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Differences in labor earnings are relatively forecastable

There are large, systematic, forecastable differences in labor earnings

Households face heterogeneous exposure of labor earnings to the business cycle

▶ earnings of low-income households exhibit a greater covariance with aggregate fluctuations
than that of high-income households

▶ countercyclical earnings inequality

▶ Guvenen et al (2017); Parker Vissing-Jorgenson (2009)



How should monetary policy incorporate distributional concerns?

HANK literature incorporates heterogeneous households

▶ Bewley-Imrohoroglu-Huggett-Aiyagari economies → uninsurable idiosyncratic income risk

▶ Optimal Policy: Bhandari, Evans, Golosov, Sargent (2021); Acharya, Challe, and Dogra
(2023); Bilbiie (2008, 2024); LeGrand, Martin-Baillon, Ragot (2021); Davila Schaab (2023)

▶ monetary policy compensates for missing insurance markets

▶ optimal monetary policy places greater weight on output stabilization

but “ex-ante” systematic heterogeneity is also quantitatively important



What We Do

We write down a general equilibrium business cycle model with systematic heterogeneity

▶ households differ in type-specific labor productivities (skills) and initial firm shares
▶ skills are state-contingent, but markets are complete

We take the Ramsey approach to redistribution (not insurance)

Given a restricted set of available tax instruments:

We solve for optimal fiscal & monetary policy following the primal approach

▶ Lucas Stokey (1983); Werning (2007); Correia, Nicolini, Teles (2008)



What We Show

Optimal markup co-varies positively with a sufficient statistic for labor income inequality

When we calibrate the labor income distribution to match “worker betas” Guvenen et al (2017):

▶ countercyclical earnings inequality → countercyclical optimal markups

▶ unlike in HANK, optimal monetary policy is destabilizing!

Optimal markups in our model are consistent with Bils (1987); Rotemberg and Woodford (1999);
Bils, Klenow, Malin, (2018); Chari, Kehoe, McGrattan (2007)



The Environment

t = 0,1, . . .

finite states st ∈ S

history st = (s0, ...,st) ∈ St

▶ conditional probabilities µ(st |st−1)

▶ unconditional probabilities µ(st)



Household preferences

unit mass continuum of households

identical preferences over consumption and effort

U(c,h) =
c1−γ

1− γ
− h1+η

1+η



Household types

finite types i ∈ I of relative size π i

types correspond to workers’ state-contingent skill and initial firm ownership

θ
i(st)> 0 and 1+σ

i
0 ≥ 0 initial shares

efficiency units of labor

ℓi(st) = θ
i(st)hi(st)

expected lifetime utility

∑
t

∑
st

β
t
µ(st)U

(
ci(st),

ℓi(st)

θ i(st)

)



Household budget set

(1+ τc)P(st)ci(st)+bi(st)+ ∑
st+1|st

Q(st+1|st)zi(st+1|st)+V (st)[σ i(st)−σ
i(st−1)]

≤ (1− τℓ)W (st)ℓi(st)+P(st)T (st)+ zi(st |st−1)+(1+ i(st−1))bi(st−1)+(1− τΠ)(1+σ
i(st−1))Π(st)



Firms

intermediate good firms

y j(st) = A(st)n j(st)

profits j(st) = (1− τr)p j
t (·)y j(st)−W (st)n j(st)

final good firm

Y (st) =

[∫
j∈J

y j(st)
ρ−1

ρ d j
] ρ

ρ−1
→ y j(st) =

(
p j

t (·)
P(st)

)−ρ

Y (st)



Government Budget Constraint

(1+ i(st−1))B(st−1)+Z(st)+P(st)T (st)

= B(st)+ ∑
st+1|st

Q(st+1|st)Z(st+1)+ τcP(st)C(st)+ τℓW (st)L(st)+ τrP(st)Y (st)+ τΠΠ(st)

C(st) = ∑
i∈I

π
ici(st), L(st) = ∑

i∈I
π

iℓi(st), Π(st)≡
∫ 1

0
profits j(st)d j



Nominal Rigidity = Informational Friction

Nature draws the aggregate state

st ∈ S

state determines

A(st),(θ
i(st))i∈I

κ ∈ [0,1) of intermediate-good firms are “inattentive” to the current state

1−κ of intermediate-good firms are “attentive” to the current state



Nominal Rigidity = Informational Friction

κ inattentive, “sticky-price” firms do not observe st

▶ make their pricing decisions based on knowledge of past states

ps
t (s

t−1), ∀ j ∈ J s ⊂ J

1−κ attentive, “flexible-price” firms observe st perfectly

▶ make their pricing decisions under complete information

p f
t (s

t), ∀ j ∈ J f ⊂ J



Feasible Allocations: satisfy technology and resource constraints

allocation
x ≡ {(ci(st), ℓi(st))i∈I ,(y j(st),n j(st)) j∈J ,C(st),Y (st),L(st)}t≥0,st∈St

Definition
An allocation x is feasible if it satisfies, for all st ∈ St :

y j(st) = A(st)n j(st), ∀ j ∈ J ;

Y (st) =

[∫
j∈J

y j(st)
ρ−1

ρ d j
] ρ

ρ−1

; L(st) =
∫

j∈J
n j(st)d j;

C(st) = ∑
i∈I

π
ici(st); L(st) = ∑

i∈I
π

iℓi(st); C(st) = Y (st).

Let X denote the set of all feasible allocations.



We are interested in allocations that can be supported in equilibrium

Definition
An equilibrium is an allocation x, prices, policy, and financial positions such that:

(i) ps
t (s

t−1) solves the sticky-price firm’s problem; p f
t (s

t) solves the flex-price firm’s problem;
(ii) prices and allocations jointly satisfy the CES demand function;
(iii) the allocation and financial asset holdings solve household i’s problem, for each i ∈ I;
(iv) the government budget constraint is satisfied;

(v) markets clear.



Equilibrium Characterization



There exists a “Fictitious” Representative Household

Lemma
(Negishi, 1960; Werning, 2007)
For any equilibrium there exist “market” or “Negishi” weights ϕ ≡ (ϕ i)i∈I with ϕ i ≥ 0 such that

{ci(st), ℓi(st)}i∈I

solve the following static sub-problem

Um(C(st),L(st);ϕ)≡ max∑
i∈I

ϕ
i
π

iU(ci(st), ℓi(st)/θ
i(st))

subject to

C(st) = ∑
i∈I

π
ici(st), and L(st) = ∑

i∈I
π

iℓi(st)



Equilibrium prices thereby satisfy

−
Um

L (st)

Um
C (st)

=

(
1− τℓ

1+ τc

)
W (st)

P(st)

Um
C (st)

P(st)
= β (1+ i(st)) ∑

st+1|st

µ(st+1|st)
Um

C (st+1)

P(st+1)

Q(st+1|st) = β µ(st+1|st)
Um

C (st+1)

Um
C (st)

P(st)

P(st+1)

V (st) = ∑
st+1|st

Q(st+1|st)[(1− τΠ)Π(st+1)+V (st+1)].



Solution to sub-problem with iso-elastic utility:

ci(st) = ω
i
C(ϕ)C(st) and ℓi(st) = ω

i
L(ϕ,st)L(st)

ω
i
C(ϕ)≡

(ϕ i)1/γ

∑ j∈I π j(ϕ j)1/γ
, ω

i
L(ϕ,st)≡

(ϕ i)−1/η θ i(st)
1+η

η

∑k∈I πk(ϕk)−1/η θ i(st)
1+η

η



Budget Implementability Conditions. For every i ∈ I:

∑
t

∑
st

β
t
µ(st)

[
Um

C (st)ω i
C(ϕ)C(st)+Um

L (st)ω i
L(ϕ,st)L(st)

]
=Um

C (s0)T̄ +σ
i
0

1− τΠ

1+ τc
∑
t

∑
st

β
t
µ(st)Um

C (st)
Π(st)

P(st)

where

T̄ ≡ 1
1+ τc

∑
t

∑
st

µ(st)
β tUm

C (st)

Um
C (s0)

[
T (st)+(1− τΠ)

Π(st)

P(st)

]

one for each type i ∈ I

similar to Lucas Stokey (1983), Werning (2007)

heterogeneous exposure σ i
0 to real profits Π(st)/P(st)



Baseline Model: Full Profit Taxation

baseline model: assume τΠ = 1

then heterogeneity in firm ownership is irrelevant

budget implementability conditions reduce to:

∑
t

∑
st

β
t
µ(st)

[
Um

C (st)ω i
C(ϕ)C(st)+Um

L (st)ω i
L(ϕ,st)L(st)

]
=Um

C (s0)T̄

in extensions we consider τΠ < 1



Firm Optimality

flex-price firm: price = mark-up over marginal cost

p f
t (s

t) =

[
(1− τr)

(
ρ −1

ρ

)]−1 W (st)

A(st)

sticky-price firm: price = mark-up over expected marginal cost

ps
t (s

t−1) =

[
(1− τr)

(
ρ −1

ρ

)]−1

∑
st |st−1

[
W (st)

A(st)

]
q(st |st−1)



Proposition
A feasible allocation x ∈ X is implementable as an equilibrium iff ∃ ϕ ≡ (ϕ i), T̄ ∈R, χ ∈R+ such that:
(i) for all st ∈ St :

y j(st) = y f (st), ∀ j ∈ J f

y j(st) = ys(st), ∀ j ∈ J s

(ii) for all st ∈ St :

χUm
C (st)

(
y f (st)

Y (st)

)−1/ρ

+Um
L (st)

1
A(st)

= 0,

for all st−1 ∈ St−1:

∑
st |st−1

ys(st)

{
χUm

C (st)

[
ys(st)

Y (st)

]−1/ρ

+Um
L (st)

1
A(st)

}
µ(st |st−1) = 0,

(iii) for all i ∈ I:
∑
t

∑
st

β
t
µ(st)

[
Um

C (st)ω i
C(ϕ)C(st)+Um

L (st)ω i
L(ϕ,st)L(st)

]
=Um

C (s0)T̄



What can fiscal and monetary policy do?

p f
t (s

t) =

[
(1− τr)

(
ρ −1

ρ

)]−1 W (st)

A(st)
and ps

t (s
t−1) =

[
(1− τr)

(
ρ −1

ρ

)]−1
ε(st)

W (st)

A(st)

−Um
L (st)

Um
C (st)

= χ
[
κε(st)1−ρ +(1−κ)

]− 1
1−ρ︸ ︷︷ ︸

labor wedge

×A(st)

fiscal policy: non-state-contingent wedge χ

χ ≡ ρ −1
ρ

(1− τℓ)(1− τr)

1+ τc



What can fiscal and monetary policy do?

p f
t (s

t) =

[
(1− τr)

(
ρ −1

ρ

)]−1 W (st)

A(st)
and ps

t (s
t−1) =

[
(1− τr)

(
ρ −1

ρ

)]−1
ε(st)

W (st)

A(st)

−Um
L (st)

Um
C (st)

= χ
[
κε(st)1−ρ +(1−κ)

]− 1
1−ρ︸ ︷︷ ︸

labor wedge

×A(st)

monetary policy: state-contingent wedge ε(st)

▶ cost of using monetary policy is loss in production efficiency: ys(st) ̸= y f (st)

▶ constraint on ε(st): forecast error → on average, equal to 1



The Ramsey Problem



Utilitarian Welfare Function

social welfare function with Pareto weights λ i > 0

U ≡ ∑
i∈I

λ
i
π

i
∑

t
∑
st

β
t
µ(st)U(ci(st), ℓi(st)/θ

i(st))



Primal Approach to the Ramsey Problem

let X e ⊂X denote the set of equilibrium allocations

Definition
A Ramsey optimum x∗ is an allocation that maximizes welfare subject to x∗ ∈ X e.

let π iν i be the Lagrange multiplier on:

∑
t

∑
st

β
t
µ(st)

[
Um

C (st)ω i
C(ϕ)C(st)+Um

L (st)ω i
L(ϕ,st)L(st)

]
=Um

C (s0)T̄



Implicit Monetary Wedge

we define an implicit monetary wedge 1− τ∗M(st) by

−Um
L (st)

Um
C (st)

= χ
∗(1− τ

∗
M(st))

Y (st)

L(st)

portion of the labor wedge implemented by monetary policy at the Ramsey optimum



The Optimal Monetary Wedge and Income Inequality

Theorem
Let I : S → R+ be the function defined by:

I(st)≡
∑i∈I π̃ i(ϕ i)−1/η(θ i(st))

1+η

η

∑i∈I π i(ϕ i)−1/η(θ i(st))
1+η

η

> 0, where π̃
i ≡ π

i
[

λ i

ϕ i +ν
i(1+η)

]

There exists a threshold Ī(st−1)> 0 such that:

τ∗M(st)> 0 if and only if I(st)> Ī(st−1),
τ∗M(st) = 0 if and only if I(st) = Ī(st−1),
τ∗M(st)< 0 if and only if I(st)< Ī(st−1).

I(st) is a sufficient statistic for labor income inequality



Optimal Monetary Policy
define the aggregate markup as:

M(st)≡ P(st)

W (st)/A(st)

Theorem
Let M̄> 0. Let x∗ be a Ramsey optimum; x∗ can be implemented with tax rates that satisfy:

(1− τr)
−1 ρ

ρ −1
= M̄, and 1− τℓ

1+ τc
(M̄)−1 = χ

∗.

and a monetary policy that targets a markup M∗(st) that satisfies:

logM(st)> M̄ if and only if I(st)> Ī(st−1),
logM(st) = M̄ if and only if I(st) = Ī(st−1),
logM(st)< M̄ if and only if I(st)< Ī(st−1).



Special case: proportional shocks to the labor skill distribution
Proposition
Suppose shocks to the skill distribution are proportional:

θ
i(st) = ϑ

i
Θ(st), ∀st ∈ S,

then

τ
∗
M(st) = 0, ∀st ∈ S

with proportional shocks to the skill distribution:

▶ fiscal policy alone (χ = χ∗) achieves the optimal level of redistribution
▶ it is optimal for monetary policy replicate flexible prices

similar to special case in Lucas Stokey (1983) of perfect tax smoothing



Proportional shocks, but what if fiscal policy is set suboptimally?

Proposition
Suppose shocks to the skill distribution are proportional and

χ ̸= χ
∗.

Then it remains optimal for monetary policy to replicate flexible prices.

even if tax rate is suboptimal, monetary policy is unable to substitute for the missing tax

why? the missing tax rate is constant, but ε(st) is a forecast error!



Disproportional shocks to the labor skill distribution
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Figure: Left: τ∗M(st) as a function of θ H(st)/θ L(st). Right: I(st) as a function of θ H(st)/θ L(st).



Intuition

at the Ramsey optimum:

−Um
L (st)

Um
C (st)

= χ
∗(1− τ

∗
M(st))

Y (st)

L(st)

▶ the markup resembles a labor income tax

the Ramsey planner can distort the labor wedge

▶ fiscal power: can move the labor wedge in a constant way
▶ monetary power: can move the labor wedge across states, but doing so leads to loss in

production efficiency

when does the planner want a greater tax vs a lower tax?

▶ the optimal tax should rise in states where the high-type works and earns relatively more, and
should fall in states where the high-type is closer to the low-type



Implementation: Price Level and Interest Rate

let in(st) denote the interest rate consistent with flexible prices, i.e. the “natural” rate

Proposition
A price level, P(st), and nominal interest rate, i(st), consistent with the Ramsey optimum satisfy:

P(st)< P(st−1) and i(st)> in(st) if and only if I(st)> Ī(st−1),
P(st) = P(st−1) and i(st) = in(st) if and only if I(st) = Ī(st−1),
P(st)> P(st−1) and i(st)< in(st) if and only if I(st)< Ī(st−1).



Extension: Constrained Profit Taxation and Heterogeneous Shares
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Figure: Optimal τ∗M(st) as a function of θ H(st)/θ L(st).



Quantitative Illustration: we calibrate to Guvenen et al (2017) Worker
Betas

VOL. 107 NO. 5 401Worker Betas

Above the ninetieth percentile of the earnings 
distribution, however, this relation reverses so 
that older males have higher GDP beta than 
younger males. For example, males aged 56–65 
at the 99.9th percentile of the earnings distribu-
tion have a GDP beta of 4.23, compared with 
2.90 for males aged 26–35.

Figure B1 of the online Appendix reports GDP 
beta across the earnings distribution for males 
aged 36–45 by industry. There are significant 
differences in GDP beta across industries. At the 
fiftieth percentile of the earnings distribution, the 
industries (and corresponding GDP beta) ranked 
from the most to least cyclical are construction 
(2.31); durable manufacturing (1.97); services 
(1.17); retail and wholesale (1.05); nondurable 
manufacturing (0.88); finance (0.87); transpor-
tation (0.47); and health and education (0.23). 
This ranking should not surprising, except for 
the fact that finance is one of the less cyclical 
industries. However, the cyclicality of earnings 
in the finance industry is highly dependent on 
the earnings level. At the ninety-ninth percentile 
of the earnings distribution, finance is actually 
the most cyclical industry with a GDP beta of 
3.05.

B. Stock Return Beta

We now repeat regression (1) with real stock 
returns instead of real GDP growth as the explan-
atory variable. Real stock returns are the Center 

for Research in Securities Prices value-weighted 
index deflated by the GDP implicit price defla-
tor. In aligning earnings growth with stock 
returns, we use the beginning-of-period timing 
convention, which leads to a higher correlation 
between GDP growth and stock returns than the 
end-of-period timing convention. That is, we 
align earnings growth from year ​t − 1​ to ​t​ with 
stock returns during year ​t − 1​.

Figures C1 and C2 of the online Appendix 
report results that are analogous to Figures 1 
and B1 for stock returns. In our sample from 
1980 to 2013, the correlation between real stock 
returns and real GDP growth is 0.59. Therefore, 
it should not be surprising that our main findings 
for stock return beta are similar to those for GDP 
beta.

III.  Employer and Industry Beta

Variation in earnings growth that remains 
after taking out the aggregate exposure to GDP 
growth need not be purely idiosyncratic. In 
particular, earnings growth could be correlated 
across workers within the same employer or 
industry. To examine the importance of factor 
structure in earnings growth at the employer 
and industry levels, we modify regression (1) to 
include employer- and industry-level factors.

Let ​Δ ​y​e\n, t​​​ be the log real growth rate of 
average earnings for other workers working for 
worker ​n​’s employer (defined by the Employer 
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Figure 1. GDP Beta at Age 36–45 by Gender and for Males by Age Group

Notes: Earnings percentiles (conditional on gender and age group) are based on average real earnings from year ​t − 6​ to ​t − 2​ , 
while real earnings growth used to estimate GDP beta is from year ​t − 1​ to ​t​. The dotted lines represent the 95 percent confi-
dence interval.

Figure: Guvenen, Schulhofer-Wohl, Song, Yogo (2017)
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Conclusion

When markets are complete but there exists systematic heterogeneity:

The optimal markup co-varies positively with labor income inequality

When calibrated to Guvenen et al (2017) worker betas:

Countercyclical earnings inequality → Countercyclical optimal markups

Optimal markups in our model are consistent with Bils (1987); Rotemberg and Woodford (1999);
Bils, Klenow, Malin, (2018)



Thank you very much!


