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The consequences of increases in the scale of tax and transfer programs are assessed
in the context of a model with idiosyncratic productivity shocks and incomplete
markets. The effects are contrasted with those obtained in a stand-in household model
featuring no idiosyncratic shocks and complete markets. The main ﬁnding is that the
impact on hours remains very large, but the welfare consequences are very different.
The analysis also suggests that tax and transfer policies have large effects on average
labor productivity via selection effects on employment.
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1. Introduction
Following Prescott (2004), a recent literature has assessed the extent to which cross-country differences in the size of
tax and transfer programs can account for the large differences in hours of work across countries.1 Much of this work uses
the neoclassical growth model with a stand-in household. Given its status as the benchmark model of modern
macroeconomics, it is a natural starting point for evaluating the aggregate effects of tax and transfer programs. However, it
is also of interest to analyze the extent to which deviations from this model might inﬂuence our assessment of the effects
on aggregate allocations and welfare. The goal of this paper is to carry out such an analysis in another framework that has
become very popular for addressing macroeconomic issues: the heterogeneous agents/incomplete markets model of
Huggett (1993) and Aiyagari (1994), extended to allow for an endogenous labor supply decision.2
The key feature of this model is that individuals face idiosyncratic shocks to their productivity in the market sector, but
do not have access to insurance markets. To smooth consumption in the face of these productivity shocks, individuals can
vary their saving behavior and their labor supply behavior. Previous work using this model suggests that it may have
interesting implications for the analysis of tax and transfer programs. First, from the perspective of how tax and transfer
programs affect allocations, Chang and Kim (2006, 2007) ﬁnd that the heterogeneity induced by idiosyncratic productivity
shocks plays an important role in determining the aggregate labor supply elasticity. Second, from the perspective of how
tax and transfer programs affect welfare, Pijoan-Mas (2006) shows that in the absence of taxes, the competitive
equilibrium in this model has inefﬁciently high labor supply, due to the fact that individuals rely at least partly on labor
supply to smooth consumption in the face of negative productivity shocks.
We calibrate the model and analyze the effects of a simple tax and transfer scheme that places a proportional tax on
labor earnings that is used to fund a lump sum transfer that is uniform across all individuals. The main ﬁndings are as
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Our exercise can be seen as analogous to the exercise of Krusell and Smith (1998), who assessed the extent to which productivity shocks had
different effects in the incomplete markets model relative to the stand-in household model.
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follows. First, from the perspective of accounting for differences in hours worked between the US and European countries
such as Belgium, France, Germany and Italy, the results are somewhat stronger than in the typical stand-in household
model. Speciﬁcally, an increase in the labor tax rate from 0.30 to 0.50 leads to a drop in hours worked of 27%, versus 21% in
the stand-in household model. Second, the welfare implications are very different. Whereas the stand-in household model
implies that optimal allocations are achieved with zero taxes and transfers, the heterogeneous agents/incomplete markets
model implies that a substantial tax and transfer program has the ability to enhance steady state welfare. While moving
from an American sized tax and transfer scheme to a European sized tax and transfer scheme still implies a welfare loss,
the magnitude of the loss is smaller by a factor of three. Third, tax and transfer programs are found to have a substantial
positive impact on output per hour, due to the selection effects associated with the effects of tax and transfer schemes on
employment. In light of this result, it may be that the apparent catchup of several European countries to the US in terms of
productivity may be an illusion.
Our analysis is similar in spirit to Ljungqvist and Sargent (2006, 2008), who also investigate the extent to which
uncertainty and incomplete markets affect the ﬁndings of earlier studies. The key difference between their analysis and
ours is in the type of uncertainty that is considered. Whereas Ljungqvist and Sargent consider stochastic transitions
between two levels of skill in a life cycle model, we calibrate our model to match all movements in productivity. Similar to
them, we ﬁnd that uncertainty and incomplete markets have relatively little effect on the magnitude of the response of
aggregate employment, but that there are interesting implications for the identity of the individuals who do change their
hours of work. They did not carry out a welfare analysis. Our paper is perhaps most similar to Floden and Linde (2001), who
also assess the impact of changes in tax and transfer programs in a model with idiosyncratic shocks and incomplete
markets. Our model differs from theirs in that we do not allow for permanent heterogeneity and we assume that labor is
indivisible. We also focus on some additional aspects, including, for example, the implications for labor productivity.
An outline of the paper follows. The next section summarizes the effects of changes in tax and transfer programs in
the stand-in household model. Section 3 describes the incomplete markets model with idiosyncratic shocks. Section 4
calibrates the model and reports the results of how changes in tax and transfer programs inﬂuences aggregate allocations
and welfare. Section 5 focuses on the implications for productivity, and Section 6 concludes.
2. Taxes and transfers in the stand-in household model
For purposes of comparison this section brieﬂy considers the benchmark model. A stand-in household has preferences
1
X

bt ½logðct Þ þ alogð1ht Þ

t¼0

y . Output can be used as either consumption or
Technology is described by an aggregate production function, yt ¼ kyt h1
t
investment, and capital depreciates at rate d.
Following Prescott (2004) it is assumed that a government taxes labor earnings at the constant proportional rate t and
uses the proceeds to ﬁnance a lump-sum transfer T using a period-by-period balanced budget rule, Tt ¼ twt ht , where wt is
the period t wage.
The analysis focuses on the steady state equilibrium of this economy. One can easily show that increases in t have no
impact on k/h but do lead to lower h. To assess the quantitative implications, consider a standard calibration of the above
model to the US economy. Based on McDaniel (2006), set t ¼ 0:30 as a typical value for the effective labor tax rate in the US.
Letting a period denote a year, choose values for b, y, d, and a so as to match targets for the real rate of return to capital (4%),
capital’s share of income (0.36), the share of consumption in output (0.75), and fraction of time devoted to market
work (0.33) in the steady state. The implied parameter values are b ¼ 0:96, y ¼ 0:36, d ¼ 0:096 and a ¼ 1:21. The implied
capital/output ratio is 2.62, which is well within the range of standard estimates.
Steady state welfare consequences of different tax rates are expressed as the proportional increase in consumption,
denoted by D, required to leave the household indifferent between the two steady state allocations. A positive value of D
indicates that welfare is lower than in the t ¼ 0:3 steady state, while a negative value for D indicates that welfare is higher
than in the t ¼ 0:3 steady state. Table 1 presents results.
For future reference, note that since changes in t do not have any effect on k/h, they also do not impact k/y or y/h, so
these statistics are not reported. The effect of taxes on hours worked is large: starting from the t ¼ 0:3 steady state, the
effect of a 10 percentage point change in tax rates is roughly a 10% decrease in aggregate hours. In this model the

Table 1
Effect of taxes in the stand-in household model.

hðtÞ=hð0:3Þ

D

t¼0

t ¼ 0:1

t ¼ 0:2

t ¼ 0:3

t ¼ 0:4

t ¼ 0:5

1.25
 0.06

1.17
 0.05

1.09
 0.03

1.00
0.00

0.90
0.05

0.79
0.12

Note: This table shows the effect of taxes on steady state hours and welfare in the complete markets/stand-in household model relative to the steady
state with t ¼ 0:30.
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equilibrium without taxes yields a Pareto efﬁcient allocation. The steady state welfare measure abstracts from transition
dynamics, but nonetheless the table shows that steady state welfare is highest when taxes are set to zero. The same studies
that produce estimates of the average tax rate on labor equal to 0.30 in the US suggest a value of 0.50 for the continental
European economies of Belgium, France, Germany and Italy.3 Looking at Table 1, this model predicts more than a 20%
reduction in hours of work and a welfare cost equal to 12% of steady state consumption when moving from t ¼ 0:3 to
t ¼ 0:5.
3. The heterogeneous agents/incomplete markets model
This section describes the heterogeneous agents model that is the focus of this study. The model follows in the tradition
of Huggett (1993) and Aiyagari (1994), though is most similar to the one developed in Chang and Kim (2007). It is also very
similar to those in Floden and Linde (2001), and Pijoan-Mas (2006) with the main difference being that we assume
indivisible labor. Because coordination problems within organizations often restrict the ability of individuals to work
signiﬁcantly different hours than their coworkers, we believe that the indivisible labor assumption is an appropriate one in
contexts that stress idiosyncratic cross-sectional heterogeneity. Pijoan-Mas (2006) concludes that the labor supply
elasticity must be very small in order to reconcile the large cross-sectional differences in productivity with the relatively
small cross-sectional differences in hours. However, if the low variance in hours is due to technological factors that require
some degree of coordination of hours across workers, this procedure will bias the estimated preference parameters. For
this reason we think that the indivisible labor assumption is preferable in this context.4
There is a continuum with unit mass of individuals, indexed by i, each with preferences described by
1
X

bt ½logðcit Þa~ hit 

t¼0

Because of the assumption of indivisible labor there is no loss in generality in assuming linear disutility from working.
y,
There is a Cobb–Douglas aggregate production function that uses capital (Kt) and labor (Lt) to produce output, Yt ¼ Kty L1
t
where upper case letters are used to denote aggregate values, since individual and aggregate values will no longer be the
same. Individual productivity is stochastic. Productivity for individual i in period t, denoted by eit, is assumed to follow the
process:
log eit þ 1 ¼ rlog eit þ eit þ 1
where eit is normally distributed, with mean and standard deviation given by me and se respectively. Denote the density
function for e by f ðeÞ. Realizations are iid across individuals. Period t productivity is realized before any period t decisions
are made. Because of the idiosyncratic productivity shocks, aggregate labor input Lt is a weighted integral of time inputs:
Z 1
eit hit di
Lt ¼
0

As before, output can be used as either consumption or investment and capital depreciates at rate d. As in the previous
section, government taxes labor income at constant rate t and uses the proceeds to fund a lump-sum transfer that is
uniform across all individuals, subject to a period-by-period balanced budget constraint.
The market structure is as follows. At each date t there are factor markets for capital and labor services, and a market for
output. There are no insurance markets, but individuals can self-insure by accumulating capital. Individual capital holdings
are required to be non-negative, which implies that there are effectively no markets for borrowing and lending, i.e., capital
accumulation is the only channel through which individuals can move resources across periods. Once again, the analysis
focuses on steady state equilibrium. Let w and r denote the steady state equilibrium rental prices for labor services and
capital services. An individual with idiosyncratic productivity e who chooses to work will then earn labor income equal to
ew. An individual who enters the period with capital holdings k and has a current productivity realization of e faces the
following one period budget constraint:
c þku ¼ ð1dÞk þrk þð1tÞewh þ T
where ku is next period’s capital.
The state vector for an individual is s= (k,e). In steady state, the Bellman equation for an individual is


Z
Vðk,eÞ ¼ max logcah þ b Vðku,expðreÞexpðeÞÞf ðeuÞ deu
c,h,ku

s:t: c þ ku ¼ ð1dÞk þ rk þ ð1tÞewhþ T,

c Z0, ku Z 0, h 2 f0,1g

3
Mendoza et al. (1994) was an early contribution to this literature. More recently McDaniel (2006) has produced longer time series using a variation
on the method used by Mendoza et al. along the lines of what Prescott (2004) did.
4
While the benchmark model in the previous section did not assume indivisible labor for the representative household, note that this is consistent
with the work of Chang and Kim (2007) who found that in a model with indivisible labor, idiosyncratic shocks and incomplete markets, the Frisch
elasticity for aggregate labor supply is not inﬁnite.
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Since the analysis will consider how changes in t affect the steady state equilibrium, it will be useful to include t as an
argument of functions that describe the equilibrium. Speciﬁcally, let cðs; tÞ,kuðs; tÞ, and hðs; tÞ denote the individual decision
rules in steady state for a given value of t, and let mðs; tÞ be the measure of individuals across state vectors as a function of
t. Steady state aggregates are then expressed as
Z
Z
Z
hðs; tÞ dm, LðtÞ ¼
ehðs; tÞ dm, KðtÞ ¼
k dm
HðtÞ ¼
Relative to a baseline value of t, the steady state change in welfare associated with a change of t to some other value tu
is again deﬁned as the proportional increase in consumption for all agents that would be required to equate the welfare
measures, i.e., the value of D that solves:
Z
Z
1
1
½logðcðs; tÞÞahðs; tÞ dm ¼
½logðð1 þ DÞcðs; tuÞÞahðs; tuÞ dmu
1b
1b
where mu is the measure of individuals over state vectors for tu. As before, a negative value of D indicates a welfare gain and
a positive value of D indicates a welfare loss relative to the baseline.
4. Quantitative analysis of taxes and transfers
This section considers the quantitative effects of changes in the tax and transfer system on the steady state equilibrium
of the heterogeneous agents model with incomplete markets.
4.1. Calibration
Relative to the benchmark model described in Section 2, there are three additional parameters in the incomplete
markets model: the two parameters of the stochastic process (me and se ) and the ﬁxed workweek length, h. Subject to
choosing these parameters, the remaining parameters are chosen to match the same aggregate targets as in Section 2. A
sizeable literature estimates idiosyncratic shock processes, including Card (1994), Floden and Linde (2001), French (2005),
Chang and Kim (2006), Heathcote et al. (2007) and Low et al. (2010). These papers typically estimate this process for prime
aged males. The common feature of this literature is that the process is found to be very persistent, with most estimates 0.9
or higher. The benchmark case adopts an intermediate value of 0.94. The variance of the idiosyncratic shock is assumed to
be 0.205.5
The value of h is chosen to be consistent with mean workweek length for full time male workers. Consistent with the
earlier calibration, total time devoted to work is set to 0.33 in the steady state. Because the model is computed assuming a
discrete state space, one cannot target an arbitrary desired employment level. In the benchmark calibration, h is set to
0.407 and the steady state employment to population ratio is equal to 0.818.6 Assuming a weekly time endowment of
100 h for discretionary time, the value for h implies a workweek of 40.7 h. The resulting parameter values for the calibrated
model are y ¼ 0:36, d ¼ 0:096, b ¼ 0:951, and a ¼ 1:216:
The approximation method used to ﬁnd the steady state equilibrium is standard. The individual decision problem is
solved using value function iteration. The value function is approximated by a piece-wise linear function. Golden section
search is used on a discrete grid over the state space. Monte Carlo simulation is used to approximate the distribution of the
economy, with a search over prices and transfers until the market clearing condition and budget balance conditions are
satisﬁed.7
Note that by virtue of the calibration procedure, the steady state equilibrium in the incomplete markets model looks
just like the steady state equilibrium in the representative household model along several dimensions. In particular, each
has the same capital to output ratio (2.61), the same real interest rate (4%), the same consumption–output ratio (0.75), and
the same fraction of total time devoted to work (0.33). The incomplete markets model also has predictions for some
distributional statistics. There are many papers in the literature that have documented the properties of the wealth
distribution in a similar model, though the closest is the recent paper by An et al. (2009). While our model differs from
theirs in some details (e.g., we use a more persistent shock process, we have a tax and transfer scheme, they have a weaker
borrowing constraint), the distributional statistics in our calibrated model look quite similar to theirs. For completeness we
report statistics for the steady state wealth and labor earnings distributions across wealth quintiles in Table 2, along with
statistics reported in An et al. (2009) based on a sample of households from the PSID. The table indicates that the model
does an excellent job in capturing the distribution of both wealth and labor earnings across the quintiles.8
5
Chang and Kim (2006) estimate a much lower persistence, but this is because they do not allow for measurement error in the form of a purely
transitory shock.
6
The average value of the employment to population ratio for males aged 15–64 in the US over the last 50 years is also roughly 0.80.
7
In solving the model a grid with 91 points for assets and 21 values for the idiosyncratic shocks is used.
8
As noted by several previous papers in the literature, this class of models does not do a good job of capturing the concentration of wealth within the
top quintile. See, for example, the analysis in Krusell and Smith (1998), who added discount factor shocks in order to better match this feature. From the
perspective of understanding aggregate labor supply, we do not feel that accounting for the existence of individuals such as Bill Gates is of primary
importance.
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Table 2
Earnings and wealth distributions.
Wealth quintile

Wealth share (%)

First
Second
Third
Fourth
Fifth

Earnings share (%)

Data

Model

Data

Model

 0.52
0.50
5.06
18.74
76.22

0.02
0.82
6.7
21.1
71.3

7.51
11.31
18.72
24.21
38.23

1.56
16.68
20.30
24.21
37.25

Note: This table shows how quintiles of the wealth and earnings distribution in the calibrated model compare with those calculated for a sample from the
PSID.

Table 3
The effect of taxes in the heterogeneous agent economy.

HðtÞ=Hð0:3Þ

D

t¼0

t ¼ 0:10

t ¼ 0:20

t ¼ 0:30

t ¼ 0:40

t ¼ 0:50

1.15
0.044

1.12
0.022

1.08
0.007

1.00
0.00

0.89
0.010

0.73
0.041

Note: This table shows how taxes affect steady state hours and welfare in the heterogeneous agents/incomplete markets economy relative to the steady
state with t ¼ 0:30:

4.2. Results
Analogous to the results in Table 1 for the stand-in household model, Table 3 shows how changes in taxes affect steady
state hours and welfare relative to the t ¼ 0:30 steady state. Aggregate hours of work are again decreasing in the scale of
the tax and transfer program. Moreover, comparing the change in hours of work between t ¼ 0 and 0.50 the magnitudes
are quite similar for the two models: 46% in the stand-in household model versus 42% in the heterogeneous agent/
incomplete markets model. One difference between the predictions of the two models is that the effect of tax increases on
aggregate hours is less linear in the model with heterogeneous agents. The incremental effects of increasing taxes are very
weakly increasing in Table 1 but are strongly increasing in Table 3. Despite this, from the narrow perspective of assessing
the extent to which differences in taxes account for the differences in hours of work between the US and the high-tax
economies of continental Europe, both models would support the conclusion that differences in the scale of tax and
transfer programs can account for a large share of the differences in aggregate hours of work.
The welfare implications of the two models feature some striking differences. First, in the stand-in household model,
increasing t from 0.3 to 0.5 entails a welfare loss of 12%, which is three times larger than the welfare loss in the heterogeneous
agents/incomplete markets model. Second, in considering tax decreases relative to the t ¼ 0:30 benchmark, not only does the
magnitude of the welfare effect change, but also the sign. In particular, welfare is substantially higher in the t ¼ 0:3 steady state
than in the t ¼ 0 steady state, even though hours worked are much lower in the t ¼ 0:3 steady state.9
In summary, considering an increase of t from 0.30 to 0.50, the heterogeneous agents/incomplete markets model
implies somewhat larger effects on aggregate hours but substantially smaller effects on welfare than the stand-in
household model. Considering decreases in taxes from t ¼ 0:30 to 0, both models predict increases in hours, but the
welfare effects are large and of opposite signs. The remainder of this section looks to shed light on the sources of these
differences.
Key to understanding these differences is to appreciate how labor supply interacts with asset accumulation in the
heterogeneous agents/incomplete markets model to facilitate consumption smoothing in the face of productivity shocks.
It is useful to begin by noting what steady state allocations would look like if there were complete markets for risk sharing.
In this case consumption would be constant across individuals and the employment decision rule would take the form of a
reservation rule: work if productivity is above some threshold level e. While an individual in the incomplete markets
model could still adopt this threshold rule, it turns out not to be optimal. Instead, the optimal decision rule for labor supply
depends on both assets and productivity and can be described as a reservation rule contingent on assets: for a given level of
assets k, there is a productivity level eðkÞ such that the individual works if productivity is above this level. The reservation
value is increasing in k, reﬂecting the standard income effect.
Consistent with the discussion in Pijoan-Mas (2006), individuals use both labor supply and asset accumulation as tools
to help them smooth consumption in the face of productivity shocks. Speciﬁcally, individuals with high realizations of the

9
While there are various details that differ between our model and that of Floden and Linde (2001), our welfare numbers are broadly similar to
theirs.
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1
0.9

employment rate

0.8
0.7
0.6
0.5
0.4
0.3
0.2

tau = 0
tau = 0.30
tau = 0.50
complete markets

0.1
0
−2

−1.5

−1

−0.5
0
0.5
log productivity

1

1.5

2

Fig. 1. Employment by productivity. Note: This ﬁgure plots the steady state employment to population ratio as a function of individual productivity for
three different levels of taxes.

productivity shock tend to work and accumulate assets that will be used later to help smooth consumption in the event of
low productivity shocks. As is well known, this leads to increased accumulation of capital relative to the model with
complete markets. However, if sufﬁcient assets are accumulated, then even a high productivity individual may choose not
to work, leading to inefﬁciently low employment for high productivity workers. At the other end of the productivity
distribution, if an individual with a low realization of productivity depletes his or her assets sufﬁciently, then the
individual will work even though productivity is low. Relative to the complete markets outcome, this results in
inefﬁciently high labor supply among low productivity workers.
Fig. 1 illustrates these labor supply effects by showing the employment rate as a function of productivity in the steady
states corresponding to t ¼ 0, 0.30, and 0.50 as well as in the complete markets solution. It is instructive to begin by
focusing on the proﬁles for t ¼ 0 and complete markets. Two properties are notable. In terms of the distortions to labor
supply noted above, the tendency for inefﬁciently high labor supply at low levels of productivity is very strong, whereas
the tendency for inefﬁciently low labor supply at higher levels of productivity is relatively weak. The key point is that the
use of labor supply to smooth consumption in the face of low productivity shocks is quite substantial.10 As a consequence,
the overall level of employment is very different between the t ¼ 0 steady state and the complete markets steady state: in
the complete markets equilibrium the employment rate is 0.77, whereas in the incomplete markets economy with t ¼ 0 it
is 0.94, implying that hours of work are more than 20% higher in the incomplete markets economy. It is also of interest to
assess the extent of precautionary savings. One way to gauge this is to compute the ratio of capital to labor services. In the
complete markets economy, the ratio of capital to labor services is 4.05 whereas in the t ¼ 0 incomplete markets steady
state it is 4.78, implying that capital is almost 20% ‘‘too high’’ . Another way to gauge the extent of precautionary savings is
to compare interest rates. In the t ¼ 0 incomplete markets economy the interest rate is 3.64%, whereas in the complete
markets economy it is 5.15%.
Now consider what happens as the size of the tax and transfer program is increased. The direct effect of the tax and
transfer system holding employment decisions constant is to (on average) move income from high productivity states to
low productivity states. Intuitively, this is a partial substitute for missing insurance markets and should serve to help
individuals smooth consumption over time. In fact, this effect is very evident. Table 4 shows the standard deviation of log
consumption in the steady state, which also reﬂects the variation of consumption over time for a given individual.11 The
standard deviation is decreasing in the size of the tax and transfer system, though note that the marginal impact decreases
as the scale of the tax and transfer program increases.
In addition to the direct effect on consumption volatility due to moving income across states, the transfer payment also
interacts with the labor supply and asset accumulation choices that individuals make. Speciﬁcally, there is less need to
accumulate assets in high productivity states, and less need to work in low productivity states. Both of these effects work

10
It is important to note that the extent to which this is true depends very much on the persistence of the shocks. The working paper version of this
paper showed that if the persistence parameter were reduced from 0.94 to 0.50 then the amount of excessive labor supply at lower levels of productivity
is very small, in which case the model behaves much more like the stand-in household model.
11
The standard deviation of log consumption when t ¼ 0 is only a bit smaller than the standard deviation of simulated log productivity, which is
0.62. (The latter is a bit larger than the theoretical value due to using the Tauchen method to construct the ﬁnite grid approximation.) While it may seem
at ﬁrst that precautionary saving is leading to very little consumption smoothing, it is important to note that the standard deviation of productivity is not
an appropriate benchmark when workers do not work in each period. For example, in the social planner’s solution, workers below a given productivity
threshold will not work and earnings will have a much larger standard deviation than the underlying productivity process.
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Table 4
Taxes and consumption smoothing.

std(log (c))

t¼0

t ¼ 0:10

t ¼ 0:20

t ¼ 0:30

t ¼ 0:40

t ¼ 0:50

0.59

0.52

0.47

0.46

0.45

0.43

Note: This table shows how the standard deviation of the log steady state consumption distribution is affected by taxes.

7
6

Productivity

5

Work

4
3
No Work

2

τ=0

1

τ = 0.3
τ = 0.5

0
0

10

20

30

40

50

Wealth
Fig. 2. Decision rules and taxes. Note: This ﬁgure plots the steady state decision rules for employment for three different levels of taxes as a function of
the two individual state variables, wealth and productivity.

to lower the reservation values eðkÞ. Fig. 2 shows the work/no work regions of the individual state space for t ¼ 0,0:30,
and 0.50.
Consistent with the previous discussion, an increase in t leads to a leftward shift of the curve. Returning to Fig. 1, note
that as t increases the employment rate proﬁle shifts down.12 In addition to the consumption smoothing beneﬁts noted
above, a downward shift of the employment proﬁle has both a positive and a negative welfare effect relative to the
complete markets employment proﬁle. At low levels of productivity, the decrease in employment is a positive change,
whereas at higher levels of productivity the decrease is a negative change. This is in sharp contrast to the situation in the
stand-in household model. In that model, the decreased incentives for work associated with larger tax and transfer systems
represents only a negative force, whereas in the heterogeneous agents/incomplete markets model, the disincentive effects
for work among individuals with low productivity realizations represents a positive force. The welfare maximizing level of
t reﬂects a balancing of these two effects. For very low values of t the key issue is inefﬁciently high labor supply among low
productivity workers, whereas for very high levels of t the issue is inefﬁciently low levels of labor supply for high
productivity workers. At the optimal level of t, t ¼ 0:30, each of these distortions is present, though to a lesser degree than
for the two extreme tax rates.
Fig. 1 can also help us understand the nonlinear effects of changes in taxes on changes in aggregate hours of work.
The ﬁgure shows that at any given tax rate, increases in taxes have the largest effect on those individuals who are
employed at low productivity realizations. As the scale of the tax and transfer program is increased, the marginal employed
individuals are higher in the productivity distribution. For example, when t ¼ 0, we see that employment rates are high
even at the lowest productivity level, so the marginal workers are those at the bottom of the distribution. In contrast, when
t ¼ 0:30, there is no employment at the bottom part of the productivity distribution, so the marginal employed individuals
have higher productivity. Because the stationary distribution of productivity is normally distributed, the mass of marginal
individuals increases as the marginal group moves from the bottom of the distribution toward the middle of the
distribution. As the size of the marginal group varies, so do the aggregate effects.
It is also of interest to explore what is happening to capital accumulation as the tax and transfer system is expanded.
Table 5 shows the effects on the capital to income ratio, the capital to labor services ratio and the interest rate. In the standin household model the tax and transfer system had no impact on any of these variables. As noted above, because the tax

12
Ljungqvist and Sargent (2008) also emphasize how taxes and incomplete markets interact to inﬂuence whose labor supply is affected by changes
in taxes. While the general points are similar, the different shock structures and demographics inﬂuence the details.
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Table 5
Taxes and capital accumulation.

t¼0
.K

t ¼ 0:10

t ¼ 0:20

t ¼ 0:30

t ¼ 0:40

t ¼ 0:50

K
ðtÞ
ð0:3Þ
Y
Y
K .K
ðtÞ
ð0:3Þ
L
L

1.031

1.018

1.007

1.000

0.990

0.986

1.049

1.027

1.012

1.000

0.985

0.978

rðtÞrð0:3Þ

 0.0041

 0.0024

 0.0011

0

0.0008

0.0015

Note: This table shows how capital accumulation and interest rates are affected by taxes in the heterogeneous agents/incomplete markets model relative
to the steady state with t ¼ 0:3.

Table 6
Taxes and the wealth distributions.
Wealth quintile

First
Second
Third
Fourth
Fifth

Wealth share (%)

t¼0

t ¼ 0:30

t ¼ 0:50

0.02
1.35
6.79
19.88
71.97

0.02
0.82
6.68
21.13
71.34

0.27
2.76
8.64
21.52
66.81

Note: This table shows how the wealth distribution in the heterogeneous agents/incomplete markets model is affected by taxes.

and transfer program offers an alternative to self insurance, one would expect that a tax and transfer system in the
incomplete markets model would affect the extent of precautionary savings and hence impact all three variables.
Consistent with this, the table reveals that as t increases, both K/L and K/Y decrease while r increases. However, the size of
these effects is relatively small, especially as we increase taxes beyond t ¼ 0:30.
It is also of interest to ask how taxes affect the distribution of assets. Table 6 provides some information on this. Overall
the effects on the distribution are not that large. The main effect is that as taxes increase there is somewhat less wealth
concentration in the top quintile.
The main objective in this analysis has been to assess how the choice of model inﬂuences conclusions regarding the
effects of tax and transfer programs of the magnitude found in several continental European countries on allocations and
welfare relative to the US scenario. We believe that the above analysis points to two key ﬁndings. First, the effect on hours
of work of increases in tax and transfer programs above the US level is broadly similar in the two different models. Second,
the welfare implications are dramatically different. In the stand-in household model, the larger tax and transfer system
imposes a very large welfare burden, equivalent to 12% of consumption. While the incomplete market/heterogeneous
agent economy also implies a welfare loss associated with the larger tax and transfer system, the welfare loss is only onethird as large. An important implication of this model is that tax and transfer programs can be welfare improving. The scale
of the US tax and transfer system represents a signiﬁcant improvement relative to the case of no tax and transfer system,
whereas the European scale system is roughly equivalent in terms of welfare to the case of no tax and transfer system.
In view of this ﬁnding, it is perhaps much less of a challenge to account for the different scales of the tax and transfer
programs found in the US and continental Europe.
5. Taxes and productivity
While the main objective of this analysis was to examine how the incomplete markets model would inﬂuence
predictions regarding the effect of labor tax increases on hours worked and welfare, this section points out one additional
implication of interest that concerns cross-country differences in productivity. It is somewhat of a stylized fact that
although hours of work are much less in continental Europe than in the US, labor productivity in these countries is very
nearly equal (and in some cases even higher) than in the US. Somewhat less publicized is the fact that in several countries,
including Australia and Canada, hours of work are very similar to US levels, whereas the level of labor productivity is
roughly 15% lower. One could argue that these productivity comparisons seem puzzling. Although theories have not yet
been developed that can successfully account for the differences in productivity levels observed across countries, there is
some consensus that several factors might serve as barriers to technology adoption, or efﬁcient operation of technologies.
Examples include various forms of regulation, the role of government, the presence of unions, etc. For the most part, these
factors are more prevalent in the economies of Europe than they are in the US. Countries such as Australia and Canada
would seem to be intermediate cases. Viewed from this perspective it is perhaps puzzling that productivity in many
European countries is so close to the US levels and higher than in countries such as Canada and Australia. The
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Table 7
Productivity and hours relative to the US.
Hours relative to US

Y/H relative to US

r 0:85

4 0:85

r 0:85

4 0:85

Ita(0.65)
Fra(0.67)
Bel(0.69)
Net(0.72)
Aut(0.78)
Den(0.84)

Swe(0.86)
UK(0.87)
Aus(0.92)
NZ(0.94)
Can(0.94)
Swi(0.96)
Jap(0.99)

NZ(0.61)
Jap(0.71)
Swi(0.79)
Aus(0.82)
Can(0.82)
Swe(0.83)
UK(0.85)

Den(0.90)
Net(0.90)
Aut(0.91)
Ita(0.91)
Bel(1.00)
Fra(1.01)

Note: This table shows values of hours worked per adult and output per hour relative to the US for the period 2003–2007. Data are from the OECD and
GGDC.

Table 8
Taxes and labor productivity (values are relative to t ¼ 0:30).

H
L
Y
Y/H

t¼0

t ¼ 0:10

t ¼ 0:20

t ¼ 0:30

t ¼ 0:40

t ¼ 0:50

1.15
1.08
1.10
0.96

1.12
1.06
1.07
0.96

1.08
1.04
1.04
0.97

1.00
1.00
1.00
1.00

0.89
0.94
0.94
1.05

0.73
0.85
0.84
1.15

Note: This table shows how taxes affect steady state output per hour in the heterogeneous agents/incomplete markets model, relative to the steady state
with t ¼ 0:3.

heterogeneous agents/incomplete markets model offers a perspective on these cross country comparisons that challenges
the conventional wisdom regarding the productivity catch up of continental Europe.
To explore this in more detail we examine the relationship between output per hour and total hours worked per person
of working age in a recent cross section. For each series the average over the ﬁve year period 2003–2007 is computed so as
to eliminate the effect of year to year ﬂuctuations, as well as avoid the effects of the 2001 recession and the recent
downturn.13 The analysis focuses on high productivity countries, and adopts a lower threshold of 0.60 of the US level as the
cutoff. This leaves a sample with 14 countries.14 For each country, values for each statistic are expressed relative to the US.
Table 7 presents the data for relative hours of work and relative output per hour. In each case the countries are separated
into two bins, those with values less than 0.85 and those with values greater than 0.85.15
Looking at the table it is striking that the relative positions for the two values are basically ﬂipped. In fact, the
correlation of the two measures is  0.83. A simple OLS regression of relative output per hour on relative hours and a
constant gives a coefﬁcient of 0.84 on relative hours with a standard error of 0.16 and an R2 of 0.68. The regression
equation ‘‘predicts’’ that average productivity in these countries would only be about 80% of the US level if hours worked
were the same as in the US.
It is of course possible that the above statistical relationship does not reﬂect any underlying economic connection. But
the earlier analysis does offer one explanation for why this relationship does reﬂect a common underlying economic
mechanism. To see why, recall that in the incomplete markets/heterogeneous agents model, the employment effects of
increased taxes are strongest at the lower end of the productivity distribution. This implies that expansions of the tax and
transfer system lead to selection effects, thereby creating discrepancy between hours and labor services. Table 8 shows
that these effects are large.16
As the table shows, increasing taxes from t ¼ 0:30 to 0.50 leads to an apparent 15% increase in output per hour.17
Countries such as Canada and Australia have hours worked similar to the US and between 25% and 30% higher than
countries like Belgium, France and Italy. At the same time, output per hour in Australia and Canada is roughly 15% lower
than in these other countries. If differences in hours of work are due to differences in the scale of tax and transfer systems,

13
GDP per worker is from the GGDC. Output per hour is then computed using data on annual hours worked per worker in employment, also from the
GGDC. Total hours worked are from the GGDC and the size of the population aged 15–64 is from the OECD.
14
Germany is excluded from the analysis for the reason that German productivity decreased quite signiﬁcantly following reuniﬁcation. Prior to
reuniﬁcation Germany also had productivity levels similar to the US. Relative to the patterns found for the other countries, pre-uniﬁcation Germany
matches up very well, whereas post-uniﬁcation Germany is somewhat of an outlier.
15
Given our assumption of indivisible labor it may seem more appropriate to focus on employment rate differences rather than hours. It turns out
that the relationship between employment and productivity is similar.
16
Note that these effects are much larger than those suggested by Blanchard (2004).
17
Recall that there is also a small decrease in K/L as t is increased from 0.30 to 0.50, which partially offsets the selection effect.
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then the model suggests that countries such as Belgium, France and Italy should have productivity levels about 15% higher
than those in Australia and Canada, which is what is found in the data. In other words, the model supports a view that says
that most of these countries have ‘‘true’’ productivity levels that are lower than the US, but that the differences between
the US and several European countries is masked by the selection effects associated with more generous transfer
systems.18
6. Conclusion
This paper has examined the effects of tax and transfer programs in a model characterized by idiosyncratic shocks and
incomplete markets, with a particular focus on assessing the extent to which the effects on allocations and welfare differ
from those present in the stand-in household model. The effect of a 20 point increase in the tax rate on hours of work is
fairly similar in the two settings. However, the welfare effects are dramatically different. In the incomplete markets model
a positive tax and transfer scheme is optimal, whereas in the stand-in household model the optimal size of the tax and
transfer scheme is zero. Moreover, the welfare loss associated with having taxes set too high is much smaller in the
incomplete markets model. It is also noteworthy that the incomplete markets model predicts large effects of taxes on
average labor productivity, because of the important selection effects present in the model. These effects may imply that
countries in continental Europe still face a substantial productivity gap with the US in terms of TFP. We conclude from this
exercise idiosyncratic shocks and incomplete markets are important features to be considered in the context of assessing
tax and transfer programs.

Acknowledgments
We thank Chris Sleet and an anonymous referee for valuable comments, plus conference participants at the CEPR
conference held in Budapest in October 2008, the 2009 SED Meetings, and seminar participants at Yonsei University.
Rogerson thanks the NSF as well as the Korean Science Foundation (WCU-R33-10005) for ﬁnancial support.
Appendix A. Supplementary data
Supplementary data associated with this article can be found in the online version at 10.1016/j.jmoneco.2010.08.008.
References
Aiyagari, R., 1994. Uninsured idiosyncratic risk and aggregate saving. Quarterly Journal of Economics 109, 659–684.
An, S., Chang, Y., Kim, S., 2009. Can a representative agent model represent a heterogeneous agent economy? American Economic Journal:
Macroeconomics 1, 29–54
Blanchard, O., 2004. The economic future of Europe. Journal of Economic Perspectives 18, 2–26.
Card, D., 1994. Intertemporal labor supply: an assessment. In: Sims, C. (Ed.), Advances in Econometrics. Cambridge University Press, pp. 49–80.
Chang, Y., Kim, S., 2006. From individual to aggregate labor supply: a quantitative analysis based on a heterogeneous agent macroeconomy. International
Economic Review 47, 1–27.
Chang, Y., Kim, S., 2007. Heterogeneity and aggregation in the labor market: implications for aggregate preference shifts. American Economic Review 97,
1939–1956.
Floden, M., Linde, J., 2001. Idiosyncratic risk in the United States and Sweden: is there a role for government insurance? Review of Economic Dynamics 4,
406–437
French, E., 2005. The effect of health, wealth and wages on labour supply and retirement behavior. Review of Economic Studies 72, 395–427.
Heathcote, J., Storesletten, K., Violante, G., 2007. The macroeconomic implications of rising wage inequality in the US. Mimeo, NYU.
Huggett, M., 1993. The risk-free rate in heterogeneous-agent incomplete-insurance economies. Journal of Economic Dynamics and Control 17, 953–969.
Krusell, P., Smith Jr., A., 1998. Income and wealth heterogeneity in the macroeconomy. Journal of Political Economy 106, 867–896.
Low, H., Meghir, C., Pistaferri, L., 2010. Employment risk and wage risk over the life cycle. American Economic Review 100, 1432–1467.
Ljungqvist, L., Sargent, T., 2006. Do taxes explain European employment? Indivisible labor, human capital, lotteries and savings. In: Acemoglu, D., Rogoff,
K., Woodford, M. (Eds.), NBER Macroeconomics Annual, pp. 181–246.
Ljungqvist, L., Sargent, T., 2008. Taxes, beneﬁts, and careers: complete versus incomplete markets. Journal of Monetary Economics 55, 98–125.
McDaniel, C., 2006. Effective tax rates for 15 OECD countries: 1950–2003. Mimeo, Arizona State University.
McDaniel, C., 2008. Hours of work in the OECD Countries: 1960–2003: driving forces and propagation mechanisms. Manuscript, Arizona State University.
Mendoza, E., Razin, A., Tesar, L., 1994. Effective tax rates in macroeconomics: cross-country estimates of tax rates on factor incomes and consumption.
Journal of Monetary Economics 34, 297–323.
Ohanian, L., Raffo, A., Rogerson, R., 2008. Long-term changes in labor supply and taxes: evidence from OECD countries, 1956–2004. Journal of Monetary
Economics 55, 1353–1362.
Pijoan-Mas, J., 2006. Precautionary savings or working longer hours. Review of Economic Dynamics 9, 326–352.
Prescott, E.C., 2004. Why do Americans work so much more than Europeans? Federal Reserve Bank of Minneapolis Quarterly Review 28 (1), 2–13.
Ragan, K., 2006. Fiscal policy and the family: explaining labor supply in a model with household production. Mimeo, Stockholm School of Economics.
Rogerson, R., 2006. Understanding differences in hours worked. Review of Economic Dynamics 9, 365–409.
Rogerson, R., 2008. Structural transformation and the deterioration of European labor market outcomes. Journal of Political Economy 116, 235–259.

18
In this exercise we assume that countries are identical except for the tax and transfer scheme. It is possible that the idiosyncratic shock process
also differs across countries. Floden and Linde (2001) focused on differences in this process between Sweden and the US. An important issue to keep in
mind is that if the selection effects are large then great care must be exercised in estimating differences in shock processes across countries.

