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Abstract

Data from a heterogeneous-agents economy with incomplete asset mar-

kets and indivisible labor supply are simulated under various fiscal pol-

icy regimes and an approximating representative-agent model is estimated.

Preference and technology parameter estimates of the representative-agent

model are not invariant to policy changes and the bias in the representative-

agent model’s policy predictions is large compared to predictive intervals

that reflect parameter uncertainty. Since it is not always feasible to account

for heterogeneity explicitly, it is important to recognize the possibility that

the parameters of a highly aggregated model may not be invariant with

respect to policy changes.

KEY WORDS: Aggregation, DSGE Models, Fiscal Policy, Heterogeneous-Agents

Economy, Policy Predictions, Representative-Agent Models.

JEL: C11, C32, E32, E62.
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1 Introduction

The Lucas (1976) critique of econometric policy evaluation states that if econo-

metric models do not capture the primitive parameters of preferences and tech-

nology, their coefficients may vary with changes in policy regimes. The quan-

titative work inspired by the Lucas critique has proceeded by replacing econo-

metric models that were parameterized in terms of agents’ decision rules with

representative-agent dynamic stochastic general equilibrium (DSGE) models in

which parameters characterize the objective functions and constraints faced by

representative economic agents. In recent years, estimated DSGE models have

been widely used to study the effects of monetary policy changes (e.g., Smets

and Wouters, 2003, 2007; Christiano, Eichenbaum, and Evans, 2005) and fis-

cal policy effects (e.g., Forni, Monteforte, and Sessa, 2009; Leeper, Plante, and

Traum, 2010). The tacit assumption underlying the DSGE model-based policy

analysis is that the parameters that characterize the preferences of a represen-

tative agent and the production technologies of a representative firm as well as

the exogenous structural shocks are policy invariant. However, to the extent that

macroeconomic time series on variables such as output, consumption, investment,

and hours are constructed by aggregating across heterogeneous households and

firms, the assumption of policy invariance is not self-evident. In fact, more than

two decades ago, Geweke (1985, p.206), referring to the newly emerging rational

expectations models in macroeconomics, criticized that while the treatment of

expectations and dynamic optimization was careful, potential problems due to
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aggregation were usually ignored. We are taking a fresh look at this issue in the

context of DSGE models.

The goal of this paper is to assess the quantitative importance of biases in

policy predictions due to the potential lack of invariance of preference and tech-

nology parameters in representative-agent models. To do so, we simulate data

under various fiscal policy regimes from a heterogeneous-agents economy in which

households have to insure themselves against idiosyncratic income risks (e.g., Be-

wley, 1983; Huggett, 1993; Aiyagari, 1994). Following Chang and Kim (2006),

our model economy extends Krusell and Smith’s (1998) heterogeneous-agents

model with incomplete capital markets (Aiyagari, 1994) to indivisible labor sup-

ply (Rogerson, 1988).1 The equilibrium outcomes depend on the cross-sectional

distributions of households’ wealth and earnings, which in turn depend on the

policy regime. Using aggregate times series on output, consumption, wages,

and employment generated from the heterogeneous-agents model, we estimate a

representative-agent model with state-of-the-art Bayesian methods (Schorfheide,

2000; An and Schorfheide, 2007) and examine the potential lack of policy invari-

ance of the representative-agent model’s parameters.

The quantitative analysis generates the following findings. First, if the

representative-agent model is estimated with data from the heterogeneous-agents

1Both the theoretical and the empirical importance of incomplete asset markets and indivis-

ible labor supply are by now widely recognized. See, for instance, Krusell and Smith (1998),

Chang and Kim (2006), Ljungqvist and Sargent (2007), Nakajima (2011), Krusell, Mukoyama,

Rogerson, and Sahin (2008), and Rogerson and Wallenius (2009).
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economy under different policy regimes, several important parameters vary con-

siderably. For instance, the aggregate labor supply elasticity, often recognized

as a crucial parameter for fiscal policy analysis (e.g., Auerbach and Kotlikoff,

1987; Judd, 1987; Prescott 2004), depends on the cross-sectional distribution of

reservation wages, which in turn is a function of the fiscal policy regime. The

average level of total factor productivity is also not policy invariant because

fiscal policy affects labor-market participation and thereby the cross-sectional

distribution of productivities of the employed workforce. It is important to note

that using the standards of the DSGE model estimation literature, the esti-

mated representative-agent model fits the aggregate time series data from the

heterogeneous-agents economy well. A posterior odds comparison with a more

flexible vector autoregression (VAR) favors the structural model by a substantial

margin.

Second, to assess the quantitative implications of the lack of policy invari-

ance, we construct predictive distributions for the effects of fiscal policy changes

on output, consumption, employment, and aggregate welfare based on the es-

timated representative-agent model under the benchmark fiscal policy, assum-

ing that the preference and technology parameters are unaffected by the policy

shifts. We find that the prediction bias due to imperfect aggregation is sub-

stantially larger than the prediction intervals that reflect parameter estimation

uncertainty. While in practice it may not always be feasible to account for various

types of heterogeneity explicitly, it is important for the characterization of un-

certainty to entertain the possibility that preference and technology parameters
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of an estimated model may shift in response to policy changes.

As a by-product we confirm a result from the previous literature: the

effects of imperfect aggregation manifest themselves through the presence of

preference shocks (the so-called labor-market wedge) in the representative-agent

model. While it is common to include such preference shocks in the specification

of estimable representative agent models, their interpretation is subject to con-

troversy. Some researchers regard them as fundamental aggregate demand shocks

that contribute to business cycle fluctuations (e.g., Smets and Wouters, 2007).

Other authors view them as wedges in optimality conditions and thus as a sign of

model misspecification (e.g., Chari, Kehoe, and McGrattan, 2007). According to

a variance decomposition computed based on our estimated representative-agent

model, the measured preference shocks explain jointly between 45% and 50% of

the fluctuations in hours worked.

While there exists a fairly extensive body of research on aggregation is-

sues and parameter stability in econometric models, we will only briefly discuss

two strands of the literature that are most closely related to this paper. First,

calibrated heterogeneous-agents economies similar to the one in this paper have

been used to assess equilibrium conditions derived from a representative-agent

model in Chang and Kim (2006, 2007) and An, Chang, and Kim (2009). However,

none of the three papers considers the (fiscal) policy invariance of the parame-

ters in an estimated representative-agent model. Second, our analysis focuses on

the cross-sectional heterogeneity on the household side and fiscal policies that
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distort households’ labor supply and savings decision.2 Much of the literature

on policy analysis with estimated DSGE models, however, focuses on monetary

policy analysis in the context of New Keynesian models. For the propagation

of monetary policy shifts, the heterogeneity on the firm side, in particular with

respect to pricing decisions, plays an important role.

Until now the literature on New Keynesian DSGE models has mostly

focused on the question of whether the cost of changing nominal prices is in-

variant to, say, changes in the target inflation rate. Fernández-Villaverde and

Rubio-Ramiréz (2008) estimate a model in which both monetary policy rule pa-

rameters and nominal rigidity parameters are allowed to vary over time. They

find that during high inflation episodes, the estimated cost associated with nom-

inal price changes is lower and interpret the negative correlation between policy

and price-adjustment parameters as evidence against policy invariance. Cogley

and Yagihashi (2010) conduct the following experiment. They simulate data

under two monetary policy regimes from an economy in which firms are het-

erogeneous with respect to their price setting history and face some menu costs

of nominal price adjustments. Based on the simulated data, the authors then

use Bayesian methods to estimate an approximating model that assumes that

firms are able to re-optimize their nominal prices with a fixed probability in ev-

ery period as in Calvo (1983). Cogley and Yagihashi (2010) find that some of

the preference and technology parameters of the approximating model are not

2Earlier work by Geweke (1985) and Altissimo, Siviero, and Terlizzese (2002) considered

heterogeneity on the firm side, but only in simple partial equilibrium frameworks.
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policy invariant. However, in their setting policy recommendations derived from

the approximating model still lead to good outcomes under the data-generating

economy.

The remainder of the paper is organized as follows. Section 2 lays out

the heterogeneous-agents economy that features incomplete capital markets and

indivisible labor. We calibrate the model economy to match salient features of

the cross-sectional income and wealth distribution in the U.S. as well as some

key business cycle properties. Section 3 introduces a representative-agent model

through which we will interpret the equilibrium outcome of the heterogeneous-

agents economy. In Section 4, we estimate the representative-agent model using

data generated from the heterogeneous-agents economy. We also present the

quantitative results on the (lack) of policy invariance – changes in the estimates

of representative-agent model parameters in response to changes in the underlying

heterogeneous-agents economy. In Section 5 we repeat the quantitative analy-

sis for model economies with divisible labor supply and complete asset markets,

in order to distinguish the separate roles played by the two frictions consid-

ered in our benchmark model. Section 6 concludes. Detailed derivations for the

representative-agent model, data sources, additional information on the calibra-

tion of the heterogeneous-agents economy, and additional robustness exercises

can be found in the online Appendix.
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2 Heterogeneous-Agents Economy

We begin by providing a description of the heterogeneous-agents economy that

serves as a data-generating mechanism for the quantitative analysis. The model

economy is based on Chang and Kim (2007), who extend Krusell and Smith’s

(1998) heterogeneous-agents model with incomplete capital markets (Aiyagari,

1994) to indivisible labor supply (Rogerson, 1988). Due to the indivisible nature

of labor supply the aggregate labor supply depends on the shape of the cross-

sectional reservation wage distribution, which in turn is affected by the policy

regime.

2.1 Economic Environment

Households: The model economy consists of a continuum (measure one) of

worker-households who have identical preferences but different productivities ex

post. Household-specific idiosyncratic productivity xt varies exogenously accord-

ing to a stochastic process with a transition probability distribution function

πx(x′|x) = Pr(xt+1 ≤ x′|xt = x). A household maximizes its utility by choosing

consumption ct and hours worked ht:

max Et

[ ∞∑
s=0

βs

{
ln ct+s −B

h
1+1/γ
t+s

1 + 1/γ

}]
(1)

s.t. ct + at+1 = at + (1− τH)Wtxtht + (1− τK)Rtat + T̄

at+1 ≥ a, ht ∈ {0, h̄}.

Households trade assets at that yield the real rate of return Rt. These assets are

either claims to the physical capital stock or IOUs, which are in zero net supply.



10

Both asset types generate the same return Rt, which is subject to the capital tax

τK .

Households face a borrowing constraint, at+1 ≥ a, and supply their labor

in an indivisible manner, that is, ht either takes the value 0 or h̄. We normalize

the endowment of time to one and assume h̄ < 1. If a household supplies h̄

units of labor, labor income is Wtxth̄, where Wt is the aggregate wage rate for

an efficiency unit of labor. Labor income is subject to the tax τH and T̄ denotes

lump-sum taxes or transfers. Ex post households differ with respect to their

productivity and asset holdings. The joint distribution of productivity, xt, and

asset holdings, at, is characterized by the probability measure µt(at, xt).

Firms: A representative firm produces output Yt according to a constant-returns-

to-scale Cobb-Douglas technology in capital, Kt, and efficiency units of labor, Lt:

Yt = F (Lt,Kt, λt) = λtL
α
t K

1−α
t , (2)

We assume that workers are perfect substitutes for each other. While this as-

sumption abstracts from reality, it greatly simplifies the labor-market equilibrium

because we only need to clear the labor market through the total efficiency units

of labor. The exogenous process λt shifts aggregate productivity and has the

transition probability distribution function πλ(λ′|λ) = Pr(λt+1 ≤ λ′|λt = λ).

The representative firm’s profit function is:

Πt = Yt −WtLt − (Rt + δ)Kt. (3)

The first-order conditions for profit maximization are

Wt = αYt/Lt and (Rt + δ) = (1− α)Yt/Kt. (4)
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The return on capital (net of depreciation), Rt, is subject to capital tax. The

physical capital stock evolves according to

Kt+1 = (1− δ)Kt + It, (5)

where It is aggregate investment and δ is the depreciation rate. The total factor

productivity process λt is the only aggregate disturbance. While this feature of

the model economy does not necessarily reflect our views about the sources of

business cycle fluctuations, it makes the quantitative analysis more transparent.

Since the aggregation error will show up as a preference shift in the representative-

agent model, we intentionally exclude shocks that shift households’ preferences,

e.g., labor supply shocks, from the heterogeneous-agents economy.

Fiscal Policy: Fiscal policy in the model economy are characterized by labor

and capital tax rates (τH and τK) as well as the level of lump-sum transfers

(T̄ ). We assume that transfers are constant over time and the government main-

tains a balanced budget in each period. The fiscal authority collects the revenue

from income tax and spends it on fixed lump-sum transfers to households T̄ or

purchases of goods for its own consumption Gt:

T̄ +Gt = τHWt

∫
xth(at, xt;λt, µt) dµt(at, xt) + τKRt

∫
atdµt(at, xt). (6)

In order to obtain total tax revenues we have to integrate over the distribution

of household types using the measure µt(at, xt). For simplicity, we assume that

government purchases Gt do not affect the household’s marginal utility from

private consumption or leisure nor the production function of the representative

firm. The lump-sum transfers are a constant fraction χ of the steady-state tax
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revenue, that is,

T̄ = χ

(
τHW̄

∫
xh(a, x; λ̄, µ̄) dµ̄(a, x) + τKR̄

∫
a dµ̄(a, x)

)
. (7)

Government expenditures, Gt, adjust to maintain a balanced budget. This spec-

ification simplifies the solution of the model.

Market Clearing and Aggregate Resource Constraint: Since IOUs are in

zero net supply, the net supply of assets has to equal the capital stock. Moreover,

in equilibrium the labor hired by the firms has to equal the total supply of

efficiency units by the households:

Kt =

∫
atdµt(at, xt), Lt =

∫
xth(at, xt;λt, µt)dµt(at, xt). (8)

The aggregate resource constraint can be expressed as

Yt =

∫
c(at, xt;λt, µt)dµt(at, xt) + It +Gt. (9)

A detailed description of the computational procedure that is used to approxi-

mate the competitive equilibrium fluctuations of the model economy can be found

in Chang and Kim (2007).

2.2 Calibration

In order to simulate data from the heterogeneous-agents economy we have to

specify parameter values for preferences, technology, as well as fiscal policy. Ta-

ble 1 summarizes the parameter values.

Table 1 about here
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Firm Parameters: The unit of time is a quarter. On the production side of the

economy, we let capital depreciate at the rate δ = 0.025 and set the capital share

parameter α = 0.64 to generate a labor share that is consistent with post-war

U.S. data. The aggregate productivity shock, λt, is a discrete approximation of

a continuous AR(1) process:

lnλt = ρλ lnλt−1 + σλελ,t, ελ,t ∼ N (0, 1). (10)

We set ρλ = 0.95 and σλ = 0.007. These parameter values are obtained by fitting

an AR(1) process to de-trended measured TFP (e.g., Kydland and Prescott,

1982).3

Household Parameters: On the household side, we assume that the idiosyn-

cratic productivity xt follows an AR(1) process:

lnxt = ρx lnxt−1 + σxεx,t, εx,t ∼ N(0, 1). (11)

The values of ρx = 0.939 and σx = 0.287 reflect the persistence and standard

deviation of innovation to individual wages estimated from the PSID.4 According

3According to our heterogenous-agents economy, the measured TFP reflects the composition

effect of workforce as well as productivity shocks. As explained in detail in Section 4.1, the

measured TFP tends to be slightly less volatile than the productivity shocks. However, increas-

ing the volatility of λt does not alter the quantitative results with respect to the accuracy of

the representative-agent model’s policy predictions.
4Chang and Kim (2007) restrict the household sample to those with a household head be-

tween 35 and 55 years of age with a high school education to avoid the fixed effect in wages.

With this restricted sample, the estimates are ρx = 0.929 and σx = 0.227. Here, however, we

use the whole sample of PSID, ages 18 to 65, to encompass the overall distribution of wages

and obtain a larger shock for idiosyncratic productivity.
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to the Michigan Time-Use survey, an employed individual spends one-third of his

discretionary time h̄ = 1/3 on work-related activities. We set the intertemporal

substitution elasticity of hours worked equal to γ = 0.4. Given all other param-

eters, we set the preference parameter B such that the steady-state employment

rate is 60%, the average employment in our sample period. The discount factor β

is chosen so that the quarterly rate of return to capital is 1% in the steady state.

Finally, we let the borrowing constraint a = −2. In our model this corresponds to

half of the annual earnings of the household with average productivity, which is

consistent with the average unsecured credit-limit-to-income ratio of U.S. house-

holds – 28% in 1992 and 47.5% in 1998 – reported by Narajabad (2010) based

on data from the Survey of Consumer Finances.

Fiscal Policies: Chen, Imrohoroglu, and Imrohoroglu (2009) construct U.S.

labor and capital tax rates. The capital tax rate fell from 45% to roughly 32%

over the period from 1950 to 2003. Over the same time span the labor tax

rate rose from about 22% to 30%. The ratio of transfer in total government

expenditure, χ = T/(T + G), has shown a strong trend in the last half century.

It rose from 22% in 1960 to 47% in 2010.5 For the benchmark calibration we

choose fiscal policy in 1984, the midpoint of our sample (τH = 0.29, τK = 0.35,

χ = 0.36). In addition to the benchmark fiscal policy, 5 alternative fiscal policy

regimes are considered in Section 4: (i) low labor income tax (τH = 0.22), (ii)

5We compute this ratio based on the government consumption (NIPA3.1 Line 16) and net

government social benefits to persons (NIPA3.1 Line 19 - Line 13) with the caveat that in reality

government transfer payments are not made in a lump-sum fashion and distributed equally to

all households.
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high capital income tax (τK = 0.47), (iii) higher ratio of lump-sum transfer

in government expenditure (χ = 0.5), (iv) the 1960 fiscal policy (τH = 0.229,

τK = 0.443, χ = 0.224), and (v) the 2004 fiscal policy (τH = 0.269, τK = 0.327,

χ = 0.417). These values, respectively, correspond to the lower or upper bound

or the beginning or end point of U.S. fiscal policy during the sample period.

Implications: We now briefly comment on some of the key quantitative proper-

ties of the calibrated model economy. Further details are provided in the online

Appendix. First, the benchmark calibration of the model economy generates a

reasonable degree of heterogeneity. According to the Panel Study of Income Dy-

namics (PSID), the share of wealth of the poorest 20% of families is negative,

indicating that they are net borrowers, potentially constrained in their consump-

tion. This feature is matched by our calibrated model economy. More specifically,

the PSID found that households in the 1st, 2nd, 3rd, 4th, and 5th quintiles own

-0.5, 0.5, 5.1, 18.7, and 76.2% of total wealth, respectively. The corresponding

shares in the model economy are -1.6, 3.3, 11.4, 24.7, and 62.2%, respectively.

Households in the 1st, 2nd, 3rd, 4th, and 5th quintiles of the wealth distribution

earn, respectively, 7.5, 11.3, 18.7, 24.2, and 38.2% of total earnings, according

to the PSID. The corresponding groups earn 9.7, 15.8, 20.0, 23.7, and 30.8%,

respectively, in the model.

Second, the cyclical features of the data generated from the heterogeneous-

agents economy are similar to those of a neoclassical stochastic growth model.

Since the model economy allows for an aggregate productivity shock only, the

aggregate output of the model exhibits only about three-quarters of the volatil-
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ity of U.S. output. Simulated consumption is as volatile as in the actual data.

A striking difference is the standard deviation of hours. It is three times more

volatile in the U.S. data than it is in the simulated data. This is in part due to

the low-frequency movement in labor supply, not captured in the model economy.

The correlations between output and hours as well as between consumption and

hours are slightly stronger in the simulated data than they are in the U.S. data.

3 A Representative-Agent Model

In this section we describe a representative-agent model through which we will

interpret the equilibrium outcome of the heterogeneous-agents economy.

3.1 Model Specification

We now replace the heterogeneous, borrowing-constrained households of Section 2

with a stand-in representative household that solves the following problem:

max Et

[ ∞∑
s=0

βt+sZt+s

{
lnCt+s −

(Ht+s/Bt+s)
1+1/ν

1 + 1/ν

}]
(12)

s.t. Ct +Kt+1 = Kt + (1− τH)WtHt + (1− τK)RtKt + T̄ .

The representative household owns the capital stock and its budget constraint

resembles that of the households at the micro-level. As in Section 2, the return

Rt is defined in excess of the depreciation rate δ and the evolution of the capital

stock is given by (5). The aggregate (Frisch) labor supply elasticity is denoted by

ν(> 0). We anticipate that ν is different from the micro elasticity of household
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labor supply γ, that appears in (1). Our representative-agent model nests both

inelastic labor supply (e.g., ν being close to zero as in the micro labor-supply

literature) and highly elastic labor supply (e.g., ν =∞ as in Hansen (1985) and

Rogerson (1988)).

Chang and Kim (2007) document that the lack of exact aggregation leads

to a wedge between the marginal product of labor and the marginal rate of sub-

stitution. This labor-market wedge is also well documented in the U.S. data,

e.g., Hall (1997), and often interpreted as an intratemporal aggregate labor sup-

ply shock, which we denote as Bt in (12). Nakajima (2005), Scheinkman and

Weiss (1986), Krüger and Lustig (2010), and Liu, Waggoner, and Zha (2009)

show that capital market incompleteness can lead to a stochastic term in ag-

gregate preferences that affects the intertemporal first-order condition of the

stand-in representative household. Thus, we introduce a second preference shock

Zt in (12). As is common in the literature on estimated DSGE models (e.g.,

Smets and Wouters 2003, 2007), we assume that both preference shifters follow

independent autoregressive processes:

ln(Bt/B̄) = ρB ln(Bt−1/B̄) + σBεB,t, εB,t ∼ N(0, 1) (13)

lnZt = ρZ lnZt−1 + σZεZ,t, εZ,t ∼ N(0, 1).

It is important to note that the laws of motion in (13) are not derived from the

underlying aggregation problem, but rather reflect a commonly made assumption

in the empirical literature.

The production technology in the representative-agent model is of the
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Cobb-Douglas form, identical to the one used in the heterogeneous-agents econ-

omy:

Yt = AtH
α
t K

1−α
t , (14)

where technology evolves according to the AR(1) process

ln(At/Ā) = ρA ln(At−1/Ā) + σAεA,t, εA,t ∼ N(0, 1). (15)

The first-order conditions for the firm’s static profit maximization are identical

to (4) except that Lt needs to be replaced by Ht. The produced output is either

consumed by the representative household, invested to accumulate capital, or

consumed by the government. Thus, the aggregate resource constraint takes the

form

Yt = Ct + It +Gt (16)

and resembles (9). As in the heterogeneous-agents economy the government uses

its tax revenues for transfers T̄ and purchases Gt, maintaining a balanced budget:

T̄ +Gt = τHWtHt + τKRtKt. (17)

To construct an approximate solution to the representative-agent model, we log-

linearize the equilibrium conditions around the deterministic steady state and

apply a standard solution method for a linear rational expectations model.

3.2 Econometric Analysis

We use Bayesian techniques developed in Schorfheide (2000) and surveyed in An

and Schorfheide (2007) in Section 4 to estimate the representative-agent model
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based on aggregated data from the heterogeneous-agents economy. As observ-

ables we use log levels of output Yt, consumption Ct, and hours Ht, where

Ct =

∫
c(at, xt;λt, µt)dµt(at, xt), Ht =

∫
h(at, xt;λt, µt)dµt(at, xt).

Bayesian inference combines a prior distribution with a likelihood function to

obtain a posterior distribution of the model parameters. Since α and δ are easily

identifiable based on long-run averages of the labor share and the investment-

capital ratio, we fix these parameters in the estimation using the “true” values

reported in Table 1. Moreover, we assume that the econometrician knows the

“true” fiscal policy parameters (τH , τK , and χ). We also fix the autocorrelation

of the intertemporal preference shock process (ρZ) to 0.99 because preliminary

estimates seemed to drift toward one.6 Marginal prior distributions for the re-

maining parameters of the representative-agent model are provided in the first

columns of Table 2. Our prior is diffuse with respect to the coefficients deter-

mining the law of motion of the exogenous shocks and assigns a high probability

to the event that the annualized real interest rate lies between 0 and 8% and the

aggregate labor supply elasticity falls into the interval from 0 to 2. The joint

prior distribution for all DSGE model parameters is obtained simply by taking

the product of the marginals.

Table 2 about here

6We also conducted Bayesian inference based on non-dogmatic priors elicited from beliefs

about steady-state relationships as in Del Negro and Schorfheide (2008). The results were

essentially the same as the ones reported below.
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4 Quantitative Results

For the presentation of the quantitative findings it is useful to distinguish be-

tween two groups of parameters of the representative-agent model, namely, pol-

icy parameters θ(p) = [τH , τK , χ]′ and non-policy (or preference and technology)

parameters θ(np). The linearized representative-agent model has the state-space

representation

yt = Ψ0(θ(p), θ(np)) + Ψ1(θ(p), θ(np))st (18)

st = Φ1(θ(p), θ(np))st−1 + Φε(θ(p), θ(np))εt,

where yt is a vector of observables, st is a vector of latent state variables, and

εt = [εA,t, εB,t, εZ,t]
′ is a vector of structural shock innovations. We consider three

main questions in the subsequent quantitative analysis.

First, in Section 4.1 the representative-agent model is estimated based on

aggregate times series generated from the heterogeneous-agents economy under

the benchmark calibration. Roughly speaking, conditional on the actual policy

θ0(p) we determine an estimate θ̂(np)(θ
0
(p)) such that the means and autocovariances

implied by the representative-agent model match the sample means and autoco-

variances of the data generated from the heterogeneous-agents economy. Because

of the inclusion of shocks to the preferences of the representative household, we

are able to obtain a good match.

Second, we study to what extent the parameters of the representative-

agent model are invariant to changes in fiscal policy. We do so from two com-
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plementary perspectives. In Section 4.2 the representative-agent model is re-

estimated based on data generated from the heterogeneous-agents model under

different policy regimes θ̃(p). Thus, we examine whether the parameter estimate

θ̂(np) obtained in Section 4.1 is approximately invariant to changes in the pol-

icy parameter θ(p). The answer is negative, indicating that at a minimum the

coefficient matrices in (18) as functions of θ(p) are misspecified. Notice that a

misspecification of ∂Ψi(θ(p), θ(np))/∂θ(p) or ∂Φi(θ(p), θ(np))/∂θ(p) need not be de-

tectable from the time series fit of (4.2) if the policy does not change during the

sample period.

In order to assess the economic magnitude of this lack of policy-invariance

of the non-policy parameters θ(np) the following experiment is conducted in Sec-

tion 4.3. We use the representative-agent model parameter estimates obtained

under the benchmark policy to predict the effect of new policies assuming that

taste and technology parameters are policy-invariant. In a nutshell, using (18)

we condition on θ̂(np) obtained in Section 4.1 and replace θ0(p) with counterfactual

policy parameters θ̃(p) to generate predictions of the policy effects. We assess

the accuracy of these predictions by comparing them to the true equilibrium

outcomes from the heterogeneous-agents models. We focus on the prediction of

steady-state effects, thereby evaluating how well the function Ψ0(θ(p), θ̂(np)) cap-

tures mean shifts in the ergodic distribution associated with the heterogeneous-

agents model. Section 4.4 discusses potential remedies for inaccuracies of policy

predictions.
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4.1 Benchmark Estimates of the Representative-Agent Model

We begin by fitting the representative-agent model using the aggregate output,

consumption, and employment generated from the heterogeneous-agents econ-

omy under the benchmark fiscal policy. To be clear, we are not conducting

a Monte Carlo simulation in a frequentist sense. We are computing posterior

estimates for two samples only. One sample contains aggregate time series of

200 observations and the other sample 2,500 observations. The sample of 200

would correspond to 50 years of quarterly observations. The posterior distribu-

tion computed from the short sample embodies a degree of parameter uncertainty

that is commensurate with posteriors computed from actual data. This will be-

come important subsequently, because we will compare the magnitude of the

policy prediction errors of the representative-agent model – which are essentially

caused by the lack of policy invariance of the preference and technology param-

eters due to imperfect aggregation rather than by the sampling variability of the

estimators – to the magnitude of posterior uncertainty. In addition we consider

the unrealistic sample size of 2,500 observations because the consistency prop-

erty of Bayes estimators implies that the resulting parameter estimates are very

close to the pseudo-true representative-agent model parameters that minimize

the information-theoretic Kullback-Leibler distance between the approximating

representative-agent model and the data-generating heterogeneous-agents econ-

omy.

Posterior means and 90% credible intervals are reported in Table 2. Our
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subsequent discussion of the estimation highlights the following four findings:

(i) the estimation of the representative-agent model detects sizeable preference

shocks. (ii) With these preference shocks the estimated representative-agent

model fits the aggregate output, consumption, and employment data well in

comparison with a VAR. (iii) The estimated aggregate labor supply elasticities

are related to the slope of the reservation wage distribution in the heterogeneous-

agents economy. (iv) Due to a composition effect of the labor force, measured

total factor productivity At in the representative-agent model differs from the un-

derlying technology shock λt in the heterogeneous-agents economy. Findings (iii)

and (iv) will be very important for understanding the outcomes of the subsequent

policy experiments.

Preference Shocks: Although there are no aggregate preference shocks in the

underlying heterogeneous-agents economy, the representative-agent model esti-

mation detects both intratemporal (Bt) and intertemporal (Zt) preference shocks.

For example, for the sample of 2,500 observations the estimated lnBt has an au-

tocorrelation coefficient of 0.92 with a standard deviation of innovation of 0.3%.

According to a variance decomposition based on the estimated representative-

agent model, the two preference shocks jointly account for between 12% to 15%

of the variation in output and consumption and between 45% and 50% of the

variation in hours worked.7 While it is difficult to make direct comparisons with

7These estimates complement the findings in Chang and Kim (2007), who construct a time

series for lnBt directly as the wedge between the marginal product of labor and the marginal

rate of substitution and then study its cyclical properties.
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the literature that estimates richer DSGE models on aggregate U.S. data, a sub-

stantial variation of preference shocks for employment or hours worked seems

broadly in line with recent studies by Hall (1997) and Chari, Kehoe, and Mc-

Grattan (2007), and Justiniano, Primiceri, and Tambalotti (2010). Our results

suggest exercising caution when interpreting preference shocks measured from

aggregate time series data: they may reflect a specification error (e.g., aggregate

error) rather than a fundamental driving force behind business cycles.

Time Series Fit: For policy makers to regard experiments with a representative-

agent model as compelling, it is important that the model be able to track the

aggregate time series reasonably well. This claim is supported by the surge in

attention that central banks paid to New Keynesian DSGE models after Smets

and Wouters (2003, 2007) introduced modifications to an emerging canonical

medium-scale DSGE model that led to a time series fit comparable to that of

VARs. Thus, as is common in the literature (for references see, for instance, Del

Negro, Schorfheide, Smets, and Wouters (2007)), we compute the posterior odds

of the representative-agent model relative to a VAR. We find that the posterior

odds based on the sample of 200 observations favor the structural representative-

agent model over a VAR(4) with the Minnesota prior8 by e18. While the posterior

8The particular version of the Minnesota prior used in this paper is described in Del Negro

and Schorfheide (2010). The Minnesota prior tilts the maximum likelihood estimates (MLE)

of the VAR coefficients toward univariate unit root representations. From a non-Bayesian

perspective this procedure is attractive even if the time series do not follow unit processes

because it reduces the sampling variance of the MLE while simultaneously offsetting some of

its small-sample bias.
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odds do not imply that the representative-agent model is correctly specified in

some absolute sense, the result indicates that its cross-equation restrictions are

well enough specified such that the resulting reduction in dimensionality in the

DSGE model outweighs the improvement in the in-sample fit attainable with a

less restrictive VAR. The inclusion of the preference shocks essentially enables the

representative-agent model to match the autocovariances of the data generated

from the heterogeneous agent economy.

Aggregate Labor Supply Elasticity: The 90% credible interval for the ag-

gregate labor supply elasticity of a representative household, ν, ranges from 1.43

to 1.85 for the sample of 200 observations and from 2.02 to 2.24 for the sam-

ple of 2,500 observations. As emphasized by Chang and Kim (2006), in our

heterogeneous-agents economy the aggregate elasticity is determined by the shape

of the reservation wage distribution rather than by the willingness of individual

households to substitute consumption and leisure.

Compositional Effect: In the heterogeneous-agents model, the means of the

aggregate log productivity process, lnλt, and the average level of the log of

idiosyncratic productivity, lnxt, are zero. In equilibrium the workers who are

not working tend to be the less productive ones. Due to this composition effect

the estimated steady-state log productivity in the representative-agent model,

ln Ā, is 0.45. Closely related, the point estimates of ρA and σA imply that

the (unconditional) standard deviation of the aggregate technology process in

the representative-agent model is about 1.2%. The standard deviation of the

productivity process λt in the heterogeneous-agents model, on the other hand, is
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about 2.2%. In the heterogeneous-agents economy, newly hired workers during

the expansion are, on average, less productive than existing workers, lowering

the average productivity of the workforce. Vice versa, it is the low-productivity

workers who leave the workforce during the recession. This composition effect of

the workforce makes the measured aggregate productivity less volatile than the

true aggregate technology. It also contributes to a larger estimate of aggregate

labor supply because the measured hours worked (e.g., employment) exhibit a

larger volatility than the total labor input in efficiency units. The composition

effect is also well documented for actual U.S. data. For instance, Bils (1985)

estimates, based on PSID data, that the average wage of newly hired workers is

19% lower than the average wage of existing workers.

4.2 Policy (In)variance of Model Parameters

We now investigate whether the parameters of the representative-agent model are

invariant with respect to policy changes. To do so, the heterogeneous-agents econ-

omy is simulated under the alternative fiscal policies listed in Table 1. In these

simulations the sequences of aggregate and idiosyncratic shocks are kept identi-

cal to those used for the benchmark analysis. The representative-agent model is

then re-estimated based on the newly generated data sets. If the representative-

agent parameters were truly “structural,” the parameter estimates should be

the same (up to some estimation uncertainty), regardless of the policy regime.

The resulting posterior mean parameter estimates and 90% credible intervals for

samples of 2,500 observations are reported in the top panel of Table 3. There
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is considerable variation in the estimates of average log productivity, ln Ā, the

aggregate labor supply elasticity ν, and the implicit steady-state interest rate

rA, which determines the discount factor β. The 90% credible intervals for these

parameters do not overlap. Moreover, the estimated aggregate shock processes

(not shown in the table) are also sensitive to the policy regime. We now consider

the labor tax cut, the rise in the capital tax rate, and the increase in transfers in

more detail. The 1960 and the 2004 policy lead to a combination of the effects

described subsequently.

Table 3 about here

Labor Tax Cut: In order to shed light on the instability of the parameter

estimates, the second panel of Table 3 provides long-run averages of employ-

ment, capital, output, labor productivity, and interest rates associated with the

stochastic steady states of the heterogeneous-agents economy under the various

fiscal policies. When the labor income tax rate is lowered to τH = 0.22, the

employment rate increases by almost 7%. Because of the tax cut, the total tax

revenue, however, decreases. Given the fixed proportion of lump-sum transfers

(χ = 0.36) a decrease in tax revenues implies that each household receives fewer

lump-sum transfers, which increases the precautionary savings motive. Higher

labor input also reinforces the accumulation of capital given the complementarity

between capital and labor. As a result, the aggregate capital stock rises by 6%,

lowering an equilibrium annual interest rate from 4% to 3.68%.
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A higher capital stock is reflected in a low discount rate in the estimated

representative-agent model. Aggregate output increases about 4% (from 1.48 to

1.53). The measured average labor productivity decreases by 3% (from 2.46 to

2.39) due to the compositional effect discussed in Section 4.1. In order for the

representative-agent model to capture the compositional effect and the precau-

tionary savings, the estimates of the discount rate, rA, and average productivity

ln Ā have to fall, as in the second column of Table 3. As the average employment

rate rises with the labor tax cut, the economy moves toward a thinner part of

the reservation wage distribution, requiring the labor supply elasticity ν, of the

representative-agent model to decrease.9

Rise in Capital Tax Rate: When we increase the capital income tax rate

from τK = 0.35 to τK = 0.47, the equilibrium employment rate remains essen-

tially unchanged. Thus, the workforce composition effect is not operational. A

high capital tax, however, decreases savings and results in a decrease in the cap-

ital stock of 8% (from 15.2 to 14.0). A decreased capital-labor ratio raises the

equilibrium interest rate from 4% to 4.76%. Unlike the case of the labor tax cut,

the estimates of the representative-agent parameters are more or less unaffected

as the employment rate remains approximately constant.

More Transfers: The increase in the ratio of lump-sum transfers in government

expenditures from χ = 0.36 to 0.5 generates a negative income effect on the labor

supply, decreasing the employment rate to 57%. A larger transfer discourages the

precautionary motive of savings, decreasing aggregate capital stock by 3% (from

9A detailed discussion is provided in the online Appendix



29

15.2 to 14.76). As both capital and labor decrease, the equilibrium interest rate

is virtually unaffected. Labor productivity, however, increases as the employ-

ment rate decreases because less-productive workers retreat from the labor mar-

ket. The changing workforce composition is captured in the representative-agent

model by a higher estimated value of ln Ā. Finally, the heterogeneous-agents

economy moves toward a thicker part of the reservation wage distribution, re-

quiring a larger elasticity of labor supply for the representative-agent model.

4.3 Accuracy of Policy Predictions

In order to assess the quantitative importance of the policy dependence of the

parameters of the representative-agent model, we now examine the accuracy of

the policy predictions that the representative-agent model delivers under the

assumption that its parameters are unaffected by policy interventions. To do

so, we construct posterior predictive distributions for the effects of the policy

changes based on the model estimated under the benchmark fiscal policy. We

consider the percentage change in long-run aggregate output, consumption, and

employment as well as the overall welfare effect induced by the policy change.

Welfare Measure: An important advantage of DSGE models over reduced-

form models, such as vector autoregressions, is the welfare analysis. Following
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Aiyagari and McGrattan (1998), we define social welfare as:10

W =

∫
V (a, x)dµ(a, x), (19)

where µ(a, x) is the steady-state joint distribution of asset holdings and idiosyn-

cratic productivity and V (a, x) is the value function associated with the optimal

decisions. This is a utilitarian social welfare function that measures the ex ante

welfare in the steady state—i.e., the welfare of an individual before the real-

ization of initial assets and productivity, which is drawn from the steady-state

distribution µ(a, x). We measure the welfare gain or loss due to a policy change

by the constant percentage change in consumption each period for all individuals

which is required to equate social welfare before and after the policy change.

We compare the welfare measures based on the steady-state ergodic distribu-

tions only, not including the transition dynamics. In the representative-agent

model the distribution µ(a, x) is degenerate and the computation of the welfare

effect simplifies considerably. The equilibrium of the representative-agent model

is approximated with a first-order log-linearization, which is known to be fairly

accurate for the stochastic growth model considered in this paper. Under this

approximation the welfare effect can be calculated directly from the steady-state

levels of consumption and hours. Further details are provided in the online Ap-

pendix.

10This measure of social welfare or its variants have been widely used in the literature. Ex-

amples include Domeij and Heathcote (2004), Young (2004), Pijoan-Mas (2005), Heathcote,

Storesletten and Violante (2008) and Rogerson (2009). Detailed justifications for this welfare

measure are provided in Aiyagari and McGrattan (1998).
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Quantitative Findings: The quantitative results for the policy predictions are

summarized in Table 4. For now, we focus on the columns with the heading “Esti-

mation Uncertainty.” The entries in the table refer to percentage changes relative

to the benchmark values. The “true” policy effect is computed based on the new

ergodic distribution of the heterogeneous-agents economy. The “90% interval”

entries correspond to 90% predictive intervals computed based on the posterior

distribution of the parameters of the representative-agent model obtained from

200 observations under the benchmark fiscal policy. These intervals reflect the

uncertainty with respect to the “structural” parameters of the representative-

agent model. With the widespread adoption of Bayesian methods in empirical

macroeconomics, such predictive distributions are frequently used to conduct pol-

icy analysis under parameter (and model uncertainty) as, for instance, in Levin,

Onatski, Williams, and Williams (2006). Moreover, the use of the predictive

distribution allows us to relate the magnitude of the prediction biases due to

lack of parameter invariance to the overall level of uncertainty associated with

the predictions. We also report “p-values,” which indicate how far in the tails

of a Gaussian approximation of the predictive distribution the realization of the

policy effect lies.

Table 4 about here

Across the entries in Table 4 we find that the “true” effects of the policies,

both with respect to the average level of output, consumption, and hours as

well as with respect to households’ welfare, lie almost always far outside the
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90% intervals. Almost all of the p-values are essentially zero. Among the three

“single-instrument” policy changes, the prediction of the effect of a capital tax

increase is the most accurate. This is consistent with our previous finding that

the parameter estimates under the high-capital-tax regime are very close to the

ones under the benchmark fiscal regime. If the representative-agent model is used

to rank the five alternative policies, its welfare predictions imply that the labor

tax cut is the most beneficial and the capital tax increase is the worst policy. The

welfare ranking based on the actual effects in the heterogeneous-agents economy,

however, is quite different. The most favorable policy is the increase in transfers.

The “1960 policy” is the worst, leading to a larger welfare loss than the pure

capital tax increase. Thus, the parameter instability is sufficiently large to render

predictions from the representative-agent model inaccurate and the predicted

rankings of policies incorrect.

To gain a better understanding of the results, we now consider the predic-

tion of the effect of changing the fraction of lump-sum transfers (raising χ from

36% to 50%) in more detail. Due to the income effect, total hours worked de-

crease by 5.45% in the heterogeneous-agents economy. The representative-agent

model predicts, under the assumption of policy-invariant preference and tech-

nology parameters, a decrease of only 3.04%, to 3.22%, with 90% probability.

The employment effect is under-predicted because the constant aggregate sup-

ply elasticity of the representative-agent model does not capture the increased

slope of the reservation wage distribution at higher employment levels. The

representative-agent model also under-predicts the rise in consumption. The
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consumption effect in the heterogeneous-agents model is stronger, because the

transfer increase reduces the need for precautionary savings for households near

the borrowing constraint.

Aggregate output decreases by 2.19% in the heterogeneous-agents econ-

omy, whereas, according to the representative-agent model, it is predicted to

fall by 3.04% to 3.22%. The representative-agent model overpredicts the fall

in output for two reasons. First, it misses the effect of workforce composi-

tion on labor productivity. Second, the aggregate capital stock decreases by

more than the representative-agent model predicts, due to less need for pre-

cautionary savings. In sum, the average welfare of households increases by

5.80% in the heterogeneous-agents economy. The welfare effect predicted by

the representative-agent model, on the other hand, ranges only from 3.10% -

3.18% because the effect of the additional insurance provided by the transfers is

not captured.

4.4 Potential Remedies

The DSGE model research agenda seemingly promises that one can predict the

effects of policy changes without having any observed variation in the policy

instrument. In our simulation, we obtained predictions that were qualitatively

reasonable yet quantitatively imprecise. The first-best approach to addressing

the prediction inaccuracy is to work with a better model. In practice, of course,

“true” models remain elusive and the best response is to model and measure

the policy-relevant mechanisms and trade-offs as well as possible. For instance,
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while a careful modeling of labor-market heterogeneity was not particularly im-

portant for the assessment of the capital tax change, the representative-agent

model’s inability to capture the effects of labor-market heterogeneity rendered

its predictions with regard to labor tax and transfer changes grossly misleading.

Better Measures of Labor Inputs: One of the important lessons we learned

from the heterogeneous-agents model is that the aggregate labor supply elasticity

is not iso-elastic. We will subsequently show in Section 5.1 that replacing raw

hours (i.e., the employment rate) by the efficiency unit of labor alleviates the

composition bias in the estimates of productivity and labor supply elasticity of

the representative-agent model. With the time series of efficiency units of labor,

both estimates of average productivity, Ā, and labor supply elasticity, ν, become

much more stable across policy regimes. While it is not easy to obtain the

exact measure of efficiency units because it is very difficult to capture all the

heterogeneity using observed characteristics, it appears important to measure

labor input more accurately.11

Accounting for Parameter Instability Risk: From the perspective of a pol-

icy maker who has to make decisions based on imperfect models, our analysis

indicates that the parameter uncertainty reflected in the formal Bayesian estima-

tion of the representative-agent model captures only a small aspect of the policy

maker’s “risk.” The results in Table 4 could be interpreted as the predictive

intervals being too small because the possibility that preference and technology

11For the composition effect in aggregate measures of wages and hours, see Bils (1985) and

Hansen (1993).
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parameters may shift in response to a policy change is not being entertained. Let

θ(np) denote the non-policy-related preference and technology parameters of the

representative-agent model. Moreover, let ∆θ(np) denote an intervention-induced

shift in the preference and technology parameters. In order to account for the

possibility of a parameter change, a policy maker could combine the posterior

distribution of θ(np) with a conditional distribution of ∆θ(np) given θ(np) to char-

acterize beliefs about post-intervention values of θ(np).
12

For concreteness, assume the discrepancy distribution is independent nor-

mal and the standard deviations for our parameters rA, ν, ln Ā, and ln B̄ are 0.09,

0.09, 0.002, and 0.003, respectively. These numbers correspond to the posterior

standard deviations of the four parameters associated with the T = 200 estimates

in Table 2. In the rightmost columns of Table 4 we report the predictive intervals

obtained with accounting for the possibility of a parameter shift (under the head-

ing “Invariance Uncertainty”). While the mean predictions do not change much,

the predictive intervals become a lot wider in the latter case and encompass the

“true” effects on consumption and output. The p-values now range from 0.06 to

0.32.

Exploiting Information from Policy Variation if Available: If an econo-

metrician has access to observations from different policy regimes, statistical

12Mechanically, we let the post-intervention non-policy parameters be θ̃(np) = θ(np) + ∆θ(np),

where draws of θ(np) are generated from the posterior distribution obtained under the historically

observed policy regime and ∆θ(np) is drawn independently from the above-specified “prior”

distribution.
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techniques such as the estimation of structural break, regime-switching, or time-

varying parameter models could be used to quantify the magnitude of potential

parameter shifts. To examine the detectability of coefficient changes across pol-

icy regimes in our heterogeneous-agents environment we conduct the following

experiment. We construct three new data sets by combining 100 observations

from the benchmark policy regime with 100 observations from one of the follow-

ing alternative regimes: labor tax cut, capital tax raise, and more transfers. The

“true” policy coefficients for the benchmark and the alternative policy regime

are treated as known and two versions of the representative-agent model are es-

timated. In the first version, M0, the non-policy parameters are assumed to

be identical across regimes, whereas in the second version, M1, the non-policy

parameters are allowed to differ. M1 is estimated under a prior distribution

that restricts potential changes in the non-policy parameters to be small. A

more detailed discussion of the structural break tests is provided in the online

Appendix.

For each of the three data sets we compute log marginal data densities

for models M0 and M1. If the alternative policy is either a labor tax cut or

an increase in transfers, the switching coefficient model, M1, is favored by the

posterior odds. If the alternative policy is a capital tax increase, the constant

coefficient model is preferred. These results are consistent with our earlier result

that the representative-agent model delivers relatively accurate predictions of the

effects of a capital tax change, but has difficulties capturing labor market effects.

The estimation results from the structural break model provide some in-
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formation about the invariance of the non-policy parameters. Empirical evidence

about the sensitivity of non-policy parameters to changes in the policy coefficient

could in principle be used to inform the conditional distribution of ∆θ(np) given

θ(np) used in the simulations that underlie the results reported in the rightmost

columns of Table 4. The practical problem is that the estimation of the struc-

tural break model provides only very few observations that could be used to

approximate ∂θ(np)/∂θ(p).

In our particular application we know that the level of total factor pro-

ductivity as well as the slope of the aggregate labor supply schedule depends on

the reservation wage distribution. Thus, it might be fruitful to make total factor

productivity as well as the aggregate labor supply elasticity dependent upon the

level of employment. However, providing an operational procedure is beyond the

scope of this paper and we leave it as a topic for future research.

5 Alternative Measurements and Model Economies

We now modify the empirical analysis in two dimensions. First, in Section 5.1

the representative-agent model is re-estimated based on three alternative data

sets. Two data sets contain the real interest rate, and in the third data set, hours

worked is replaced by a measure of efficiency-adjusted labor. Second, we examine

the role of the two frictions, indivisible labor and incomplete capital markets,

that prevent the aggregation of individual households’ optimality conditions in

our benchmark heterogeneous-agents economy. In Sections 5.2 and 5.3 we repeat
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the analysis of Section 4 for an economy with incomplete capital markets but

divisible labor and for an economy in which asset markets are complete but

labor is indivisible, respectively.

5.1 Estimating the Representative-Agent Model with Other Ob-

servables

The econometric analysis in Section 4 uses output, hours worked, and consump-

tion as observables in the estimation of the representative-agent model. Since

the Cobb-Douglas production function implies that real wages are proportional

to average labor productivity, the use of output and hours data implies that our

estimation is also implicitly using information from a measure of real wages that

is commensurate with our measure of hours worked. However, we have not used

any information about the real interest rate. Thus, we repeat the econometric

analysis based on the following two alternative data sets: (i) real interest rates,

hours, and consumption; (ii) output, hours, and real interest rates. It turns out

that the findings with respect to parameter stability as well as the inaccuracy

of policy predictions are quantitatively similar to those reported in Section 4.

Detailed results are reported in the online Appendix.

When we replace the hours worked series in the benchmark output-hours-

consumption data set with the efficiency units of labor, the estimates of ν and

ln Ā are more stable across policy regimes compared to the benchmark analysis

(Table 5). For example, with efficiency units of labor, the estimate for the ag-

gregate elasticity of labor supply (ν̂) ranges from 0.4 to 0.62, implying a smaller
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aggregate labor supply elasticity.13 The average level of aggregate productivity,

ln Ā, remains close to zero across policies. Given the approximate invariance of

parameters, the use of efficiency units might appear to be a promising alterna-

tive. However, in practice, it is often difficult, if not impossible, to obtain the

efficiency unit measures of quantity (hours) and prices because it is almost im-

possible to capture all the heterogeneity using observed characteristics – a typical

cross-sectional wage regression barely reaches an R2 of 0.4.

Table 5 about here

5.2 Divisible Labor

The first alternative model economy we consider allows for divisible labor supply,

but capital markets remain incomplete. This is essentially the same specification

as in Krusell and Smith (1998) with endogenous hours choice. The equilibrium

of this economy can be defined similarly to that of the benchmark model with

the worker’s value function with divisible labor, V D(a, x;λ, µ):

V D(a, x;λ, µ) = max
a′∈A,h∈(0,1)

{
ln c−B h1+1/γ

1 + 1/γ
+ βE

[
V D(a′, x′;λ′, µ′)

∣∣x, λ]}

subject to

c = (1− τH)w(λ, µ)xh+ (1 + (1− τK)r(λ, µ))a+ T̄ − a′, a′ ≥ ā, µ′ = T(λ, µ).

13Hansen (1993) obtains a similar result. He finds that hours in efficiency units (measured by

demographic variables of the households from the CPS) move less than actual hours over the

business cycle.
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We estimate the parameters of the representative-agent model using out-

put, hours, and consumption data simulated from this economy. As Table 5

shows, the aggregate labor supply elasticity ν of a stand-in household is 0.37,

very close to the elasticity of individual households, γ = 0.4. Moreover, the es-

timated standard deviations for the two preference shocks (not reported in the

table) are very close to zero. This is consistent with a “near perfect” aggregation

result by Krusell and Smith (1998) – a representative-agent model is a good ap-

proximation of the heterogeneous-agents economy with incomplete markets. A

comparison of the entries in Table 5 and Table 2 indicates that for the divisible-

labor economy the parameter estimates are much less sensitive to the tax policy

than in our benchmark economy. For instance, the estimate of ln Ā is not at all

affected by the policy regime, indicating that the divisibility of labor essentially

eliminated the labor-force composition effect.

5.3 Complete Asset Markets

Our second auxiliary model economy has complete capital markets but labor

supply is indivisible. Due to perfect risk sharing, agents enjoy the same level of

consumption regardless of their employment status, productivity, or asset hold-

ings.14 The equilibrium of this economy is identical to the allocation made by a

social planner who maximizes the equally weighted utility of the population. The

14The distribution of workers is no longer a state variable in the individual optimization prob-

lem. Moreover, because of the ergodicity of the stochastic process for idiosyncratic productivity,

the cross-sectional distribution of workers is always stationary.



41

planner chooses the sequence of consumption {Ct}∞t=0 and the cut-off productiv-

ity {x∗t }∞t=0 for labor-market participation. To ensure an efficient allocation, the

planner assigns workers who have a comparative advantage in the market (more

productive workers) to work. If a worker’s productivity is above x∗t , he supplies

h̄ hours of labor. It turns out that under complete markets, the first-order con-

dition for the choice between hours and consumption is exactly defined in terms

of effective units of labor and wages at the aggregate level.

In theory, our estimation of a representative-agent model should reveal

the preference of a social planner. At the estimated parameters the intratempo-

ral and intertemporal first-order conditions of the representative household hold

almost exactly, and the estimated standard deviations of the preference shocks

are very close to zero. However, since we use actual hours worked instead of effi-

ciency units of labor in our estimation, the estimated parameters are still subject

to a composition bias. According to Table 5 the aggregate labor supply elastic-

ity, ν, is estimated to be 1.42. The aggregate labor supply elasticity, ν, depends

on the cross-sectional distribution of productivity, analogous to the model with

incomplete asset markets. In response to a policy change, the estimates of ν and

ln Ā change, but not as drastically as under the benchmark economy. The change

of the ln Ā estimate from -1.45 to -1.44 under the more-transfers policy indicates

the presence of the labor-force composition effect.
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6 Conclusion

Representative-agent dynamic stochastic general equilibrium models are widely

used for economic policy analysis. A key assumption in policy experiments is that

fundamental parameters of the model such as taste and technology are invariant

with respect to policy changes. We demonstrate that this is not always the case.

We construct a heterogeneous-agents economy in which equilibrium outcomes

depend on the distributions of wealth and earnings, which in turn depend on the

policy regime. We estimate a representative-agent model that best approximates

the aggregate times series generated from the heterogeneous-agents model. We

find that (i) taste and technology parameters in the representative-agent model

are not policy invariant; and (ii) fiscal policy predictions from the representative-

agent model are often inaccurate. Moreover, as has been pointed out in previous

papers, we document that the aggregation error manifests itself as a preference

shift of a representative household.

We demonstrate that the representative-agent model that abstracts from

cross-sectional heterogeneity on the household side can potentially mislead fiscal

policy predictions. Of course there are other forms of heterogeneity, e.g. on the

firm side, that may lead to even stronger biases in policy predictions. Thus, our

study should not be interpreted as a claim that household-level heterogeneity is

the most important one or that the use of representative-agent models should

be abandoned. Instead, we conclude that it is important to account for the

possibility that the preference and technology parameters of an estimated model
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may shift in response to a policy change. To the extent that an econometrician

has access to observations from different policy regimes, statistical techniques

such as the estimation of time-varying coefficients or regime-switching models

could be useful to quantify the magnitude of potential parameter shifts.

References

Aiyagari, S. Rao (1994): “Uninsured Idiosyncratic Risk and Aggregate Saving,”

Quarterly Journal of Economics, 109, 659-684.

Aiyagari, S. Rao, and Ellen McGrattan (1998): “The Optimum Quantity of

Debt,” Journal of Monetary Economics, 42, 447-469.

Altissimo, Filippo, Stefano Siviero, and Daniele Terlizzese (2002): “How Deep

Are the Deep Parameters?” Annales d’Economie et de Statistique, 67-68,

207-226.

An, Sungbae, Yongsung Chang, and Sun-Bin Kim (2009): “Can a Representa-

tive Agent Model Represent a Heterogeneous Agent Economy?” American

Economic Journal - Macroeconomics, 1, 29-54.

An, Sungbae, and Frank Schorfheide (2007): “Bayesian Analysis of DSGE Mod-

els,” Econometric Reviews, 26, 113-172.

Auerbach, Alan, and Lawrence Kotlikoff (1987): Dynamic Fiscal Policy, Cam-

bridge U.K., Cambridge University Press.



44

Bewley, Truman (1983): “A Difficulty with the Optimum Quantity of Money,”

Econometrica, 51, 1485-1504.

Bils, Mark (1985): “Real Wages over the Business Cycle: Evidence from Panel

Data,” Journal of Political Economy, 93, 666-689.

Calvo, Guillermo (1983): “Staggered Prices in a Utility-Maximizing Frame-

work,” Journal of Monetary Economics, 12, 383-398.

Chang, Yongsung, and Sun-Bin Kim (2006): “From Individual to Aggregate

Labor Supply: A Quantitative Analysis Based on a Heterogeneous Agent

Macroeconomy,” International Economic Review, 47, 1-27.

Chang, Yongsung, and Sun-Bin Kim (2007): “Heterogeneity and Aggregation:

Implications for Labor-Market Fluctuations,” American Economic Review,

97, 1939-1956.

Chari, V.V., Patrick Kehoe, and Ellen McGrattan (2007): “Business Cycle

Accounting,” Econometrica, 75, 781-836.

Chen, Kaiji, Ayse Imrohoroglu, and Selahattin Imrohoroglu (2009): “A Quan-

titative Assessment of the Decline in the U.S. Saving Rate,” Journal of

Monetary Economics, 56, 1135-1147.

Christiano, Lawrence, Martin Eichenbaum, and Charles Evans (2005): “Nom-

inal Rigidities and the Dynamic Effect of a Shock to Monetary Policy,”

Journal of Political Economy, 113, 1-45.



45

Cogley, Timothy, and Takeshi Yagihashi (2010): “Are DSGE Approximating

Models Invariant to Shifts in Policy?,” The B.E. Journal of Macroeco-

nomics, 10 (Contributions), Article 27.

Del Negro, Marco, and Frank Schorfheide (2008): “Forming Priors for DSGE

Models (and How It Affects the Assessment of Nominal Rigidities),” Jour-

nal of Monetary Economics, 55, 1191-1208.

Del Negro, Marco, and Frank Schorfheide (2010): “Bayesian Macroeconomet-

rics,” in J. Geweke, G. Koop, and H. van Dijk (eds.) Handbook of Bayesian

Econometrics, Oxford University Press, forthcoming.

Del Negro, Marco, Frank Schorfheide, Frank Smets, and Rafael Wouters (2007):

“On the Fit of New Keynesian Models,” Journal of Business & Economic

Statistics, 25, 123-162.

Domeij, David, and Jonathan Heathcote (2004): “On the Distributional Effects

of Reducing Capital Taxes,” International Economic Review, 45, 523-554.
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Table 1: Parameterization of the Heterogeneous-Agents Economy

Preference and Technology Parameters

Firm parameters α = 0.64, δ = 0.025

ρλ = 0.95, σλ = 0.007

Household parameters β = 0.983, γ = 0.4, B = 101, h = 1/3, a = −2.0

ρx = 0.939, σx = 0.287

Fiscal Policy Parameters

Bench- Labor Capital More 1960 2004

mark Tax Cut Tax Rise Transfers Policy Policy

τH 0.29 0.22 .229 .269

τK 0.35 0.47 .443 .327

χ 0.36 0.50 .224 .417
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Table 2: Parameter Estimates

Prior Posterior (Benchmark Calibr.)

T = 200 T = 2, 500

Density Mean S.D. Mean 90% Intv. Mean 90% Intv

rA Gamma 4.00 2.00 2.83 [2.69, 2.97] 2.77 [2.71, 2.83]

ν Gamma 1.00 0.50 1.65 [1.43, 1.85] 2.13 [2.02, 2.24]

ln Ā Normal 0.00 10.0 0.44 [ 0.44, 0.45] 0.45 [ 0.44, 0.45]

ln B̄ Normal 0.00 10.0 -1.43 [-1.44, -1.42] -1.41 [-1.42, -1.41]

ρA Beta 0.50 0.25 0.90 [ 0.89, 0.91] 0.91 [ 0.91, 0.92]

ρB Beta 0.50 0.25 0.74 [ 0.57, 0.90] 0.92 [ 0.91, 0.93]

σA Inv. Gamma .012 .007 .005 [.005, .006] .005 [.005, .006]

σB Inv. Gamma .012 .007 .003 [.002, .003] .003 [.003, .003]

σZ Inv. Gamma .012 .007 .003 [.002, .003] .003 [.003, .003]

Notes: During the estimation the parameters δ, τH , τK , and χ are fixed to

the values in Table 1 and ρZ is set to 0.99. rA is the annualized discount rate

rA = 400 × (1/β − 1). As parameter estimates we report posterior means and

90% credible intervals (in brackets).
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Table 3: Estimates under Alternative Policies and “True” Steady

States

Bench- Labor Capital More 1960 2004

mark Tax Cut Tax Rise Transfers Policy Policy

Parameter Estimates, T = 2, 500

rA 2.77 2.55 2.74 2.84 2.52 2.75

[ 2.71, 2.83] [ 2.49, 2.62] [ 2.66, 2.82] [ 2.78, 2.91] [ 2.46, 2.58] [ 2.69, 2.81]

ν 2.13 1.44 2.23 3.60 1.22 2.09

[ 2.02, 2.24] [ 1.38, 1.50] [ 2.10, 2.35] [ 3.32, 3.88] [ 1.17, 1.27] [ 1.98, 2.21]

ln Ā 0.45 0.42 0.45 0.47 0.40 0.45

[ 0.44, 0.45] [ 0.42, 0.42] [ 0.45, 0.45] [ 0.47, 0.47] [ 0.40, 0.41] [ 0.44, 0.45]

ln B̄ -1.41 -1.41 -1.41 -1.40 -1.41 -1.42

[-1.42, -1.41] [-1.42, -1.41] [-1.42, -1.41] [-1.41, -1.40] [-1.41, -1.41] [-1.42, -1.41]

Steady States in Heterogeneous-Agents Economy

E 0.60 0.64 0.60 0.57 0.66 0.60

K 15.2 16.1 14.0 14.8 15.4 15.5

Y 1.48 1.53 1.43 1.44 1.51 1.49

Y/H 7.38 7.17 7.17 7.62 6.87 7.44

RA 4.00 3.68 4.76 4.04 4.16 3.80

Notes: See Table 2.



53
T

a
b

le
4:

P
r
e
d
ic
t
io
n
s
o
f
P
o
l
ic
y
E
f
f
e
c
t
s,
T

=
20

0

E
st

im
at

io
n

U
n

ce
rt

ai
n
ty

In
va

ri
an

ce
U

n
ce

rt
ai

n
ty

L
ab

or
C

ap
it

al
M

or
e

19
60

20
04

L
ab

or
M

or
e

T
ax

C
u

t
T

ax
R

is
e

T
ra

n
sf

er
s

P
ol

ic
y

P
ol

ic
y

T
ax

C
u

t
T

ra
n

sf
er

s

H
“T

ru
e”

6.
06

-0
.2

3
-5

.4
5

9.
44

-0
.2

1
6.

06
-5

.4
5

90
%

In
tv

.
[

2.
96

,
3.

15
]

[-
0
.3

1,
-0

.2
8]

[-
3.

22
,

-3
.0

4]
[

5.
18

,
5.

51
]

[-
0.

21
,

-0
.2

0]
[

2.
26

,
3.

78
]

[-
4.

12
,

-2
.3

2]

p
-V

a
lu

e
2
.2

E
-3

08
1.

5E
-0

13
2.

2E
-3

08
2.

2E
-3

08
3.

3E
-0

02
5.

3E
-0

11
1.

8E
-0

05

C
“T

ru
e”

7.
33

-2
.7

3
3.

04
1.

73
3.

86
7.

33
3.

04

90
%

In
tv

.
[

7.
84

,
8.

03
]

[-
3
.6

3,
-3

.3
7]

[
1.

79
,

1.
98

]
[

2.
25

,
2.

65
]

[
3.

66
,

3.
71

]
[

6.
53

,
8.

78
]

[
0.

67
,

3.
10

]

p
-V

a
lu

e
3
.2

E
-0

25
2.

5E
-0

21
9.

7E
-0

89
8.

1E
-0

09
3.

5E
-0

35
3.

2E
-0

01
5.

5E
-0

02

Y
“T

ru
e”

3.
44

-2
.8

9
-2

.1
9

2.
57

0.
81

3.
44

-2
.1

9

90
%

In
tv

.
[

2.
96

,
3.

15
]

[-
4
.0

7,
-3

.8
4]

[-
3.

22
,

-3
.0

4]
[

2.
28

,
2.

63
]

[
0.

36
,

0.
41

]
[

1.
51

,
4.

47
]

[-
4.

70
,

-1
.5

6]

p
-V

a
lu

e
1
.3

E
-0

11
5.

9E
-0

52
9.

0E
-0

66
1.

7E
-0

01
1.

2E
-1

78
3.

2E
-0

01
1.

5E
-0

01

W
“T

ru
e”

4.
51

-2
.6

1
5.

80
-3

.0
9

4.
07

4.
51

5.
80

90
%

In
tv

.
[

6.
60

,
6.

68
]

[-
3
.5

2,
-3

.2
5]

[
3.

10
,

3.
18

]
[

0.
16

,
0.

44
]

[
3.

75
,

3.
79

]
[

5.
70

,
7.

58
]

[
2.

18
,

4.
11

]

p
-V

a
lu

e
2
.2

E
-3

08
3.

8E
-0

20
2.

2E
-3

08
2.

2E
-3

08
1.

2E
-1

20
9.

7E
-0

05
3.

4E
-0

06

N
o
te
s:

T
h

e
b

en
ch

m
ar

k
p

o
li

cy
is
τ H

=
0
.2

9,
τ K

=
0
.3

5,
χ

=
0
.3

6.
T

h
e

en
tr

ie
s

in
th

e
ta

b
le

re
fe

r
to

p
er

ce
n
ta

ge
ch

an
ge

s
re

la
ti

ve
to

th
e

b
en

ch
m

ar
k

p
o
li

cy
.

T
h

e
la

st
tw

o
ro

w
s

(W
)

co
n
ta

in
w

el
fa

re
ga

in
s

(i
f

p
os

it
iv

e)
or

co
st

s
(i

f
n

eg
at

iv
e)

in
p

er
ce

n
ta

ge
te

rm
s

d
u

e
to

th
e

p
ol

ic
y

ch
a
n

ge
.

“T
ru

e”
eff

ec
ts

a
re

co
m

p
u

te
d

fr
om

th
e

m
ea

n
s

of
th

e
er

go
d

ic
d

is
tr

ib
u

ti
on

s
of

th
e

h
et

er
og

en
eo

u
s-

ag
en

ts
ec

on
om

y.

9
0%

In
tv

.
ar

e
p

re
d

ic
ti

ve
in

te
rv

a
ls

co
m

p
u

te
d

fr
om

th
e

p
os

te
ri

or
of

th
e

re
p

re
se

n
ta

ti
v
e-

ag
en

t
m

o
d

el
b

as
ed

on
ob

se
rv

at
io

n
s

u
n

d
er

th
e

b
en

ch
m

ar
k

p
ol

ic
y.



T
ab

le
5:

P
a
r
a
m
e
t
e
r
E
st

im
a
t
e
s
f
o
r
A
lt

e
r
n
a
t
iv
e
M
o
d
e
l
E
c
o
n
o
m
ie
s
a
n
d

M
e
a
su

r
e
m
e
n
t
s,
T

=
2,

50
0

D
iv

is
ib

le
L

ab
or

C
om

p
le

te
M

ar
ke

ts
E

ffi
ci

en
cy

H
ou

rs

B
en

ch
-

L
a
b

o
r

M
or

e
B

en
ch

-
L

ab
or

M
or

e
B

en
ch

-
L

ab
or

M
or

e

m
a
rk

T
a
x

C
u

t
T

ra
n

sf
er

s
m

ar
k

T
ax

C
u

t
T

ra
n

sf
er

s
m

ar
k

T
ax

C
u

t
T

ra
n

sf
er

s

r A
2.

72
2.

45
2.

81
2.

50
2.

50
2.

48
2.

75
2.

54
2.

82

[
2
.6

8,
2
.7

7]
[

2.
40

,
2.

50
]

[
2.

76
,

2.
86

]
[

2.
47

,
2.

54
]

[
2.

46
,

2.
53

]
[

2.
44

,
2.

52
]

[
2.

70
,

2.
80

]
[

2.
48

,
2.

60
]

[
2.

74
,

2.
88

]

ν
0.

37
0.

37
0.

38
1.

42
1.

34
1.

52
0.

64
0.

54
0.

80

[
0
.3

7,
0
.3

8]
[

0.
36

,
0.

37
]

[
0.

37
,

0.
38

]
[

1.
42

,
1.

43
]

[
1.

33
,

1.
35

]
[

1.
51

,
1.

53
]

[
0.

62
,

0.
67

]
[

0.
52

,
0.

56
]

[
0.

77
,

0.
84

]

ln
Ā
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