more involved. First, we cannot

ignore its dynamic nature: effort affects the expected growth of x, thus all the future

consumption path. Second, because the whole path is affected, the assumption of ln

preferences does not eliminate the impact of equilibrium aggregate variables on choices.

Hence, to characterize these choices, in all that follows we assume that

µ(ℓ) = βℓ1−α, β > 0, α < 1. (22)

Moreover, since we are interested in equilibria with interior solutions for constant (W,R)

we assume for now that this is the case to derive Proposition 1, below. Later, we show

that consistency with a balanced growth path requires the constancy of (W,R).

Proposition 1. Given the equilibrium measure of researchers,R, the optimal entrepreneurial
effort on the balanced growth path is

ℓE =

(
β(1− α)(1− τ)

ρ+ δ(R)

) 1
η+α

. (23)

Two observations about proposition 1 are in order. First, the only endogenous vari-
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able that affects entrepreneurial effort is the number of researchers, through the creative

destruction rate. An immediate consequence is that a constant R implies a constant ℓE .

Second, the elasticity of entrepreneurial effort to tax progressivity, −τ/[(η+α)(1− τ)],
is higher in absolute value than that of workers and researchers, −τ/[(η + 1)(1− τ)].

II.2 Output, wages, and profits.

Proposition 2. Let Xt ≡
∫
xit di. Given the market arrangements previously described

and assuming technology parameters are such that ϕ = (1− θ)/θ, total output in period
t is given by

Yt = γntXϕ
t Lt, (24)

where Lt ≡
∫
Lit di, the wage rate by

wt = θγntXϕ
t , (25)

and profits for the entrepreneur i by

πit = (1− θ)γntXϕ−1
t Ltxit. (26)

The assumption about ϕ and θ guarantees that profits are linear in xit, which implies

that xit and income share the same distribution and greatly simplifies the algebra. It

is by no means essential for our results. Now, using the linearity, we can write the

entrepreneur’s pre-tax income as yEt (xit) = mtxit with mt defined to conform to (26):

mt ≡ (1− θ)γntXϕ−1
t Lt. (27)

Note also that, given Xϕ, wages are fully determined by the demand side. While

wages do not directly affect the intensive margin of labor supply, it is important for the

extensive margin choices.

II.3 The Stationary Productivity Distribution

Let f(x, t) be the probability density function of x at time t and take f(x, 0) as given.

Assume a fixed µ(ℓit) = µ∗ common to all entrepreneurs, which we prove to be the
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case in equilibrium. Furthermore, we assume for simplicity that the base productivity

x0 = 1 is also the minimum productivity possible, i.e. there is a “reflecting barrier”

at x0 which precludes xt from getting lower than it.9 Under these conditions, outside

the point of re-injection, x0, the distribution f(x, t) satisfies the following Kolmogorov

forward equation,

∂f(x, t)

∂t
= −δ̄f(x, t)− ∂

∂x
[µ∗xf(x, t)] +

1

2
· ∂

2

∂x2
[σ2x2f(x, t)]. (28)

If a stationary distribution f(x) ≡ limt→∞ f(x, t) exists, then it must satisfy

0 = −δ̄f(x)− ∂

∂x
[µ∗xf(x)] +

1

2
· ∂

2

∂x2
[σ2x2f(x)], (29)

whence we derive Proposition 3, below.

Proposition 3. The stationary distribution of x which satisfies (29) is the Pareto distri-
bution,

f(x) =

{
z∗x−z

∗−1 for x > 1

0 for x < 1
, (30)

where

z∗ =
−µ̃∗ +

√
(µ̃∗)2 + 2σ2δ̄

σ2
, (31)

and µ̃∗ ≡ µ∗ − σ2/2.

This establishes both the stationary distribution of entrepreneurs’ income and the

aggregate (or mean) productivity Xt, provided: i) the shape parameter z∗ is larger than

one, so that f(x) has a finite mean, and; ii) µ(ℓit) is constant in equilibrium.

Simple inspection allows us to verify i). As for ii), assume for the moment thatRt =

R, constant. Then the value functions are characterized in the following proposition.

Proposition 4. The value functions of workers, researchers, and entrepreneurs in a BGP

9More precisely, it means xt+dt = max{x0, xt + dxt} for small dt. It is possible to relax this
assumption — we get a stationary double Pareto distribution [Reed, 2001] —, but the algebra gets more
unwieldy for little to no added insight.
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equilibrium are respectively given by

ρV W
t (ν) = gt+

g

ρ
+ τ log ỹ + vW (ν) (32)

ρV R
t (ν) = gt+

g

ρ
+ τ log ỹ +

(ρ+ δ)vR(ν) + λvE

ρ+ λ+ δ
(33)

ρV E
t (ν, x) = gt+

g

ρ
+ τ log ỹ +

(ρ+ λ)vE + δvR(ν)

ρ+ λ+ δ
+

ρ

ρ+ δ
log x (34)

where vW (ν), vR(ν), vE are related to the value flows that are particular to the time spent
in each occupation:

vW (ν) = (1− τ) log(w0νℓ
W )− (ℓW )1−η

1− η
, (35)

vR(ν) = (1− τ)

[
log(ξw0νℓ

R) +
λ̄/z

ρ+ δ

]
− (ℓR)1+η

1 + η
, (36)

vE = (1− τ)

[
log(m0) +

µ̃

ρ+ δ

]
− (ℓE)1+η

1 + η
.. (37)

Now, if Rt is constant, then, ℓEt is constant due to Proposition 1 and growth is

constant due to (9). Direct inspection of Equations (32) – (37) allows us to see that

vW (ν)− V R
t (ν) is constant for all ν. From (13), so is Rt, justifying our guess.

Before we move to the quantitative analysis, a remark on the “weights” of vE and

vR in equations (33) and (34) is due. In a continuous-time Markov chain with two states

{1, 2} and rate matrix

Q =

[
−λ λ

δ −δ

]
(38)

the probability matrix P (t) with entries pij = Prob(χt = j|χ0 = i), where χt denotes

the state at t, is given by

P (t) =

 δ
δ+λ

+ λ
δ+λ

e−(λ+δ)t λ
δ+λ

− λ
δ+λ

e−(λ+δ)t

δ
δ+λ

− δ
δ+λ

e−(λ+δ)t λ
δ+λ

+ δ
δ+λ

e−(λ+δ)t

 . (39)

The coefficients of vR and vE , fundamentally acting as weights, in equations (64)

and (65) correspond to the present value (times ρ), discounted at ρ, of the probabilities
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in P (t), that is,

ρ

∫ ∞

0

e−ρtP (t)dt =

 ρ+δ
ρ+λ+δ

λ
ρ+λ+δ

δ
ρ+λ+δ

ρ+λ
ρ+λ+δ

 . (40)

Thus, we have, for example, a researcher weighting the value vR according to the present

value of the probability he remains in research through time.

III Quantitative Findings

III.1 Parametrization

The model’s parameters are either calibrated using empirical targets or taken from esti-

mates and conventional values in the literature, assuming throughout that a unit of time t

corresponds to a year. All moments are calculated from the BGP equilibrium variables.

We also assume hereafter the functional form

b(ν) = 1− e−b̄ν , b̄ > 0. (41)

The full baseline parametrization is summarized in table 1.

Entrepreneurial sector. We target a δ corresponding to the yearly rate of establish-

ment exit recorded by the Business Dynamics Statistics survey from the U.S. Census

Bureau, which averages 9.80% since the year 2000. We determine λ̄ using the remain-

ing endogenous part δcd = λ̄R by setting the exogenous part δ̄ to 40% of the total rate

Both parameters concerning access to entrepreneurship are set in such a way that mid-

range ability workers have a chance to engage in research: ψ = 1 and b̄ = 3. Figure 1

plots both the share of households that have the opportunity and choose entrepreneurship

given their type ν, i.e. r(ν), as well as the (scaled) distribution of ν in each occupation

which results. For income volatility, we use Guvenen et al.’s (2021) estimate from a U.S.

income dynamics study. We set the volatility of persistent innovations to σ = 0.197, the

value estimated for their intermediate specification with Gaussian innovations and un-

employment shocks that best resemble our model. Their study uses labor income data

only but does include self-employment income attributed to labor. Theirs is a very large

dataset, yielding a precise estimation and a good fit.
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Parameter Value Source

Population size N 17.74 SCF
Discount rate ρ 0.015 —
Labor supply elasticity η 2 Chetty [2012]
Workers’ ability dispersion σν 0.806 SCF
Exog. researcher entry rate λ̄ 0.033 U.S. Census Bureau
Exog. entrepr. exit rate δ̄ 0.040 δ̄/δ = 40%

Barriers to entrepreneurship.
Cost parameter ψ 1 —
Opportunity parameter b̄ 3 —

Productivity growth technology
Curvature parameter α 0 Akcigit et al. [2021]
Level parameter β 0.039 SCF

Productivity/income volatility σ 0.197 Guvenen et al. [2021]
Incumbent innovation parameter ι 9.363 Garcia-Macia et al. [2019]
Researcher’s effective labor ξ 0.634 SCF
Final production parameter θ 0.675 SCF
Intermediate production parameter ϕ 0.482 ϕ = (1− θ)/θ

Tax progressivity τ 0.181 Heathcote et al. [2017]
Fraction of output taxed ζ 0.200 Heathcote et al. [2017]
Growth step size γ 1.083 Growth = 2%

Table 1: Baseline parameter values

Income inequality. Using data from the Survey of Consumer Finances (SCF) we cal-

culate five moments, averaged over seven surveys (those between 2001 through 2019),

which are targeted for calibration. Those moments are: the Gini coefficient of income

(0.56); the ratio of the 90th to the 10th percentile of income, P90/P10 (11.17); the

share of income due to the top 1% of earners (19.8%); the share of income due to

entrepreneurs (35.3%); and the share of entrepreneurs in the population (16.36%). To

match the model’s concept of entrepreneurship with the data we define it in the broadest

sense: moments concerning entrepreneurship (the last two, for example) are computed

for the model taking into account both researchers and established entrepreneurs. In the

data, we consider entrepreneurs as those who reported being either self-employed or pri-

vate business owners.10 Using these targets we manage to replicate the data well along

10Despite working with the same data and similar categories, we adopt a different definition than that
of Brüggemann [2021] or Cagetti and Nardi [2006]. We consider entrepreneurs as those households who
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Figure 1: The entrepreneurial sector across ν: The left panel displays the share of the population for each
type, ν in the three occupations: researcher and entrepreneur. The panel on the right displays the scaled
(by the fraction of the population in each occupation) densities for each of the three occupations.

some relevant dimensions using the values for N, σν , β, ξ, and θ reported in table 1. Be-

yond the targeted moments, the model closely replicates some other income distribution

features reported in table 2 and in the Lorenz curve plotted in figure 2. One feature the

model does not succeed in replicating is the inequality among entrepreneurs, which it

overshoots. Figure 3 plots the distribution of income for all occupations, making it clear

that entrepreneurship is characterized by either low or high income depending on the

state one occupies, giving rise to a high disparity in the cross-sectional distribution. In

this case, the model slightly understates the inequality across workers to replicate the

Gini coefficient of the whole economy.

Demography and preferences. The time discount rate is set at a standard value,

ρ = 0.015. The disutility-of-effort parameter is set at η = 2, generally consistent with

estimates of the Frisch elasticity [Chetty, 2012]. As already mentioned, population size

N is calibrated so that entrepreneurs comprise the population share of 16.4% observed

in the data.

answered accordingly to either one of the following two questions: “Do you work for someone else,
are you self-employed, or something else?”, and “Do you (and your family living here) own or share
ownership in any privately-held businesses, including farms, professional practices, limited partnerships,
private equity, or any other business investments that are not publicly traded?”
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Data Model

Targeted moments
Gini coefficient 0.566 0.566
P90/P10 11.17 11.17
Top 1% share of income 19.79 19.79
Entrpr.’s share of income 35.27 35.27
Entrpr.’s share of population 16.36 16.36

Non-targeted moments
Bottom 5% share of income 0.39 0.47
Top 5% share of income 35.72 34.60
Top 10% share of income 46.15 45.74
Entrpr.’s Gini 0.646 0.767
Workers’ Gini 0.494 0.430

Table 2: Moments of the income distribution: data vs. model

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

F

L
(F

)

LLoorr eennzz  ccuurr vv ee

Model

Data

Figure 2: Lorenz curve for income: data vs. model

Taxation and growth. The baseline tax progressivity parameter τ = 0.181 is taken

from the Heathcote et al.’s (2017) estimation for the statutory tax rates in the U.S. using
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tion.

the same functional form for the tax schedule we use here.11 Similarly to these authors

– see Jones [2022], too – we assume a fixed fraction ζ = 0.2 of GDP is raised as tax

revenue. Finally, concerning innovation and growth we need to set ι and γ. The former

we calibrate so that the innovation due to creative destruction is one-fourth of the total

[Garcia-Macia et al., 2019] and the latter is set so that the economy grows at a rate

g = 0.02.

Elasticity of incumbent innovation. We assume in the baseline parametrization α =

0 – a linear relation between entrepreneurial effort and productivity growth and innova-

tion. This parameter plays an important quantitative role in how these variables respond

to taxation, which in turn bears heavily on the results. Akcigit et al. [2021] performed a

detailed empirical study of the relationship between innovation and taxation and found

that the patent count of individual innovators can be quite elastic to marginal income

keep rates. Their estimates go as high as 0.82, but we use a more conservative elasticity

of 0.31, found in Table C.37 of the appendix. This estimate is based on marginal tax rate

11Their estimation fits very well the actual distribution of pre- and post-government income (R2 =
0.91).
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variations at the 90th income percentile. As a proxy for innovation, innovators’ patent

count can be represented by µ, so that with α = 0 our model produces an equivalent

elasticity of 0.25. As a robustness check, we show in section ?? how other values for α

influence the results.

III.2 Baseline results

In this section, we characterize quantitatively the BGP equilibria of our economy under

different policies. Economies are normalized to period t = 0 so they are compara-

ble in terms of the existing technology. All variables are at their long-run level which

characterizes the BGP equilibrium. We are, therefore, abstracting from questions about

transitions between equilibria since the model would become intractable.

III.2.1 Occupational choice

The first thing to consider is how progressivity affects entrepreneurial participation.

There are a few factors that play into this. Since participation is aggregated up from

(ν, κ), which is also, of course, determined by the underlying distributions, we can be-

gin to investigate occupational choice by looking at those different types of households.

Consider what happens when we go from τUS = 0.18 to τ = 0.5. Figure 4 plots

a comparison between both economies in terms of the proportion of ν-households who

choose entrepreneurship, i.e., r(ν). In total, 2% of the population exits entrepreneur-

ship, becoming workers. In the plot we see that this is mostly due to households with

lower ν, in the range where the distribution is more concentrated, being discouraged

from entrepreneurship. Above a certain threshold, entrepreneurship is encouraged by

progressivity but the net effect is to reduce the entrepreneurial sector size.

To better understand this result, consider the net value of engaging in research that

we get from combining equations (32) and (33):

ρD(ν, κ) ≡ ρV R
0 (ν)− ρV W

0 (ν)− κ

= ρD(1, κ)− λ

ρ+ λ+ δ
(1− τ) log ν.

First, note that the attractiveness of entrepreneurship is decreasing in ν. Establishing
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oneself as an entrepreneur is the only way to become independent of one’s work produc-

tivity. This makes entrepreneurship relatively more advantageous to low-productivity

workers. The productivity impact is weighted by the time they will spend not working

— hence, the term −λ/(ρ + λ + δ), being related to time spent in entrepreneurship —

and by how much their productivity would affect their consumption as workers after

taxes and transfers are applied. The more progressive and distributive the tax sched-

ule, the less ν matters, which is expressed through (1− τ). Participation incentives are

increasing in ν, but the relative impact is attenuated by progressivity.

The impact of an increase in τ on the net value of research can be decomposed into

three effects: mechanical, behavioral, and general equilibrium effects. Mechanically,

more redistribution and insurance reduces the disparity in consumption in all possible

states. Then, there is a behavioral downward adjustment of labor supply and occupation

that we described in the previous paragraph. Finally, there are new equilibrium prices

and aggregates which further determine the comparative advantages of each occupa-

tion. Figure 9 in the appendix displays the relative importance of each effect at each
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productivity level, ν.

III.2.2 Characteristics of growth

Although participation in research monotonically decreases with rising progressivity, its

contribution towards growth, i.e. creative destruction, as measured by the share δcd/ṅ,

displays a small variation – panel (a) of figure 5 – but reaching a maximum at around

τ = 0.34. Indeed, even if we consider a very wide range, τ ∈ [−0.2, 0.6], the variation

in the share barely exceeds 1% and, even then, only when taxation becomes regressive.

For more plausible values of τ , it varies within a 0.5% interval. This suggests that both

types of innovation are more or less proportionally discouraged by progressivity.

-0.2 0 0.2 0.4
23

23.5

24

24.5

25

25.5

26

tau

(%
)

((aa))  SShhaarr ee  oo ff   ccrr eeaatt ii vvee  dd eess tt rr uu cctt ii oo nn

1.4 1.6 1.8 2 2.2
0.2

0.3

0.4

0.5

0.6

0.7

0.8

Growth (%)

G
in

i a
ft

er
 T

&
T

((bb ))  GGii nn ii   aass   ffuu nn cctt ii oo nn   oo ff   gg rr oo wwtthh

Figure 5: (a) Share of growth due to creative destruction: δcd/ṅ. (b) Gini coefficient (after taxes and
transfers) as a function of the growth rate; τ spans the interval [−0.2, 0.6].

In panel (b), a quintessential trade-off of taxation between efficiency and equity is

illustrated by the Gini coefficient of consumption as a function of the economy’s growth

rate. Naturally, through taxation, the planner can induce higher growth rates at the cost

of more inequality by redistributing income less so that effort is more rewarded. One

noteworthy feature, however, is the function’s convexity; the higher the growth rate the

more costly in terms of inequality additional growth becomes.
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III.3 Optimal taxation

We start our normative analysis considering a utilitarian planner endowed with a social

welfare function

U0 ≡ EhVh,0. (42)

To proceed, we introduce some additional notation. Let D0 be the average present value

of the disutility from effort and research sacrifice, κ, at time zero,

D0 ≡ Eh
[∫ ∞

0

e−ρt
(
ℓ1+ηh

1 + η
+ κχEh

)
dt

]
, (43)

where χEh is an indicator of h having chosen the entrepreneurship path. Let c̄h,t be

the certainty equivalent, along the constant growth path of consumption that delivers

equilibrium value Vh,0 for household h, assuming equilibrium decisions (ℓh,t and choice

of occupation) fixed. It is implicitly defined by

Vh,0 = g/ρ+ log c̄h,0 −
∫ ∞

0

e−ρt

(
ℓ1+ηh,t

1 + η

)
dt (44)

and c̄h,t = egtc̄h,0; and let ȳh,t be the corresponding pre-tax income necessary to attain

it, i.e. c̄h,t = ỹτt ȳ
1−τ
h,t . Finally, yt with no h subscript denotes average income. With this

notation, Proposition 5 offers a convenient way for writing U0.

Proposition 5. In a BGP equilibrium, social welfare, U0, can be written

ρU0 = g/ρ− ρD0 + log y0 + Eh
[
log
(
ȳ1−τh,0

)]
− log

(
Eh
[
y1−τh,0

])
. (45)

Equation (45) breaks down social welfare into easily interpretable terms. The first

term represents welfare from economic growth; the second, disutility from effort and

costs of research; the third, welfare from the time 0 output level of the economy; finally,

the last two terms express the penalty the criterion applies to consumption disparity that

remains after taxes and transfers. This latter component is comprised of permanent com-

ponents due to heterogeneity and disparity across time in the form of income volatility

that each household faces.

Figure 6 plots the variations from the baseline in social welfare, total and decom-

posed, as τ changes. The optimal progressivity is slightly lower than that of the U.S. tax
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system, with τ ∗ = 0.129 as opposed to τUS = 0.181. Moving to the optimum results in

a small improvement in welfare equivalent to a perpetual 0.46% increase in consump-

tion to all households.12 This suggests the current tax system is reasonable and easily

justifiable either with slightly different parameters or with a planner who has a higher

degree of inequality aversion (more on this later).
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Figure 6: Welfare variations across τ decomposed into their components.

The contribution of each term in equation (45) to welfare changes is also displayed

in Figure 6. Higher τ implies less overall effort and participation in research, resulting

in less disutility from those sources. It also implies a very strong distributive positive

effect on social welfare, representing the main reason for progressive taxation.

Arguably, however, the most crucial observation one can make is how surprisingly

similar in magnitude the impacts on welfare coming from changes in both output level

and growth are, with the red and yellow lines almost overlapping.

12Due to log-utility, the percentage in equivalent consumption variation can be calculated simply by
finding the CV (τ) that equates log(1 +CV (τ)) to the difference in utility units between both equilibria.
This can, of course, be done separately for every additive term in the social welfare equation.
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III.4 The importance of growth

Consider an alternative economy that is identical to the baseline economy except for

the fact that the growth rate is exogenous and kept fixed at g = 0.02. This eliminates

any consideration for the impact of taxation on growth so that the plot in figure 6 would

not have the yellow line. As we have just seen on that plot, disincentives to innovation

can be as detrimental to welfare as are disincentives to production, so when those are

removed we have a very different picture of the impact of taxation.
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Figure 7: Welfare variations when comparing economies with elastic and inelastic growth.

Figure 7 shows how such an economy would compare with our baseline. In this

inelastic growth case, the optimal progressivity is much higher, at τ ∗∗ = 0.38. This

translates into a marginal tax rate of 71% for the top income percentile, very close

to policy recommendations that authors such as Diamond and Saez [2011] find using

static models. This contrasts with a 47% rate implied by the current progressivity level

and with a 39% by the optimal one with endogenous growth. Therefore, absent the

growth mechanisms, our model manages to corroborate such results from the top income

taxation literature.

The question is what happens when a planner acts on the assumption that impacts
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on growth are not relevant when in fact they are. Back in figure 7 we see that in our

baseline scenario, a progressivity of τ ∗∗ = 0.38 would result in an enormous loss of

welfare equivalent to a decrease of 9% in perpetual consumption across households.

III.5 Robustness and Extensions

As with any study about taxation, quantitative findings are sensitive to assumptions

about the values of elasticities. Whenever possible we simply adopt the conventional

values from the literature. However, there is at least one crucial elasticity that we can-

not simply borrow an agreed-upon value from the literature: that of mean productivity

growth µ to policy τ . Needless to say by governing both long-run aggregate produc-

tivity, X , as well as the largest portion of innovation this elasticity is crucial for our

analysis.

Recalling equations (22) and (23), we can see that

d log µ(ℓE)

d log(1− τ)
=

1− α

η + α
. (46)

One way we can test different elasticities of output and innovation is by varying α,

which we assume to be zero in the baseline. We can motivate a range of values for α

using the research of Akcigit et al. [2021], as we have discussed in section III.1. Leaving

aside innovation from creative destruction, which is responsible for about 25% of total

innovation, we can use µ for calculating some measure of the elasticity of innovation

to taxes. The authors find large elasticities, of up to 0.82, of patent counts to personal

marginal rates faced by individual inventors. We use results from marginal keep rates

at the 90th income percentile, reported in Table C.37 in their appendix, which produces

more moderate elasticities. In a simple specification, the overall impact is a 0.31%

increase in the patent count for every 1% increase in the keep rate. Controlling for

inventor productivity changes the impact to 0.66% if the inventor is of high productivity,

versus 0.18% otherwise.

This gives us a reasonable range of values to work with. Let y90 be the 90th per-

centile of income of the economy, and note that, after some algebra, we can write

d log µ(ℓE)

d log(1− T ′(y90))
=

d log µ(ℓE)

d log(1− τ)
· 1

1 + (1− τ) log(y90/ỹ)
, (47)
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Table 3: Results for different α’s.

Curvature parameter, α

Result -0.2 0 0.2 0.4

Elasticity of µ to 1− T ′(y90) .33 .25 .18 .13
Optimal policy, τ ∗ .06 .13 .19 .24
Top 1% marg. tax rate (%) 28.8 39.3 48.0 55.1
Welfare gain
CV (τ ∗) (%) 2.8 0.5 0.01 0.6
CV (τ ∗∗) (%) -11.0 -9.0 -6.7 -4.2

Note — For every α, all parameters were recalibrated to match the targeted moments. The elasticity
of µ is calculated in the baseline economy, with τUS = 0.18. Optimality is assessed according to the
utilitarian criterion U0. τ∗∗ denotes the optimal τ under the indicated parametrization when growth
is inelastic; from 1st to 4th column: τ∗∗ = .35, .38, .40, .42 .

into which we substitute equation (46). Varying α from -0.2 to 0.4 we get elasticities that

go from 0.33 to 0.13, with α = 0 producing a 0.25 elasticity. This suggests the values

we consider are well within reason and are not far-fetched according to the empirical

evidence; if anything they are slightly conservative.

Table 3 presents some results under four different values for α, including the cor-

responding elasticities. Unsurprisingly, as µ — and therefore output and innovation —

become more inelastic, the optimal progressivity level becomes higher due to the plan-

ner being able to redistribute income at a lower cost to the economy. On the third row,

we see what each progressivity level effectively means for the top 1% income percentile,

with optimal marginal taxes ranging from 28.8% to 55.1%.

Across the board, changing to the optimal policy does not entail huge social benefits,

as measured by CV (τ ∗). In fact, with α = 0.2, we have almost no benefit, with the

U.S. progressivity being very close to optimal. Equally robust is the result of massive

welfare decline under the naive optimal progressivity under inelastic growth, reported in

the last line. In the most favorable case, there is still a sizable loss of 4.2% in perpetual

consumption.
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Table 4: Optimal policy τ∗ for different α’s according to different criteria.

Curvature parameter, α

Criterion -0.2 0 0.2 0.4

Revenue maximization .39 .41 .42 .43
Social welfare; ω =

0 (Inequality-neutral) -.03 .00 .04 .08
1 (Utilitarian) .06 .13 .19 .24
2 .20 .27 .32 .37

Note — For every α, all parameters were recalibrated to match the targeted moments. The baseline
is α = 0.

III.6 Different criteria

We have so far used the utilitarian criterion as a measure of social welfare. In this

Section we clarify the relevant trade-offs, as with growth versus inequality, to allow

one to define preferences over equilibria with any adopted objective. Borrowing from

Benabou [2002] we define a general criterion for welfare that makes explicit how equity

concerns can be taken into account on top of efficiency and insurance motives, allowing

for consumption inequality penalization to vary from none to infinite.13

The idea is to first evaluate consumption uncertainty for each household using their

preferences for risk before aggregating consumption across households. Thus, using

the same definition of uncertainty equivalent c̄h,t in equation (44), consumption is first

aggregated as follows:

C
ω

t ≡
(∫

h

c̄1−ωh,t dh

) 1
1−ω

, (48)

where ω > 0 indexes the degree of inequality aversion of the planner. This alternative

criterion is defined as

Eω0 ≡
∫ ∞

0

e−ρt logC
ω

t dt−D0. (49)

The households’ preferences for risk and time are held fixed while the planner is allowed

to have a degree of flexibility to assess the distribution of consumption. Notice that ℓ

and κ are taken into account through D0 in the same way as in U0. The next proposition

13Introducing an inequality aversion parameter in the value functions is another possibility. Among
other things, this would include inequality in the planner’s objective.
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provides an analogous decomposition to the one for U0.

Proposition 6. The Eω0 criterion can be written as

ρEω0 =
g

ρ
− ρD0 + log y0 +

1

1− ω
log
(
Eh
[
ȳ
(1−τ)(1−ω)
h,0

])
− log

(
Eh
[
y1−τh,0

])
(50)

It is important to note that the insurance motive is still present when ω = 0. Yet, the

optimal level of progressivity is indistinguishable from 0 at our baseline calibration, and,

if we consider the empirically plausible value of α = −0.2 the system becomes slightly

regressive when ω = 0. In contrast, for ω = 2, progressivity is substantially higher for

our baseline calibration, but still substantially lower than what one would prescribe if

the impact of policy on growth were ignored.

IV Conclusion

We have explored the equity-efficiency trade-off due to progressive taxation in a world

of endogenous growth. In our baseline calibration, we find that while the optimal level

of progressivity for the U.S. tax system is lower than the current one, transitioning to

the optimal system yields moderate welfare gains. However, if the growth consequences

of progressivity were disregarded, the ensuing prescription of a substantially more pro-

gressive system would lead to significant welfare losses.

For the model to remain tractable we have not taken into account the potential het-

erogeneity in research ability. As Jaimovich and Rebelo [2017] has shown this may

cause (even linear) taxes to have a non-linear impact on growth. This type of consid-

eration would likely reinforce our concerns with increased progressivity. All in all, our

findings suggest caution in combating inequality with very progressive schedules.
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A Derivations

Proof of Proposition 2. The final goods firm has to solve at a given time

max
q

(∫ 1

0

qθi di

) 1
θ

−
∫ 1

0

piqi di, (51)

so that the first-order conditions for qi yield the inverse demand curve

pi(qi) =

(
Y

qi

)1−θ

. (52)
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The entrepreneurs solve, through their intermediate firms,

max
qi

pi(qi)qi − wLi(qi), (53)

so that optimal pricing consists of the usual 1/θ markup over marginal cost. When

combined with (52), we can write

qi =

(
1

θ

w

γnxϕi

) 1
θ−1

Y. (54)

Now if we plug (54) into the final goods production function, using our assumption

of ϕ = (1− θ)/θ and definition X ≡
∫
xi di, we get our final equation for wages:

w = θγn
(∫ 1

0

x
ϕ θ

1−θ

i di

) 1−θ
θ

= θγnXϕ. (55)

To obtain the expression for Y , simply substitute (55) into (54), and then again into

Li(qi) and the aggregate labor definition L ≡
∫
Li di to get

L =
Y

γnXϕ
(56)

which is the final form of Y .

At last, the expression for profits follows from substituting the expression for prices

and wages into the profit equation,

πi = max
qi

(
Y

qi

)1−θ

qθi − θγnXϕ qi

γnxϕi
, (57)

and then plugging the optimal qi to get

πi = (1− θ)γnXϕ−1Lxi (58)

Proof of Proposition 3. Guess that the stationary distribution takes the form f(x) =
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Cx−z−1 and plug it into (30) to get

0 = −δ∗Cx−z−1 + zµ∗Cx−z−1 + z(z − 1)
σ2

2
Cx−z−1

= Cx−z−1

[
−δ∗ + zµ∗ + z(z − 1)

σ2

2

]
.

For the equation to hold for all x the term in brackets must be zero. Solving for the

positive root we get z∗ in (31) and C = z∗ follows from f(x) integrating to one.

Constant growth. Observation: constant Rt is sufficient for constant growth. Re-

member that

ṅt = gt/ log γ = δcdt + ιµ(ℓEt ) = λ̄Rt + ιβ(ℓEt )
1−α,

and therefore constantRt, which is also sufficient for constant ℓEt as stated in proposition

1, is all that is required for constant growth.

Proof of Proposition 3. Workers’ value function. On a BPG, a ν-worker’s value is

given by

ρV W
t (ν) = gt+

g

ρ
+ uW0 (ν)

= gt+
g

ρ
+ τ log ỹ0 + (1− τ)

(
log(w0ν) +

log(1− τ)− 1

1 + η

)
where uWt denotes utility flow at t from optimal consumption and effort. To show this,

simply note that ỹt and wages wt grow at a constant rate, i.e. substitute wt = w0e
gt, etc.,

substitute optimal effort ℓW = (1− τ)
1

1+η , and solve the integral in (1).

Entrepreneurs and researchers value function. From (16) we can establish the first-

order condition for optimal entrepreneurial effort,

ℓEt (xt, ν) =

(
β(1− α)xt

∂V E
t (xt, ν)

∂x

) 1
η+α

. (59)

We guess V E
t (x, ν) = V E0

t (ν) + C log x, where, again, V E0
t (ν) ≡ V E

t (x0, ν). Inserting
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the guess in equation (59) we get a constant optimal choice

ℓE = (β(1− α)C)
1

η+α , (60)

and the Ito calculus term defined in equation (17) reduces to

Et[dV E
t (xt, ν)]

dt
= Cµ̃+

dV E0
t (ν)

dt
, (61)

with µ̃ ≡ µ(ℓE)− σ2/2. Then, inserting our guess into the left-hand side of (16) we can

compare the coefficients of log x to get

C =
1− τ

ρ+ δ
, (62)

which is indeed constant in the BGP where R, and therefore δ, are constant.

Next, we form an ordinary differential equations system between V R
t and V E0

t in the

BGP.

Suppressing the notation for type ν and denoting by uRt and uE0
t their respective

utility streams and using the fact that, if z is the equilibrium f(x) shape parameter, log x

is exponentially distributed with E[log x] = 1/z, the system can be written as V̇ R
t

V̇ E0
t

 =

ρ+ λ −λ

−δ ρ+ δ

V R
t

V E0
t

−

uRt + 1−τ
ρ+δ

λ̄
z

uE0
t + 1−τ

ρ+δ
µ̃

 . (63)

Note that, due to constant income growth, both utility streams are linear in time, specif-

ically, ut = u0 + gt. So we use that functional form with undetermined coefficients to

look for a particular solution for the system. Solving for the coefficients, we get

ρV R
t (ν) = gt+

g

ρ
+ τ log ỹ +

(ρ+ δ)vR(ν) + λvE

ρ+ λ+ δ
(64)

ρV E0
t (ν) = gt+

g

ρ
+ τ log ỹ +

(ρ+ λ)vE + δvR(ν)

ρ+ λ+ δ
(65)

where vR(ν), vE are related to the value flows that are particular to the time spent in
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each occupation:

vR(ν) = (1− τ)

[
log(ξw0νℓ

R) +
λ̄/z

ρ+ δ

]
− (ℓR)1+η

1 + η
, (66)

vE = (1− τ)

[
log(m0) +

µ̃

ρ+ δ

]
− (ℓE)1+η

1 + η
. (67)

Social welfare criteria. Let us consider two social welfare criteria: a utilitarian ag-

gregation and an aggregate efficiency criterion due to Benabou [2002]. First, define D

as the average household expected lifetime disutility from effort at time zero; c̄ht and

ȳht as, respectively, the certainty equivalent stream of consumption of household h and

the corresponding pre-tax income necessary to attain it, i.e. c̄ht = ỹτt ȳ
1−τ
ht , when holding

expected disutility from effort unchanged. The criteria are defined as 14

U ≡
∫
Vh,0 dh (68)

E ≡
∫ ∞

0

e−ρt log C̄t dt−D, (69)

where C̄t ≡
∫
c̄ht dh. Then, it can be shown that in a BGP the criterion is reduced to

ρU = g/ρ− ρD + log y0 +

∫
log

(
ȳh0
y0

)1−τ

dh− log

∫ (
yh0
y0

)1−τ

dh (70)

ρE = g/ρ− ρD + log y0︸ ︷︷ ︸
≡ρW

+ log

∫ (
ȳh0
y0

)1−τ

dh− log

∫ (
yh0
y0

)1−τ

dh︸ ︷︷ ︸
log

( ∫
ȳ1−τ
h0

dh∫
y1−τ
h0

dh

)
(71)

where y with no household subscript is per capita income.15 Due to Jensen’s inequality,

we can see that U is no greater than E , and due to risk aversion, that E is no greater than

W . The presence of either risk or income inequality determines equality or inequality:

14Consider all integration over households normalized by population size:
∫
dh = 1.

15When we present the welfare decomposition we use ρU − log y0 and ρE − log y0, instead of ρU and
ρE to preclude the initial level of income, which is somewhat arbitrary, to affect the wrong attribution of
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inequality risk

yes yes U < E <W
no yes U = E <W
yes no U < E = W
no no U = E = W

Certainty equivalent. Workers are not subject to risk, and therefore cWt = c̄Wt . As for

researchers and entrepreneurs, we define

dR =
ρ+ δ

ρ+ λ+ δ
and dE =

ρ+ λ

ρ+ λ+ δ
,

and use the value functions to obtain the deterministic, constant growth consumption

streams that attain the same utility,

c̄Rt (ν)

yt
=
c̄R0 (ν)

y0
=

(
ỹ0
y0

)τ (
ȳR0 (ν)

y0

)1−τ

, (72)

where

(
ȳR0 (ν)

y0

)1−τ

=

[(
Nθξν

ν̄W + ξν̄R
exp

{
λ̄/z

ρ+ δ

})dR (
N(1− θ)

z/(z − 1)
exp

{
µ̃

ρ+ δ

})1−dR
]1−τ

,

and
c̄Et (ν)

yt
=
c̄E0 (ν)

y0
=

(
ỹ0
y0

)τ (
ȳE0 (ν)

y0

)1−τ

, (73)

where

(
ȳE0 (ν)

y0

)1−τ

=

[(
Nθξν

ν̄W + ξν̄R
exp

{
λ̄/z

ρ+ δ

})1−dE (
N(1− θ)

z/(z − 1)
exp

{
µ̃

ρ+ δ

})dE]1−τ
.

Here, we have also used the following facts:

w = θY/L, L = ℓW (ν̄W + ξν̄R), (74)

m = (1− θ)Y/X, X = z/(z − 1). (75)

different aspects of allocation changes.
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B Additional Results

B.1 Research vs. work

Consider a change in policy to τ = 0.5, forming an alternative economy. The movement

along the extensive margin of occupational choice can either be favorable or unfavorable

to research, being aggregated up from the choices of (κ, ν)-type agents with several

factors coming into play. More specifically, those who are able and also choose to

research are aggregated across κ to form the measure r(ν), which is then aggregated

across ν to form R. These aggregations depend, of course, on the assumed distributions

of κ and ν.

Figure 8 depicts what happens to r(ν) and the overall effect on research that the alter-

native policy would have compared to the baseline. More progressivity makes research

less attractive to low ν agents and more attractive to agents above a certain threshold,

making the proportion of researchers in the former group diminish, while growing in

the latter. However, since the lognormal distribution of ν is more concentrated in those

lower values, the loss outweighs the gain so that the net effect on total research is nega-

tive.
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Figure 8: Change in the measure of researchers r(ν): alternative vs. baseline economy.
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To gain some insight into the determinants of the comparative value of research, let

us first define D(ν) to be the net value of entering research excluding the cost κ:

ρD(ν) ≡ ρD(κ, ν) + κ = ρV R
0 (ν)− ρV W

0 (ν)

=
ρ+ δ

ρ+ λ+ δ
(1− τ)

(
log(ξ) +

λ̄/z

ρ+ δ

)

+
λ

ρ+ λ+ δ

[
(1− τ)

(
log

(
m0

w0νℓW

)
+
µ̃(ℓE)

ρ+ δ

)
− (ℓE)1+η − (ℓW )1+η

1 + η

]
.

The first term on the right-hand side is the net value due to time spent in research,

while the second pertains to time spent in entrepreneurship. Time in research differs

from working in that effective labor supplied is lower — hence log(ξ) —, but there is

also the expected value of entering entrepreneurship with some existing x— hence λ̄/z.

In entrepreneurship, there is the relative income advantage and expected productivity

growth — hence the ratio m0/w0νℓ
W and µ̃(ℓE), respectively —, as well as the differ-

ences in effort. All of this is weighted taking into account the discounted probability of

being in each state, hence the terms involving ρ, λ, and δ.

When the policy τ changes, there is a mechanical effect of smoothing consumption

between both states through taxation, captured in the expression by (1− τ). Then, there

is the behavioral effect of changes in optimal effort, ℓW , ℓE , to suit the new equilibrium.

Finally, there is the general equilibrium effect of changes in prices m,w, in average

entrepreneur productivity through z, and in entry and exit rates λ, δ through the new

measure of researchers, R.

Figure 9 shows those effects stacked cumulatively and isolated for every type ν

measured in equivalent changes in consumption. Examining the plot on the left we can

see how the mechanical and general equilibrium effects interact with ν. Research for

lower productivity workers is less attractive with higher τ since their low ν matters less

and makes it not as desirable to be independent of it (through entrepreneurship) as when

consumption is less smoothed. Since in equilibrium, the number of researchers is lower

with more progressivity, the expected time in entrepreneurship is prolonged (through a

lower exit rate), making the general equilibrium effect decrease with ν. Finally, due to

log-utility, the behavioral effect does not interact with ν and is also smaller compared
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with the others for most agents.16 When the effects are compounded, as shown in the

plot on the right, the general equilibrium effect does not sufficiently compensate for

the mechanical effect when varying ν, and so changes in research attractiveness remain

increasing in ν, with low ν-agents being discouraged.
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Figure 9: Decomposition of the changes in the net value of research: D(ν) in the alternative equilibrium
(τalt = 0.5) minus that of the baseline (τUS = 0.181). Values are in terms of permanent consumption
variation. The left panel shows the changes of only one type of effect compared to the baseline; the right
panel shows the cumulative changes of every effect type.

16By the envelope theorem, small changes in progressivity have almost no behavioral impact on utility,
and therefore on occupational choice.
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