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We examine the effects of government redistribution schemes in an economy
where agents are subject to uninsurable, individual specific productivity risk. In
particular, we consider the trade-off between positive insurance effects and nega-
tive distortions on labor supply and saving. We parameterize the model by
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1. INTRODUCTION

Two important motivations for government taxation are that it provides
insurance of individual specific income variations if private insurance
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markets are absent and that it redistributes wealth from those who were
born lucky to those who were not. As all feasible tax systems are to some
extent distortionary, there is a trade-off between insurance and redistribu-
tion on the one hand and efficiency on the other. In some countries, such
as Sweden, taxes are considerably higher than in other countries, for
example, the United States; tax receipts are over 50% of GDP in Sweden
but only 30% of GDP in the United States. Can these differences in tax
levels be motivated by differences in income distributions and income
risks? Obviously, there are other reasons for government taxation than
those mentioned. A more interesting question is how much government
taxation is motivated by insurance and redistribution arguments.

There are two main purposes of this paper. The first is to estimate the
degree of individual specific income risk in Sweden and the United States
and the second is to investigate to what extent government insurance via
taxes and transfers should be provided. To quantify the degree of idiosyn-
cratic risk in the respective countries, we use micro data on wages and
hours worked. The estimated wage processes are then used to parameter-
ize a general equilibrium model, in which labor supply is endogenous and
agents are subject to a no-borrowing constraint. We assume that the
government uses proportional taxes to redistribute income among agents
and that the government wishes to maximize the ex ante utility of agents.

The wage processes are found to be highly persistent in both countries,
especially in the United States. The variance of temporary as well as
permanent wage shocks is also higher in the United States. Consequently,
the wage uncertainty in the United States seems to dominate that in
Sweden by any measure.

In the absence of tax distortions, it would be optimal for the government
to redistribute almost all income equally across agents. However, we find
that distortions are significant. When we calibrate the model with the
estimated wage processes, the optimal level of transfers is 2% of output in
Sweden and 15% in the United States for our baseline calibration, whereas
the corresponding levels in the data are 21% in Sweden and 8% in the
United States. The welfare gains of changing to the optimal insurance
levels are 8% of annual consumption in Sweden and 2% in the United
States. The results are sensitive to the parameterization of the utility
function. For the alternatives we consider, the optimal transfer level varies
between 0 and 7% in Sweden and between 7 and 21% in the United
States.

The calibrated models also imply Laffer curves. These curves are of
separate interest since there may be reasons for taxation in addition to the
insurance motive, for example, the provision of public goods. We find that
the Laffer curves peak when tax rates on labor income are high, approxi-
mately 50% or more. As a fraction of total production, taxes levied are
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then around 45%. The shape of the Laffer curve depends on the labor-
supply elasticity and on the level of other taxes, but seems to be invariant
to a variety of other changes in parameter values and specifications of the
model.

Ž .Our paper is closely related to that of Aiyagari and McGrattan 1998 .
They consider the welfare effects of government debt in a model where
agents face idiosyncratic and uninsurable wage uncertainty and are subject
to a no-borrowing constraint. Government debt increases the liquidity in
the economy and effectively loosens the borrowing constraint for individu-
als, but it also has negative side effects. Distortive taxation is needed to
finance interest payments, and debt crowds out accumulation of real
capital and hence lowers production in the economy. For their benchmark
calibration of the model, Aiyagari and McGrattan find the optimal level of
government debt in the United States to be 2�3 of GDP. The income tax
rate needed to sustain this debt is approximately 8 percentage points
higher than in the economy with no debt. However, the welfare loss of
having no debt at all instead of the optimal level would be less than 0.1%

Ž .of consumption. Recent work by Floden forthcoming confirms that, in
providing insurance, government debt is a weak instrument compared to
direct transfers. In addition to allowing for government debt and not
considering variations in the transfer level, the key difference from our
paper is that Aiyagari and McGrattan use a considerably less persistent
and slightly less volatile wage process than what we found in U.S. data.

The persistence and magnitude of wage shocks is indeed central for our
Ž .results. Much previous work, for example, Heaton and Lucas 1996 ,

Ž . Ž .Aiyagari 1994 , Aiyagari and McGrattan 1998 , and Krusell and Smith
Ž .1997, 1998 , has built on less volatile income or wage processes. In these
papers, the effects of uninsurable idiosyncratic risk are in most cases small.
When the persistence of shocks is low, a small buffer of wealth offers good
insurance against bad outcomes, and most agents are able to build up such

Ž .a buffer. Heaton and Lucas estimate the AR 1 coefficient to be 0.53
in annual U.S. income. Our estimation, and similar estimations by Card
Ž . Ž . Ž .1991 , Hubbard et al. 1994 , and Storesletten et al. 1997 , result in
higher persistence�we estimate a coefficient of 0.91 for the United States
and 0.81 for Sweden.

There are two main differences between Heaton and Lucas’ approach
and that of the latter papers. First, Heaton and Lucas remove the mean
from individual income series, while we estimate permanent wage differ-
ences based on observable characteristics such as education, occupation,
and age. One has to take a position on what uncertainty agents face and
what information agents have about their own level of productivity. Con-
sider two agents with similar background in the beginning of the sample.
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One gets the income series 10, 11, 12, while the other gets the income
series 10, 11, 6. Could the bad third-period outcome have happened to the
first person, or is there an inherent difference between these two individ-
ual? If there is such a difference, did the agents know about it in the first
period? Second, the latter papers allow for measurement error in wage and
income data. If measurement errors exist but are neglected, the estimated
persistence will be downward biased.

˙ Ž .Hansen and Imrohoroglu 1992 explored the potential benefits of˘
unemployment insurance in an economy where agents are subject to
unemployment risk. The capital stock is exogenous, as is the working time
of the employed. They find that unemployment insurance has positive
welfare effects, as long as unemployed can be forced to accept all job
offers. The result in that setting is not surprising since neither taxes
nor unemployment benefits have any distortionary effects. Hansen and
İmrohoroglu also consider the case where unemployed can, with some˘
probability, reject job offers but still keep their benefits. Allowing for these
moral hazard considerations, the welfare gains of unemployment insurance
become small or even negative.

˙Our paper is different from Hansen and Imrohoroglu’s in several ways.˘
First, the uncertainty and heterogeneity we consider is richer and more

˙important. Hansen and Imrohoroglu only allow for two different income˘
states, employment and unemployment, and the amount of persistence in
this process is negligible. For example, the expected earnings in a six-week
period one year from now for an unemployed worker is 99.7% of the
expected earnings of an agent who is employed today, if unemployed
agents accept all job offers. Second, the possible distortions from the
insurance programs in the two papers are quite different. In our paper,
since the capital stock is endogenous, government policy will affect the
return agents get on their private savings. As the insurance program
becomes more extensive, savings fall and the interest rate increases. The
cost of self-insurance is then effectively reduced. Moreover, we allow for
taxes and transfers having effects on labor supply, not only on the
extensive margin, but also on hours worked for those who work. On the
other hand, we do not allow for an explicit unemployment state, as Hansen

˙and Imrohoroglu do.˘
Some important assumptions underlying our study are worth comment-

ing on. We abstract from aggregate uncertainty. The motivation for doing
˙ Ž .so is that a number of studies, for example, Imrohoroglu 1989 and˘

Ž .Krusell and Smith 1999 , indicate that aggregate uncertainty is negligible
Ž .in this setting. Also, the estimation results in Heaton and Lucas 1996

show that aggregate shocks only account for a few percent of the variabil-
ity in household income.
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We rule out private insurance contracts by assumption.2 This market
failure can be motivated by assuming that agents cannot observe each
others’ income. The government, on the other hand, is assumed to observe
agents’ income but not their productivity. Moreover, the government,
contrary to private institutions, can force agents to participate in programs
that have negative expected value for specific individuals. It should also be
pointed out that the intention of this paper is not to look for efficient
contracts and redistribution schemes. It is, for example, possible that it
would be more efficient to condition tax rates and transfers on the income
that agents have. Thus when we use the phrase ‘‘optimal tax,’’ we do not
mean this in a strict sense.

We do not explicitly allow for unemployment when estimating the wage
Žprocess. Instead, we assume that log productivity that is, the log of the

. Ž .relative wage follows an AR 1 process, but we have in mind that
individuals with low productivity are unemployed. However, unemployed
workers need not be completely unproductive. There are, for example,
opportunities for home production or informal services. Consequently, we
believe that an ‘‘unemployed’’ person with no accumulated wealth and no
or very low guaranteed income will spend much of his time on some kind
of working activity.

The structure of the paper is as follows. In the next section, we outline
the model, describe how to parameterize it, and describe how to compute
the equilibrium. The data and the strategy used to estimate the wage
processes in Sweden and the United States are then presented in Section
3, together with the results of these estimations. In Section 4, we first
evaluate the performance of the model. We then consider policy experi-
ments and look for the optimal size of insurance programs. In Section 5,
we try to assess how sensitive the results are to parameter choices. We also
consider some changes in the specification of the model. Finally, Section 6
concludes.

2. THE MODEL

Consider an economy with a continuum of ex ante identical agents.
Each year a fraction � of the agents dies and new agents with no asset
holdings enter the economy. Each agent is endowed with a level of
productivity, qi � e� i�z i

t, where � i is a permanent component and z i is at t

2 There is a significant literature studying such contracts in models with information
Ž .asymmetries. Recent contributions are Atkeson and Lucas 1995 and Cole and Kocherlakota

Ž .1998 .
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temporary component. The temporary component evolves stochastically
over time according to the process

z i � � z i � � i , 1Ž .t t�1 t

where � determines the degree of persistence in the temporary productiv-
ity shocks. The permanent component � i and the temporary shock � i are
both assumed to be i.i.d. normally distributed with mean zero and variance
� 2 and � 2, respectively. Hence, the lower bound of the possible realiza-� �

tions of the productivity level is zero.
Each agent is also endowed with one unit of time, which is divided

between labor, h, and leisure, l. There is no aggregate uncertainty in the
economy. The interest rate, the wage rate, and the aggregate labor supply
and capital stock will therefore be constant. The government insures
agents by transferring b to each agent in every period.3 These transfers

Ž h.are financed by proportional taxes on labor income � , capital income
Ž k . Ž c.� , and consumption � . An agent’s disposable resources are then

i h i i k iy � b � 1 � � wq h � 1 � 1 � � r a ,Ž . Ž .t t t t

Ž .where 1 � r a is the agent’s asset holdings in the beginning of thet
period. The agent’s budget constraint is

1 � � c c i � y i � ai , 2Ž . Ž .ˆt t t�1

where ai is the assets the agent chooses to hold for the next period.t̂�1
In the beginning of a period, after new agents are born, a fraction � of

the population is randomly picked to be heirs to the deceased agents. The
wealth of the deceased agents is then evenly distributed among the heirs.4

iLet g denote agent i’s received bequests in period t, and let a denote thet
i iaverage wealth of an agent. Then g � a with probability � and g � 0t t

with probability 1 � � .
A crucial assumption in the model is that agents are subject to a

no-borrowing constraint, i.e., that a � 0. This assumption is not entirelyt̂
ad hoc. If government transfers cannot be used as a security for loans, the
lower bound on the present value of future incomes is zero.5 In that case
there is no positive debt which an agent can repay for sure.6

3 A more efficient redistribution scheme would condition transfers on agents’ productivity
level, but we assume that q is unobservable to the government.

4 Ž .This is similar to Huggett’s 1996 ‘‘accidental bequests.’’
5 Alternatively, the transfer can be in a nontradable form.
6 Ž .See Aiyagari 1994 for a discussion of this.
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i i Ž i i.Let s denote the exogenous productivity state of agent i, s � � , zt t t
� S. The agents’ asset holdings are restricted to be in the interval
	 
0, A � A, where A is chosen high enough to never be a binding restric-

Ž .tion. Further, let 	 a, s be the measure of agents, and normalize the mass
of agents to unity.

Agents maximize their expected lifetime utility,



t t i iU � E 1 � � � u c , l ,Ž . Ž .Ý0 0 t t

t�0

where � is the time discount rate. The Bellman equation to the consumer’s
problem is then

i i i i i i i i� a , s � max u c , l � 1 � � �E � a , s � a , s 3Ž . Ž .ˆŽ . Ž . Ž .t t t t t�1 t�1 t�1 t
i i� 4a , hˆt�1 t

Ž .subject to 2 , and

hi � l i � 1,t t

ai � ai � g i ,ˆt t t

hi � 0,t

ai � 0.t̂�1

Each period the government has tax incomes given by

h k cT � , b � � wq s h a, s � � ra a, s � � c a, s d	,Ž . Ž . Ž . Ž . Ž .H
A�S

where h, a, and c are the agent’s decision rules for labor supply, saving,
Ž .and consumption, and q s is the productivity level associated with state s.

In addition to the lump sum transfers, B � Hb d	, the government must
G Žfinance public consumption C which is exogenously fixed as a propor-

.tion of output . Its per period expenses are thus

G � B � CG .

There is a continuum of firms which have Cobb�Douglas production
functions and behave competitively in product and factor markets. Let K
denote the aggregate capital stock and let H denote the aggregate labor

Ž . Ž .supply in efficiency units; i.e., H � Hq s h a, s d	. Aggregate production
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is then given by

F K , H � K �H 1�� .Ž .

Finally, let 
 denote the depreciation rate of capital.

2.1. Equilibrium

Ž .A stationary equilibrium of this economy is given by i constant tax
	 h k c 
 Ž .rates, � � � � � , and a level of transfers b, ii a constant interest rate r

Ž .and wage rate w, iii time invariant decision rules for agents’ asset
i �Ž i i . i Ž i iholdings, a � a a , s ; � , b, r, w , and hours worked, h � h a , s ; � , b,ˆ ˆt�1 t t t t t

. Ž . Ž . Ž .r, w , iv a measure of agents over the state space, 	 a, s , v aggregate
Ž . �Ž .values for asset holdings, A � , b, r, w � Ha a, s d	, and for the numberˆ

Ž . Ž . Ž .of efficiency hours worked, H � , b, r, w � Hq s h a, s d	, such that the
following equilibrium conditions are fulfilled:

Ž .�The decision rules solve agents’ maximization problem, given by 3 .
�Tax revenues equal government expenses,

T � , b , r , w � G � , b , r , w .Ž . Ž .

�Factor markets clear,

r � F K , H � 
 ,Ž .K

w � F K , H .Ž .H

�Aggregate supply of savings is equal to firms’ demand for capital,

1 � � A � , b , r , w � K � , b , r , w .Ž . Ž . Ž .

�The measure of agents over the state space is invariant; i.e.,

	 a, s � P a, s, a, s d	,Ž . Ž .H
A�S

for all a � s � A � S. The transition function P is the probability that an
Ž .agent with state a, s will have a state belonging to a � s next period,

2 �P a, s, a, s � 1 � � II a a, s � aŽ . Ž . Ž .ˆ�H
s

�� 1 � � � II a a, s � a � aŽ . Ž .ˆ
�2	 
 	 
�� 1 � � II 0 � a � � II a � a � s, ds ,Ž . Ž .4
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Ž �.where II is an indicator function and � s, s is the probability that the
exogenous state next period belongs to s� � S, given that it is s today.

2.2. Computation of Equilibrium

To find the agent’s decision rules for saving and labor supply, we
discretize the state space and make a piecewise linear approximation of
agents’ decision rules over this.7 To solve for the equilibrium, we use an

Ž . Ž .algorithm inspired by Huggett 1993 and Aiyagari 1994 . The algorithm
consists of the following steps: Fix the tax rates, � , and guess an interest

ˆrate, r, and the average efficiency hours of labor supply, H. Then solve for
the capital stock K , aggregate consumption C, and the wage per efficiency

ˆunit of labor as functions of r and H, and calculate the transfer level
h ˆ kimplied by government budget balance, by setting B � � Hw � � K �

� cC � CG. The agents’ decision rules are then solved for and average
asset holdings and efficiency hours worked are calculated from simula-
tions.8 If the implied aggregate saving of agents does not equal firms’
demand for capital, or if the implied labor supply is different than the
guess, then make new guesses and start over. If both equalities hold, the
equilibrium of the economy with tax rates � has been found.

2.3. Parameterization

We have calibrated one benchmark economy for each country. In these
Žeconomies government policy is specified to be similar to actual policy we

.refer to this as the benchmark policy , and parameter values are set to
Ž .their empirical counterparts the baseline calibration .

The benchmark policy consists of three tax rates, � h, � k, � c, the transfer
b, and public consumption CG. We let � h be determined by the govern-
ment’s budget constraint. For the United States, we set � k � 0.397 and

7 More precisely, we solve the Euler equation by fitting a cubic spline between gridpoints.
In the simulations, the decision rules for asset holdings are approximated with piecewise
linear functions. Consumption and labor decisions are solved as functions of asset choices
and are therefore allowed to be nonlinear between gridpoints. The state space is approxi-
mated by a grid consisting of 50 values for asset holdings, 1 high and 1 low value for the

Ž .permanent shock, and 7 values for the temporary productivity level. The AR 1 process for
Ž .productivity is approximated with the algorithm by Tauchen 1986 . We use a spread

Ž 2 .1�2of � 3� � 1 � � for the productivity grid. The step size in the grid for asset holdings is�

increasing in wealth.
8 We simulate an economy populated by 100 agents with low permanent productivity and

100 agents with high permanent productivity for 2500 periods. When one agent dies, he is
replaced by a new agent with no accumulated wealth. The initial productivity of this agent is
drawn from the stationary distribution of the productivity process. We discard the first 500
periods and use the remaining 400,000 observations to calculate statistics for the economy.
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c Ž . G� � 0.054 Domeij and Heathcote, 2000 , B�Y � 0.082 and C �Y �
Ž . k0.217 Aiyagari and McGrattan, 1998 . For Sweden, we set � to 30%

which has been the flat tax rate on capital income since 1991, � c � 0.177
Ž . ŽLinde, 1998 , B�Y � 0.212, and G�Y � 0.291 averages from the SNEPQ´

.data base for 1970�1993 .
For our baseline calibration, the agents’ utility function is assumed to be

in the class of CES utility functions with unit elasticity of substitution
between consumption and leisure; i.e.,

1��� 1��c lŽ .t t
U c , l � .Ž .t t 1 � �

This utility function has been extensively used in the real business cycle
literature and it is consistent with the observation that hours worked have
remained more or less constant although real wages have increased

Žsharply the last century. However, evidence from microstudies for exam-
.ple, MaCurdy, 1981, and Altonji, 1986 indicates that the intertemporal

elasticity of labor supply is smaller than what is implied by this specifi-
cation of utility. When doing sensitivity analysis, we consider a utility
function with less elastic labor supply.

We set the inverse of the intertemporal elasticity of substitution, �, to 2
which implies that the risk aversion toward consumption fluctuations is 1.5.
The time discount rate, � , is calibrated so that the capital-output ratio

Ž .equals 2.0 in Sweden De Nardi, 2000 and 2.6 in the United States
Ž . 9Prescott, 1986 . The death probability, � , is set to 2%. Hence, the
average length of an agent’s work life is 50 years.

The parameter � is set to 0.50. This implies that the average time an
agent spends in market activities under the benchmark policies is 36% of
available time in the United States and 28% in Sweden. In data we see
that people work less in Sweden than in the United States although the
difference obtained here is somewhat large. However, since � affects
attitudes to risk and the labor supply elasticity we chose not to calibrate
separate values of � for the two countries. In the sensitivity analysis, we
see that the choice of � is of little importance.

On the production side of the economy, the capital share, � , is set to
0.36 and the depreciation rate of physical capital, 
 , is set to 1% per year.

ŽThese values are consistent with empirical findings for both countries see,
.e.g., Prescott, 1986; Hansson, 1991 .

The parameters �, � 2, and � 2 in the productivity process are estimated� �

in the next section.

9 The implied values for � are 0.9632 for Sweden and 0.9822 for the United States.
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3. DATA AND ESTIMATION

In this section, we discuss the data sets for the United States and
Ž .Sweden and how we estimate the productivity processes in 1 . Our

measure of productivity, which captures the degree of individual specific
risk in the model, is an agent’s hourly wage rate relative to all other
agents.

3.1. Data

Ž .We use the Panel Study of Income Dynamics PSID data set for 1988 to
1992 to estimate �, � 2, and � 2 for the United States.10 For Sweden we� �

Ž .use the Household Income Survey HINK for the years 1989, 1990, and
1992. HINK is a two-year overlapping household panel collected by Statis-
tics Sweden, but in 1992 the collected panel is partly the same as in 1989
and 1990.

Our measure of productivity is a worker’s hourly wage rate relative to all
other agents. To obtain these data, we proceed as follows: For the United
States, we only look at individuals who were heads of the same household

Žin the 1988 to 1992 surveys and who were in the labor force working,
.unemployed or temporarily laid off all of these years. To avoid problems

with oversampling of poor people in the PSID data set, we exclude people
stemming from the Survey of Economic Opportunity sample. We also
exclude people for whom relevant data on labor supply and earnings are of

Ž .poor quality major assignments or top-coding have been done . For
Sweden, we look at adults who remained in the same household and who
were in the labor force all of these years.11

The measure of the hourly wage which interests us is one which will
hold for a wide range of hours worked for a specific individual. For
example, someone who was unemployed 1000 hours in a year and worked
900 hours at the wage rate 8 dollars per hour is not assigned a wage of 8
dollars per hour but rather 8 � 900�1900 � 3.79 dollars per hour. Of
course, unemployment is to some extent voluntary since most people could
get some job at some small but positive wage rate. We will not control for
this problem of inference when estimating the wage process. To avoid
some of the worst problems, however, we assume that nobody has a wage
rate less than 10% of the average wage. This assumption also captures our

10 The reason for not using a longer period is that the sample size becomes considerably
smaller. The period 1988�1992 is chosen to match the Swedish data period.

11 We include all adults for Sweden, and not only the heads of households, since there is no
good definition of ‘‘heads’’ in the HINK database and since it is very common in Sweden that
both men and women in a household participate in the regular labor market. Consequently,
the share of women is higher in the Swedish sample.
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TABLE I
Descriptive Statistics for Relative Wages

United States Sweden

Statistic 1988 1989 1990 1991 1992 1989 1990 1992

W 12.48 13.31 14.11 14.79 15.60 71.20 81.42 88.83
iŽ .Std w 0.64 0.62 0.65 0.66 0.71 0.40 0.40 0.45

iŽ .Max w 8.18 5.53 8.27 10.11 12.14 4.63 4.53 4.82
iŽ .Min w 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

iNote. W is the average hourly wage in USD and SEK, respectively. w is the relative
Ž i. i Ž i. Ž i.wage, Std w the standard deviation in w , and Max w and Min w are the maximum

and minimum relative wage in the constructed relative wage series in a given year.

belief that all agents have some productivity, although some activities are
unobservable in data.

For the United States, we calculate work hours supplied as the sum of
the variables hours worked, hours in unemployment, and work hours lost
due to illness. These are directly observable in the PSID. For Sweden, we
calculate work hours supplied as the sum of the variables hours worked
and work hours lost due to illness, which are directly observable in the
HINK. To this sum, we then add the estimated time in unemployment,
since time spent in unemployment is not directly observable in the HINK.12

For people spending most of their time out of the labor force, it is
difficult to infer the wage they would get if working more. Therefore, all
agents with less than 1000 work hours supplied are excluded from the
sample. The hourly wage rates in a year for the 1789 and 2856 persons
remaining in the sample for the United States and Sweden respectively are
then computed as the wage sums divided by the total work hours supplied.13

We are only interested in fluctuations in relative wages. Therefore, we
remove year effects in the data by expressing agent i’s hourly wage rate as
a function of the average hourly wage rate in that year, and we denote this
by w i.t

Descriptive statistics for the constructed relative hourly wages are re-
ported in Table I. For information, we also include the average hourly rate

Ž .W in USD for the United States and in Swedish Kronor SEK for Sweden

12 The estimated time in unemployment is an increasing function of the unemployment
benefits such that the total sum of hours worked for an individual who has received
unemployment benefits is set equal to the stipulated work time in Sweden, which presently is
2080 hours per year.

13 All the definitions of variables and the data programs are provided in an appendix which
is available on request from the authors. However, the HINK data set is not available upon
request without a permission from Statistics Sweden.
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in the table. We see that the variability in the relative wage series is larger
in the United States than in Sweden and slightly increasing over time in
both countries. The minimum relative wage is 0.10 for all years as a
consequence of our assumption that no individual has a wage lower than
10% of the average. However, it should be noted that this adjustment has
been made for very few individuals.14

3.2. Estimation

Taking logarithms of the data, we now observe x i � ln w i for t � 1988t t
to 1992 in the United States and t � 1989, 1990, and 1992 for Sweden. We
want to estimate the process

x i � � i � z i � � i ,t t t
4Ž .

z i � � z i � � i ,t t�1 t

where we allow for a measurement error � and where � i � z i is the
logarithm of the wage rate for agent i, relative to all other agents. Both �
and � are assumed to be identically and independently distributed over
time and across individuals.

Since our data series are short, we do not try to estimate � i directly
from each individual’s data. Instead, we assume that the permanent wage
differences can be captured by individual specific characteristics such as
age, education, and occupation. Hence, we estimate

2ix � � � � AGE � � AGE � � DMALE � � EDUCŽ .1988 1 2 i 3 i 4 i 5 i
5Ž .

� � OCC � � i
O i 1988

for the United States with OLS where AGE is the individual’s age,
DMALE is a dummy for the individual’s gender, EDUC is the agent’s

	 
Tnumber of years spent in school, and OCC � OCC , . . . , OCC arei 1, i 8, i
occupation dummies.

For Sweden, we estimate

2ix � � � � AGE � � AGE � � DMALE � � EDUCŽ .1989 1 2 i 3 i 4 i E i
6Ž .

� � OCC � � i ,O i 1989

14 In the United States, X i was adjusted upwards to 0.10 for 19, 18, 20, 31, and 28
individuals in 1988, 1989, 1990, 1991 and 1992, respectively. For Sweden, X i was set to 0.10
for 6, 10, and 26 individuals in 1989, 1990, and 1992. Changing the minimum relative wage
assumption to 0.05 has no impact on the results.
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Twhere EDUC � EDUC ��� EDUC is a vector containing dummiesi 1, i 3, i
	 
Tfor the agent’s education level, and OCC � OCC ��� OCC is ai 1, t 4, i

vector containing occupation dummies. The variables considered in the
regressions above are similar to those used by, for example, Blau and Kahn
Ž . Ž . Ž .1995 and Edin and Holmlund 1995 . The estimation results for 5 and
Ž .6 are reported in Table II.

As seen from Table II, most of the variables are highly significant and
the F-statistics are satisfactory both for the United States and for Sweden.

TABLE II
OLS Estimation Results for the Initial Relative Wage Level

United States�1988 Sweden 1989

Variable Estimate p-value Variable Estimate p-value

CONSTANT �3.330 0.000 CONSTANT �1.079 0.000
AGE 0.076 0.000 AGE 0.033 0.000

2 2AGE �100 �0.077 0.000 AGE �100 �0.035 0.000
DMALE 0.272 0.000 DMALE 0.194 0.000
EDUC 0.074 0.000 EDUC 0.099 0.0001
OCC 0.421 0.000 EDUC 0.218 0.0001 2
OCC 0.320 0.000 EDUC 0.475 0.0002 3
OCC 0.277 0.001 OCC 0.061 0.0003 1
OCC 0.231 0.042 OCC 0.068 0.0134 2
OCC 0.257 0.000 OCC 0.055 0.0065 3
OCC 0.171 0.017 OCC 0.083 0.0026 4
OCC �0.558 0.0007
OCC 0.076 0.2338

F 59.166 0.000 F 120.238 0.000
2 2R 0.281 R 0.295

N 1789 N 2856

Note. Dependent variables are the ratio between the hourly wage and average
hourly wage in the United States 1988 and Sweden 1989 in natural logarithms. For
the United States, EDUC is the number of years spent in school, OCC , . . . , OCC1 8
are dummy variables equal to 1 if the individual is a professional or technical
worker, manager, sales worker, clerical worker, craftsman, operative, farm worker,
or service worker, respectively, and 0 otherwise. A dummy for unclassified occupa-
tions is excluded in the regression. For Sweden, EDUC , . . . , EDUC are dummy1 3
variables equal to 1 if the individual has between 2�3, 3�6, and over 6 years
education after primary school, respectively, and 0 otherwise. A dummy for those
with less than 2 years education after primary school is excluded. OCC , . . . , OCC1 4
are occupation dummies equal to 1 if the individual works in the private industry,
building industry, sales sector, and the communication and transport sector. A
dummy variable for those who work in the public sector and in banks is excluded.
Finally, DMALE is a dummy variable equal to 1 if the individual’s gender is male
and 0 otherwise.
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The adjusted r-squares are reasonably high and similar for both countries.
All the estimated parameter values are also reasonable. The point esti-
mates for gender and age in Sweden are of the same magnitudes as the

Ž .ones presented in Edin and Holmlund’s 1995 wage regressions.
We use the regression results from Table II to calculate estimates of the

ˆ i i ˆ i ipermanent wage component, � � x in the United States and � � xˆ ˆ1988 1989
in Sweden, and then to calculate the variance of these differences. For the
United States, we get � 2 � 0.1175, and for Sweden we get � 2 � 0.0467.� �

Hence, there is more wage inequality in the United States than in Sweden
in the sense that permanent wage differences between individuals are
larger.

To extract the risk which remains for individuals in the United States
after permanent differences have been removed, we construct the variable

i i ˆ ix � x � � for t � 1988, . . . , 1992. For Sweden, we construct the variablet̃ t
i i ˆ ix � x � � for t � 1989, 1990, and 1992. Summary statistics for thet̃ t

transformed relative wage variables are reported in Table III. A compari-
son of the figures reported in Tables I and III reveals that the variability in
the data, quite naturally, becomes lower for both countries after the
systematic factors have been removed from the data. We also see that
there still is a slight increase in wage variability over time.

i Ž .Finally, we use x in 4 to construct the unconditional moment condi-t̃
tions

2�2 �i 2E x � � � � 0,˜Ž .t �21 � �
7Ž .

2��i i sE x x � � � 0˜ ˜t t�s 21 � �

TABLE III
Descriptive Statistics for Transformed Relative Wages

United States Sweden

Statistic 1988 1989 1990 1991 1992 1989 1990 1992

iŽ .Std w 0.57 0.56 0.59 0.59 0.64 0.31 0.30 0.37
iŽ .Max w 5.73 4.37 5.79 7.09 8.51 2.95 3.27 4.10
iŽ .Min w 0.09 0.08 0.08 0.08 0.08 0.10 0.07 0.07

i Ž i.Note. w � exp x , that is, the relative wage where the estimated systematic˜ ˜
component due to permanent differences between individuals in the sample has

Ž i. i Ž i. Ž i.been removed. Std w the standard deviation in w and Max w and Min w are˜ ˜ ˜ ˜
the maximum and minimum relative wage in the constructed relative wage series in
a given year.
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TABLE IV
GMM Estimation Results for the Wage Process

United States Sweden

Parameter Estimate Standard error Estimate Standard error

� 0.9136 0.0090 0.8139 0.0268
2� 0.0426 0.0048 0.0326 0.0059�
2� 0.0421 0.0039 0.0251 0.0046�

2� 23.45 46.35obs
p-value 0.051 0.000

Note. White’s heteroskedasticity consistent standard errors. The p-values are simu-
lated probabilities of obtaining a � 2 higher than � 2 when the model is correctlyobs
specified.

in order to estimate �, � 2, and � 2 for the United States and Sweden with� �

the general method of moments. Since we have observations from five
Ž .periods in the United States, 7 implies that we can use 15 moments. For

Ž .Sweden, 7 implies that we can use 6 moments. Since we have more
moments than estimated parameters, the model is overidentified, and we

Ž . 2use Hansen’s 1982 � -test to test the overidentifying restrictions. How-
Ž .ever, it is well known that Hansen’s test may fail see Newey, 1985 .

Therefore, the p-values for Hansen’s test, reported in Table IV, were
generated with a Monte Carlo simulation.15

The GMM estimation results are reported in Table IV. We see that the
relative hourly wage series are highly persistent, especially in the United
States. Moreover, the variance of temporary shocks is considerably higher
in the United States than in Sweden. Consequently, the wage risk that
agents face after having observed their permanent productivity level is
higher in the United States. The estimates of � and � 2 are precise for�

both countries. As indicated by the simulated p-values, one possible
shortcoming is that the overidentifying restrictions do not seem to hold, in
particular not for Sweden. One reason for this result might be that the

Ž .estimated AR 1 -process for the agent’s productivity process is a too crude
approximation of reality.

ŽIf we assume that all unemployment is voluntary which here in practice
means that we do not add time in unemployment to hours worked in the

. 2 2calculation of hourly wages , the estimated � , �, and � are practically� �

Ž	 
 	 
unchanged 0.1075, 0.9165, 0.0379 and 0.0421, 0.8545, 0.0227 for the
. 2United States and Sweden, respectively . But the � -statistics are now

15 In the Monte Carlo study, we have simulated the process x i � z i � � i where z i � � z i
t t t t t

� � i, using �, � 2, and � 2 from Table IV, and calculated � 2 from these simulated series.ˆ ˆ ˆt � �
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changed to 15.02 and 12.12 with p-values 0.27 and 0.03, respectively. Thus,
we can no longer clearly reject the model.

Ž .The findings for the U.S. wage process resemble those in Card 1991 .
He estimated a similar wage process for the United States based on men in
the PSID from 1969 to 1979. The estimated persistence was 0.886 while
the estimates of variances were 0.124, 0.027, and 0.039, for permanent
shocks, temporary shocks, and measurement errors, respectively.

Because of the rejection of the overidentifying restrictions for the
Swedish wage process, and since we do not have any previous estimates of
the wage process to compare our findings with, we have examined the
Swedish data closer. We suspected that the problem might be that the
parameters in the wage process are different for different subsamples in

Ž .the data. As a general result, we find that see Table V women and those
with little education have higher year-to-year variability in wages and less
persistence of wage shocks. Further, the estimation results are most well
behaved when we control both for gender and education. Because of
computation time, however, our model must be calibrated with a parsimo-
nious specification of the wage process, and we are not able to allow for
many different types of agents. We feel confident in calibrating the model
with the full-sample estimates of the wage process since the process
estimates for that process are close to the averages of the estimates in the
subsamples.

To sum up, we have found that individuals in the United States are
subject to more wage inequality as well as more wage uncertainty. The
estimated variance of permanent log wage differences is 0.1175 in the
United States and 0.0467 in Sweden. The estimated variance of temporary
log wage shocks is 0.0426 in the United States and 0.0326 in Sweden, and
temporary shocks are more persistent in the United States with the
estimate of � equal to 0.9136 against 0.8139 in Sweden.

4. RESULTS

4.1. The Benchmark Economies

Before turning attention to the policy experiments, we examine the
properties and empirical relevance of the model. We present distributional
implications for the model economies under benchmark policies in Tables
VI and VII. In Table VIII, we present correlations for earnings, income,
and asset holdings. In addition to reporting the implications under bench-
mark policy, we also show the implications of the optimal policies found in
the next subsection.
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TABLE VI
Distributional Implications�United States

Percent of total

Gini Bottom 40% Top 20% Top 10% Top 1%

Wealth
Actual U.S. data 0.78 1.4 79.5 66.1 29.5
Model, benchmark policy 0.65 2.3 65.2 44.5 8.6
Model, optimal policy 0.66 1.9 66.3 45.5 8.8

Earnings
Actual U.S. data 0.63 2.8 61.4 43.5 14.8
Model, benchmark policy 0.50 10.1 53.5 34.2 6.7
Model, optimal policy 0.54 7.6 56.7 36.5 7.3

Total income
Actual U.S. data 0.57 8.8 59.9 45.2 18.6
Model, benchmark policy 0.42 14.6 48.4 30.3 5.8
Model, optimal policy 0.42 14.7 48.5 30.4 5.9

Ž . hNote. U.S. data adapted from Dıaz-Gimenez, et al. 1997 . � � 0.36 under´ ´
benchmark policy and � h � 0.46 under optimal policy. Earnings are defined as net
labor income before taxes. Total income is defined as net factor income plus
transfers but before taxes. Note that U.S. data refer to households while the
income process in the model is calibrated to match individual wage processes.

It is a well known fact that models with plausible parameterizations of
income processes and risk aversion have problems generating asset and
income distributions which are as skewed as in U.S. data. This is docu-

Ž . 16mented in, e.g., Quadrini and Rıos-Rull 1997 . The wealth distributions´
implied by our model are skewed but are not as skewed as the actual
Swedish and U.S. distributions. In particular, the model cannot generate
wealth holdings that are as extreme as for the top few percent of house-
holds in the data However, for our purposes it is most important to
capture the asset and income distributions of the poor agents, because it is
for these that social security really matters. The model does fairly well in
this respect.

The tables show that asset holdings are unequally distributed, with Gini
coefficients around 0.60, but still not as skewed as in the actual economies.

Ž .In particular, the wealthiest agents households in the model are not as
wealthy as in the data. The richest 1% of agents hold 9% of aggregate
wealth in the model, but in the United States they hold 29% of all wealth.

16 Ž . Ž .Examples of such studies are Aiyagari 1994 and Huggett 1996 . A recent exception is
Ž .the paper by Castaneda et al. 1998 . They calibrate the underlying productivity process so˜

that asset and income distributions are matched.
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TABLE VII
Distributional Implications�Sweden

Percent of total

Gini Bottom 40% Top 20% Top 10% Top 1%

Wealth
Actual Swedish data 0.79 �6 72 49 13
Model, benchmark policy 0.60 4 60 39 6
Model, optimal policy 0.58 5 58 38 6

Earnings
Actual Swedish data 0.48 8 47 29 5
Model, benchmark policy 0.43 12 46 28 4
Model, optimal policy 0.32 19 39 23 3

Total income
Actual Swedish data 0.33 19 37 14 5
Model, benchmark policy 0.28 22 38 21 3
Model, optimal policy 0.28 22 37 21 3

Ž . hNote. Swedish data adapted from Domeij and Klein 1998 . � � 0.57 under
benchmark policy and � h � 0.27 under optimal policy. Earnings are defined as net
labor income before taxes. Total income is defined as net factor income plus
transfers but before taxes. Note that Swedish data refer to households while the
income process in the model is calibrated to match individual wage processes.

For Sweden, the richest 1% hold 6% of all wealth in the model and 13% of
all wealth in the data.

The asset distribution for the poorest agents is better matched by the
Ž .model. The bottom 40% of agents households in the wealth distribution

hold approximately 1% of the U.S. wealth in the data and 2% in the
model. In Swedish data they hold �6% of all wealth and 4% in the model.
Data problems may explain the many observations of negative wealth
holdings among Swedish households. The value of privately owned apart-

TABLE VIII
Correlations of Earnings, Income, and Wealth

United States Sweden

Model Model
h h h hData � � 0.36 � � 0.46 Data � � 0.57 � � 0.27

Ž .corr earnings, income 0.93 0.98 0.98 0.78 0.94 0.92
Ž .corr earnings, assets 0.23 0.33 0.31 0.17 �0.04 0.04
Ž .corr income, assets 0.32 0.50 0.49 0.37 0.30 0.43

Ž . Ž .Note. Data adapted from Dıaz-Gimenez et al. 1997 and Domeij and Klein 1998 .´ ´



FLODEN AND LINDÉ426

ments is approximated by the taxable value, which is considerably lower
than the market value. Moreover students’ loans are measured at the full
value but human capital is not included in wealth. Considering these data
problems, we think that the model gives a satisfactory fit of the poor
agents in the asset distribution.

The earnings and income distributions for Sweden are well captured by
the model, both for those in the bottom and those in the top of the
distributions. The model generates too compressed distributions for the
United States, however. For example, the bottom 40% in the earnings
distribution have only 3% of earnings in the data but around 10% in the
model. In the U.S. data, entrepreneurs who report losses significantly
contribute to the low earnings for the bottom percentiles in the distribu-
tion. In the model, wage rates are observable in the beginning of a period,
and we do not allow for negative wages.

Maybe surprisingly, changes in tax rates have negligible effects on
wealth distributions. For both countries, an increase in taxes actually
increases Gini coefficients. When transfers increase, there is less need for
poor agents to save for bad times, and in bad times they do not need to
work as hard as when there are no transfers.

4.2. Optimal Tax and Transfer Levels

To find the optimal tax level, we solve the model for labor tax rates up
to 65% with increments of 1 percentage point and the restriction that
transfers are non-negative. Taxes on capital income and consumption are
held fixed at the benchmark values. We look for the tax rate that
maximizes average utility of the agents in the economy. Equilibrium
outcomes for some selected tax rates are shown in Tables IX and X. As a
reference we also report the outcome we get when agents are provided
with full insurance.17

We use the utilitarian welfare measure when evaluating policies. The
welfare effects are quantified with the compensating variation premium
with the economy under benchmark policy as the benchmark. More
precisely, when we say that x is the welfare gain of having taxes � instead˜
of benchmark policy, we mean that the average utility in the �- and˜
benchmark worlds are the same when consumption is reduced by x
percent for all agents in the �-world.˜

We find that social insurance programs can have an important impact
on welfare. For the baseline calibration, the optimal tax rate on labor
income is 46% for the United States and 27% for Sweden. The associated
transfer levels are 15 and 1.6% of output, respectively. This result is

17 By full insurance, we mean that all agents insure before observing their first productivity
level. The insurance then yields the same marginal utility of total expenditure in each state.
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TABLE IX
Results for Different Tax Rates�United States

h� w.g. r K�Y H Y C�Y h B�Y T�Y T

Benchmark
0.361 3.85 2.60 0.428 0.732 0.524 0.358 0.082 0.299 0.219

Experiments
0.25 �6.32 3.19 2.72 0.472 0.830 0.511 0.421 0.005 0.222 0.184
0.30 �2.84 3.50 2.67 0.453 0.786 0.517 0.393 0.040 0.257 0.202
0.35 �0.04 3.78 2.61 0.432 0.742 0.522 0.364 0.074 0.291 0.216
0.40 1.10 4.06 2.56 0.412 0.698 0.527 0.335 0.109 0.326 0.228
0.45 1.78 4.33 2.51 0.390 0.655 0.532 0.306 0.143 0.360 0.236
0.50 1.60 4.59 2.47 0.367 0.611 0.537 0.275 0.177 0.394 0.241
0.55 0.47 4.85 2.42 0.344 0.566 0.541 0.247 0.211 0.428 0.242
0.60 �1.75 5.10 2.38 0.319 0.521 0.545 0.218 0.245 0.462 0.241
0.65 �5.30 5.35 2.34 0.294 0.474 0.549 0.189 0.278 0.495 0.235

Full insurance
0.204 24.34 6.46 2.19 0.477 0.741 0.564 0.313 0.000 0.217 0.161
0.361 22.38 6.46 2.19 0.428 0.664 0.564 0.262 0.101 0.318 0.211

Note. w.g.� welfare gain in percent of consumption, relative to economy with bench-
mark policy, r � real interest rate, K � aggregate capital stock, H � aggregate efficiency
units of hours worked, Y � aggregate output, C � aggregate consumption, h � average
hours worked, and T � total tax revenues.

TABLE X
Results for Different Tax Rates�Sweden

h� w.g. r K�Y H Y C�Y h B�Y T�Y T

Benchmark
0.570 8.00 2.00 0.318 0.469 0.509 0.276 0.212 0.503 0.236

Experiments
0.25 8.45 7.27 2.08 0.446 0.673 0.501 0.420 0.009 0.294 0.198
0.30 8.43 7.38 2.07 0.431 0.650 0.502 0.403 0.036 0.327 0.213
0.35 8.07 7.50 2.06 0.413 0.620 0.504 0.383 0.068 0.359 0.223
0.40 7.28 7.62 2.04 0.393 0.588 0.505 0.360 0.101 0.392 0.230
0.45 5.98 7.73 2.03 0.373 0.555 0.506 0.337 0.134 0.425 0.236
0.50 4.09 7.85 2.02 0.351 0.521 0.508 0.312 0.166 0.457 0.238
0.55 1.37 7.96 2.00 0.328 0.484 0.509 0.287 0.199 0.490 0.237
0.60 �2.38 8.07 1.99 0.303 0.446 0.510 0.259 0.231 0.523 0.233
0.65 �7.58 8.18 1.98 0.277 0.406 0.511 0.231 0.264 0.555 0.225

Full insurance
0.235 19.09 8.49 1.95 0.449 0.653 0.514 0.380 0.000 0.291 0.190
0.570 7.63 8.49 1.95 0.319 0.464 0.514 0.246 0.215 0.506 0.235

Note. See Table IX.
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visualized in Fig. 1. The relatively large difference between the United
States and Sweden is not surprising, given the differences in the estimated
wage processes. The welfare gain of changing from the benchmark policy
to the optimal level of transfers in the United States is 1.8% of annual
consumption. In Sweden, the welfare gain is 8.5%.

To understand how important the wage uncertainty and wage inequality
is in the United States, let us compare the economy with no transfers to
the economy with optimal policy. Figure 2 shows that output in the latter
economy is less than 80% of output in the economy with no transfers. Still,
Fig. 1 shows that welfare is more than 8% higher because of the reduction
in income fluctuations. In the Swedish economy, income is less uncertain
and the distortions seem to dominate the insurance value of transfers
already at small transfer levels.

Ž h.Figure 2 also shows that increases in transfers and hence in � reduce
output more in the United States than in Sweden. The intuition behind
this result is that an increase in the transfer level has larger insurance
effects in a country with much idiosyncratic risk than in a country with

FIG. 1. Welfare gain relative to economy with benchmark policy.
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FIG. 2. Output relative to economy with � h � 0.25.

little risk. As transfers increase, agents in the United States therefore
reduce their holding of precautionary wealth more than what agents in
Sweden do.

We also note that a volatile income process is ‘‘good’’ for the agents if
they can insure against periods with low productivity and ‘‘bad’’ if they
cannot. This result emerges when comparing the utility under full insur-
ance to utility with incomplete markets in economies with different wage
processes. The explanation behind this result is as follows. When agents
are fully insured, they are able to smooth consumption by borrowing and
lending. The agents can then choose to work more when their productivity
is high and less when productivity is low, and the higher the degree of
idiosyncratic risk, the more agents can increase their utility by working
when their productivity is high and staying at home when it is low.18 But

18 This mechanism is most clearly seen by comparing the benchmark and full insurance
rows in Tables IX and X. Labor supply in efficiency units is the same but actual hours worked
is considerably lower with complete markets.
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when asset markets are incomplete, agents can no longer smooth con-
sumption and leisure independently. If they have little wealth and low
productivity, they must work to be able to consume. Because the utility
function is concave, productivity fluctuations will decrease agents’ utility.

When looking for the optimal tax rate, we have taken a utilitarian
approach and put equal weight on every agent’s utility. To understand for
which individuals, when considering the stationary distribution of agents,
government transfers really matter, we have computed optimal tax rates
for different percentile agents in this distribution. The main value of the
experiment is that it gives a picture of inequality and a sense of which
agents experience that social security really matters. The results show that
government transfers, at the level suggested by the previous analysis,
benefit the lowest 30 percentiles in the utility distribution. The median
utility in both countries is maximized when transfers are close to zero.

5. SENSITIVITY TO PARAMETER CHOICE AND
MODEL SPECIFICATION

In this section, we examine how sensitive the results are with respect to
the most important parameters and some specific model assumptions. The
results are summarized in Tables XI and XII. For all experiments where it
is possible, we recalibrate the discount rate � to get the desired capital-

Žoutput ratios under benchmark policy i.e., K�Y � 2.6 in the United States
.and K�Y � 2.0 in Sweden .

5.1. The Utility Function

Plausible values for the intertemporal elasticity of substitution are often
	 
claimed to be in the interval 0.2, 1 . We considered the extreme values,

� � 5 and � � 1. Not surprisingly, the chosen value for � is is important
for the results obtained. When � is increased from 1 to 5, the optimal tax
rate increases from 43 to 51% in the United States and from 24 to 36% in
Sweden.

Estimates of the wage elasticity of labor supply vary widely between
studies. However, most estimates of the elasticity are less than 0.5 for men,
and the estimated elasticity for women is typically higher than that for men

Ž . Ž .�see, for example, MaCurdy 1981 and Altonji 1986 for estimates on
Ž . Ž .U.S. data and Flood and MaCurdy 1992 and Aronsson and Palme 1998

for Swedish estimates. As mentioned earlier, the labor-supply elasticity
implied by the Cobb�Douglas utility function is higher than what was
found in these studies. To allow for a less elastic labor supply, we consider
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TABLE XI
Sensitivity Analysis�United States

Optimal policy Max tax revenues
T B T Bh hExperiment � w.g. �Y Y Y Y

Benchmark 0.46 0.37 0.15 1.8 0.55 0.43 0.21
Risk aversion

� � 1.0 0.43 0.34 0.13 0.6 0.57 0.44 0.22
� � 5.0 0.51 0.41 0.19 6.3 0.51 0.41 0.19

Wage process
2� ��

0.850 0.0426 0.40 0.32 0.11 0.2 0.55 0.42 0.21
0.950 0.0426 0.54 0.42 0.21 7.3 0.56 0.44 0.22
0.914 0.0330 0.45 0.36 0.14 1.0 0.55 0.43 0.21
0.914 0.0522 0.48 0.38 0.16 2.7 0.55 0.43 0.21
0.600 0.0576 0.35 0.29 0.07 0.1 0.56 0.43 0.21

aUtility function 0.52 0.41 0.19 2.8 0.70 0.53 0.31
Ž .Infinite lives � � 0 0.46 0.37 0.15 1.9 0.55 0.43 0.21

Ž .Only temporary risk � � 0 0.42 0.34 0.12 0.6 0.54 0.42 0.20�

Note. w.g. is the welfare gain in percent of annual consumption.
a Ž 1� � . Ž .The row ‘‘utility function’’ refers to the case where utility is c � 1 � 1 � � �
Ž 1� 	 . Ž .� l � 1 � 1 � 	 , � � 1.5, and 	 � 2.5.

the utility function

c1�� � 1 l1�	 � 1
u c, l � � � ,Ž .

1 � � 1 � 	

where 1�	 is the labor-supply elasticity. To fix risk aversion to consump-
tion fluctuations at the benchmark level, we set � � 1.5. We set 	 � 2.5
to get a labor-supply elasticity of 0.40. The optimal transfer level then
increases to 19% in the United States and 7.5% in Sweden.

Although labor supply seems inelastic, microdata display considerable
variability in hours worked. The evidence reported in Altonji and Paxson
Ž . Ž . Ž .1985 , Abowd and Card 1989 , and Card 1991 suggests that the coeffi-
cient of variation for hours worked, conditional on hours being positive, is

Ž .between 0.25 and 0.40 in the United States. Aronsson and Palme 1998
report coefficients of variation of 0.14 and 0.41 for married Swedish men
and women, respectively. Both utility functions considered here, in particu-
lar, the one with low elasticity, are consistent with these facts. For the
baseline specification of the utility function, the standard deviation of
changes in log hours worked is 0.44 in the United States under benchmark
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TABLE XII
Sensitivity Analysis�Sweden

Optimal policy Max tax revenues
T B T Bh hExperiment � w.g. �Y Y Y Y

Benchmark 0.27 0.31 0.016 8.5 0.51 0.46 0.17
Risk aversion

� � 1.0 0.24 0.29 0.000 9.4 0.52 0.47 0.18
� � 5.0 0.36 0.36 0.072 6.1 0.50 0.46 0.16

Wage process
2� ��

0.750 0.0326 0.24 0.29 0.000 9.0 0.51 0.47 0.17
0.850 0.0326 0.30 0.33 0.035 7.5 0.51 0.46 0.17
0.814 0.0208 0.26 0.30 0.011 9.5 0.51 0.46 0.17
0.814 0.0444 0.31 0.33 0.041 7.6 0.51 0.46 0.17

Utility function 0.36 0.37 0.075 3.0 0.65 0.55 0.26
Ž .Infinite lives � � 0 0.25 0.29 0.003 8.8 0.51 0.46 0.17

Ž .Only temporary risk � � 0 0.24 0.29 0.000 10.4 0.51 0.46 0.17�
aSame � 0.31 0.32 0.025 � 0.53 0.46 0.17

Ž .Same labor supply � � 0.59 0.29 0.32 0.029 7.0 0.54 0.48 0.19
bOpen economy 0.32 0.33 0.023 9.0 0.54 0.46 0.16

Note. See Table XI.
a See Section 5.1.
b See Section 5.4.

policy. With the new utility function this figure drops to 0.23. For the
Swedish setup of the model, the values are 0.53 and 0.31, respectively.

In the baseline calibration we set � , the weight on consumption relative
to leisure in the utility function, to 0.50 for both countries. With this �
and the benchmark policies, agents work 36% of available time in the
United States and 28% of available time in Sweden. Although labor supply
is higher in the United States than in Sweden, this difference appears
large, and we examined the effects of calibrating a separate � for Sweden
so that Swedish labor supply reaches the U.S. level. The results with this �
Ž .� 0.59 were similar to the original results.

In the benchmark calibration of the models, households in the two
countries have different preferences since we use different discount factors
�. The results did not change much when we set the Swedish � to 0.9822,
the value we used for the United States.

5.2. The Wage Process

As we mentioned in the introduction, there is no clear consensus in the
literature on which wage process best captures the income uncertainty that
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households face. We have therefore examined how sensitive the results are
to the parameterization of this process.

Persistence

Tables XI and XII shows that the results, at least for the United States,
appear to be sensitive to what look like minor changes in the persistence
of wage shocks. This is not surprising. When � is close to unity, the total
unconditional variance of the wage process is sensitive to small changes
in �.

Volatility

We added and subtracted two standard deviations to our estimates of
� 2 and solved the models again. Results did not change much for either�

country.

The Aiyagari and McGrattan Values

Ž .Building on Heaton and Lucas’ 1996 estimates, Aiyagari and McGrat-
Ž . 2tan 1998 set � � 0.60 and � � 0.0576. When we solved the model for�

the United States with this process, the optimal transfer level fell to 7%.19

Ž .Only Temporary Risk � � 0�

The U.S. wage process displays more temporary risk as well as more
permanent inequality than the Swedish process. Which of these differences
is most important for our results? Although we prefer to think of both the
permanent wage differences and the temporary fluctuations as risks for
which the government can provide insurance, in daily life transfers because
of the former would usually be thought of as redistribution.

By ignoring the permanent wage differences in the calibration of the
wage process, we get an impression of which source of risk is driving our
results. We find that with only temporary wage uncertainty, the optimal
transfer level is 12% in the United States while no redistribution is
motivated in Sweden.

5.3. Infinitely Lived Agents

In the baseline calibration of the model, agents live 50 years on average,
bequests are random over the life cycle, and newly born agents have no
wealth. We think that this is a good way to describe reality in a parsimo-
nious way, but the assumptions are nonstandard. One might suspect that
our results hinge on the poor situation for newly born agents who have not

19 Note that we still allow for the permanent effects with � 2 � 0.1175.�
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had time to accumulate a buffer of wealth. However, if we assume that
Ž .agents have infinite lives � � 0 , the optimal policy is unaffected in the

United States. In Sweden, the optimal transfer falls slightly.
We are a bit surprised by this small effect of changes in � . With � � 0,

agents live forever and hence have time to accumulate some wealth to
self-insure against bad times. There are then few agents who have both
very little wealth and low productivity, the state which agents want to avoid
almost at any cost. However, the accumulation of individual buffer stocks
is inefficient in itself, and although government redistribution schemes
distort labor supply, they seem to provide better insurance than private
savings.

5.4. Open Economy

Sweden is often thought of as a small, open economy which faces a given
world interest rate, but until now we have assumed that both Sweden and
the United States are closed economies. In Table X, we see that the
equilibrium capital stock in Sweden is decreasing in the tax rate. Does this
mean that distortions are less important when the world capital stock is
given? We conducted some experiments to answer this question. We
solved the model economy for Sweden with the interest rate fixed at
3.85%, which is the equilibrium interest rate for the benchmark U.S.
economy.20, 21

The results for this scenario are similar to what we found with the
original specification. The optimal transfer increases marginally and the
Laffer curve peaks at slightly higher tax rates. The reason for the small
change in the optimal insurance level is that the interest rate is not the
sole determinant of the capital stock. More important is the supply of
efficiency units of labor, and this supply is sensitive to tax rates. So,
although the world interest rate is given and capital is totally mobile, the
equilibrium capital input in Swedish production is sensitive to changes in
the tax rate.

20 This approach could have been invalid if the Swedish interest rates in autarky had been
lower than the U.S. interest rate. People in Sweden might then want to hold much wealth
when the high world interest rate prevails. Consequently, even if the Swedish population is
small, it could have a significant impact on capital formation.

21 Here � was calibrated so that the Swedish net position against the world economy is
zero under benchmark policy.
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6. CONCLUDING REMARKS

We want to stress the main findings of the paper. Wage inequality and
wage fluctuations seem to be important features of the economies studied
but are more severe in the United States than in Sweden, and it seems as if
agents, at least in the United States, are willing to give up a significant
amount of consumption in order to insure against this uncertainty.

One possible explanation for the results is that agents in the United
States are less risk averse than agents in Sweden choose higher average
wages at the price of higher wage fluctuations. This interpretation is
consistent with the fact that GDP per capita is higher in the United States
than in Sweden.

For all the specifications we have considered, the Laffer curve has
peaked when tax rates on labor income have been 50% or higher. In our
experiments, only changes in the labor-supply elasticity matter for the
shape of the Laffer curve. To claim that the Laffer curve peaks at lower
tax rates, one has to believe that the elasticity of labor supply is consider-
ably higher than what is typically estimated from data.

There are also some caveats we want to point out to the reader. First, a
lot has happened in Sweden after the period examined. Unemployment
has increased drastically and in particular employment in the government
sector has fallen. It is therefore possible that the income risk in Sweden
has increased.

Second, although we look at wages before taxes and transfers, the
relatively low degree of wage risk in Sweden may be a result of the big
government sector. For example, a large fraction of the population work in
the government sector and wage setting there seems to imply a significant
amount of risk sharing. Also, many old persons who become unemployed
go into early retirement and hence fall out of the labor force and our
sample. Moreover, we take labor market and wage setting institutions as
given. That is, we do not try to understand or explain why wage processes
are different in different countries. Arguably, some of these differences
are a result of government policy. If, for example, wages are a result of
bargaining between unions and firms, the bargaining position of low
income groups may improve relative to that of high income groups if
transfers are increased. We abstract from such issues.

With this remark in mind, our interpretation of the Swedish results is
not that there is no clear role for government insurance in Sweden.
However, it seems clear that the extensive insurance programs cannot be
motivated by the maximization of a utilitarian welfare function. The policy
implication of our paper is that a marginal reduction in insurance would
enhance the Swedish welfare function while an extension of insurance
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programs would be motivated in the United States. After the change in
insurance programs, the wage processes could be reestimated.
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