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Abstract

This paper studies optimal fiscal policy in a dynamic economy with aggregate

shocks, where agents are heterogeneous in their incomes, preferences toward risk,

and the intertemporal elasticity of substitution. I show that i) if low-income peo-

ple have lower intertemporal elasticity of substitution or higher risk aversion, the

optimal marginal tax rates are procyclical, and transfers are countercyclical; ii) opti-

mal marginal tax rates increase by about 2.2 percentage points for each percentage

increase in productivity, and iii) US marginal tax rate fluctuations were close to opti-

mal before 1980, but not much after that because they turned countercyclical.

The results are due to preference heterogeneity, which leads to procyclical fluc-

tuations in the implicit price of the informational rent of the agents across time and

states and, in turn, to fluctuations in marginal taxes and transfers.

1 Introduction

Substantial empirical evidence documents preference heterogeneity across people. The
literature reviewed below robustly shows that richer people tend to have a higher in-
tertemporal elasticity of substitution and a lower coefficient of risk aversion than poorer
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people. This paper shows that preference heterogeneity plays a key role in shaping the
optimal design of marginal and average taxes in response to aggregate shocks. I consider
the optimal policy design in a dynamic Mirrlees economy with aggregate shocks, where
agents are heterogeneous in their productivity and preferences, and their type is private
information.

I show that heterogeneity in preferences substantially alters the optimal policy pre-
scriptions relative to an economy where all agents have identical preferences. Suppose
that, consistently with the empirical evidence, low-productivity agents have lower in-
tertemporal elasticity of substitution, higher risk aversion, or both. In that case, decreas-
ing marginal taxes in a recession and increasing them during an expansion is optimal.
I relate fluctuations in the marginal taxes to a novel channel, the fluctuations of the
shadow price of the informational rent. I show they are positively related: when the
shadow price of the informational rent is high, the social planner reduces the informa-
tional rent more aggressively because distortions of low types become relatively less
important than the redistribution concerns. To put it differently, it is optimal to in-
crease the tax burden on high-productivity agents by increasing marginal taxes on the
low-productivity agents.

The shadow price of the informational rent measures the degree to which different
types of agents value the instantaneous utility differently and differs from the informa-
tional rent itself. The distinction gains importance with heterogeneous preferences: if
both types have identical preferences, then the shadow price of the informational rent
is constant over time and states. Under relatively standard assumptions about the in-
stantaneous utility function, I show an even stronger result: if both types have identical
preferences, then the informational rent, and so the marginal tax rates, are constant over
time and states as well.

To isolate the role of risk aversion and intertemporal elasticity of substitution, I
present three stylized examples. In all examples, high-productivity agents are standard
expected utility maximizers, while low-productivity agents differ in each of the three
examples. They have infinite risk aversion in the first example, zero elasticity of substi-
tution in the second one, and both in the third one. In all cases, marginal taxes decrease
following an adverse productivity shock, but the implications for the future dynamics of
marginal taxes differ markedly. Infinite risk aversion produces positive persistency in the
marginal tax rates. Decreases in marginal tax rates will thus be followed by low marginal
tax rates in the future. On the other hand, zero intertemporal elasticity of substitution
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prescribes the opposite pattern: low marginal tax rates are followed by higher marginal
tax rates in the future; that is, they overshoot their long-run level. Transfers to low-
productivity individuals are generally indeterminate because of Ricardian equivalence.
Under the assumption that low-productivity individuals are hand-to-mouth, transfers
follow a similar pattern with the opposite sign. When both infinite risk aversion and
zero intertemporal elasticity of substitution are present, the effects cancel each other out,
and the optimal pattern is remarkably simple in that marginal taxes and transfers are
only a function of the current state, bearing similarity to the complete markets solution
to the Ramsey problem in a representative agent economy (Lucas and Stokey (1983)).

I compute a continuous-time version of the model to assess the United States post-
war tax experience. The model is formulated using the stochastic variational utility
approach of Geoffard (1996) and Dumas et al. (2000). It assumes that labor productivity,
which follows an Ornstein-Uhlenbeck process, is the only source of aggregate fluctua-
tions. I calibrate the productivity process to match the standard deviation and autocor-
relation of US labor productivity for the 1947-2012 time period. The low-productivity
agents represent the bottom 80 percent of the population, and I calibrate relative pro-
ductivity to reflect the relative earnings of both types. To parameterize the preference
parameters, I exogenously set the elasticity of intertemporal substitution and risk aver-
sion coefficient for the low-productivity agents to 0.05 and 10 and calibrate them for the
high-productivity agents to match the annual risk-free rate and the ratio of the stan-
dard deviation of log consumption for both types. The procedure yields the elasticity
of intertemporal substitution of 0.214 and the coefficient of risk aversion of 2.773 for the
high-productivity agents.

I show that, in the optimum, the marginal tax rates respond strongly to the un-
derlying labor productivity shock: a 1 percent increase in labor productivity leads to
an approximately 2.2 percentage point increase in the marginal tax rates. The calibrated
model is qualitatively similar to the second example where low-productivity agents have
a lower elasticity of substitution, and the marginal tax rates overshoot their long-run
level. Quantitatively, however, the subsequent dynamics is relatively weak, similarly to
the third example where low-productivity agents have both zero intertemporal elasticity
of substitution and infinite risk aversion. Finally, transfers to the low-productivity agents
are countercyclical but fluctuate relatively little despite being well-insured against aggre-
gate fluctuations. The reason is that fluctuations in the marginal tax rates already help
provide insurance to the low-productivity agents.
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I compare the optimal marginal tax rates on the bottom 90 percent of the population
to the average marginal tax rates on the corresponding population percentile, as docu-
mented by Mertens and Olea (2018). I show that changes in the average US marginal tax
rates have been approximately optimal before 1980: both standard deviation and auto-
correlation are about right, and they were strongly procyclical. On the other hand, after
1980, US marginal tax rates diverged from the optimal ones, namely because they turned
countercyclical. I also show that the variations in the shadow price of the informational
rent are quantitatively substantially more important than variations in the informational
rent. In their absence, the optimal marginal tax rates would be approximately flat.

1.1 Related Literature

There is substantial empirical evidence that documents heterogeneity in the intertem-
poral elasticity of substitution across people (see Guvenen (2006) for a review). The lit-
erature typically investigates the difference between shareholders and nonshareholders
(Vissing-Jørgensen (2002) for US households using the Consumption Expenditure Survey
data and Attanasio et al. (2002) for UK households using the Family Expenditure Survey
data) and finds that shareholders have a higher intertemporal elasticity of substitution.
Their estimates imply a low intertemporal elasticity of substitution for nonstockhold-
ers, which roughly corresponds to the low productivity agents in the model. Blundell
et al. (1994) directly examine differences across people of different income levels and
find that higher-income people exhibit higher intertemporal elasticity of substitution.
Furthermore, Attanasio and Browning (1995) find, using the Family Expenditure Survey
data, that the intertemporal elasticity of substitution increases with consumption, while
Atkeson and Ogaki (1996) and Ogaki and Atkeson (1997) find, using Indian panel data,
that the intertemporal elasticity of substitution is larger for the rich than it is for the
poor. There is also empirical evidence that wealthier people exhibit lower risk aversion,
as shown by Mankiw and Zeldes (1991), and Brav et al. (2002). Both types of findings
are consistent with the assumptions in this paper.

The assumption that there are only two types of preference types in the economy
is standard in finance and macro-finance. Guvenen (2009) and Gomes and Michaelides
(2007) use a similar setup in discrete time to address asset pricing puzzles with limited
risk-sharing opportunities, while Gârleanu and Panageas (2015)) use it to address similar
issues in a complete market overlapping-generations framework. Anderson (2005) and
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Colacito et al. (2019) study a discrete-time version of the model to characterize the con-
ditions under which long-run stationary distribution exists. Backus et al. (2008) study
equilibrium asset trades in economies with two types exhibiting extreme preferences
similar to the examples in this paper. Borovička (2019) studies the long-run survival
and asset pricing in a two-type economy where both types have common recursive pref-
erences but differ in their beliefs about the distribution of aggregate endowment. My
paper is technically similar to Gârleanu and Panageas (2015)) and Borovička (2019) in
that it studies the problem in continuous time but adds endogenous labor supply and
looks at second-best rather than first-best allocations.

This paper uses the Mirrlees approach to the optimal fiscal policy but focuses on
issues traditionally studied in the dynamic Ramsey tradition, following the seminal ap-
proach of Lucas and Stokey (1983) and Chari et al. (1994). A representative agent Ramsey
framework with no scope for redistribution or insurance across different types reduces
the scope of the policy prescriptions - one cannot talk about redistribution across peo-
ple, for example - and can potentially give misleading answers about other dimensions
of the policy design. Werning (2007) studies similar issues in a Mirrlees framework but
without preference heterogeneity, thus shutting down the key mechanisms in this paper.
This paper maintains the assumption of complete markets and differs thus from a more
recent Ramsey literature under incomplete markets (Aiyagari et al. (2002), Bhandari et al.
(2016)). Such considerations are beyond the scope of this paper.

Almost all the Ramsey literature assumes that the agents have standard time-additive
preferences. Karantounias (2018) is an important exception. He considers a dynamic
representative agent Ramsey economy with recursive preferences of the Duffie-Epstein-
Zin variety (Epstein and Zin (1989), Duffie and Epstein (1992b)), also considered in this
paper. His results are, however, conceptually very different from the results in this paper.
The key mechanism in a representative agent Ramsey economy is that marginal taxes
are tightly connected to the market price of risk and debt. However, the link between
the price of debt and marginal tax rates is broken in the Mirrlees framework because
marginal taxes no longer have a one-on-one relationship with the average tax rate and
level of consumption. One manifestation of this property has already been mentioned:
with identical preferences and a relatively standard instantaneous utility function, the
marginal tax rates are constant across time and states, in contrast to Karantounias (2018).
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2 Three Examples

I will start by characterizing the optimal tax policy in three examples to illustrate how
different dimensions of preference heterogeneity manifest in optimal tax and transfer
policies. In the first example, low-productivity agents will exhibit infinite risk aversion;
in the second, they will exhibit zero intertemporal elasticity of substitution; in the third,
they will exhibit both. High-productivity agents will always have standard time-additive
expected utility. The examples are presented in discrete time for an easier understanding,
but that modeling choice is not essential. A formal treatment of the three examples and
proofs of the results of this section are relegated to Appendix A.

There is uncertainty regarding aggregate productivity and government spending.
The aggregate shock in period t is denoted by st ∈ S, where S is a finite set. The initial
shock s0 is known. The probability of a history of shocks st = (s0, s1, . . . , st) is πt(st).
Then aggregate productivity in period t is Zt(st), and government consumption is Gt(st).

There are two types of agents, A and B, with population shares α and 1− α. The types
differ in their productivity and their preferences. The productivity of type A agents is
equal to the aggregate productivity Z(st). The productivity of type B agents is Z(st)θ,
where θ > 1 is their productivity relative to type A agents. Type B agents are thus
always more productive than type A agents.

The allocation consists of consumption and hours worked for each type, {ci
t(s

t), ni
t(s

t)}
for i = A, B. The allocation must be feasible,

αcA
t (s

t) + (1 − α)cB
t (s

t) + Gt(st) ≤ Zt(st)
[
αnA

t (s
t) + (1 − α)θnB

t (s
t)
]

∀st ∈ St+1. (1)

The preferences of type A agents will differ in the three examples, and the formal
representation of type A’s lifetime utility VA

0 (s0) is presented in the respective sections
below. Preferences of type B agents are, on the other hand, standard and common in all
three examples:

VB
0 (s0) = (1 − β)

∞

∑
t=0

∑
st

βtπt(st)U
(

cB
t (s

t), nB
t (s

t)
)

.

The preferences of type B agents are a special case of the Epstein-Zin preferences
with zero aversion toward utility risk and infinite elasticity of intertemporal substitution
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in utilities. The period utility is

U(c, n) = ln c − n1+η

1 + η
, η > 0.

I follow a standard Mirrlees information structure where the agent’s type and hours
worked are the agents’ private information, while consumption and income are publicly
observable. The incentive constraint requires that both types prefer their allocation to the
allocation of the other type. Given that type B agents have higher relative productivity, I
will restrict attention to situations where only the incentive constraint on type B agents
binds:

(1 − β)
∞

∑
t=0

∑
st

βtπ(st)U
(

cB
t (s

t), nB
t (s

t)
)
≥ (1 − β)

∞

∑
t=0

∑
st

βtπ(st)U
(

cA
t (s

t),
nA

t (s
t)

θ

)
. (2)

The social planner assigns a relative Pareto weight λ ≥ 0 to the type A agent, suffi-
ciently large so that the planner wants to redistribute from type B agents toward type A
agents. The planning problem is

max
cA,nA,cB,nB

λVA
0 (s0) + (1 − λ)VB

0 (s0) s.t. (1) and (2). (3)

Marginal tax rates. The optimum always features zero distortions of the type B agents
for well-known reasons. We characterize the solution in terms of the marginal tax rates
faced by type A agents in each period and state,

τA
t (st) = 1 +

UA
nt(s

t)

UA
ct (st)

1
Zt(st)

.

It can be shown that in all three examples, the marginal tax rate satisfies a common
formula

τA
t (st) =

κ(1 − ϕ)

λt(st)− κϕ
, ϕ = θ−1−η, (4)

where κ is the Lagrange multiplier on the incentive constraint (2) and λt(st) represents
the relative Pareto weight of type A agents after a given history st. The fact that first-
best allocations with recursive preferences can be represented by time-varying Pareto
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weights is well-known from the existing literature (Anderson (2005)). Here, the same
notion is extended to the second-best economy. If type A agents had standard time-
additive preferences as well, λt(st) would be a constant, and the marginal tax rates
would likewise be constant across time and states. Any variations below are then due
to preference heterogeneity. The three examples differ in how the relative Pareto weight
λt(st) responds to the aggregate shocks.

It is clear from (4) that the movement of the marginal tax rates is inversely related
to the movement of the Pareto weight λt(st). The intuition is the following. The ratio
p = κ/λt(st) is the shadow price of the informational rent, which in this case is a
constant ϕ. A higher Pareto weight decreases the shadow price p since the incentive
constraint becomes less relevant. Paying out the informational rent is less costly, and the
need to distort type A’s allocation decreases.

Transfers. By putting no restrictions on lump-sum transfers, the environment features
Ricardian equivalence and the indeterminacy of the optimal debt management plans.
This is in stark contrast to the representative agent Ramsey models. The indeterminacy
is also stronger than in the heterogeneous agent Ramsey models (Werning (2007)) be-
cause assuming that low-income people are hand-to-mouth and are fully excluded from
the asset markets is insufficient to determine the optimal government debt. With non-
linear income tax, even this assumption does not suffice to uniquely determine the asset
holdings of high-income people and the government debt. Therefore, I focus only on the
transfers to type A agents under the hand-to-mouth assumption.

2.1 Example 1: Differences in Risk Aversion

Low productivity type A agents have infinite intertemporal elasticity of substitution in
utilities but, at the same time, infinite aversion toward utility risk. Their preferences are

VA
t (st) = (1 − β)U

(
cA

t (s
t), nA

t (s
t)
)
+ β min

{
VA

t+1(s
t+1)

}
.

The optimum requires that VA
t+1(s

t, st+1) is independent of the next period shock st+1,
and so the lifetime utility must satisfy

VA
t (st−1) = (1 − β)U

(
cA

t (s
t), nA

t (s
t)
)
+ βVA

t+1(s
t) ∀st ∈ St+1. (5)
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Equation (5) implies that current and continuation utility changes are inversely re-
lated since they must sum to a value independent of the current shock. A reasonable
conjecture is that an adverse aggregate shock (either low productivity or high govern-
ment spending) will decrease the current utility of the A agent, but his continuation
utility will increase. Working backwards, equation (5) defines VA

0 (s0) in the planning
problem (3).

The stochastic process for λt satisfies two properties. First, its initial value equals the
Pareto weight of the type A agents λ. Second, λt(st) follows a random walk:

λt(st) = ∑st+1
π(st+1|st)λt+1(st+1). (6)

The social planner keeps the expected value of λt constant over time, in expectation,
because both types of agents have identical intertemporal elasticity of substitution. How-
ever, it does not keep the value of λ constant across states. This is because type A agents
are infinitely risk averse, and the social planner maintains an identical lifetime utility
across states. The random walk property implies that changes in the Pareto weights are
permanent. As we shall see, this is the opposite pattern of what’s optimal if type A
agents have zero IES instead of infinite risk aversion.

Given that the Pareto weights follow a random walk, it follows immediately from
Jensen’s inequality that taxes on type A agents have an upward drift:

τt(st) < ∑st+1
πt(st+1|st)τt+1(st+1) ∀st.

While marginal taxes themselves have an upward drift, it is easy to see that the
inverse of marginal taxes follows a random walk. The random walk component has
an interesting analog in the dynamic Ramsey literature under incomplete markets. In
that case, the random walk comes from the Ramsey planner’s inability to issue state-
contingent claims and equalize the marginal cost of collecting taxes across states. In
contrast, the model in this section features complete markets, but type A agents are
unwilling to transfer utility across states.
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2.2 Example 2: Differences in IES

Low productivity type A agents have zero intertemporal elasticity of substitution in
utilities and zero aversion toward utility risk. Their preferences are

VA
t (st) = min

{
U
(

cA
t (s

t), nA
t (s

t)
)

, ∑
st+1

π(st+1|st)VA
t+1(s

t+1)

}
.

The optimum requires that the two terms on the right-hand side are equalized. This
yields VA

t (st) = U
(
cA

t (s
t), nA

t (s
t)
)
, and in turn,

U
(

cA
t (s

t), nA
t (s

t)
)
= ∑

st+1

π(st+1|st)U
(

cA
t+1(s

t+1), nA
t+1(s

t+1)
)

∀st. (7)

It is now the period utility of the type A agents that follows a random walk. Unlike
in the previous example with the infinite risk aversion, a decrease in the current utility
is not expected to be compensated by an increase in the continuation utility; quite to the
contrary, the expected continuation utility decreases just as much.

The relative Pareto weights λt(st) no longer start at λ or follow a random walk.
Instead, the implicit Pareto weights exhibit history dependence in the following sense.
For any infinite history s∞, the Pareto weights must sum to the unconditional Pareto
weight λ:

(1 − β)∑∞
t=0 βtλt(st) = λ ∀s∞ ∈ S∞. (8)

Any change in the implicit Pareto weight today must be met with future changes
in the opposite direction. Moreover, given that the future values are discounted, the
off-setting change, or the sum of off-setting changes, must be larger in absolute value.
To understand, consider an unexpected adverse shock today. It will increase the Pareto
weight of agent A because it is easier to decrease agent B’s utility: unlike agent A’s
utility, the decrease can be compensated in the future. But, to compensate agent B, the
Pareto weight of agent A must decrease in the future.

The optimal marginal tax rates continue being determined by (4) and so inherit the
off-setting property of the implicit Pareto weights. An adverse shock is expected to
decrease the marginal taxes on type A today but increase them in the future.
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2.3 Example 3: Differences in IES and Risk Aversion

I now modify the preferences of type A agents so that, in addition to infinite aversion
toward utility risk, they have zero intertemporal elasticity of substitution in utilities.
Their preferences are

VA
t (st) = min

{
U
(

cA
t (s

t), nA
t (s

t)
)

, min
{

VA
t+1(s

t+1)
}}

,

which is equivalent to requiring that type A agents have a constant period utility not
only across states but also across time:

U
(

cA
t (s

t), nA
t (s

t)
)
= VA ∀t, st ∈ St+1

for some lifetime utility value VA. Unlike the two previous examples, the dynamics
in the lifetime utility of type A is fully eliminated. This makes the solution similar to
the solution to a Ramsey problem under complete markets (Lucas and Stokey (1983)):
conditional on the Lagrange multiplier on the incentive constraint and the utility of type
A agent, the optimal allocations and taxes are only a function of the current aggregate
shocks G and Z, and thus inherit their stochastic properties.

Notably, the stochastic nature of the optimal allocation is inherited by the implicit
Pareto weights of type A, which can be written as λt(st) = λ̃(Zt(st), Gt(st)), for some
function λ̃, and by the optimal marginal tax rates τA

t (st) = τ̃A (Zt(st), Gt(st)
)

for some
function τ̃A.

2.4 A numerical example

I compute the optimum in a simple T period economy with aggregate productivity risk.
I set T = 5. The aggregate productivity is Z(s0) = 1 in the first period, while Zt(st) is an
iid random variable taking three possible values: 0.9 (recession), 1.0, and 1.1 (expansion)
with equal probability. Both agents have an equal share in the population (λ = 0.5), type
B agents are 40 percent more productive (θ = 1.4), and the Frisch elasticity of labor is
0.5 (η = 2). The Pareto weight α is set so that the initial period marginal tax rate is 40
percent.

Figure 1 compares the optimal marginal tax rates and transfers in an economy with
standard time-additive preferences and in the three extreme economies above. In the
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Figure 1: Panel (a): marginal tax rates on type A agents. Panel (b): Transfers to type A
agents as a fraction of income. Infinite RA, zero IES, or a combination of both refers to
preferences of type A agents.

depicted scenario, there is a temporary low productivity shock in period 1, followed by a
return to the average productivity from period two. As the grey line shows, the optimal
marginal tax rates and transfers are constant across time and states under standard
preferences.

The left panel shows that, in all three examples, marginal tax rates on type A agents
decrease on impact as the Pareto weight of type A agent increases. They decrease more
under zero IES than under infinite risk aversion, and most under both zero IES and
infinite risk aversion, where both forces are combined. However, the three extreme
economies differ in their future responses to the current shock. Persistency in the Pareto
weights under infinite risk aversion leads to a persistent decline in the marginal tax rates
that only slowly increase. With zero IES, future Pareto weights of type A must decrease,
leading to lower marginal tax rates. With infinite risk aversion and zero IES, both forces
offset each other; marginal taxes are a function of only the current state, and they revert
to their initial period level immediately after the shock disappears.

The right panel of Figure 1 shows the optimal transfers to type A under the hand-to-
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mouth assumption. The transfers are defined as a ratio of consumption to income minus
one. The figure shows that average transfers follow the opposite pattern of the marginal
tax rates. This is expected since the high relative Pareto weight of type A agent indicates
both low marginal tax rates through the optimal tax formula and, directly, relatively high
consumption and high transfers.

Government Spending Shock. A similar analysis can be made concerning an increase
in government spending instead of aggregate productivity. Regarding the response of
marginal tax rates, the results are qualitatively similar to the ones in Figure 1. A tem-
porary increase in government spending increases the relative Pareto weight of type A
agents and reduces their marginal taxes. The subsequent dynamics again has an oppo-
site sign for infinite risk aversion and zero IES, and when working together, they cancel
each other. Other scenarios perform similar dynamics. The dynamics of transfers dif-
fers, however. A temporary increase in government spending always reduces transfers
to type A agents, although the reduction is relatively mild under zero IES and under
both zero IES and infinite risk aversion.

2.5 On the importance of commitment

The dynamics of the optimal marginal taxes when type A people have either infinite risk
aversion or zero IES (but not both) show that the optimal policy depends on the history
of one’s income, and the tax function must take the form Tt = Tt(yt): in both cases
the optimal tax and transfer policies cannot be simply represented as a function of the
current income of the agent, and cannot be recovered if the government has no commit-
ment. If type A agents have both infinite risk aversion and zero IES, then commitment is
still important, but the argument is more subtle because the optimal policy now happens
to be a function of only the current aggregate state. To see this, consider policies that do
not allow for dependence on past incomes because the government cannot keep track of
past shocks. Similarly to Kapička (2006), such a problem can be written as one where
the agents are allowed to reconsider their report in each period and state and where the
incentive constraint breaks down to a sequence of period incentive constraints

uB
t (s

t) ≥ U
(

C
(

VA, nA
t (s

t)
)

,
nA

t (s
t)

θ

)
∀st.
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Since the type A agent must maintain a period utility VA across state and time, the
period utility of type B agent, uB

t (s
t) must be increasing in the current productivity

shock, and decreasing in the current government spending shock. Consequently, the in-
centive constraints will only bind under the most adverse shock and be slack otherwise.
The optimum will then feature zero marginal taxes on type A agents in all states except
for the worst one.

3 The Model

I now consider a full version of the problem where both agents have general recursive
preferences. I will formulate the problem in a continuous time. The logarithm of the
aggregate productivity zt follows the Ornstein-Uhlenbeck process

d ln zt = ζ(µ − ln zt)dt + σdBt, (9)

σ is the volatility of the stochastic process, µ determines its level, and ζ is the mean
reversion parameter. The level parameter µ is set so that the mean of the productivity
shock is one. In what follows, I will represent the stochastic process for z as a diffusion
in the form dzt = µz(z)dt + σz(z)dBt, with µz(z) = ζ(µ − ln z) + σ2/2 and σz(z) = σz.

As in the examples above, there are two types of agents, A and B, with measures
α and 1 − α, and they differ in their relative productivity and preference parameters.
The productivity of type A agent is normalized to equal the aggregate productivity zt.
Type B agents are more productive, with productivity ztθ, where θ > 1 is the relative
productivity of the two types. The value of θ is constant across time and states, which
rules out relative productivity changes over time and business cycles.1

For simplicity, I set the government consumption G(z) as a function of the current
state z. The aggregate resource constraint requires that aggregate consumption cannot
exceed aggregate production,

αcA
t + (1 − α)cB

t + G(z) ≤ zt

[
αnA

t + (1 − α)θnB
t

]
. (10)

The two types of agents A and B have an instantaneous utility function U(ct, nt),
where ct ≥ 0 is consumption and nt ≥ 0 are hours worked. The utility function U is

1I do so to isolate the role of preference heterogeneity. It is easy to relax this assumption.
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common to both types of agents, increasing and concave in the first argument, decreasing
and concave in the second argument, and twice differentiable.

The two types of agents differ in their recursive utility aggregator f i(Ut, Vt), i = A, B,
that aggregates the instantaneous utility Ut = U(ct, nt) and the lifetime utility Vt of
the agent. The function f i takes the Duffie-Epstein-Zin constant intertemporal elasticity
form (Duffie and Epstein (1992a,b)),

f i(U, V) =
δ

1 − ρi

[
(1 − γi)V

] ρi−γi

1−γi

[
U1−ρi −

[
(1 − γi)V

] 1−ρi

1−γi

]
.

The parameter γi represents the relative risk aversion of type i, while 1/ρi is the in-
tertemporal elasticity of substitution in utilities.2 Both agents have a common discount
rate δ. Expected utility is recovered if γi = ρi, in which case f i = δc1−ρi

/(1 − ρi)− δV.
The lifetime utility of the agents is represented by a recursion

Vi
t = Vi

0 + Et

[∫ ∞

s=t
f i(Ui

s, Vi
s ) ds

]
, i = A, B, (11)

where Ui
t = U(ci

t, ni
t) is the instantaneous utility of type i.

For this paper, it will be easier to work with an alternative representation of the
recursive utility, the stochastic variational utility, due to Geoffard (1996) and Dumas
et al. (2000). Unlike recursive utility, maintains additive separability in preferences but
has a future discounted by a stochastic discount rate that is endogenous. As shown by
Dumas et al. (2000), the stochastic variational utility represents the lifetime utility Vi

t as
a solution to the following maximization problem:

λi
tV

i
t = min

νi∈D
Et

[∫ ∞

s=t
λi

sFi
(

Ui
s, νi

s

)
ds
]

s.t. dλi
s = −νi

sλ
i
sds, (12)

for some instantaneous felicity function Fi, where νi
s is the discount rate, D is a space

of all stochastic discount rate processes, and λi
0 = 1. The stochastic process λi

t is the
discount factor and is related to the discount rate νi

t through the differential equation in
the constraint.

2One needs to distinguish between an intertemporal elasticity of substitution in utilities and an in-
tertemporal elasticity of substitution in consumption, which depends on the function U and will, in gen-
eral, be different.

15



The felicity function Fi calculates the contribution of the instantaneous utility Ut to
the lifetime utility given the instantaneous discount factor νt. For the felicity function for
the Duffie-Epstein-Zin preference class, the felicity function has a closed-form expression

Fi (U, ν) = δ
U1−γi

1 − γi

(
1 − γi − (1 − ρi) ν

δ

ρi − γi

) γi−ρi

1−ρi

. (13)

If γi = ρi, the felicity function becomes a CRRA utility Fi = δU1−γi
/(1 − γi) and, in

addition, the discount rate that solves (12) becomes a constant equal to δ.

As in the introductory examples, the agent’s type is defined by their productivity,
relative risk aversion, and intertemporal elasticity of substitution. The agent’s type and
hours worked are the private information of the agents, while consumption and income
are publicly observable. The incentive compatibility constraint requires that both types
prefer their allocation to the allocation of the other type. Since type B agents have higher
relative productivity, I will again restrict attention to situations where only the incentive
constraint on type B agents binds. To that end, define the utility of a type B agent from
an allocation of a type A agent as

λ̂B
t V̂B

t = min
ν̂B∈D

Et

[∫ ∞

s=t
λ̂B

s FB
(

ÛB
s , ν̂B

s

)
ds
]

s.t. dλ̂B
s = −ν̂B

s λ̂B
s ds, (14)

where λ̂B
0 = 1 and ÛB

t = U
(
cA

t , nA
t /θ

)
, is the instantaneous utility of the deviating

agent. The expression for the instantaneous utility reflects that type B agents must only
work nA

t /θ hours to produce what type A agent produces. The incentive compatibility
constraint requires

VB
0 ≥ V̂B

0 . (15)

I will characterize the social planner’s problem analogously to Dumas et al. (2000),
with the main difference being that my problem is a second-best problem and includes
the incentive constraint, while theirs is a first-best problem. The social planner assigns a
Pareto weight λi ≥ 0 to the type i agent. The Pareto weight is assumed to be sufficiently
large that the planner wants to redistribute from type B agents toward type A agents.
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The planning problem then chooses an allocation x = {cA, nA, cB, nB} to solve

W∗
0 = max

x
λAVA

0 + λBVB
0 s.t. (10) and (15).

I separate the social planner’s problem into two stages. In the first stage, the value
of the Lagrange multiplier on the incentive constraint (15) is taken as given. Let κ be
that value. After substituting the lifetime utilities from (12), the social planner’s value
function W(λA, λB, κ, z0) is

W0(λ
A, λB, κ, z0) = max

x
min

νA,νB,ν̂B
E0

∞∫
s=0

[
λA

s F
(

UA
s , νA

s

)
+ λB

s F
(

UB
s , νB

s

)
− λ̂B

s F
(

ÛB
s , ν̂B

s

)]
ds

subject to the resource constraint (10), the laws of motion for the discount factors,

dλi
s = −νi

sλ
i
sds, i = A, B

dλ̂B
s = −ν̂B

s λ̂B
s ds,

the initial conditions λA
0 = λA, λB

0 = λB + κ, and λ̂B
0 = κ, and the discount rate processes

belonging to D. Note that the initial conditions for the stochastic discount factors are
conveniently scaled by the initial Pareto weights λA and λB, as well as by the Lagrange
multiplier on the incentive constraint κ and, in addition, that λB

0 is a sum of the Pareto
weight and the Lagrange multiplier on the incentive constraint.

In the second stage, the social planner looks for the value of the Lagrange multiplier
κ such that the incentive constraint (15) holds with equality. In what follows, I will char-
acterize the first-stage problem recursively and derive its implications for an arbitrary
value of κ. The second-stage problem will be solved numerically in the quantitative
section.

3.1 Recursive formulation

Given that preferences are recursive and the productivity process is a diffusion, the
planning problem can be characterized recursively. The value function W(λA, λB, κ, z)
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satisfies the following Hamilton-Jacobi-Bellman equation:

0 = max
x

min
νA,νB,ν̂B

{
λA
[

FA
(

UA, νA
)
− νAWλA

]
+ λB

[
FB
(

UB, νB
)
− νBWλB

]
− λ̂B

[
FB
(

ÛB, ν̂B
)
+ ν̂Wλ̂B

]
+ µz(z)Wz +

σz(z)2

2
Wzz

}
(16)

subject to (10), where WλA , WλB , Wλ̂B , Wz and Wzz are partial derivatives of the value
function. The recursive formulation is similar to Borovička (2019), again with the main
technical difference being that between a first-best and second-best problem.

The first three arguments of the value function represent the weights of the two
agents and the deviating agent. This suggests that the value function is homogeneous of
degree one in the three weights. This is indeed the case:

Proposition 1. The value function satisfies for any λA ≥ 0, λB ≥ 0, λ̂B ≥ 0 and z ≥ 0,

W(λA, λB, λ̂B, z) = (λA + λB − λ̂B)W

(
λA

λA + λB − λ̂B
,

λB

λA + λB − λ̂B
,

λ̂B

λA + λB − λ̂B
, z

)
.

Proof. See Appendix A.

Using the homogeneity property, we define the value function in its intensive form
as

w(λ, κ, z) = W(λ, 1 − λ + κ, κ, z),

where the normalized state variables are

λ =
λA

λA + λB − λ̂B
, κ =

λ̂B

λA + λB − λ̂B
.

The intensive form value function is a function of two endogenous state variables, λ,
which has the usual interpretation as the time-varying normalized Pareto weight of type
A, and κ, which has a novel interpretation as a time-varying Lagrange multiplier on the
incentive constraint. The state variables have a law of motion

dλ = λ
[
(1 − λ)(νB − νA) + κ(νB − ν̂B)

]
(17)

dκ = κ
[
λ(νA − νB) + (1 + κ)(νB − ν̂B)

]
. (18)
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The Pareto weight of type A will increase not only if type A is momentarily more
patient than type B (νA < νB) but also if the deviating type B is more patient than the
truthtelling type B (ν̂B < νB). The latter inequality signals that the allocation provided
to the type A agent tends to tighten the incentive constraint, and the social planner
responds by lowering the Pareto weight for the type A agent.

The lifetime utilities of the agents are not explicit in this formulation of the social
planner’s problem but can be inferred indirectly once the value function is known. The
lifetime utilities of the two types and of the deviating B agent are VA = w + (1− λ)wλ −
κwκ, VB = w − λwλ − κwκ, and V̂B = w − λwλ − (1 + κ)wκ.

Rewriting (16) in terms of w and regrouping terms yields the following intensive-
form HJB equation:

0 = max
x

min
νA,νB,ν̂B

{
λFA

(
UA, νA

)
+ (1 − λ + κ)FB

(
UB, νB

)
− κFB

(
ÛB, ν̂B

)
−
[
λνA + (1 − λ + κ)νB − κν̂B

]
w + λ

[
−(1 − λ)νA + (1 − λ + κ)νB − κν̂

]
wλ

+ κ
[
λνA + (1 − λ + κ)νB − (1 + κ)ν̂

]
wκ + µz(z)wz +

σz(z)2

2
wzz

}
(19)

subject to the resource constraint (10). From now on, the HJB equation (19) is the main
object of interest. It will now be characterized qualitatively and quantitatively, and its
implications for the optimal marginal tax rates will be studied.

3.2 Efficient Allocations and Taxes

The planner’s decision consists of three choices: allocating consumption across types,
allocating consumption and hours for a given type, and choosing the discount rates for
each type. For the sake of brevity, I focus on the first two choices.3 Consumption sharing
across types is determined by the following conditions:

α

1 − α
(1 − λ + κ)

FB
u

FA
u

UB
c

UA
c

= λ − κ
F̂B

u
FA

u

ÛB
c

UA
c

. (20)

In a first-best allocation, κ would be zero, and the sharing rule would equate Pareto-
weighted marginal utility of consumption Fi

uUi
c across types. With private information,

3Discounting is important because it determines how the Pareto weight λ and Lagrange multiplier on
the incentive constraint κ changes, according to their law of motion (17) and (18).
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the left-hand side of (20) is depressed, and the marginal rate of substitution for type A is
increased relative to type B; that is, consumption of type A is decreased relative to type
B to relax the incentive constraint.

To characterize the intratemporal allocation for each type, and the distortions gener-
ated in the planning problem, define the intratemporal wedge for each type by4

τA = 1 +
UA

n
UA

c

1
z

, τB = 1 +
UB

n
UB

c

1
zθ

.

Then, in the optimum, τA and τB are equal to

τA =

κ
λ

F̂B
u

FA
u

(
ÛB

c
UA

c
− ÛB

n
UA

n

1
θ

)
1 − κ

λ
F̂B

u
FA

u

ÛB
n

UA
n

1
θ

, τB = 0. (21)

As usual, type B is undistorted (no distortion at the top), and type A is distorted
downwards. The expression for τA shows two potential sources of dynamics. The first
one is the information rent. The informational rent is represented in (21) by two terms:
ϕn = ÛB

n /UA
n /θ, and ϕc = ÛB

c /UA
c . The first term ϕn is standard. Keeping other things

equal, higher values of ϕn will be associated with lower marginal tax rates because the
informational rent is larger, so redistributing is more costly. The distinct appearance of
the term ϕc reflects the nonseparability of preferences between consumption and hours
worked, inherent with the Duffie-Epstein-Zin preference class: With separable prefer-
ences, ϕc is always equal to one. A higher value of ϕc will increase the marginal tax
rate because it increases the marginal utility of consumption of the deviating agent and
tightens the incentive constraint. In the optimal tax formula (4) from the introductory
examples, ϕn was equal to a constant ϕ, while ϕc was equal to one.

The second source of dynamics in τA comes from the term

p =
κ

λ
× F̂B

u
FA

u
.

While ϕn and ϕc represent the informational rent in current utils, one can think of p as
a time-varying shadow price for the planner’s informational rent. If the shadow price of
the informational rent increases, it is more beneficial for the social planner to reduce it by

4I will loosely refer to the intratemporal wedges as marginal taxes later on.
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distorting the allocation for type A, and the marginal tax rate increases. With standard
time-additive preferences, κ and λ are constant, while F̂B

u and FA
u are equal to one, so p

is a constant.
The shadow price p consists of two terms. Changes in the ratio κ/λ reflect the time-

varying importance of the incentive constraint relative to type A’s Pareto weight. It
follows from the laws of motion (17) and (18) that changes in the ratio reduce to a very
simple expression:

d
( κ

λ

)
=

κ

λ

(
νA − ν̂B

)
.

Thus, only the difference between the discount rate of the deviating type B and type
A matters for the dynamics of κ/λ. If the instantaneous discount rate of the deviator
is higher than that of the type A, then the shadow price of the informational rent will
decrease. To put it differently, the distortions will be gradually relaxed in times when
the deviator discounts more than type A because they will be less helpful in alleviating
the pressure from the incentive constraint (15).5

At first sight, the idea that an increase in λ decreases distortions is counterintuitive.
In a static Mirrlees model, an increase in the Pareto weight of the low type typically
tightens the incentive constraint due to an increased desire to redistribute and leads to
a corresponding increase in its Lagrange multiplier. In this model, the link between the
instantaneous values of λ and κ is weaker because one can intertemporally rearrange
their values without affecting how the incentive constraint binds ex-ante (i.e., for a given
initial value κ0).

Since the term κ/λ has no instantaneous volatility, it will be characterized by lower
frequency movements. In contrast, the second term F̂B

u /FA
u will impact the marginal tax

rate instantaneously. The movements in this ratio come from the changes in the marginal
values of the deviator’s instantaneous utility ÛB relative to the truthteller’s utility UA.
A low value of the deviator’s utility represents times when the informational rent is not
very important and can be paid without affecting the incentive constraint too much.

The next proposition shows conditions under which none of the dynamic forces in
(21) is active, and the intratemporal wedge is constant across time and states:

Proposition 2. Suppose that U(c, n) = cϕ(n) and G(z) = Ḡz. If γA = γB and ρA = ρB, then
the intratemporal wedge τA is constant across time and states.

5To see an extreme example of this principle, consider a two-period discrete-time economy, where type
B has a discount factor β equal to zero. Then, it makes no sense to distort the allocation in the second
period because the second-period allocation does not enter the incentive constraint at all.
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Proof. See Appendix A.

The joint assumptions about the instantaneous utility function, the government con-
sumption function, and homogeneous preferences ensure that the optimal consumption
allocation for both types is proportional to the aggregate productivity shock and that
hours worked are independent of the productivity shock. This, in turn, ensures two
things: first, the instantaneous discount rates of both types and the deviator are always
equal (although state-dependent), and so both λ and κ are constant. Second, the as-
sumptions ensure that the informational rent is constant as well. Taken together, the
intratemporal wedge must be constant as well.

4 Quantitative Results

I calibrate the model to the postwar United States, specifically the 1947-2012 period. One
unit of time corresponds to a quarter. All parameters are summarized in Table 1.

The parameters σ and ζ of the Ornstein-Uhlenbeck (9) are calibrated to match quar-
terly standard deviation and autocorrelation of detrended US log labor productivity for
the 1947-2012 time period. I measure labor productivity by the output per hour in the
nonfarm business sector for all workers, as reported by the BLS, and linearly detrend log
productivity. This detrended log labor productivity has standard deviation Std = 0.018
and autocorrelation Corr = 0.975, which translates to Ornestein-Uhlenbeck parameters
ζ = − ln(Corr) = 0.025 and σ =

√
2ζ Std = 0.004. The parameter µ = −σ2/(4ζ) then

normalizes the level of productivity to one. Government consumption is set to be 16% of
steady-state output in the calibrated economy, independently of the current productivity,
based on NIPA data.6

I set α, the fraction of type A agents in the population, to be 0.8. While this fraction
is somewhat arbitrary, I chose this value so that the fraction high productivity agents
1 − α loosely corresponds to the fraction of shareholders in the population. The relative
productivity of type B, θ, is then chosen to match the ratio of labor earnings of top-20%
and bottom-80% of the population. The ratio of labor earnings is computed from Table
I of Kopczuk et al. (2010) and equals 4.232.

6Because government consumption is not proportional to labor productivity, Proposition 2 does not
apply and marginal taxes are not constant even under preference homogeneity. However, the fluctuations
in the optimal marginal taxes coming from G being constant are quantitatively negligible.

22



Table 1: Model Parameters

parameter value target

ζ 0.025 autocorrelation of US log labor productivity, 1947-2012
σ 0.004 standard deviation of US log labor productivity, 1947-2012
G 0.24 gov’t consumption to output ratio of 0.16, NIPA
α 0.8 exogenously set
λ 0.932 steady-state average marginal tax rate of 0.294
θ 4.232 20-80 relative earnings, Kopczuk et al. (2010)
η 2 Frisch elasticity of 0.5
δ 0.005 2% annual interest rate
ρA 20 exogenously set
γA 10 exogenously set
ρB 4.667 annual risk-free rate 1.52%, Gârleanu and Panageas (2015)
γB 2.773 B-to-A ratio of the standard deviation of log consumption of 2.57

The Pareto weight λ is set as follows. I compute a steady-state version of the planning
problem for the economy and choose λ so that it is optimal to have the average marginal
tax rate in the economy equal to the 1947-2012 average, which is 0.294 based on the
data in Mertens and Olea (2018). This produces λ = 0.932. Since λ > α, the planner
puts more weight on the type A agents than their population share would dictate. The
procedure for finding the Pareto weight follows Heathcote and Tsujiyama (2021), and it
allows the analysis to separate the cyclical fluctuations in the marginal tax rates from
changes in their level that would otherwise be present.

The utility function is assumed to be of the type specified in Proposition 2:

U(c, n) = ce−
n1+η

1+η .

I set η = 2, which corresponds to the Frisch elasticity of labor one half. The instanta-
neous discount rate δ is set to 0.005, which yields a 2% annual discount rate.

The preference parameters of the A type are set exogenously: the elasticity of in-
tertemporal substitution is set to 0.05, which yields ρA = 20. This is consistent with the
empirical evidence that shows that the intertemporal elasticity of substitution is close
to zero for nonstockholders (Vissing-Jørgensen (2002), Guvenen (2006)). I set the risk
aversion of type A agents to γA = 10. This value is a standard upper bound used in
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the literature; see Mehra and Prescott (1985). Both parameters are roughly in line with
the existing literature: Guvenen (2009) for example sets ρA = 10 and γA = 6 (common
to both types) for the bottom 80 % of the population, while Gârleanu and Panageas
(2015) set precisely the same parameters as this paper, although for the bottom 99% of
the population.

For type B, the preference parameters are calibrated. To do so, I compute a competi-
tive equilibrium for an otherwise identical economy, where all agents face a flat marginal
tax rate of 0.294, based on the calibration above. The details are provided in Appendix
B. I then choose ρB and γB to match two targets. The first one is the average annual
risk-free rate of 1.52%, a 1947-2012 average real return on 6-month commercial paper,
as reported by Shiller (1992).7 The second target is the ratio of the volatility of log con-
sumption for type B and type A agents. Based on the Consumer Expenditure Survey,
Malloy et al. (2009) estimate the volatility of stockholders and nonstockholders to be 3.6
and 1.4. Thus, the target ratio is set at 2.57.8 I compute the respective statistics in the
model as a population average over the first 66 years, corresponding to the 1947-2012
period. The procedure yields ρB = 4.667 and γB = 2.773. That is, type B agents have
intertemporal elasticity of substitution of 0.214.

To compute the social planner’s problem (19), I discretize the state space in all
three dimensions, with 70 equispaced gridpoints for λ ∈ [0, 1], 40 equispaced grid-
points for κ ∈ [0, κ̄] for κ̄ sufficiently large, and 21 equispaced gridpoints for ln z ∈
[µ − 3σ/

√
2ζ, µ + 3σ/

√
2ζ]. Following Achdou et al. (2021), I compute the HJB equation

(19) using the upwind finite difference scheme. The distorted first-best problem used
in the calibration is computed similarly. I also use the Kolmogorov forward equation to
compute the evolution of the distribution and, subsequently, the average risk-free rate
and volatility of log consumption. In all computations, I choose the time step dt = 0.01;
one time step thus represents less than one day.

4.1 What drives the optimal marginal tax rate?

The optimal allocation exhibits cyclical fluctuations in response to the productivity shock,
but also a nonzero trend since both κ and λ are not necessarily stationary. The left panel

7Updated data are at, http://www.econ.yale.edu/~shiller/data/chapt26.xls.
8The literature typically estimates the volatility of consumption growth. However, the volatility ratio

of log consumption and consumption growth in thisd model are almost identical.
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Figure 2: Panel (a) shows the dynamics of λt and κt in the absence of TFP shocks. Panel
(b) shows the response to one standard percent TFP increase relative to the trajectory in
(a).

of Figure 2 shows, however, that the trend is quantitatively negligible: in the absence of
any TFP shock, λ decreases by only about 1% over 100 years, while κ increases by about
2.5 % over the same period. As the left panel of Figure 3 shows, this secular increase
in the shadow price of the informational rent translates into a negligible increase of the
marginal tax rate τA from 0.307 to less than 0.31. Thus, while theoretically possible, the
trend movements are unimportant for the quantitative results.

The right panels of Figures 2 and 3 show the optimal response to a one percent
increase in productivity z. The right panel of Figure 2 shows that κ and λ decrease
following the shock relative to the no-shock trend. The value of κ, however, decreases
more. As a result, the ratio κ/λ, which is relevant for the optimal tax, also decreases.
One can infer from Figure 2 that κ/λ is U-shaped, reaches a through after about 25 years,
and then very gradually increases back to the original trend from the left panel of Figure
3. The magnitude of its change is minor: at its trough, the value of the ratio declines
only 0.6 percent.

The marginal tax rate increases substantially on impact by about 7 percent. Given
that the marginal tax rate was 30.8 percent in the absence of the shock, a one percent
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Figure 3: Panel (a) shows the dynamics of τA
t in the absence of TFP shocks. Panel (b)

shows the response to a one percent TFP increase relative to the trajectory in (a).

productivity shock increases the marginal income tax by 2.2 percentage points. The
marginal tax rate declines immediately after the shock, but the response is not monotone.
The right panel of Figure 3 shows that the marginal tax rate "overshoots" the trend
path and declines below after about 25 years, with a very gradual return to the trend
afterward from below (barely visible in the figure spanning 100 years). The overshooting
is quantitatively small, by about half a percent at its maximum.

To understand the response of the marginal tax rate τA
t , it is useful to separate the

instantaneous response to the shock when κ and λ are fixed and a dynamic response
where κ and λ adjust. Consider first the instantaneous response. In a first-best econ-
omy, an increase in productivity would increase consumption of both types to keep the
marginal rate of substitution in consumption unchanged, although it would increase it
more for the type B agent. Importantly, an increase in consumption of agent A increases
the shadow price of paying the informational rent p ∝ F̂B

u /FA
u , because the marginal

utility of the truthtelling agent A decreases faster than the marginal utility of the de-
viating agent.9 The social planner responds by reducing the informational rent and its

9To see this, note that it follows from (13) that F̂B
u /FA

u ∝ (cA)γA−γB
, and that γA > γB.
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Figure 4: Average marginal tax rates on bottom 90 % of the population versus US pro-
ductivity realizations. US average marginal tax rates are from Mertens and Olea (2018).

shadow price by reducing both the consumption and labor supply of type A agent. That
is, the social planner increases the marginal tax rate on type A agent. In fact, in the
optimum, consumption of type A agent turns slightly countercyclical since fluctuations
in the marginal tax rates dominate fluctuations in productivity.

The dynamic response of τA
t depends on the response of κ/λ. Since κ/λ is smaller

than one and U-shaped, the dynamic response contributes to a decline in the marginal
tax rates and is responsible for overshooting the trend path. As shown in Figure 3, if
κ/λ is kept fixed, there is no overshooting, and the marginal tax rate returns relatively
quickly to the trend path. The calibrated model is thus qualitatively similar to Example
2, where type A agents have zero intertemporal elasticity of substitution. However,
the magnitude of the dynamic response is relatively small since the marginal tax rates
overshoot the trend path only by about 0.5 percent. From this perspective, Example 3,
with no subsequent dynamics, is a decent quantitative approximation of the optimum.
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Figure 5: Time series of average marginal tax rates on bottom 90 % of the population
for a sequence of US labor productivity realizations. US average marginal tax rates from
Mertens and Olea (2018).

4.2 Optimal tax and transfer policy in the US

To characterize the optimal policy for the US economy, I feed the measured US labor
productivity for the 1947-2023 period into the model.10 The productivity time series is
shown as a thin black line in Figure 5. I compare the optimal marginal tax rates to the US
average marginal tax rates, as estimated by Mertens and Olea (2018) for the 1947-2012
period. Mertens and Olea (2018) estimate the average marginal tax rates for the bottom
90 percent of the population. To match their estimates to the model counterparts where
type A agents represent the bottom 80 percent of the population, I use the result that the
top 20 percent of the population faces zero marginal tax rate. The average marginal tax
rate on the bottom 90 percent of the population in the model is then simply 8/9 of τA

t .
This value is represented in Figures 4 to 6.

Figure 4 shows the scatterplot of the optimal marginal tax rates and compares them

10Since the data are available on a quarterly frequency while the model period dt is smaller, I assume
that the productivity shocks are constant within the quarter, and select the shock so that the overall change
in productivity over the quarter matches the data.

28



Table 2: Marginal Tax Rates: Statistical Moments

1947-2012 1947-1979 1980-2012

marginal tax rates US optimal US optimal US optimal

standard deviation 0.053 0.037 0.042 0.044 0.019 0.024
autocorrelation 0.964 0.891 0.907 0.901 0.874 0.850
correlation with zt 0.196 0.997 0.767 0.999 -0.485 0.997

to the US average marginal tax rates. The behavior of the optimal marginal tax rates
is consistent with the findings of the previous section: the marginal tax rate increases
strongly with the current productivity by approximately 2.2 percentage points for a one
percentage point increase in productivity. Overall, the optimal marginal tax rates lie
in a broad range between 18 and 35 percent. The long-run dynamics is also present
(otherwise, the blue set would be a straight line). However, it is quantitatively small:
the optimal marginal tax rate can be within a 2 percent range for a given productivity
level, but not more. The US average marginal tax rates exhibit much higher dispersion
for a given productivity level and a smaller correlation with productivity overall, but the
overall range of 13-35 percent is comparable to the range of optimal taxes.

A time series comparison in Figure 5 gives another perspective on the comparison.
The upward trajectory of the US average marginal tax rates after World War II that
continues to around 1980 is approximately optimal until the early 1970s. The increase
in the average marginal tax rates in the late 1970’s is due to inflation and bracket creep
(Mertens and Olea (2018)) and, in the absence of a strong labor productivity growth,
runs counter to the optimal tax pattern. A decrease in the average marginal tax rates
in the 1980s because of a sequence of tax reforms has been approximately optimal; the
increase in the early 1990s and a subsequent decline in the 21st century were not.

Table 2 decomposes the post-war era into two subperiods, before and after 1980,
and computes statistical moments of the average marginal tax rates. For the whole
period, the US average marginal tax rates exhibit higher volatility, substantially weaker
correlation with productivity, and a somewhat higher autocorrelation; the first two facts
were already visually evident from the scatter plot Figure 4. The pre-1980 subperiod
is, on the other hand, almost perfect from the perspective of the standard deviation
and autocorrelation. The correlation with productivity still lags behind the optimum,
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Figure 6: Decomposition of the marginal tax rate fluctuations. The line "p fixed" keeps
the shadow price of informational rent p = κ/λ × F̂B

u /FA
u fixed at average levels. The

line "only p varies" keeps all other components fixed at average levels.

but at 0.767, it is substantially higher than 0.196 throughout the whole post-war period.
The main difference between what’s optimal and the US policy comes in the post-1980
period (and especially from changes after 1990). The US average marginal tax rates
become strongly countercyclical, and the correlation with productivity is −0.485.

Figure 6 decomposes the optimal marginal tax rate into two components: changes in
the informational rent and changes in the shadow price of the informational rent. The
decomposition is striking, although not unexpected, in light of the previous discussion
of the impulse response: the shadow price of the informational rent p is almost entirely
responsible for the fluctuations of the marginal tax rate. Shutting down changes in p
isolates the role of the informational rent, and the fluctuations in the marginal tax rate
are an order of magnitude smaller. On the other hand, if one shuts down changes in the
informational rent, the resulting marginal tax rates are almost indistinguishable from
the optimal ones. The decomposition shows how important preference heterogeneity,
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Figure 7: Optimal transfers to type A, TRA
t = (cA

t − yA
t )/yA

t .

responsible for the fluctuations in p, is for the overall results.

It was already discussed in Section 2.4 that transfers are generally indeterminate
but can be uniquely determined under the assumption that type A agents are hand-
to-mouth. Figure 7 shows the transfers to type A agents TRA

t = (cA
t − yA

t )/yA
t under

this assuption. The optimal transfers are countercyclical, and their correlation with labor
productivity is −0.642. Surprisingly, their fluctuations are quantitatively small and range
only from 49% to 50.8%. This does not mean that type A agents face large fluctuations in
consumption or instantaneous utility; their fluctuations in both are very small. Instead,
the fluctuations in transfers are relatively unimportant because the procyclical changes
in the marginal tax rates already help reduce the fluctuations in period utility. To see
this, note that the intratemporal optimality condition on type A agent is cA

t (n
A
t )

η =

zt(1− τA
t ). Low values of zt are more than offset by high values of the marginal retention

rate 1 − τA
t , and the left-hand side of the expression is countercyclical. This helps the

planner to increase consumption or reduce hours (or both) in recessions.
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5 Conclusions

The paper presents several novel results, both quantitative and qualitative. Accounting
for preference heterogeneity is of first-order quantitative importance for the procyclical
fiscal policy; marginal taxes are strongly procyclical, and a one percent increase in labor
productivity above trend should increase the marginal tax rates by about 2.2 percentage
points; and the main channel through which the increase operates are fluctuations in
the shadow price of the informational rent, a novel concept that is unimportant in the
absence of preference heterogeneity. Those results obviously rest on the underlying as-
sumptions of the paper. This section discusses the assumptions and potential extensions.

The heterogeneity in productivity is deliberately restricted to two types to retain
tractability. To the extent that adding types with "intermediate" productivity preserves
the monotonicity of preferences, with lower productivity types having lower intertem-
poral elasticity of substitution and higher risk aversion, one would expect the results
to be similar, with perhaps the most significant fluctuations in the marginal tax rates
at the bottom end of the distribution. Doing so would require introducing additional
state variables, one for each type. Allowing instead for an imperfect correlation be-
tween productivity and preferences would complicate the analysis substantially due to
multidimensional private information. In addition, it would lead to somewhat unnat-
ural optimal policies, where the marginal income tax rates would depend on the de-
clared preference type. In both cases, however, properly calibrating the model would
become substantially more challenging because one would need to calibrate the correla-
tion between productivity and preference parameters. Such an exercise seems infeasible
without a deeper understanding of how preference parameters are distributed in the
population.

It is well known that detrending the aggregate productivity series is not an innocuous
procedure when the agents are heterogeneous in the intertemporal elasticity of substi-
tution because the agents exhibit varying willingness to accept a growing consumption.
The non-stationary trends, evident in Figures 2 and 3, would likely be strengthened and
would likely lead to a nonnegligible drift in the marginal tax rates. However, such forces
can be counteracted by, for example, introducing additional heterogeneity in the dis-
count rates and calibrating it to match the existing trends in consumption distribution
or simply directly counteracting the underlying trend in productivity. It is unclear how,
if at all, the resulting optimum would change.
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The assumption that low-productivity agents are hand-to-mouth pins down their
transfers but also allows us to sidestep a related important issue of how the risk-free
and risky assets should be traded among the two types. In fact, the consumption shar-
ing equation (20) implies that, in the optimum, both agents face a different stochastic
discount factor, suggesting that it would be optimal to tax or subsidize the risk-free and
risky assets in such case. The analysis of the optimal asset taxes is left for a separate
exercise.

Finally, the quantitative analysis has restricted attention to only one source of shock:
labor productivity. A more realistic exercise would allow for multiple aggregate shocks,
particularly for government consumption fluctuations. That would produce a more nu-
anced view of the optimal tax policy and would likely reduce the high correlation be-
tween the optimal marginal tax rates and productivity, possibly bringing the optimum
closer to the data. Solving such a model would require introducing a multidimensional
diffusion process for shocks and adding additional state variables, but the model’s basic
structure would be unchanged. This exercise is left for future research as well.
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Appendix

A. Proofs

A1. Solution to the Examples in Section 2

Each of the following subsections formulates the planning problem (3) specifically for
the conditions of the example and derives the results mentioned in Section 2.

Example 1. Let βtπ(st)λt(st) be the Lagrange multiplier on the promise-keeping con-
straint (5), and βtπ(st)χt(st) be the Lagrange multiplier on the resource constraint. The
Lagrangian is

L = λVA
0 (s0) + (1 − λ + κ)(1 − β)∑∞

t=0 ∑
st

βtU
(

cB
t (s

t), nB
t (s

t)
)

π(st)

− κ(1 − β)∑∞
t=0 ∑

st

βtU
(

cA
t (s

t),
nA

t (s
t)

θ

)
π(st)

−
∞

∑
t=0

∑
st

βtλt(st)
[
VA

t (st−1)− (1 − β)U
(

cA
t (s

t), nA
t (s

t)
)
− βVA

t+1(s
t)
]

π(st)

− (1 − β)
∞

∑
t=0

∑
st

βtχt(st)
[
α
(

cA
t (s

t)− Zt(st)nA
t (s

t)
)
+ (1 − α)

(
cB

t (s
t)− Zt(st)θnB

t (s
t)
)]

.

The first-order condition in VA
0 gives λ0(s0) = λ, the first property in the text. The

first-order condition in VA
t gives directly the second property (6). The no-distortion-at-

the-top property is derived by combining the first-order conditions in cB
t and nB

t . The
first-order conditions in cA

t and nA
t combined give

(
λt(st)− κ

)
UA

ct = αχt(st) (22)

−UA
nt(λt(st)− κϕ) = αχt(st)Zt(st), (23)

where the second equation uses the functional form for the period utility function to
simplify. Rearranging yields the optimal tax formula (4).

Example 2. Denote the Lagrange multiplier on the promise-keeping constraints (7) as
βt+1π(st)ζt(st). After rearranging the terms involving the promise-keeping constraints,
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write the Lagrangian as

L = (1 − λ + κ)(1 − β)
∞

∑
t=0

∑
st

βtU
(

cB
t (s

t), nB
t (s

t)
)

π(st)

+ [λ − βζ0(s0)]U
(
cB

0 (s0), nB
0 (s0)

)
+

∞

∑
t=0

∑
st

βt
[
ζt−1(st−1)− βζt(st)

]
U
(

cA
t (s

t), nA
t (s

t)
)

π(st)

− κ(1 − β)
∞

∑
t=0

∑
st

βtU
(

cA
t (s

t),
nA

t (s
t)

θ

)
π(st)

− (1 − β)
∞

∑
t=0

∑
st

βtχt(st)
[
α
(

cA
t (s

t)− Zt(st)nA
t (s

t)
)
+ (1 − α)

(
cB

t (s
t)− Zt(st)θnB

t (s
t)
)]

.

Define the implicit Pareto weights by

λ0(s0) =
λ − βζ0(s0)

1 − β

λt(st) =
ζt−1(st−1)− βζt(st)

1 − β
∀st.

Summing for each path and canceling terms yields (8). The first-order conditions
in cB

t and nB
t again produce the no-distortion-at-the-top result. Using the definition of

λt(st), the first-order conditions in cA
t and nA

t are identical to (22) and (23). Thus, the
optimal tax formula (4) applies again.

Example 3. The fact that VA is constant across time and states simplifies the planning
problem considerably. Define the consumption function C(u, n) = U−1(u, n). Using the
fact that VA is also a period utility of type A, write the Lagrangian as

L = λVA + (1 − λ + κ)(1 − β)E
∞

∑
t=0

βtU
(

cB
t (s

t), nB
t (s

t)
)

− κ(1 − β)E
∞

∑
t=0

βtU
(

C
(

VA, nA
t (s

t)
)

,
nA

t (s
t)

θ

)
− (1 − β)

∞

∑
t=0

∑
st

βtχt(st)
[
α
(

C(VA, nA
t (s

t))− Zt(st)nA
t (s

t)
)
+ (1 − α)

(
cB

t (s
t)− Zt(st)θnB

t (s
t)
)]

.
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The first-order conditions in nA
t , cB

t and nB
t are

−UA
ntκ (1 − ϕ) = αχt

(
UA

nt
UA

ct
+ Zt

)
(1 − λ + κ)UB

ct = (1 − α)χt

−(1 − λ + κ)UB
nt = (1 − α)χtZtθ.

Together with the resource constraint, they determine the optimal allocation. Since
nothing in these four equations depends directly on st, the solution takes the form
ni

t(s
t) = n̄i[Zt(st), Gt(st)] and ci

t(s
t) = c̄i[Zt(st), Gt(st)] for some functions n̄i and c̄i,

with the dependence on κ and VA being implicit. Define the implicit Pareto weight by11

λt(st) = (1 − λ + κ)
α

1 − α

UB
ct(s

t)

UA
ct (st)

+ κ. (24)

Combining the first two first-order conditions and rearranging, one obtains that the
optimal tax formula (4) again holds for λ defined by (24).

A2. Remaining Proofs

Proof of Proposition 1. To simplify notation, define

λ =
λA

λA + λB − λ̂B
, κ =

λ̂B

λA + λB − λ̂B
.

Then, the proposition can be restated as

W(λA, λB, λ̂B, z) = (λA + λB − λ̂B)W (λ, 1 − λ + κ, κ, z) .

11It can be shown that λt(st) from Examples 1 and 2 also satisfies this relationship.
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Differentiating the equality with respect to the first three arguments yields

WλA(λA, λB, κ, z) = W + (1 − λ)WλA − (1 − λ + κ)WλB − κWλ̂B

WλB(λA, λB, κ, z) = W − λWλA + (λ − κ)WλB − κWλ̂B

Wλ̂B(λ
A, λB, κ, z) = −W + λWλA + (1 − λ + κ)WλB + (1 + κ)Wλ̂B

Wz(λ
A, λB, κ, z) = (λA + λB − λ̂B)Wz

Wzz(λ
A, λB, κ, z) = (λA + λB − λ̂B)Wzz,

where the arguments on the right-hand side, λ, 1−λ+ κ, κ and z, are omitted for brevity.
Let R(·) ber the expression defined by the right-hand side of the HJB equation (16).

Substituting in the above expressions and rearranging yields

R = (λA + λB − λ̂B)

{
λ
[

FA
(

UA, νA
)
− νA (W + (1 − λ)WλA − (1 − λ + κ)WλB − κWλ̂B

)]
+ (1 − λ + κ)

[
FB
(

UB, νB
)
− νB (W − λWλA + (λ − κ)WλB − κWλ̂B

)]
− κ

[
FB
(

ÛB, ν̂B
)
+ ν̂

(
−W + λWλA + (1 − λ + κ)WλB + (1 + κ)Wλ̂B

)]
+ µz(z)Wz +

σz(z)2

2
WzzWzz

}
,

and λA +λB − λ̂B cancels out, leaving R, and the HJB equation, expressed solely in terms
of λ and κ. This verifies the guess.

Proof of Proposition 2. The proof will use the guess and verify method. Guess that the
discount rate is identical to both types and the deviating agent, νA = νB = ν̂B. Then
dλ = dκ = 0, and both λ and κ are constant over time. We will keep them implicit
for notational simplicity and write the common discount rate as ν(z). Guess also that
ci(z) = c̄iz and ni(z) = n̄i for some constants c̄i and n̄i.

First, I verify that the discount rates are all equal. The first-order condition in νi can
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be written as

Fν

(
Ui

t, νi
t

)
=

(Ui
t)

1−γ

1 − γ

1 − γ − (1 − ρ)
νi

t
δ

ρ − γ

− 1−γ
1−ρ

= Vi
t = Et

∫ ∞

s=t
e−
∫ s

t νi
ϵdϵδ

(Ui
s)

1−γ

1 − γ

1 − γ − (1 − ρ) νi
s

δ

ρ − γ


γ−ρ
1−ρ

ds

 .

for i = A, B, where the first equality replaces Fi
ν with its expression, the second one

follows from the first-order condition, and the third one uses the definition of Vi
t . Given

that Ui
t = zt c̄iϕ(n̄i), c̄iϕ(n̄i) cancels from both sides to obtain

z1−γ
t

1 − γ

1 − γ − (1 − ρ)
νi

t
δ

ρ − γ

− 1−γ
1−ρ

= δEt

∫ ∞

s=t
e−
∫ s

t νi
ϵdϵ z1−γ

s

1 − γ

1 − γ − (1 − ρ) νi
s

δ

ρ − γ


γ−ρ
1−ρ

ds


The condition is independent of i, implying that νA = νB. Analogous reasoning

establishes that νB = ν̂B.
Given that discount rates are equal across types, the instantaneous-to-lifetime utility

ratio must also be equal across types. That is,

(Ui)1−γ

(1 − γ)Vi =
(ÛB)1−γ

(1 − γ)V̂B
= X(z), i = A, B,

for some common ratio X(z).
The rest of the proof shows that, given those results, the assumed policy functions

indeed solve the system of the first-order conditions. Using Fi
u = δX(z)

γ−ρ
1−γ (Ui)−γ and

F̂B
u = δX(z)

γ−ρ
1−γ (ÛB)−γ, the first-order conditions (20) and (21) can be written, after elim-
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inating τA and τB and canceling terms that involve X, as

1 +
ϕ′(n̄A)

ϕ(n̄A)
c̄A =

κ
(

ϕ(n̄A/θ)
ϕ(n̄A)

)−γ (
ϕ(n̄A/θ)

ϕ(n̄A)
− ϕ′(n̄A/θ)

ϕ′(n̄A)
1
θ

)
λ − κ

(
ϕ(n̄A/θ)

ϕ(n̄A)

)−γ ϕ′(n̄A/θ)
ϕ′(n̄A)

1
θ

1 +
ϕ′(n̄B)

ϕ(n̄B)

c̄B

θ
= 0

λ − κ

(
ϕ(n̄A/θ)

ϕ(n̄A)

)1−γ

=
α

1 − α
(1 − λ)

(
c̄B

c̄A

)−γ (
ϕ(n̄B)

ϕ(n̄A)

)1−γ

In addition, after dividing both sides bt zt, the resource constraint can be written in
terms of c̄i and n̄i as well:

αc̄A + (1 − α)c̄B + Ḡ ≤ αn̄A + (1 − α)θn̄B,

where the assumption that G(z) = Ḡz was used. The four equations depend only on c̄i

and n̄i for i = A, B, and can be solved for those values. This verifies the guess.

B. Distorted First Best

I compute a modification of the first best allocation, where the consumption-labor mar-
gin is distorted by a constant intertemporal wedge τA. The optimum is charazterized by
the value function w(λ, z), consumption and labor allocation ci(λ, z) and ni(λ, z), and
discount factors νi(λ, z) for i = A, B. These functions satisfy the HJB equation, which is
just (19) with κ = 0.

0 = λFA
(

U(cA, nA), νA
)
+ (1 − λ)FB

(
U(cB, nB), νB

)
−
[
λνA + (1 − λ)νB

]
w

+ λ(1 − λ)
(

νB − νA
)

wλ + µz(z)wz +
σz(z)2

2
wzz.

They also satisfy the resource constraint:

αcA + (1 − α)cB = z
[
αnA + (1 − α)θnB

]
.

The functions also satisfy the first-order conditions in consumption and hours, dis-
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torted by the presence of the intratemporal wedge:

λ

α
FA

u

(
U(cA, nA), νA

)
Uc(cA, nA) =

1 − λ

1 − α
FB

u

(
U(cB, nB), νB

)
Uc(cB, nB) (25)

−Un(cA, nA) = (1 − τA)zUc(cA, nA) (26)

−Un(cB, nB) = (1 − τB)zθUc(cB, nB). (27)

Finally, the functions satisfy the first-order conditions in the discount factor:

FA
ν

(
U(cA, nA), νA

)
= w + (1 − λ)∂λw

FB
ν

(
U(cB, nB), νB

)
= w − λ∂λw.

In addition, λ follows the differential equation dλ = λµλ, where the drift is µλ =

(1 − λ)(νB − νA).

Decentralization with Complete Markets. The equilibrium stochastic discount factor
ζ is a diffusion dependent on the states λ and z. It is written as

dζ

ζ
= −r(λ, z)dt − β(λ, z)dB

for some functions r(λ, z) and β(λ, z). I will define the agent’s problem in the complete-
markets equilibrium and relate the risk-free rate r and the market price of risk β to the
solution of the distorted planning problem above.

Agent problem. Type i agent starts with initial wealth W i
0 and maximizes the expected

utility

max
ct,nt

min
νt

E0

[∫ ∞

0
e−
∫ t

0 νϵdϵFi (U(ct, nt), νt) dt
]

subject to the present value budget constraint

E0

∫ ∞

t
ζtctdt = ζ0W i

0 + (1 − τi)E0

∫ ∞

0
ζtθ

int dt,

where θA = 1 and θB = θ, and the labor income is taxed at a constant rate τi.
Let mi

t = Fi
utU

i
ct be the marginal utility of consumption. It follows a diffusion process
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dmi
t = µi

mmi
tdt + σi

mmi
tdBt. The first-order condition in consumption is

e−
∫ t

0 νi
ϵdϵmt = υiζt,

where υi is the Lagrange multiplier on the budget constraint. Differentiating the first-
order condition in consumption and using Ito’s lemma yields

d ln mi
t = νi

tdt + d ln ζt =

(
νi

t − rt −
1
2

β2
t

)
dt − βtBt. (28)

Furthermore, since mt = m(λt, zt), differentiate it to obtain

d ln mi
t =

(
µi

m − 1
2
(σi

m)
2
)

dt + σi
mdB, µi

m =
mi

λ

mi λµλ +
mi

z
mi µz +

1
2

mi
zz

mi σ2
z , σi

m =
mi

z
mi σz.

Equating coefficients, the agent’s problem implies

r = νA − µA
m = νB − µB

m, β = −σA
m = −σB

m.

Since the values of µA
m, µB

m, σA
m , and σB

m are computed directly from the planning
problem (which can also be used to verify that the second equality in each of the two
terms holds), the equations above can be used directly to compute the risk-free rate r
and the market price of risk β.
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