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We study how idiosyncratic income risk shapes the aggregate and distributio-
nal effects of labor and capital income taxation in dynamic general equilibrium 
models. To this end, we compare a heterogeneous-agent (HA) model with un- 
insurable idiosyncratic labor productivity risk and a ten-representative-agent 
(TE) model in which households correspond to fixed wealth deciles without such 
risk. At the aggregate level, both models generate qualitatively similar responses; 
however, the HA model exhibits a smaller recessionary impact driven by precau-
tionary savings behavior, which stabilizes investment. At the distributional level, 
the models differ sharply. In the HA framework, tax shocks trigger endogenous 
mobility across wealth deciles. These inter-decile transition dynamics tend to be-
nefit lower deciles. In contrast, the TA model features fixed household positions. 
Our findings highlight that while simpler multi-representative-agent models can 
approximate aggregate dynamics well, they may miss important distributional 
adjustment channels. The relevance of these mechanisms ultimately depends on 
the empirical importance of mobility across the wealth distribution, pointing to a 
key trade-off between model simplicity and accuracy.

Keywords: computational economics, heterogeneous agents, incomplete markets, 
Krusell-Smith model
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1 Introduction

Dynamic general equilibrium models are a common tool for assessing the effects of aggregate

shocks, including those from fiscal policy. They can complement empirical research by providing

insight into mechanisms behind observed effects or substitute for them in case of missing data

availability. When analyzing fiscal shocks in such models, one can look at both the aggregate

and the distributional level. Specifically, labor and capital income tax shocks can directly affect

the income and wealth distribution because the impact depends on the respective shares of

the sources in the total income. This makes income tax shocks particularly interesting for

distribution analysis. To evaluate these effects at the household level for different income or

wealth groups requires a certain structure of dynamic general equilibrium (DGE) models.

Broadly, there are two established groups of DGE models allowing for distributive differences

at the household level: two-agent New-Keynesian (TANK) models of Bilbiie (2008) and Gaĺı

et al. (2007) with representative households that are either savers or hand-to-mouth consumers,

and heterogeneous-agent New Keynesian (HANK) models, such as in Kaplan et al. (2018). The

main difference between those model types is an uninsurable idiosyncratic income risk faced

by private households in heterogeneous-agent models based on Aiyagari (1994) or Krusell and

Smith (1998). A major advantage of HANK models over models with representative agents

is a more precise representation of the distribution. However, solving HANK models typically

requires discretizing the idiosyncratic productivity process and interpolating household policy

functions over a high-dimensional asset grid, which increases computational complexity and

may introduce additional approximation errors. While recent advances (Auclert et al., 2021)

have improved tractability, computational complexity remains a limiting factor, especially in

extended environments.

Multi–representative-agent models serve as a bridge between these two types of models, allowing

for a more precise representation of the distribution while still exhibiting low complexity. For

example, four households can represent income, wealth or consumption quartiles, five represent

quintiles, ten represent deciles, or 100 represent percentiles. Since data is usually available at the

decile level and more households would complicate the solution effort, ten-representative-agent

(TE) models with deciles offer a good balance between simplicity and clarity on the one hand

and accuracy in distribution on the other. Even if both model types—representative-agent and

heterogeneous-agent—have a perfectly symmetrical structure in terms of sector construction
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and parameterization, there will always be a crucial difference: the uninsurable idiosyncratic

risk in heterogeneous-agent models, which generates endogenous heterogeneity and is absent in

representative-agent models.

This distinction motivates our central question: What is the difference in responses to aggregate

income tax shocks in models with idiosyncratic risk compared to models with representative

agents at the aggregate and decile level? We compare two models with an overall similar

structure but a different treatment of household labor productivity. The first is a frictionless

heterogeneous-agent (HA) model based on Krusell and Smith (1998) with idiosyncratic pro-

ductivity risk driving labor income and hence savings possibilities. The second is a simplified

version of the ten-representative-agent (TE) model in Gutsch and Schult (2025). This simple

model structure can be seen as a basis that can be expanded depending on the concrete research

question to include imperfect competition, nominal rigidities, monetary policy, and other sectors.

For solving the HA model, we use the sequence-space Jacobian method from Auclert et al. (2021).

Typically, in HA models, a discrete grid is created that distributes the population across various

points with wealth positions and productivity states. Consequently, the heterogeneous-agent

(HA) framework is characterized by a finely grained cross-sectional distribution. In contrast,

the ten-representative-agent (TE) framework, implemented with the Dynare toolbox developed

by Adjemian et al. (2026), provides a relatively crude depiction of heterogeneity, as it describes

the distribution solely at the decile level.

Although HA models in principle allow for a detailed discussion on the effects of taxation at

the decile (or other quantile) level, such analyses are underrepresented in the literature that

examines differences between representative-agent and heterogeneous-agent models. For exam-

ple, Debortoli and Gaĺı (2024) find, under certain circumstances, similar effects of shocks at the

aggregate level in TANK and HANK, specifically under an inflation-targeting monetary policy

regime. Auclert et al. (2024) highlight that HANK models can capture the empirically observed

intertemporal marginal propensity to consume better than TANK which is crucial for the size

of fiscal multipliers of government spending and tax shocks. Cantore and Freund (2021) achieve

an empirically reasonable marginal propensity to consume in a newly developed tractable two-

agent New Keynesian model with workers who face portfolio adjustment cost and capitalists

without financial restrictions that can represent fundamental conclusions derived from HANK

models. These are valuable insights, but without focus on income or wealth quantiles. A part

of the literature addresses such dimensions (Boehl, 2025; Faccini et al., 2024, e.g.), but does
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not explicitly compare modeling frameworks at the quantile level. This paper aims to fill that

gap. Furthermore, our framework is also related to the literature on the representative household

property in economies with income inequality. These studies show that under specific preference

structures and market environments, aggregate equilibrium behavior can still be summarized by

a representative consumer even in the presence of distributional heterogeneity (Chatterjee, 1994;

Caselli and Ventura, 2000). Unlike the theoretical aggregation literature, our aim is not to es-

tablish conditions under which exact aggregation holds. Instead, we investigate how alternative

modeling specifications shape the transmission of fiscal policy shocks across the distribution,

with special attention to heterogeneity between wealth deciles.

In particular, we analyze the aggregate and decile-level effects of a temporary unexpected in-

troduction of labor and capital income taxes and find two specific differences. First, at the

aggregate level there are qualitatively similar effects in both models, but smaller losses in cap-

ital, output and consumption in the HA model than in the TE model. The reason is a strong

precautionary savings motive in presence of income risk that stabilizes investments. Second, we

observe inter-decile transition dynamics in the HA model that benefit poorer groups because

more productive people move to lower deciles as a response to the taxation. While in the TE

model the ten households statically represent the wealth deciles in the economy by construction,

in the HA model population mass on the grid is allocated to wealth deciles. This mass can

migrate between deciles in response to a shock. A comparison between two versions with fixed

steady-state allocation (static HA) and dynamic allocation in each period (dynamic HA) shows

that this mobility is a strong driver of the observed effects at the decile level. In contrast, the

TE model cannot represent these inter-decile transition dynamics.

HA models rely on shifting distributional weights over time based on the Kolmogorov forward

equation (Kaplan et al., 2018, p. 710), which represents an additional modeling layer whose

empirical relevance is not always directly observable. Their advantage is a dynamic adjustment

of the distribution and statistical surveys show a certain degree of mobility between deciles

over time (Hurst et al., 1998; Naguib, 2022). So far, however, there is no direct evidence on

mobility between deciles in response to such tax shocks. Accordingly, it is not possible to make

a clear statement about which model should be used, especially since it depends on the concrete

research question and the type of shock. At this point, it is again worth mentioning the trade-

off between achieving the most detailed and realistic representation of the distribution and the

computational effort required for the models. The latter is now manageable for simple HA
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models thanks to methods as of Auclert et al. (2021), but it still increases significantly when,

for example, a second asset class is introduced. Therefore, our analysis provides insights into

the implications of the assumptions concerning idiosyncratic income risk in the HA framework,

as compared to decile-specific predetermined productivity levels in the TE framework. Future

empirical work will provide an assessment of how important it is to integrate transition dynamics

into DGE models.

This paper is organized as follows: first, we will explain our methodology in Section 2. Next, we

compare the results of simulations in Section 3. This is followed by some empirical insights on

decile behavior over time in Section 4. Further, we will discuss our analysis in Section 5, before

Section 6 concludes.

2 Methodology

Taxes constitute a policy instrument that directly influences the disposable income of private

households and, consequently, are likely to entail nontrivial distributional consequences. To

motivate our methodological approach, we begin our analysis from first principles by examining

the effects of taxation in both representative-agent and heterogeneous-agent frameworks, with

particular emphasis on the role of the consumption Euler equation. We then proceed to provide

a concise description of the specific models employed in our study.

2.1 Tax Policy Changes under Inequality

Let us assume a simple contemporaneous log utility function with consumption ct in period t of

household h:

u(ch,t) = ln(ch,t), u′(ch,t) =
1

ch,t
.

In a representative-agent model, the household budget constraint is given as

ch,t + kh,t+1 = (1− δ)kh,t + (1− τw,t)wteh,tnh,t + [(1− τr,t)rt + δ] kh,t, (2.1)

where τw,t and τr,t are tax rates on income from labor nh,t and capital kh,t; wt and rt are

the respective factor input prices; note that rt is the return net of depreciation; eh,t is labor

productivity; δ is the capital depreciation rate. Since in heterogeneous-agent models, households

typically do not hold physical capital but assets, in such a model the budget constraint is given
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as

ch,t + ah,t+1 = ah,t + (1− τw,t)wteh,tnh,t + (1− τr,t)rtah,t, (2.2)

where assets ah,t should be understood as claims on capital stock; therefore, there is no de-

preciation. From a standard intertemporal utility maximization problem, the intertemporal

consumption decision is determined by the so-called Euler equation for an unconstrained saver:

1 = βEt

[
Rt+1

ch,t
ch,t+1

]
, Rt+1 = 1 + (1− τr,t+1)rt+1, (2.3)

where β is the discount factor and Rt is the real interest after taxes. Disposable income is given

as

inch,t = (1− τw,t)wteh,tnh,t + (1− τr,t)rtkh,t.

This implies that tax shocks have direct distributive effects on households with different income

composition.

Figure 2.1: Capital income share per income decile in the United States.

Notes: The Department of the Treasury explicitly reports ”family cash income”, ”transfer income”, ”labor

income”, ”positive capital income”, ”negative capital income”, and ”corporate income tax” as percent distribution

of income source within decile 2025. We add negative and positive capital share to obtain the total capital share.

Sources: U.S. Department of the Treasury (https://home.treasury.gov/system/files/131/

Distribution-of-Income-by-Source-2025.pdf; last visit: April 29, 2026).

Households at the bottom of the income or wealth distribution who have (almost) no capital or

asset holdings are more exposed by shocks on labor income than households with a large share

of capital income relative to their total disposable income.1 Therefore, it is not only important

1Here we use the term capital income; in our models it includes all income from capital holdings or assets. The
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to distinguish between households with(-out) access to asset markets, but to consider in a

more granular way the increasing capital and decreasing labor income shares across the wealth

distribution. For example, Figure 2.1 shows shares of capital income relative to total income

per decile in the United States between -7.5 and 33.7 percent. Considering this heterogeneity, it

is necessary to critically examine the implications associated with the respective model choice.

2.1.1 One Representative Agent

The representative household assumption implies that the aggregate consumption–saving deci-

sion of the economy can be represented as if it were taken by a single optimizing household.

This property arises when individual demands can be aggregated without affecting equilibrium

allocations. As emphasized in standard macroeconomic theory (Acemoglu, 2009, pp. 149–150),

the main advantage of this assumption is analytical tractability, because the equilibrium of

many heterogeneous households can be summarized by the solution of a single intertemporal

optimization problem. In models with a single representative agent (RA), there is no possibility

of distributive analysis of tax (or other) shocks: aggregate consumption

ct = ch,t,

satisfies the same Euler equation as the individual:

1 = βEt

[
Rt+1

ch,t
ch,t+1

]
= βEt

[
Rt+1

ct
ct+1

]
.

Therefore, aggregate consumption dynamics are summarized by one Euler equation.

2.1.2 Two Representative Agents

In models with two representative agents (TA) as in Bilbiie (2008) and Gaĺı et al. (2007), dating

back to Campbell and Mankiw (1989), there are two groups that allow a rough distributional

analysis: optimizing (Ricardian) households (index R) with a share 1−µ in the total population,

and so-called hand-to-mouth households (index NR) with a share µ. Only optimizers satisfy

the Euler equation:

1 = βEt

[
Rt+1

cR,t

cR,t+1

]
.

U.S. Department of the Treasury explicitly reports (positive and negative) capital income; see Figure 2.1, where
we report the capital income shares per decile. In the following, it is possible that we use the terms ”capital” and
”assets” interchangeably, unless an explicit distinction is necessary.
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Hand-to-mouth households consume current disposable income (with the aggregate price index

normalized to one):

cNR,t = incNR,t.

This allows different consumption levels among the population and aggregate consumption is

given as

ct = (1− µ)cR,t + µcNR,t.

The key difference from RA models is that only a part of aggregate consumption demand is

determined by the intertemporal Euler equation, while the other part is directly and contem-

poraneously related to disposable income, and hence the aggregate economic activity. It also

implies, that only a part of the population can smooth consumption over time because they

hold the capital stock in the economy. Thus, aggregate dynamics are driven by an intertem-

poral substitution margin (optimizers) and a static income effect (hand-to-mouth consumers),

which has implications on the size of aggregate effects as response to shocks. A further advan-

tage compared to RA models is the possibility to discover heterogeneous effects on these two

groups of households. However, this is only a rough division and ignores that there is a large

heterogeneity between households within these groups since their labor and capital shares can

differ significantly.

2.1.3 Ten-Representative-Agents

A related strand of theoretical literature analyzes economies with heterogeneous agents that still

exhibit a representative household property. In these models, despite heterogeneity in income

or wealth, aggregate equilibrium dynamics can be characterized by a representative consumer

problem under specific conditions on preferences and market structure (Chatterjee, 1994; Krusell

and Ŕıos-Rull, 1999; Caselli and Ventura, 2000; Alvarez-Peláez and Dı́az, 2005; Garćıa-Peñalosa

and Turnovsky, 2006). This literature shows that heterogeneity does not necessarily invali-

date representative-agent reasoning at the aggregate level. Therefore, it is useful to assume a

more granular distribution and allocate households to certain income or wealth quantiles. Most

common are quintiles or deciles. In ten-representative-agent (TE) models, the empirical decile

distribution of labor and capital income (as well as the observed consumption distribution)

can be matched. Suppose that there are 10 types h = 1, . . . , 10 with weights ωh = 0.1 in the
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population, different assets kh,t and productivity levels eh,t. Each unconstrained type satisfies

1 = βEt

[
Rt+1

ch,t
ch,t+1

]
,

and aggregate consumption is given as

ct =

10∑
h=1

ωhch,t.

In opposite to RA models and similar to TA models, the distribution matters for aggregate

effects of tax (or other) shocks, even if all types are unconstrained:

ct
ct+1

̸=
10∑
h=1

ωh
ch,t
ch,t+1

⇒ 1 ̸= βEt

[
Rt+1

ct
ct+1

]
.

As shown formally in the aggregation literature (Grossmann et al., 2021, see Proposition 1),

the representative-household property fails in general when consumption growth differs across

agents. Therefore, aggregate consumption no longer satisfies a single representative-agent con-

dition because there are multiple Euler equations. Compared to TA models, this implies that

theoretically all agents can optimize as long as capital shares are positive and there is a larger

degree of heterogeneity arising from different labor productivity levels and capital shares. Nei-

ther do we neglect households with very small but positive capital stock. Nor do we ignore

the large heterogeneity between middle-income households with lower capital holdings and ex-

tremely rich households, where the labor income share relative to the capital income share can

be so small that the sensitivity to labor or capital tax shocks potentially varies by a notable

amount between households within the group of savers. Note that productivity levels without

an actively implemented exogenous shock are constant over time, in contrast to heterogeneous-

agent models, where an agent faces idiosyncratic income risk. Furthermore, income or wealth

deciles are static groups.

2.1.4 Heterogeneous Agents

In contrast to representative-agent models, heterogeneous-agent (HA) models allow for idiosyn-

cratic productivity risk that endogenously implies different optimal asset positions nA for differ-

ent productivity levels nS . Tendentially, more productive households have higher asset holdings,

and vice versa. The probability matrix Dt contains this mass dh,t per grid point in every period.
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This mass can be used to allocate these points to wealth deciles if the matrix is reshaped by

sorted asset positions in ascending order. Then, grid points with mass cumulated up to 10

percent are allocated to decile 1, points with cumulated mass greater than 10 percent and up to

20 percent to decile 2, and so on.

If this is done in every period, the decile allocation is not static as in a TE model, but dynamic.

This implies that with changing mass on grid points after shocks, inter-decile transition dynamics

are possible. Furthermore, due to idiosyncratic risk and borrowing constraints, agents exhibit

a strong precautionary savings motive. Due to the risk, expectations are conditional on the

productivity state in period t + 1 which depends with a certain persistence on the state in

period t:

1 = βEeh,t+1|eh,t

[
Rt+1

ch,t
ch,t+1

]
.

With a discretized grid of size nS × nA and points h, aggregate consumption is given as

ct =

nS×nA∑
h=1

ch,tdh,t,⇒ 1 ̸= βEt

[
Rt+1

ct
ct+1

]
.

2.1.5 Implications of Tax Shocks

Reflecting these differences between the models, we conclude that in RA models, there are

no distributional implications of tax shocks. The Euler equation represents the dynamics of

aggregate consumption. There is no difference in the shares of labor and capital income in total

disposable income that could have direct distributive implications.

TA models allow for a rough distributional analysis. A part of consumption is determined by

intertemporal savings decisions (savers), while the other part results from direct contempora-

neous income effects (non-savers). The Euler equation does not explain the full consumption

response to a shock. Labor and capital income shares vary between households, which causes

different direct effects of income taxation. Given that in RA models consumption smoothing is

more dominant, one can expect larger aggregate effects of a shock in TA models.

TE models allow for a more detailed distributional analysis than in TA models. The hetero-

geneity between savers and non-savers is not completely neglected, and as long as there are

positive capital holdings, the Euler equation determines intertemporal consumption dynamics.

This implies that the direct income effect is smaller than in TA. In such a model, one can address

the broad range between labor and capital income shares that are directly affected by income
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tax shocks. With ten agents and constant productivity, there is a fixed decile allocation over

time that rules out inter-decile transition dynamics.

HA models provide a more complete picture of distributive effects than representative-agent

models. Idiosyncratic income causes precautionary savings, which can be expected to have

a stabilizing effect on overall economic activity compared to models without such a strong

preference for savings. A dynamic decile allocation leads to potential inter-decile transition

dynamics. This can cause productivity gains for lower deciles if mass from higher deciles moves

downwards, for example. These dynamics, as well as precautionary savings, imply the possibility

that decile responses to tax shocks go in different directions.

Since we focus on distributive effects, we choose a representative-agent model with deciles for

our model comparison. In more detail, certain tax shocks show the following mechanisms.

Assume a temporary increase in the capital tax rate τr,t+1 such that Rt+1 decreases. There is a

direct negative effect on income from capital, and investments become less attractive. The Euler

equation implies that the relation between future and present consumption ch,t+1/ch,t decreases.

For the total effect on capital holdings, one must consider that there are two effects at work.

1. Substitution effect: with two alternatives to spend income — savings and consumption —

capital investments decrease in favor of consumption demand (smoothing).

2. Income effect: with less return from asset holdings and hence less capital income, invest-

ments increase and consumption demand decreases in order to stabilize income.

One of the effects dominates and it is possible, that not all households reduce their asset holdings

in response to the shock but that some very cautious households — especially in the HA model

with income risk this is likely — increase their asset holdings or show a weaker negative reaction

which can overall stabilize the economy compared to a model with less cautious agents in absence

of an idiosyncratic productivity risk.

2.2 Model Structure

We capture these differences in two models: the Krusell and Smith (1998) model is a heterogeneous-

agent (HA) model with incomplete markets, where the economy consists of a continuum of agents

who face idiosyncratic income shocks that lead to transition dynamics. The other model is a

ten-representative-agent (TE) model without transition dynamics where every household rep-

resents a wealth decile in the economy. All model differences come from the household sector
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while the firm sector is identical. Figure 2.2 presents the structure of both models.

Figure 2.2: Model structure.

Notes: The heterogeneous-agent (HA) model is based on Krusell and Smith (1998). The HA and the ten-

representative-agent (TE) model only differ in the household sector.

2.2.1 Firms

In the firm sector, the aggregate production function is of the Cobb-Douglas form:

yt = ztk
α
t n

1−α
t (2.4)

where yt is output at time t, zt is exogenous aggregate productivity, kt is the aggregate capital

stock, nt is aggregate labor, and α is the capital share in the production. The representative

firm pays rental rate rt as well as wage wt to the household sector. Total production cost with

depreciation rate δ are given as

(rt + δ) kt + wtnt, (2.5)

which implies the following first-order conditions of profit-maximizing firms with respect to

capital and labor inputs:

rt + δ = αyt/kt, (2.6)

and

wt = (1− α)yt/nt. (2.7)
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2.2.2 Households with transition dynamics

Agents in the Krusell and Smith (1998) model (all variables at the household level are indexed

by h) have identical preferences, represented by the following utility function:

U(ch,t) = Et

∞∑
t=0

βtu(ch,t), (2.8)

where ch,t is consumption at time t, β is the discount factor, and u(·) is a period utility function,

typically assumed to be of the CRRA form:

u(ch,t) =


c1−σ
h,t

1−σ σ ̸= 1,

ln(ch,t) σ = 1.

(2.9)

Each agent receives an idiosyncratic endowment eh,t, which follows a Markov process (Krusell

and Smith, 1998, p. 871 seq.) with transition probabilities given by:

P(eh,t+1 = e′h|eh,t = eh) (2.10)

Agents face a borrowing constraint and a budget constraint:

ch,t + ah,t+1 = ah,t + (1− τw,t)wteh,t + (1− τr,t)rtah,t (2.11)

where ch,t is consumption and ah,t+1 are assets of the next period (policy function that determines

the choice of the next period’s assets). Assets can be understood as claims on capital and do not

depreciate. τr,t and τw,t are tax rates on capital income from asset holdings and labor income.

Individual labor hours are normalized to one. Therefore, eh,t represents effective hours worked

per household. Asset investments (no depreciation) are given as

ih,t = ah,t+1 − ah,t. (2.12)

The agent’s problem can be expressed in recursive form as:

V (ah,t, eh,t) = max
ch,t,ah,t+1

{
u(ch,t) + βEeh,t+1|eh,t [V (ah,t+1, eh,t+1)]

}
(2.13)

subject to the budget constraint. In this model, the solution is found via value function iteration.
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Appendices C and D provide more detailed insights into the optimization and solution procedure.

With a given number nS of productivity states eh and nA of asset positions, we get a grid of

size nS × nA. We allocate these grid points to wealth deciles as described in Appendix E given

the cumulated probability mass.

Tax revenues are collected by the public sector and finance government consumption gt:

gt = τr,trtkt + τw,tntwt (2.14)

The aggregate resource constraint is given as

yt = ct + gt + it, (2.15)

where it are investments in capital stock:

it = kt+1 − (1− δ)kt (2.16)

Finally, the market clearing conditions for capital/ assets and labor are the following:

kt =
∑
h

ah,t dh,t (2.17)

nt =
∑
h

eh,t dh,t (2.18)

where dh,t is the cross-sectional distribution of households over individual states (assets and

productivity).

2.2.3 Households without transition dynamics

The model with ten-representative-agents (TE) is based on Gutsch and Schult (2025), but

simplified to be as similar as possible to the Krusell and Smith (1998) model. Households have

the same utility function as in the HA model, facing the following budget constraint:

ch,t + kh,t+1 + ack,h,t+1 = (1− δ)kh,t + (1− τw,t)wteh,tnh,t + [(1− τr,t)rt + δ] kh,t + th,t. (2.19)

In contrast to the Krusell and Smith (1998) model, eh,t without exogenous shock is an individual

constant productivity parameter. As in the HA model, hours worked nh,t are normalized to one.
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Decile-specific investments are given as

ih,t = kh,t+1 + (1− δ)kh,t. (2.20)

Furthermore, we introduce household-specific capital adjustment cost caused by deviations from

the steady-state share of total capital kh/k to avoid collinearity issues arising from a set of

perfectly symmetric Euler equations, so that the movement of capital is not uniquely determined:

ack,h,t = κh

(
kh,t
kt

− kh
k

)2

, (2.21)

where

ac′k,h,t =
2κh
kt

(
kh,t
kt

− kh
k

)
(2.22)

is the first derivation with respect to kh,t. We add household-specific transfers (either social

transfers if th,t > 0, or lump-sum taxes if th,t < 0), which we can use later to match the

consumption distribution in both models.

The respective Lagrange-function can be written as2

Lh,t = Et

∞∑
t=0

βt {u(ch,t)− λh,t [ch,t + kh,t+1 + ack,h,t+1

−kh,t − (1− τw,t)wteh,tnh,t − (1− τr,t)rtkh,t − th,t]} .

(2.23)

Derivations with respect to consumption and predetermined capital lead to the following first-

order conditions:

u′(ch,t)− λh,t = 0, (2.24)

−λh,t
(
1 + ac′k,h,t+1

)
− βEtλh,t+1 [−1− (1− τr,t+1)rt+1] = 0. (2.25)

Combining both conditions, we get the Euler consumption equation

u′(ch,t)
(
1 + ac′k,h,t+1

)
= βEtu

′(ch,t+1) [1 + (1− τr,t+1)rt+1] , (2.26)

2It should be noted that the effects of capital depreciation offset each other and therefore net out in the
analysis.
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that describes the intertemporal consumption behavior if households own capital, while for

households without saving possibility (zero share of capital), the budget constraint is the decision

rule.

Government consumption gt and lump-transfers tt are financed by collected tax revenues:

gt + tt = τr,trtkt + τw,tntwt (2.27)

In both models, tax rates are constant in normal times. In case of political intervention, they

deviate from their steady-state level:

τx,t = τ̄x + ϵτx , (2.28)

where x = r, w is the respective index for capital and labor income taxes. We set constant

transfers

t = t̄ =
∑
h

t̄h, (2.29)

where parameter t̄h is steady-state transfer (positive or negative) per decile.

Aggregate consumption, effective labor hours, and capital are given as

ct =
∑
h

ch,t, (2.30)

nt =
∑
h

eh,tnh,t =
∑
h

eh,t (2.31)

kt =
∑
h

kh,t. (2.32)

Aggregate output is again used for private consumption, public spending, and investment.

2.3 Implementation

We use the same parameter calibration for the HA and the TE model (Table 2.1) to ensure

comparability. In general, one period in our models should represent one year. For simulating

the TE model, we use the software toolkit provided by Adjemian et al. (2026). The Krusell

and Smith (1998) model is solved with the sequence-space Jacobian method from Auclert et al.

(2021).3

3We use their toolkit provided here: https://onlinelibrary.wiley.com/doi/full/10.3982/ECTA17434; ac-
cessed on November 6, 2025. Their code file for the Krusell and Smith (1998) model serves as the basis for our
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Table 2.1: Calibration of parameters.

Parameter Value Description

δ 0.06 depreciation rate on capital

α 0.25 capital share in production function

β 0.96 discount factor

σ 2 inverse elasticity of intertemporal substitution

τ̄x 0 steady-state capital (x = r) and labor (x = w) tax rates

HA

nS 11 number of productivity states

nA 500 number of asset grid points

ρS 0.966 persistence in idiosyncratic labour productivity

σS 0.68 standard deviation in idiosyncratic labour productivity

TE

κh 0.01 capital adjustment cost parameter per decile

sharen,h ∈ (0.03, 0.21) labor income share per decile

sharek,h ∈ (0.00, 0.48) capital income share per decile

sharec,h ∈ (0.03, 0.22) consumption share per decile

t̄h endogenous steady-state transfers/ lump-taxes per decile

t̄ 0 aggregate steady-state transfers

Notes: Appendix F explains how we match the capital and consumption distribution from exemplary empirical

data in the HA model. We then also match the resulting decile shares and productivity levels in the TE model.

Other parameter values are from Auclert et al. (2021). Transfers and capital adjustment cost are calibrated.

The decile-specific productivity of the representative agent attached to each decile does not

change in the TE model, in contrast to the HA model. We ensure comparability by matching

labor income and asset holding distributions in steady-state. Appendix E provides details of the

decile allocation in the Krusell and Smith (1998) model. In TE, effective labor income shares

are set exogenously, given the productivity levels of wealth deciles in HA (which sum up to one):

shareTE
n,h := eHA

h . (2.33)

This implies equal productivity levels in both models. We match the asset distribution from the

Krusell and Smith (1998) (HA) model in our TE model by setting the respective steady-state

analysis.
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capital shares per decile exogenously:

shareTE
k,h := aHA

h /aHA (2.34)

The fit of our TE model can be improved by introducing household-specific (positive or negative)

transfers th that match the observed share of consumption expenditures in the HA model. In

steady-state, we derive from the household budget constraints that

ch = (1− τr)rkh + (1− τw)weh + th, (2.35)

or expenditures (exph) are equal to income (inch), so

exph = inch. (2.36)

The share per decile relative to aggregate consumption expenditures is given as

sharec,h := exph/exp = inch/inc. (2.37)

Hence, we get

sharec,h =
(1− τr)rkh + (1− τw)weh + th
(1− τr)rk + (1− τw)wn+ t

, (2.38)

and

th = sharec,h{(1− τr)rk + (1− τw)wn+ t} − {(1− τr)rkh + (1− τw)weh}. (2.39)

Appendix F explains how we choose certain parameters via sensitivity analysis in HA that are

responsible for the resulting distribution given exemplary data from two advanced economies,

namely Germany (DE) and United States (US). As Figure 2.3 shows, our model exhibits realistic

shares that are close to the US and German data (see the notes below Figure 2.3 for sources).

The lowest decile holds approximately 0 percent of aggregate capital, while the richest owns

around 48 percent. Less differences show up in the consumption distribution, where the lowest

decile consumes around 3 percent of aggregate consumption and the richest around 22 percent.

The productivity levels are much higher for richer deciles, explaining the spread between capital

and consumption levels.
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Figure 2.3: Stationary distribution of capital and consumption and decile productivity.

consumption share capital share

productivity

Notes: Comparison of distribution in model to data. Capital and consumption shares per decile are expressed

relative to aggregate capital and consumption (TE model = blue; HA model = orange; DE data = yellow; US

data = purple).

Sources: DE capital shares (2017) from Behrends et al. (2021); DE consumption shares from Statistisches Bun-

desamt (Destatis) (2018); US capital shares from DQYDJ (Net Worth Percentiles, 2023), https://dqydj.com/

net-worth-percentiles/ (accessed on March 6, 2026); US consumption shares from FRED, series CXUTO-

TALEXPLB1502M–CXUTOTALEXPLB1511M (2023), https://fred.stlouisfed.org/ (accessed on March 6,

2026).

Appendix G provides details about the calibration of the capital adjustment cost parameter.

3 Tax Policy in HA and TE Model

We now compare the effects of different one period and one percentage point increases in tax

rates in the heterogeneous-agent model (HA) and the ten-representative-agent model (TE).

Further, to isolate the effect of inter-decile transition dynamics, we report results based on the

HA model, keeping the distribution fixed at the steady-state. These are the static HA model

results. In contrast, we refer to the HA model with frequent decile allocation as dynamic HA

model. We conduct this decomposition exercise to evaluate the role of stochastic productivity
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changes on the effects at the decile level, while at the aggregate level there will be no difference

between these two HA versions. First, we will look at the taxation of capital and labor at the

household level, then at the firm level. Please note that we use the terms ”capital” and ”assets”

in both models interchangeably, although at the household level, agents hold assets in the HA

model (no depreciation) and capital in the TE model (depreciation).

3.1 Capital Taxation

In the first scenario, we introduce a capital income tax. Figures 3.1 and 3.2 present the results

for a case where a tax rate of one percent is raised for one period (year). Since the specific

variant of HA is irrelevant for the aggregate-level effects, we henceforth refer to it simply as HA.

Figure 3.1: Aggregate effects of a capital income taxation shock.

capital income tax output consumption

capital investment interest rate

real wage

Notes: Effects as percentage deviations from steady-state of an unexpected temporary introduction of capital

income taxes at the aggregate level in TE (blue solid line), dynamic HA (orange dashed line), and static HA

(green dotted line) model.

For perfect foresight simulations we use the toolkit Dynare provided by Adjemian et al. (2026) (TE) and the

sequence-space Jacobian method from Auclert et al. (2021) (HA).
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The temporary shock reduces the relative attractiveness of capital investment, which induces

an increase in the equilibrium interest rate. As a result, the decline in capital supply leads to a

reduction in output and consumption. There is a negative effect on real wage with a constant

aggregate labor input. In general, the effects are qualitatively similar in both models, but much

larger in TE. These differences must originate in the response of private households and speak

for the stabilizing role of precautionary savings discussed in Section 2.1.

Figure 3.2: Decile effects of a capital income taxation shock.

decile 2 decile 6 decile 10

capital

consumption

productivity

Notes: Effects as percentage deviations from steady-state of an unexpected temporary introduction of capital

income taxes at the decile level in TE (blue solid line), dynamic HA (orange dashed line), and static HA (green

dotted line) model.

For perfect foresight simulations we use the toolkit Dynare provided by Adjemian et al. (2026) (TE) and the

sequence-space Jacobian method from Auclert et al. (2021) (HA).

A look at the decile level shows highly heterogeneous effects, regarding size as well as direction.

We present the responses of decile 2 (approximately zero share of total asset holdings), decile

6 (mid-large share of total asset holdings), and decile 10 (largest share of total asset holdings).
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In contrast to the constant overall decile productivity in TE and static HA, there is fluctuation

in dynamic HA originating in the decile composition. First, as discussed in Section 2.1, it

should be noted that, on the one hand, there is an income effect that induces additional capital

accumulation in order to offset the associated income loss. On the other hand, there is a

substitution effect that reduces the relative attractiveness of capital compared to the alternative

consumption.

As Figure 3.2 demonstrates, in TE there is a clear pattern: the smaller the share on total capital,

the less negative the effects of a capital income taxation. Lower deciles (deciles 1 to 3) show

positive or zero effects. Note that the total increase in their capital holdings is marginal but

looks large relative to their low steady state capital.4 Middle-wealth deciles (deciles 4 to 6)

experience losses in capital in early shock periods but use later periods to build up more capital.

Higher deciles (deciles 7 to 10) show a negative deviation from steady state over the whole

simulation horizon, with decile 10 experiencing the largest losses. This demonstrates that for

very poor deciles, the income effect dominates, while richer deciles reduce their capital holdings

because they seek to smooth consumption over time.

In the static HA model with fixed steady-state decile allocation, the size of the capital loss is

very similar across middle-wealth and top deciles, but the bottom deciles increase their capital

holdings, especially the poorest. In general, this shows the same pattern as in TE: poorer deciles

compensate income losses; but the effects are much smaller. Due to the idiosyncratic income

risk, in HA, the precautionary savings motive stabilizes the negative effects among deciles with

notable capital holdings.

Moreover, the flexible HA model results show that there are notable transition dynamics between

deciles that drive overall decile productivity and, as a consequence, the capital and consumption

effects. Especially the downward movement from richer deciles causes large losses in this group

and gains in lower deciles. This further partially leads to consumption gains for lower-wealth

deciles. For example, when some highly productive and qualified persons in decile 10 decide to

significantly decrease their savings rate in response to a tax shock, they move to a lower decile

and lead to positive changes in the aggregate decile productivity. This raises the question of

whether these decile movements after small shocks in a short time are supported by empirical

data.

4This is the case for deciles 2 and 3; due to numerical reasons, we apply the rule-of-thumb instead of the Euler
equation for decile 1 in the TE model, because the capital share is extremely small.
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Figure 3.3: Decile effects of a capital income taxation shock - consumption decomposition.

decile 2 decile 6 decile 10

TE

dynamic HA

static HA

Notes: Decomposition of the decile-specific consumption response as percentage deviations from steady-state into

labor income (blue), capital income (red), and investments (yellow).

For perfect foresight simulations we use the toolkit Dynare provided by Adjemian et al. (2026) (TE) and the

sequence-space Jacobian method from Auclert et al. (2021) (HA).

For a better understanding of the responses at the decile level, we plot the percentage deviation

of decile-specific consumption from steady-state decomposed into the change in labor income

(including constant transfers in the TE model), capital income (including depreciation in the

TE model; here we take the flow of resources generated by the existing capital stock), and

investments (including small capital adjustment cost in the TE model). Figure 3.3 presents this

composition for the TE model and the HA model with dynamic and static decile allocation. It

shows that the immediate change in consumption is caused by changes in capital income and

investments. In after-shock periods, it is mainly driven by changes in labor income. In the

static and dynamic HA model, the bottom decile consumption response is mainly driven by

labor income. The composition in TE and static HA looks relatively similar, whenever in the
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static HA model the lower decile consumption response depends more on labor income changes.

Considering the negative sign for investments in the consumption decomposition, the negative

yellow bar indicates that lower deciles make precautionary savings that reduce their current

consumption but stabilize aggregate capital. This effect is significant in the TE model for the

lowest deciles. However, higher deciles in the TE model overall reduce their investments by more

than in the HA model because in the latter there is still a strong precautionary savings motive.

Moreover, the positive yellow bars for wealthier deciles in HA demonstrate their reduction in

investments that lead to downward mobility in the decile distribution.

Figure 3.4: Decile effects of a capital income taxation shock - income decomposition.

decile 2 decile 6 decile 10

TE

dynamic HA

static HA

Notes: Decomposition of the decile-specific income response as percentage deviations from steady-state into labor

income (blue) and capital income (red).

For perfect foresight simulations we use the toolkit Dynare provided by Adjemian et al. (2026) (TE) and the

sequence-space Jacobian method from Auclert et al. (2021) (HA).

Additionally, we decompose income over time (recall that transfers in TE are constant). Please

note that for the labor decomposition we now define capital income differently: first, without
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depreciation in the TE model; second, while taking the flow of resources generated by the existing

capital stock for the consumption decomposition, now we use the value of capital holdings at

the end of the period for the income decomposition. Appendix H provides clarity on this; the

reason lies in the structure of the respective equation and in how one combines the individual

elements in the most convenient way.

In Figure 3.4, we can see that the change in income after the introduction of a capital income tax

in the dynamic and static HA model is minimal for poorer households and mainly comes from

labor income. In contrast, the TE model predicts capital income gains for the lower deciles. The

main contributor to income losses for richer deciles is capital income in all models. This effect

is persistent in the TE and the dynamic HA model. In the static HA model, income losses for

decile 2 originate mainly in labor income, and there are very small increases in capital income

(except period 1). In the dynamic HA model we can see the positive productivity effect caused

by the inter-decile mobility.

3.2 Labor Taxation

Our next scenario shows the introduction of a labor income tax. Figures 3.5 and 3.6 present

the results of a one-period shock (one year) of one percentage point. There is a decrease in the

wage of almost the same size in both models. Less income leads to less savings, an increasing

interest rate, and losses in output and consumption. As in the first scenario, the TE model shows

larger effects at the aggregate level, but qualitatively the effects are similar, and the difference

is smaller than in the case of the capital income tax. As before, a highly heterogeneous pattern

is observable between the models at the decile level. The lower labor income leads to capital

losses for all deciles (that hold capital) in the TE model. While they are more persistent over

time for deciles 2 to 8 (decile 1 again does not react at all), the top deciles use later periods to

build up stock. All deciles experience consumption losses.
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Figure 3.5: Aggregate effects of a labor income taxation shock.

labor income tax output consumption

capital investment interest rate

real wage

Notes: Effects as percentage deviations from steady-state of an unexpected temporary introduction of labor

income taxes at the aggregate level in TE (blue solid line), dynamic HA (orange dashed line), and static HA

(green dotted line) model.

For perfect foresight simulations we use the toolkit Dynare provided by Adjemian et al. (2026) (TE) and the

sequence-space Jacobian method from Auclert et al. (2021) (HA).

In contrast to the TE model, the static HA model predicts overall smaller reductions in capital

holdings and consumption. The volatile pattern of productivity, consumption, and capital in

the dynamic HA model again shows the movement of mass between deciles and large losses for

top deciles, while bottom deciles experience productivity gains. This redistributive effect partly

leads to increases in consumption for certain deciles with lower wealth. In conclusion, as in the

former scenario, we observe significant inter-decile transition dynamics and that precautionary

savings stabilize the economy in HA. However, while observing a larger quantitative similarity

at the aggregate level, the precautionary saving motive seems to be more pronounced in the case

of capital taxation.

25



Figure 3.6: Decile effects of a labor income taxation shock.

decile 2 decile 6 decile 10

capital

consumption

productivity

Notes: Effects as percentage deviations from steady-state of an unexpected temporary introduction of labor

income taxes at the decile level in TE (blue solid line), dynamic HA (orange dashed line), and static HA (green

dotted line) model.

For perfect foresight simulations we use the toolkit Dynare provided by Adjemian et al. (2026) (TE) and the

sequence-space Jacobian method from Auclert et al. (2021) (HA).

Decomposing the consumption and income responses at the decile level, we see a large depen-

dency on labor income of the consumption response. In static HA and TE, the consumption

decomposition shows that in the first period, investments and labor income play a significant

role, while in later periods, for most deciles labor income is more responsible for the deviations

from steady-state. Total income changes are mainly driven by labor income in the shock period.

However, in later periods, capital income plays an important role for many deciles. Inter-decile

movements clearly drive the labor income in the dynamic HA model. Again, it is mentioned

that we define capital income differently in both decomposition methods (depreciation in TE;

income from the flow versus stock of capital), as documented in Appendix H.
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Figure 3.7: Decile effects of a labor income taxation shock - consumption decomposition.

decile 2 decile 6 decile 10

TE

dynamic HA

static HA

Notes: Decomposition of the decile-specific consumption response as percentage deviations from steady-state into

labor income (blue), capital income (red), and investments (yellow).

For perfect foresight simulations we use the toolkit Dynare provided by Adjemian et al. (2026) (TE) and the

sequence-space Jacobian method from Auclert et al. (2021) (HA).

3.3 Main Observations

Concluding the effects in the scenarios with capital and labor income taxation, we can highlight

two main findings: first, the effects of tax shocks are qualitatively similar at the aggregate level.

However, precautionary savings in the HA model stabilize the capital stock and thus the overall

economic activity, leading to a smaller recessionary impact in HA than in TE. These quantitative

differences are smaller in the case of an income tax shock. A capital tax has a more direct

impact on investment decisions, which is a possible explanation for a stronger precautionary

savings incentive. Furthermore, labor taxes hit all households in the economy immediately and

capital income taxes only the wealthier deciles in a direct way. Second, the comparison between

TE, static HA, and dynamic HA shows that inter-decile transition dynamics are a main driver

27



of decile effects in the dynamic HA model. These movements between wealth groups over time

lead to positive responses of lower deciles. It should be noted that this is an examination of the

groups. Thus, these effects should not be interpreted as a gain for each individual household at

the bottom of the distribution. It is rather evident that, overall, there is a temporary reduction

in inequality of the consumption distribution among the population.

Figure 3.8: Decile effects of a labor income taxation shock - income decomposition.

decile 2 decile 6 decile 10

TE

dynamic HA

static HA

Notes: Decomposition of the decile-specific income response as percentage deviations from steady-state into labor

income (blue) and capital income (red).

For perfect foresight simulations we use the toolkit Dynare provided by Adjemian et al. (2026) (TE) and the

sequence-space Jacobian method from Auclert et al. (2021) (HA).

4 Decile Mobility

Inter-decile transition dynamics drive the different responses to tax shocks at the decile level that

we observe when comparing the heterogeneous-agent and the ten-representative-agent model.

That leads to an important question: how realistic is this movement of households between
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decile (or, in general, quantile) limits in a certain time span? Fields (2000) describes different

concepts of income mobility. For our analysis, time dependence and positional movement are the

relevant measures of mobility. The first concept describes the extent to which a current income

or wealth situation is determined by realizations in the past. In heterogeneous-agent models,

this is captured by the (intertemporal) transition matrix Π. With nA asset positions and nS

productivity states, it is a (nA ×nS)
2 matrix and describes the probability π ((k′h, e

′
h) | (kh, eh))

of being in state (k′h, e
′
h) at time t+ 1 given state (kh, eh) at time t:

Π ≡



π1,1 π1,2 · · · π1,nAnS

π2,1 π2,2 · · · π2,nAnS

...
...

. . .
...

πnAnS ,1 πnAnS ,2 · · · πnAnS ,nAnS


.

The closer all elements on the diagonal from the upper left to the lower right (lower left to upper

right) are to one, the larger the positive (negative) time dependence of the current combination

of wealth and productivity level. With data on transition matrices for certain countries, it is

possible to evaluate the validity of the predictions in heterogeneous-agent models.

In the HA model with our calibration that approximates the observed decile wealth and con-

sumption distributions in Germany and the United States, the probability of staying in the

respective productivity state lies between 84 and 85 percent. It gets significantly smaller with

a larger distance to the state. For example, the probability of switching from state 1 (lowest

productivity) to state 11 (highest productivity) and vice versa is approximately equal to zero.

This indicates a high degree of persistence over time in the resulting asset position.

The other measure described by Fields (2000) is positional movement, which is most common

between quintiles and deciles, but is also possible at any other quantile level; obviously, mobil-

ity depends on the granularity of the shares and the length of the observed time period. This

allocation to groups implies that it is possible that there is no movement if the income of all ob-

served individuals changes simultaneously in a certain proportion in the same direction. Perfect

immobility implies that every household stays in the same position, as is the case in TE, while

in HA, positional movement over time is possible. One way to measure positional immobility is

to compute the share of individuals who do not change their decile (or other quantile) position

over certain time periods. According to Fields (2000), this ”trace” or ”immobility ratio” is the

most common and varies between countries.
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Shorrocks (1978) calculates a certain mobility index given the transition matrices

P =



p1,1 p1,2 · · · p1,k

p2,1 p2,2 · · · p2,k
...

...
. . .

...

pk,1 pk,2 · · · pk,k


with probabilities pi,i per household to stay in a wealth decile (for example). With k× k entries

in the matrix (in case of deciles, we would have k = 10) one can calculate a mobility index as

M(P ) =
k − tr(P )

k − 1
,

where

tr(P ) =

k∑
i=1

pi,i.

The index ranges from 0 (perfect immobility) to 1 (perfect mobility). A simple example with

k = 2 illustrates this: with a given matrix

P =

1 0

0 1

 ,
we get M(P ) = (2− (1 + 1))/(2− 1) = 0. In this case, we have perfect immobility with ones as

diagonal elements, while with

P =

1/2 1/2

1/2 1/2

 ,
we have perfect mobility with M(P ) = (2− (1/2 + 1/2))/(2− 1) = 1 with similar probabilities

for all states.

Hurst et al. (1998) report the transition probabilities for family wealth deciles in the United

States based on data from the Michigan Panel Study of Income Dynamics (PSID) from 1984,

1989 and 1994. Table 4.1 presents the probability to stay in the same wealth decile for certain

time periods. One can observe the largest degree of immobility for the highest decile and larger

mobility in the middle of the distribution.
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Table 4.1: Probability (percent) to stay in same wealth decile in the United States.

decile 1 2 3 4 5 6 7 8 9 10

1984 - 1989 49.32 32.97 28.10 24.03 25.58 21.62 28.10 30.69 36.31 63.52

1989 - 1994 48.81 25.28 19.58 31.24 23.15 19.49 26.62 28.46 35.39 63.61

1984 - 1994 39.90 27.58 24.40 21.34 17.19 16.84 16.74 27.42 31.88 53.34

Sources: Hurst et al. (1998), Tables 6-8 (diagonal elements in transition matrices).

Hurst et al. (1998) calculate the Shorrocks (1978) index of wealth mobility as 0.733 over 1984

to 1989, 0.754 from 1989 to 1994, and 0.804 between 1984 and 1994 for the United States.

Naguib (2022) analyzes the development of hourly wage deciles in Germany based on data from

the Socio Economic Panel (SoEP) from 2011 to 2014 and from 2015 to 2018, following the

introduction of the minimum wage on January 1, 2015. One-year transition matrices for the

first time period show that the probability of staying in the same earnings position ranges from

31.01 percent in the middle of the distribution to 72.59 percent for the top earnings decile, while

it is 45.43 percent for the lowest decile. This is in line with the movement of wealth deciles

reported by Hurst et al. (1998): the most immobile group consists of the richest households,

and the most mobile deciles are those in the middle. A similar pattern is observed in the second

period, but with larger increases in immobility for the bottom deciles.

Table 4.2: Probability (percent) to stay in same earnings decile in Germany.

decile 1 2 3 4 5 6 7 8 9 10

2011 - 2014 45.43 36.88 33.33 31.01 31.28 33.87 35.18 40.85 50.24 73.51

2015 - 2018 50.16 38.92 34.73 32.60 33.48 34.67 36.29 40.93 49.55 72.59

Sources: Naguib (2022), Table 4 (diagonal elements in one-year transition matrices).

This evidence shows that the composition of deciles is not stable over time, so in general mod-

els that allow for flexibility should be preferred, depending on the frequency. The larger the

time span, the greater the probability of switching. Nevertheless, these data do not show the

movement between deciles as a direct ceteris paribus response to tax shocks, especially small

and temporary changes in tax rates. Therefore, a direct comparison to the model predictions
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is not possible at this point. However, we want to point out that in the HA model, we observe

symmetric mobility across deciles by assumption, while this contradicts the data. Empirical

estimates of transition probability matrices show larger movements of middle income or wealth

deciles compared to high income and wealth deciles in the data. This suggests that, in particular,

transitions from the upper tail of the wealth distribution to its middle segment are less likely

compared to movements in the middle of the income distribution, which stands in contrast to

the predictions of the HA model.

5 Discussion

Our analysis reveals different mechanisms in models with household heterogeneity depending

on the presence of transition dynamics between various productivity states. Understanding how

the HA and TE models capture the empirically observed relationship between fiscal shocks and

consumption responses across income deciles is of particular interest. Papers empirically con-

tributing to the question of how fiscal policy affects different income groups mainly focus on

public spending shocks. Anderson et al. (2016) use a structural vector autoregressive (SVAR)

model with consumption survey data to analyze the responses of income quintiles (and age

groups) to government spending shocks. In line with predictions from theoretical models as in

Gaĺı et al. (2007), constrained households increase their consumption in response to a public

spending shock, while so-called Ricardians with asset market participation anticipate tax in-

creases and reduce their consumption demand. Hence, a government spending shock can reduce

inequality in consumption distribution. An analysis of De Giorgi and Gambetti (2012) based on

a VAR model with a principal component estimator from consumption survey data shows that a

government spending shock leads to positive consumption effects for the two lowest consumption

deciles (and consumption is typically directly related to the size of income), while higher deciles

reduce their consumption.

This is an interesting similarity to our tax shock simulations, where we can observe consump-

tion gains for bottom wealth deciles in the HA model. Both this empirical evidence and our

theoretical analysis indicate that fiscal policy — government spending or tax shocks — has dis-

tributional consequences. Although this paper focuses on simulating tax shocks in its current

draft, examining public spending shocks remains an important direction for future investigation.

Based on the Krusell and Smith (1998) model without frictions, we find that the main difference

32



from a model without productivity risk is a strong precautionary savings motive that stabilizes

the economy. The second difference is the inter-decile transition dynamics in the dynamic HA

model. Since these underlying channels do not depend on the type of price or wage adjustment,

it is very likely that we can observe these differences even in models with frictions. Further

analyses with price adjustment costs (Rotemberg, 1982) or staggered price setting (Calvo, 1983)

could verify this assumption in the future. However, implementing nominal rigidities would

necessitate stabilizing monetary or fiscal policy rules that can counteract direct effects from

aggregate shocks. This is not the case in our current analysis with a frictionless real business

cycle model, where we observe the pure consequences of tax policy.

When differentiating between a dynamic and a static HA model, we find that the method of

decile allocation plays a significant role in the effects at the decile level. In dynamic HA, the

movement of grid points between deciles causes notable fluctuations in the responses and partly

counterintuitive results, such as an increase in consumption for lower deciles driven by pro-

ductivity gains in the group. In static HA, with a fixed decile allocation, we report isolated

effects without the impact of this movement. It shows the dependency of responses at the

decile (or other quantile) level in HA, while in TE the complexity is much lower. Empirical

research should further analyze the persistent change in inter-decile transition dynamics in re-

sponse to tax changes, given the significant differences between the heterogeneous-agent and

ten-representative-agent model. Decile movements and existing evidence about the income or

wealth mobility of private households are discussed in Section 4 and show that there is a certain

degree of mobility depending on the time span, even when there is no evidence about the direct

effects of tax shocks on this movement. Although there is a relatively rich fiscal consolidation

and microsimulations literature (Blömer and Peichl, 2020; Buhlmann et al., 2022; Löffler et al.,

2014; Mühlhan, 2022; Peichl, 2008), for example investigating the effects of income tax or labor

market reforms on the distribution or household budget, so far there is no direct evidence on

the movement of deciles across the wealth or income distribution in response to temporary tax

shocks.

Our analysis reveals that the transition dynamics of different labor productivity types across

the wealth distribution stabilize consumption and asset holdings relative to a model without

transition dynamics in the bottom and middle of the wealth distribution. Responses of single

grid points mirror the isolated effect of the tax shocks with constant productivity. However,

the composition of deciles can change in every period when the probability mass at one grid
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point increases or decreases. This implies fluctuations in overall decile productivity and leads

to a volatile pattern in consumption and capital response. Future research can improve this

understanding by conducting further analysis at the grid point level and testing different decile

allocation schemes.

6 Conclusion

This study presents a comparison of models with heterogeneity between households in response

to changes in income tax policies: one with idiosyncratic income risk and inter-decile transition

dynamics (HA), and one without idiosyncratic income risk and static decile groups (TE). Using

a similar calibration in models with differences only in the household sector and identical initial

steady-state distributions, we analyze the aggregate and distributional impact of changes in tax

rates for labor and capital income.

Our findings indicate that there are significant differences at the decile level, while at the ag-

gregate level, there is a qualitative similarity of effects; however, the aggregate impact is larger

in a decile-specific ten-representative-agent model. The reason for that is a strong precaution-

ary savings motive in heterogeneous-agent models that stabilizes investments and reduces the

recessionary impact on output and consumption. Furthermore, our results reveal an interesting

picture of decile-specific heterogeneity between the two model types, driven by moving proba-

bility mass that changes the overall decile productivity.

In summary, while the HA model provides a more nuanced view of individual agent behavior

and distributional impacts, the TE model does not require including the probability mass as

an explicit state variable in order to solve the dynamic system of equations. These technical

differences and the contrasting effects highlight the importance of model selection based on the

specific research question, particularly when examining the policy impacts on different segments

of the population. Future research should undertake rigorous empirical investigations to as-

sess the empirical validity and quantitative relevance of the inter-decile transition dynamics in

response to changes in tax rates.
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A Analytical Steady State in the HA Model

Auclert et al. (2021) normalize output to y = 1 in steady state and compute total factor

productivity, given the first-order condition for capital

r + δ = αz

(
k

n

)α−1

= α
y

k
,

and the production function with n = 1

y = 1 = zkα, (A.1)

as

z =

(
r + δ

α

)α

. (A.2)

Given the first-order condition of capital and n = 1, we get the steady state capital stock:

k =

(
αz

r + δ

) 1
1−α

(A.3)

The first-order condition for labor,

w = (1− α)z

(
k

n

)α

, (A.4)

gives us then with n = 1

w = (1− α)z

(
αz

r + δ

) α
1−α

. (A.5)

B Analytical Steady State in the TE Model

The household Euler equation delivers the steady state interest rate

r =
1/β − 1

1− τr
. (B.1)

Aggregate labor supply is equal to one:

n = 1 (B.2)
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Real wage results from the firm first-order conditions for capital and labor (solve them for capital

and labor input and plug them into production function):

w =
1− α

1 + τw,f

(
z

(
r + δ

α

)−α
) 1

1−α

(B.3)

Given labor input and wage, we get the output from the firm first-order condition for labor:

y =
nw

1− α
(B.4)

The aggregate capital stock follows from the firm first-order condition for capital:

k = y
α

r + δ
(B.5)

Given the decile-specific share on capital stock, we get

kh = sharek,hk. (B.6)

Decile productivity is calibrated as in the HA model and labor hours are

nh = sharen,hn. (B.7)

As described in Section 2.3, transfers balance the household budget constraints, such that steady

state consumption shares are equal to those in the HA model:

th = sharec,h{(1− τr)rk + (1− τw)wn+ t} − {(1− τr)rkh + (1− τw)weh} (B.8)

Consumption then results as residual from the budget constraint:

ch = rkh(1− τr) + weh(1− τw) + th (B.9)

Aggregate consumption and transfers are computed as

c =
∑
h

ch (B.10)
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and

t =
∑
h

th. (B.11)

Public consumption results from the government budget:

g = τrrk + τwwn− t (B.12)

Investment balances out the aggregate resource constraint:

i = y − c− g (B.13)

Since Auclert et al. (2021) normalize output to one, we numerically solve for the value of z for

which y = 1.

C Optimization in the HA Model

The recursive problem is given as:

V (ah,t, eh,t) = max
ch,t,ah,t+1

{
u(ch,t) + βEeh,t+1|eh,t [V (ah,t+1, eh,t+1)]

}
,

where β is the discount factor, u(ch,t) is the period utility function (typically CRRA form), and

Eeh,t+1|eh,t is the expectation over the idiosyncratic endowment, eh,t.

The budget constraint is rearranged for consumption ch,t:

ch,t = ah,t + (1− τw,t)wteh,t + (1− τr,t)rtah,t − ah,t+1,

where wt and rt are the wage and capital rental rates, respectively.

The optimal saving choice, ah,t+1, must satisfy the first-order condition with respect to ah,t+1:

u′(ch,t) = βEeh,t+1|eh,t
[
u′(ch,t+1)(1 + (1− τr,t+1)rt+1)

]
We approximate the behavior of a mass of agents around the median of the distribution. Let

x̄ denote the steady-state (or median) value of variable x, and x̂t = ln(xt/x̄) denote the log-

deviation. We assume CRRA utility: u′(c) = c−σ.

The first-order approximation ignores all variance terms, removing the idiosyncratic risk and
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the precautionary saving motive:

Et[ĉh,t+1] ≈ ĉh,t +
1

σ
Et

[
ln

(
1 + (1− τr,t+1)rt+1

R̄

)]
,

where R̄ = 1 + (1− τ̄r)r̄ is the steady-state gross return.

Models solved via first-order perturbation (e.g., standard RANK models) are perceived as this

first-order Taylor approximation of the underlying heterogeneous agent problem.

The second-order approximation incorporates the conditional variance of consumption (Vart(ĉh,t+1))

to capture the precautionary savings motive.

The second-order approximated Euler equation is

Et[ĉh,t+1] ≈ ĉh,t +
1

σ
Et[R̂t+1] +

1

2
·A ·Vart(ĉh,t+1),

where:

- R̂t+1 = ln
(
1+(1−τr,t+1)rt+1

R̄

)
is the log-deviation of the net gross return.

- The final term, 1
2 ·A ·Vart(ĉh,t+1), is the precautionary saving term.

- A = σ2 + σ is the coefficient related to risk aversion.

D Solving the HA Model

For solving the Krusell and Smith (1998) model, we use the toolbox of Auclert et al. (2021) and

their model code adjusted by our fiscal variables. The solution algorithm for a heterogeneous-

agent model typically consists of two nested loops: the inner loop solves agents’ dynamic pro-

gramming problems via value function iteration (VFI) inside an outer loop that updates the

aggregate capital guess until markets clear. We can describe the algorithm by several steps (see

Figure D):

1. Given a guess for aggregate capital K0, compute the stationary prices (under no aggregate

shocks), i. e. interest rate r(K0) and wage w(K0) implied by the firm side.

2. Solve individual problems via VFI (inner loop). For each agent state (ah, eh) on the

discretized grid, a value function guess V 0(ah, eh) is initialized. Then, the Bellman operator

is applied until the convergence criterion |V ah+1 − V ah | < ε (for a chosen norm and

tolerance ε) is fulfilled. The associated optimal policy a′(ah, eh) is recorded.
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3. After that, a large panel of agents following the policy is simulated, until the cross-sectional

distribution of assets is (approximately) stationary. Individual assets are aggregated to

obtain K1 =
∑

h ah.

4. The aggregate capital guess is updated (outer loop). If |K1 −K0| < εK , convergence to

the steady-state is declared and K∗ = K1. Otherwise, the guess is updated, and it is

returned to step 1.

Figure D.1: Solution algorithm.

Guess K0

r(K0), w(L0) Initialize V 0(ah, eh)

Function value iteration

Stop if |V a+1 − V a| < ϵ

Optimal policy a′h(kh, eh)

Stationary distribution

K1 =
∑

h kh

r(K1), w(L1) . . .

Stationary distribution

Stopf if |Ks+1 −Ks| < ϵ

Steady state

Notes: Outer loop = blue; inner loop = orange; convergence = red.
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E Decile Allocation in the HA Model

In the HA model, we start with nS productivity states and nA asset grid points:

- Productivity states represent different abilities of households and directly influence their

labor income. The realization of states in every period is based on a Markov chain with

certain transition probabilities between states. Typically, these states are derived from

a stochastic process called Rouwenhorst method (Auclert et al., 2021, Appendix p. 6),

which allows a discrete approximation of an auto-regressive process.

- Asset grid points represent different wealth positions of households ranging from low to

high levels. Depending on their personal path of productivity states, households can

accumulate more or less assets and are able to make precautionary savings in times of

good productivity to prepare for periods with low income levels.

In every period t, the probability matrix Dt of dimension nS × nA contains the distribution

among households between asset grid points given the productivity state:

Dt =


d1,1,t . . . dnA,1,t

...
. . .

...

d1,nS ,t . . . dnA,nS ,t


- For example, d1,1,t is the probability for holding assets a1,t and being in productivity state

e1,t in period t.

- With T simulation periods, we get matrices D1, ..., DT .

- In every period, the probabilities sum up to one.

We can allocate the single grid points to income deciles as follows:

- The probability matrix is flattened, such that we get a huge matrix with (nS × nA) × T

elements:

Dflat =


d1,1,1 . . . d1,nS ,1 . . . dnA,nS ,1

...
. . .

...
. . .

...

d1,1,T . . . d1,nS,T . . . dnA,nS ,T


- Dflat contains the mass per grid points for all periods t, where each row contains all

combinations of productivity states and asset positions per period, sorted in ascending
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asset order.

- This implies that the matrix is sorted according to wealth income (with equal interest and

tax rate for all households).

- Additionally, we flatten the matrices containing consumption, policy functions (future

assets holdings), (steady-state) asset holdings, and productivity levels which have the

same size nS × nA as the probability matrix in every period t.

- Cumulated probabilities from this matrix are used to divide individuals into deciles. For

the first decile, the cumulated probability must not be larger than 0.1, and so on. We

create indices i for every decile group membership.

- Given these indices, decile productivity is calculated:

edec,t =
∑
i

ei,tdi,t,

where i stands for grid points in the respective decile, di,t is the cumulated probability

mass in period t, and ei,t the respective productivity level. Analogously, this is done for

consumption and assets.5 This is the so-called dynamic HA model.

- Alternatively, in the so-called static HA model, in the formula above we take di,0 instead

of di,t for decile allocation.

We use the resulting steady-state decile distribution from the HA model to calibrate the constant

decile productivity in the TE model. This ensures a matching of the labor income distribution

in both models. Furthermore, we match the consumption and asset distribution.

F Empirical Fit of the Decile Distribution

We do a sensitivity analysis in the HA model of the steady-state decile distribution with re-

spect to the number of productivity states nS , the number of asset positions nA, the persistence

as well as standard deviation of individual productivity shocks ρS and σS , and the maximum

asset position amax. To demonstrate how we can bring our models closer to empirical observa-

tions, we use these parameters to approximate the observed distribution in data for exemplary

5Note that these are weighted sums and not averages. For averages, we would have to scale the individual
probabilities by the cumulated decile probability.
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highly-developed countries with different redistribution policies as in the United States (US) and

Germany (DE) (for sources, see Figure 2.3) that lead to different dispersion between deciles. Fi-

nally, we can match the steady-state distribution in our TE model to HA as described in Section

2.3.

Table F.1: Range of parameters for sensitivity analysis.

Parameter Description Range (original) Range (feasible)

nS number of productivity states 3 to 12 3 to 12

nA number of asset positions 100 to 1000 100 to 1000

ρS persistence of individual productivity shock 0.10 to 0.99 0.10 to 0.99

σS standard deviation of individual productivity shock 0.10 to 0.99 0.12 to 0.68

amax maximum wealth 100 to 1000 100 to 1000

Notes: We start with the calibration in the base code of Auclert et al. (2021) (nS = 7, nA = 500, ρS = 0.966,

σS = 0.5, amax = 200) and vary only the respective parameter for sensitivity analysis. A feasible range of σS

depends on the constellation of other parameters and the interval for the discount rate β.

In a first step, we start with a calibration as in the original code of Auclert et al. (2021) by

default and vary one of the parameters while keeping everything else constant. The default

values are nS = 7, nA = 500, ρS = 0.966, σS = 0.5, and amax = 200. Table F.1 shows the

intervals of parameter values for sensitivity analysis. The original range of tested values as

well as the feasible range are reported. In general, the model is very flexible, except for the

choice of σS . The original code searches endogenously for an asset market-balancing value of

the discount rate β for a given interest rate r in a generally acceptable interval between 0.98

and 0.999. We have to loosen the lower bound of this interval to 0.97 (for example) to reach

higher flexibility for σS , prioritizing the importance of a realistic distribution between deciles

compared to data from highly developed industrialized economies such as the United States and

Germany. The suggested reason for this is the amount of precautionary savings influenced by

the risk and a resulting discrepancy between aggregate household assets and aggregate capital

when the respective market-balancing β is outside the interval range.
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Figure F.1: Decile distribution shares in model and data (i).

consumption share capital share

Notes: Decile distribution shares in steady-state of HA model and data from Germany (DE) and the US depending

on the number of productivity states.

Figure F.2: Decile distribution shares in model and data (ii).

consumption share capital share

Notes: Decile distribution shares in steady-state of HA model and data from Germany (DE) and the US depending

on the number of asset positions.

Figure F.3: Decile distribution shares in model and data (iii).

consumption share capital share

Notes: Decile distribution shares in steady-state of HA model and data from Germany (DE) and the US depending

on the persistence of productivity shocks.
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Figure F.4: Decile distribution shares in model and data (iv).

consumption share capital share

Notes: Decile distribution shares in steady-state of HA model and data from Germany (DE) and the US depending

on the standard deviation of productivity shocks.

Figure F.5: Decile distribution shares in model and data (v).

consumption share capital share

Notes: Decile distribution shares in steady-state of HA model and data from Germany (DE) and the US depending

on the maximum asset position.

Figures F.1 to F.2 show the distribution in our example countries Germany and United States

compared to the model distribution with different values of the respective varying parameter.

A higher number of productivity states overall leads to a slightly more uneven distribution,

particularly visible in the capital share. We should choose a higher value of nS , because the

model exhibits a lower wealth dispersion between deciles with the default calibration. But the

concrete value so far is not clear. As number of asset grid points, we keep the default nA = 500,

since it does not play a crucial role for the fit to the observed shares. It shows that the parameters

of the Markov process for productivity shocks ρS and σS are very important. A lower value for

ρS on the one hand leads to a distribution with a continuous increase of the consumption share

from the lowest to the highest decile, as can be expected. But the absolute percentage deviation

on average between the model share and the share in the data is better with a higher ρS . For the

asset distribution, ρS = 0.99 leads to a perfect fit to the data, but for consumption ρS = 0.966
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from the original code is a clearly better value taking a look at the lower deciles, so we keep

this value. The data show a larger dispersion between deciles with a larger σS and predicts a

distribution relatively close to the data for σS = 0.68. This is the highest possible value that the

interval for finding β allows (otherwise, loosening the interval of β would be fine, but in the end

we will achieve an acceptable fit to the data with this value). The maximum asset position does

not influence the closeness to the empirical distribution, so we keep the value amax = 200 from

the original code. Given these parameter values, in the end we take the last open parameter

choice for nS where for higher deciles the fit is better with a higher nS , but this is unclear for

the lowest deciles. Therefore, we do a further sensitivity analysis with nA = 500, ρS = 0.966,

σS = 0.68 and amax = 200 (σS is the only changed value compared to the first round), where

we vary nS in the same range as before. It is still difficult to choose a value given the resulting

shares for the lower deciles. When prioritizing the asset distribution nS = 12 would be the best

choice, for the consumption distribution, we look at the average deviation of the model from

the data and choose nS = 11 because it provides the best proximity for both countries and the

difference compared to nS = 12 for the asset distribution is minimal.

Figure F.6: Decile distribution shares in model and data (vi).

consumption share capital share

Notes: Decile distribution shares in steady-state of HA model and data from Germany (DE) and the US depending

on the number of productivity states.

As Figures F.6 and 2.3 show, the fit is not perfect, but overall very good, especially for Germany

where there is a higher degree of redistribution than in the US. Our analysis therefore provides a

realistic representation of the underlying phenomenon. We regard this calibration as satisfactory

because our objective was to obtain a plausibly realistic distribution rather than to replicate

any specific target distribution. Note that there may be multiple parameter combinations that

approximate the empirical distribution; we have identified one such combination, which depends

on the default values and the allowed interval for β.
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G Capital Adjustment Cost

The main difference of the two models, except the idiosyncratic income risk and transfers used

to match the consumption distribution, are the capital adjustment cost per decile in the TE

model that are necessary to obtain a uniquely determined equilibrium with symmetric design of

households. Since the capital shares differ between households, the parameter κh = κ in cost

ack,h,t = κh

(
kh,t
kt

− kh
k

)2

must not be different to avoid this collinearity issue. The smaller this parameter, the smaller

the adjustment cost, and the closer the household budget constraints in the two models. On

the other hand, the closer this value to zero, the less stable is the model. To ensure convergence

and to choose the value closest to zero that is possible, we do a sensitivity analysis with respect

to κ = [0.0001, 0.001, 0.01, 0.1, 1, 10, 100]. It shows that the feasible range is κ = [0.01, 0.1, 1, 10]

and we choose the smallest value κ = 0.01. Since this is the closest possible version to the HA

model, a further sensitivity analysis not possible.

H Consumption and Income Decomposition

For the consumption decomposition into labor income labh,t, capital income caph,t, and invest-

ments invh,t, we define in TE:

labh,t := (1− τw,t)wteh,tnh,t + th,t, (H.1)

caph,t := [(1− τr,t)rt + δ] kh,t, (H.2)

invh,t := ih,t + ack,h,t+1. (H.3)

In HA, we define:

labh,t := (1− τw,t)wteh,t, (H.4)

caph,t := (1− τr,t)rtah,t, (H.5)

invh,t := ih,t. (H.6)
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With consumption given by

ch,t = (1− τw,t)wteh,tnh,t + th,t + [(1− τr,t)rt + δ] kh,t − ih,t − ack,h,t+1 = labh,t + caph,t − invh,t

(H.7)

in TE and

ch,t = (1− τw,t)wteh,t + (1− τr,t)rtah,t − ih,t = labh,t + caph,t − invh,t (H.8)

in HA, we get

ch,t − ch
ch

=
labh,t − labh

ch
+
caph,t − caph

ch
−
invh,t − invh

ch
(H.9)

as the decomposed change relative to steady-state consumption expenditures.

Additionally, we decompose income over time into labor income labh,t and capital income c̃aph,t.

For the income decomposition, we define in TE

c̃aph,t := [1 + (1− τr,t)rt] kh,t, (H.10)

and in HA

c̃aph,t := [1 + (1− τr,t)rt] ah,t. (H.11)

Income is then decomposed as follows:

inch,t = (1− τw,t)wteh,tnh,t + th,t + [1 + (1− τr,t)rt] kh,t = labh,t + c̃aph,t. (H.12)

Or, in HA:

inch,t = (1− τw,t)wteh,t + [1 + (1− τr,t)rt] ah,t = labh,t + c̃aph,t. (H.13)

The change in income relative to steady-state in response to a shock can then be decomposed

as

inch,t − inch
inch

=
labh,t − labh

inch
+
c̃aph,t − c̃aph

inch
. (H.14)
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