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1. INTRODUCTION

In a provocative exercise, Lucas (1987) calculated an estimate of the wel-
fare gain associated with the elimination of business cycles. Lucas’s calcu-
lation was very simple. He translated the comparison between an economy
with and without cycles into a comparison between an estimated time series
representation of the actual postwar U.S. consumption path and the trend
part of that representation. To obtain a welfare comparison, Lucas assumed
an infinitely lived agent who maximizes expected utility and has constant
relative risk aversion. The estimates implied welfare gains, translated into
equivalent changes in average aggregate consumption, of no more than a
very small fraction of 1%; for example, for logarithmic utility the welfare
gain is 0.008%.

If one wants to claim that Lucas’ estimate badly understates the possible
gains, then there would seem to be three alternative routes to take. First,
one can dispute his assumption that eliminating cycles leaves the trend level
of output unchanged; perhaps instead it is possible to raise the average level
of output by eliminating cycles. The second and third routes accept the no-
tion that average output in some sense is unaffected. The second route
stays within Lucas’ general framework, but argues that other assumptions
about preferences or about the stochastic process governing aggregate con-
sumption under cycles are more realistic and lead to larger costs. The third
route is to look at the effects of eliminating cycles in a more disaggregated
fashion. In particular, one can study the effects of business cycles on dif-
ferent consumers in order to investigate whether cycles seem much more
costly to some consumers than to others, a possibility Lucas mentioned.
This paper is one, among a few others, that takes the third route.

The perspective we offer here is that it is quite plausible that the welfare
costs of cycles are not so high on average, but may be very high for, say,
the very poor or currently unemployed members of society. We therefore
compare cyclical and noncyclical economies from the perspective of indi-
vidual consumers as a function of their wealth and employment status. Our
analysis is the first one that provides such comparisons: whereas some ex-
isting heterogeneous-agent analyses have asked whether the welfare costs
of cycles may be higher on average across consumers in such models, these
analyses have not studied the effects on subgroups of consumers.

We employ a dynamic equilibrium model where consumers differ in a
number of respects: employment status and preferences (discount rates),
which both are exogenous and stochastic and follow a process common
to all consumers, and wealth, which is endogenous. Although consumers
cannot insure themselves directly against idiosyncratic risks, consumers can
save, and their savings can be used as a buffer to insure partially against
adverse idiosyncratic outcomes. Our model is calibrated; in particular, we
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match U.S. employment and wealth data. Consequently, consumers differ
widely in both their wealth holdings and their employment prospects. As a
result, insurance possibilities and exposures to risk vary substantially in the
population.

The economy with cycles is driven by exogenous stochastic movements in
productivity and employment. We construct a corresponding no-cycle econ-
omy by replacing the aggregate shocks with their conditional expectations
and by integrating the idiosyncratic shock processes with respect to the
aggregate stochastic variables. We remove aggregate shocks as of a given
point in time, solve for the equilibrium transition path toward the steady
state without aggregate movements, and compare the welfare of each indi-
vidual in this equilibrium to the welfare he would have obtained had the
aggregate shocks remained.

Our main quantitative finding is that the costs of business cycles in our
framework are extremely small for almost all consumers; they are even neg-
ative for some consumers. This finding hinges on two crucial features of our
analysis. First, the elimination of stochastic aggregate movements in em-
ployment (in particular, in the economy with cycles, an individual is more
likely to be unemployed in recessions than in booms) does not alter indi-
vidual consumers’ employment processes directly. Why? This follows from
how we eliminate cycles. A simple 2-by-2 example explains this point: an
agent’s probability of employment is the same in a four-state process (em-
ployed/unemployed, good/bad aggregate state) as in the two-state process
arrived at by summing the probabilities of employment in the two aggre-
gate states. This example extends to serially correlated processes. Second,
given that there are no direct “risk-reducing” effects on employment, only
price effects—fluctuations in wage and rental rates—remain. In our econ-
omy, these fluctuations do not affect welfare much, and some consumers
may even prefer them. One reason for the small cost of risk is that most
consumers—dynasties in our case—save enough so that the remaining risk
exposure is unimportant in utility terms.

The welfare effects of eliminating cycles do differ across consumers. Con-
sumers who have no wealth, are up against a borrowing constraint, and are
unemployed can suffer large losses from cycles—up to one or two per-
centage points in average consumption. However, there are vanishingly few
consumers in this situation, since consumers take precautions ex ante and
save enough to avoid it. We also find that rich consumers may gain consid-
erably from eliminating cycles.

The first paper to introduce consumer heterogeneity for the purpose of
studying the effects of eliminating business cycles was İmrohoroğlu (1989).
Her framework is similar to ours, but has exogenous, nonfluctuating prices
and does not allow a realistic calibration of the wealth distribution. Other
papers that investigate the role of heterogeneity include Atkeson and Phe-
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lan (1994), whose work we discuss in detail in Section 2.3, Beaudry and
Pages (1996), and Gomes, Greenwood, and Rebelo (1998). Atkeson and
Phelan discussed the connection between aggregate and idiosyncratic risk,
and they suggested as a serious possibility that the elimination of aggregate
risk does not affect individual risk at all. They did not analyze a calibrated
dynamic model, but focused on simple examples; one of these makes the
point that an economy with a high market price of aggregate risk does not
necessarily produce large welfare gains when this risk is eliminated.

Beaudry and Pages (1996) studied idiosyncratic wage risk that worsens in
recessions: so-called reallocation shocks.1 They assumed that when laid-off
workers are reemployed, their new wages are much lower than their wages
were before they were laid off, and that this wage difference disappears only
slowly over time.2 Since layoffs occur more frequently during recessions,
they argued that cycles lead to an increase in both the variance and the
persistence of idiosyncratic risk. Beaudry and Pages obtained higher costs
of business cycles. However, their findings are based on the assumption
that there is no idiosyncratic risk at all in the economy without cycles, and
that workers in the economy with cycles cannot save to insure against wage
risk.

Gomes, Greenwood, and Rebelo (1998) argued—as we do, but for a dif-
ferent reason—that the elimination of cycles may increase utility for many
agents. The argument in that paper, whose main purpose is to study search
unemployment in a context with incomplete markets against idiosyncratic
risks, is based on the option value of search. Since low outcomes are not
payoff-relevant, the search behavior results in payoffs which are convex in
productivity (wage), so that more fluctuations in productivity may be pre-
ferred to less. As a final point on the literature, there is a view, expressed
in Obstfeld (1994) and later in Tallarini (1997) and Dolmas (1998), that
agents’ preferences may be of the non-expected-utility type. Especially ac-
companied with low discount rates and aggregate time series that are well
approximated by a random walk, such preferences can lead to significantly
larger welfare costs of aggregate fluctuations.

Because the effects of eliminating cycles are quite complex in our general
setup, we first describe, in Section 2, partial equilibrium effects in a two-
period model. We then present the full model (specification in Section 3 and
results in Section 4) along with its calibration and computational findings.
We study two versions of the full model: one where the employment process
is of the standard, two-state variety, and one where in addition there is a
distinction between short- and long-term unemployment.

1The effects of reallocation shocks of the uninsurable kind are also considered in Attanasio
and Davis (1996).

2Empirical support for this can be found in Bils (1985) and elsewhere.
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2. PRELIMINARIES

We first briefly lay out in Section 2.1 a slightly simplified version of our
general model. We then present in Section 2.2 a two-period model which is
constructed to capture—in essence and notation—most of the ingredients
in the multiperiod model. Quantitative issues and the effects of transition,
along with other complications due to an infinite time horizon, are covered
later in the paper. In Section 2.3 we discuss in detail how we eliminate
cycles; Section 2.4 uses the two-period model to analyze the welfare conse-
quences.

2.1. A Dynamic Model

We describe a dynamic model which is close to the one we study quan-
titatively in Section 3. For presentational purposes, the model in this sec-
tion is slightly simpler: it has two employment states only—employed and
unemployed—and no preference heterogeneity.

We use a Bewley-style model, similarly to Aiyagari (1994) and Huggett
(1993), with aggregate uncertainty. In particular, the setup builds on the
one studied in Krusell and Smith (1998). There is a large number (measure
1) of ex ante identical agents. Preferences are given by

E0

∞∑
t=0

βtu�ct�;

where βt is the discount rate between time 0 and time t and u is strictly
increasing and strictly concave.

There is an exogenous aggregate shock, z: z = zg in good times and
z = zb in bad times. This process follows a first-order Markov process, with
πz′ �z denoting the probability that next period’s state is z′ if the current
state is z (primes are used for next period variables throughout).

Consumption in this economy derives from two sources: a constant re-
turns to scale, Cobb–Douglas production function whose inputs are total
capital and total labor input, and home production. The aggregate produc-
tion function is

z k̄αn̄1−α;

where k is capital (an overbar refers to a total) and n is labor. Home
production, which accrues in the amount g to all unemployed agents, is
a simple way of capturing a basic, exogenous level of insurance against
employment shocks.3 Aggregate output, including undepreciated capital,
can be used to either consume or invest.

3This insurance could be thought of as unemployment insurance; incorporating a govern-
ment budget constraint to reflect this is easy and would not change our analysis.
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An agent’s working status is described by ε: the agent either works, ε = 1,
or is unemployed, ε = 0. When employed, each agent supplies one unit of
labor input. Therefore, n̄ equals 1− u, where u is the unemployment rate.
We allow the unemployment rate to take on only two values: ug in good
times and ub in bad times. That is, u and z move together perfectly (al-
though in opposite directions). We employ a law of large numbers so that,
conditional on the aggregate state, agents’ employment statuses are un-
correlated. The individual employment status follows a first-order Markov
chain. Notice that the restriction of the unemployment rate to two values
forces the individual transition probabilities to depend on both today’s and
next period’s aggregate states. We use πε′ �εzz′ to denote the probability of
ε′ conditionally on �ε; z; z′�; πε′;z′ �εz refers to the joint �ε′; z′� outcome next
period.

The markets in this economy are simple: labor and capital services are
traded on competitive spot markets each period, at marginal product prices
w = w�k̄; 1− u; z� and r = r�k̄; 1− u; z� in terms of current consumption
goods, respectively.

We rule out insurance markets for idiosyncratic risk by assumption.4 In
addition, we assume that only one asset is traded. This asset is a claim
to one unit of capital and, since capital is exchangeable for consumption
one-to-one, it has the price 1. Its return next period is 1 − δ + r, and r =
z�k̄/�1 − u��α−1, so the asset is risky. For simplicity, we do not include a
riskless asset; in an earlier paper (Krussel and Smith, 1998), we studied
a very similar model with a second, riskless asset, and we found that the
allocations were very similar whether or not the second asset was present.

There is also a time- and state-independent lower bound, k, on any
agent’s holdings of this asset. This lower bound—a borrowing constraint—
precludes perfect insurance using the asset. Market clearing for assets
means that agents’ capital holdings sum up to the economy’s total capital
stock.

We defer a formal definition of equilibrium to Section 3. Suffice it to say
here that agents choose consumption and savings each period subject to
their budget constraint,

c + k′ = r�k̄; 1− uz; z�k+w�k̄; 1− uz; z� ε+ g�1− ε� + �1− δ�k;

and their borrowing constraint so as to maximize their net present-value
utility; they take all aggregate variables as given.

4Cole and Kocherlakota (1997) show that, under certain assumptions about the unobserv-
ability of shocks and behavioral variables, the one-asset allocation does implement a con-
strained optimum in the case of no aggregate shocks, provided that the borrowing constraint
is the loosest possible ensuring that any debt is repaid.
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2.2. A Two-Period Model

The model we now consider is simply a two-period version of the model
just described. This means that the second period has no savings decisions;
all income is consumed. For cleaner exposition, we will suppress any nota-
tion reflecting the current stochastic states, so that, for example, πg is the
probability that the second-period aggregate state is g, and we will lump
together all current income of an agent into the variable ω.

The first-period budget thus is

c + k′ = ω;
whereas the second-period budgets satisfy, for each realization of the indi-
vidual and aggregate stochastic states

c′0g = k′R′g + g′;

c′0b = k′R′b + g′;

c′1g = w′g + k′R′g;

c′1b = w′b + k′R′b:
Here, subscripts refer to second-period states. The agent’s total, present-
value utility can now be written as

u�c� + β{πgπ0�gu�c′0g� + πbπ0�bu�c′0b� + πgπ1�gu�c′1g� + πbπ1�bu�c′1b�
}
:

2.3. The Elimination of Cycles

Our modeling of aggregate and idiosyncratic fluctuations—the two ex-
ogenous stochastic processes for z and ε—does not provide any guidance
for answering what would happen if cycles were eliminated. First, as in Lu-
cas’ work, since the origins of fluctuations are exogenous, it is not clear
how fluctuations could be eliminated at all. This is a clear weakness of the
present approach. We will follow Lucas in not describing explicit stabiliza-
tion policies in our experiments. Instead, we simply eliminate cycles directly
by considering alternative shock processes—processes without stochastic ag-
gregate movements.

Given that we eliminate cycles by directly altering the exogenous shock
processes, is it clear what specific processes should replace the original
ones? It is not: the exogeneity assumption leaves this issue unanswered
entirely. Lucas replaces the shock in his model with its mean, assuming that
there could be no average consumption gain—or loss—from eliminating
cycles. We wish to follow this “neutrality” assumption. However, it is not
obvious how to implement this idea here. One reason is that we have two
sources of consumption movements, one aggregate and one idiosyncratic.
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First, as regards the aggregate shocks, we replace z and u by their condi-
tional means. In the long run (and in the two-period economy), this means
that the economy without cycles has productivity πgzg + πbzb and unem-
ployment rate πgug + πbub, where πg and πb are the unconditional proba-
bilities of good and bad aggregate states, respectively. Along the transition
path, the productivity and unemployment variables are calculated the same
way but with conditional probabilities, so that there is no direct gain or loss
from eliminating cycles arising solely from the initial aggregate state.

Using the expected values of z and u in the economy without cycles,
as we do, seems natural. As a result, however, average output (ignoring
the endogeneity of capital) is not the same across the economies with and
without cycles. This is because output is not linear in z and u: in particular,
since production is convex in z and 1 − u and since z and 1 − u have a
positive comovement, our procedure leads to output being slightly higher
on average in the economy with cycles. Nonetheless, since it is easy to
compute the size of this difference in percentage terms, we can identify
this effect in the final welfare results.

Second, as regards the idiosyncratic shocks, there is again no guidance
within the model for what the idiosyncratic shocks should look like in the
economy without aggregate shocks. At one extreme, one might imagine, as
did Beaudry and Pages (1996), that idiosyncratic shocks disappear entirely
if aggregate shocks are eliminated. At the other extreme, one could imagine
idiosyncratic risk being larger in the economy without aggregate shocks.

Atkeson and Phelan (1994) suggested that one useful principle here is
to remove the correlation between the idiosyncratic shocks of different in-
dividuals, leaving each individual’s shock process unchanged. They pointed
out that one way to remove correlation is to continue to give each agent a
z shock, but where the z shock is now idiosyncratic rather than common to
all agents. This principle implies that any effect on welfare of eliminating
cycles must come through changes in the price processes, and Atkeson and
Phelan discussed a particular example of how substantial variability in bond
prices under aggregate risk can have large effects on individuals’ welfare.

Here, we adopt a different assumption, one which also removes any cor-
relation across individuals. We assume that eliminating aggregate shocks
amounts to integration over the aggregate shock. Suppose the individual
variable of interest, y, is a function g of an idiosyncratic shock ε and an ag-
gregate shock z, y = g�ε; z�, and that the joint distribution of the shocks is
given by a density f �ε; z�. We then identify the idiosyncratic shock process
in the absence of aggregate risk, ỹ, with

ỹ =
∫
z
g�ε; z�f �z�ε�dz

for each ε, with density
∫
zf �ε; z�dz.
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A simple example which illustrates the difference between our assump-
tion and that of Atkeson and Phelan is as follows: suppose y denotes an
individual productivity (or wage) level, and that it is the sum of two inde-
pendent N�0; 1� shocks, one idiosyncratic and one aggregate,

y = ε+ z;
implying that y is N�0; 2�. Then we obtain

ỹ = ε;
which is N�0; 1�. Here, ỹ is clearly less risky—it has a lower variance than y.
Atkeson and Phelan’s principle here would mean that individuals’ shocks
have the same variance (indeed are the same) whether or not there are
cycles: to them, ỹ would still be equal to z+ ε in the absence of cycles, with
z now being an idiosyncratic shock which is uncorrelated across agents.

For a �0; 1� employment process, such as the one that we consider in
this paper, our assumption reduces to the Atkeson and Phelan assumption.
In our case, we have g�ε; z� = ε, implying quite trivially that ỹ = 1 with
probability π1g + π1b and ỹ = 0 with probability π0g + π0b.

The integration principle we suggest extends to a setting with multiple
time periods. It is straightforward to integrate over future zs in order to ob-
tain probabilities as of time zero for employment at any future date. How-
ever, the new stochastic process also needs to be supplemented with an
assumption about information sets; formally, the process needs to be as-
signed a σ algebra and an associated probability measure. This assumption
is important because it affects the agent’s ability to forecast. In particular,
in the economy without cycles, what information does an agent use at a
future date to forecast his subsequent employment? One possibility is to
assume that the agent’s information is the same in the economies with and
without cycles. This assumption seems neutral and is the one we use. As
in Atkeson and Phelan (1994), it amounts to letting the agent receive a z
shock as well as an employment shock, but where the z shock is now id-
iosyncratic rather than common to all agents. In this case, the z shock has
no effect on an agent’s income in the current period: its only usefulness
is to improve the agent’s forecasts of future income. Notice that the mul-
tiperiod extension of the integration principle we propose here coincides
with the Atkeson–Phelan principle in the case of a two-state process.

Other assumptions about information sets are possible. One would not
allow the agent to see a z, so that the only information available to the agent
is the employment outcome. As a consequence, the agent would like to
“obtain information about the z” by using past employment realizations—
the employment process, after all, is correlated with the unobservable z
process upon which it was based. This assumption about information sets
therefore leads to an employment process which is infinite-order Markov.
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Even with an infinite history of past employment realizations, however, the
agent still has less information with which to make forecasts in the no-cycle
economy than in the cycle economy.

Yet another assumption, which is the one used in İmrohoroğlu (1989),
is both to suppress z and to further restrict the employment process to be
first-order Markov. This assumption cannot be made fully consistent with
the integration principle (unless the z process is uncorrelated with the em-
ployment process). However, one can select future conditional probabilities
of ε′ given ε that coincide on average—across z realizations—with those of
the original �ε; z� process. We investigated this alternative in our quantita-
tive work and found that the employment duration process has fatter tails
in the economy with cycles than in the economy without, which may explain
in part why İmrohoroğlu obtains positive welfare costs of cycles.

2.4. Analysis of the Two-Period Model

Would the consumer in this economy like to have the aggregate uncer-
tainty eliminated? To structure the analysis, we proceed in two steps. We
first consider a decision-theoretic model for which we assume that prices
without cycles are simply the conditional means of prices in the economy
with cycles: R′ ≡ πgR′g + πbR′b and w′ ≡ πgw′g + πbw′b. We then discuss
briefly some general equilibrium issues.

In the economy without aggregate uncertainty, the utility of the agent is

u�c� + β �π0u�c′0� + π1u�c′1�� ;
where c′0 = k′R′ + g′ and c′1 = w′ + k′R′.

Consider first the case where the aggregate uncertainty economy actually
has no randomness in prices: R′g = R′b and w′g = w′b. Here, the consumer is
indifferent as to which economy to live in, since the utility function and the
constraints now are the same in the two economies. This means that the
fact that there are four states instead of two in the aggregate uncertainty
world is inconsequential—in particular, it does not amount to more risk
for the individual consumer. This case is actually the one that İmrohoroğlu
(1989) considered (although in a full dynamic setting): there are no price
movements in her economy, and the only aggregate shock is the shock
to the employment rate. Since, in addition, her prices are exogenous, the
elimination of aggregate shocks cannot have any consequence: agents face
the same employment process and prices as before, so their behavior and
welfare are unaltered.5

5As discussed in Section 2.3 and as was also pointed out in Atkeson and Phelan (1994), the
reason why her results are not zero identically is that, in the case without aggregate shocks,
she actually uses a shock process for the individuals which is not the process one obtains by
making the aggregate shock idiosyncratic.
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Now consider the case when the aggregate uncertainty is directly payoff-
relevant: w′g 6= w′b and R′g 6= R′b. Here, it is useful to separate the utility
function under aggregate uncertainty into two parts, each corresponding to
one employment state. When the aggregate and the idiosyncratic shocks
are uncorrelated, these two parts can be studied separately. Focusing on
the unemployed state, let us compare

π0u�k′R′ + g′�
to

πgπ0�gu�k′R′g + g′� + πbπ0�bu�k′R′b + g′�:
Due to the strict concavity of u, the former is strictly greater than the
latter for all values of k′ if R′ is the convex combination of R′g and R′b
with weights πg�0 and πb�0, respectively. If ε and z are independent, this
is indeed the case; an analogous argument holds for the part of the utility
function that conditions on employment in the next period. To summarize,
if the unemployment rate were the same in good as in bad times and if
general equilibrium effects on prices left no average increase or decrease
in wages and rental rates as aggregate shocks were eliminated, all agents
would strictly prefer to live in the economy without aggregate shocks.

However, because the individual and aggregate shocks are correlated in
our formulation, the analysis is more complicated. We first consider the
effects of fluctuating wages, keeping rental rates constant, and we thereafter
make wages constant but let rental rates fluctuate. Finally, we comment on
the general case.

Wage Fluctuations

Suppose that R′g = R′b but that w′g > w′b. Then the first pieces of the
second-period utility—those for the unemployed state—are the same for
the two economies. Further, if πg�1 < πg, then the part conditional on
employment satisfies

π1u�w′ + k′R′� > π1u�w′gπg�1 +w′bπb�1 + k′R′�;
which in turn is greater than

π1πg�1u�w′g + k′R′� + π1πb�1u�w′b + k′R′�
by strict concavity. Therefore, in this case, utility is strictly higher (for all
savings levels, including the optimal one) without aggregate uncertainty. If,
on the other hand, πg�1 > πg, which happens if and only if π1�g > π1�b, then
utility may be higher in the aggregate uncertainty world.6 The intuition is

6The first inequality can be rewritten as πgπ1�g/�πgπ1�g + πbπ1�b� > πg, which simplifies to
π1�g > π1�b.
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clear: in the unemployed state, it does not matter what the aggregate state
is—it does not affect consumption in this state. In the employed state, on
the other hand, the agent may prefer aggregate uncertainty, provided that
employment is more likely in the good state than in the bad state. In this
case, the wage tends to be high when the agent is employed. Consequently,
conditional on employment, the agent’s expected wage is higher than the
unconditional expected wage, implying that it is worse for the agent to
receive the unconditional expected wage. Therefore, with low enough cur-
vature in the utility function, the agent will prefer wage fluctuations.

Rental Rate Fluctuations

Suppose now that R′g > R
′
b but that w′g = w′b = w′. Then, by an argument

analogous to the one just given, utility next period when unemployed is
higher without aggregate uncertainty if π0�g > π0�b and k′ < 0.7 However,
for the same argument to work when the agent is employed next period, it
would have to be the case that π1�g > π1�b, which contradicts π0�g > π0�b.

To simplify the analysis, let us write πg�1 = πg + ν. This implies πb�1 =
πb − ν, πb�0 = πb + ν�π1/π0�, and πg�0 = πb − ν�π1/π0�. Expressing total
second-period utility as a function of ν, we have, after simplification,

π1πgu�w′ + k′R′g� + π1πbu�w′ + k′R′g� + π0πgu�k′R′g� + π0πbu�k′R′g�
+ νπ1��u�w′ + k′R′g� − u�w′ + k′R′b�� − �u�k′R′g� − u�k′R′b���:

The sum of the first four terms in this expression is less than the utility
without cycles. Moreover, since u is concave and w′ > 0, the final term is
negative provided k′ > 0 and ν > 0, or provided k′ < 0 and ν < 0. That
is, one can show with either of these two provisions that agents prefer the
economy without fluctuating prices. Is it possible, say, if k′ < 0 and ν > 0,
that the utility is higher with price fluctuations? We have not been able to
provide conditions under which this is true. Here, unlike in the example
with wage fluctuations, the loss from eliminating risk relies on concavity
of the utility function; this loss increases as concavity increases. A higher
degree of concavity, however, also increases the gain from eliminating risk.

The preceding analysis shows that a consumer’s views on aggregate risk
depend on the nature of the risk. Although consumers, in general, pre-
fer constant to fluctuating rental rates, they may, under certain conditions,
prefer fluctuating to constant wages. In addition, a consumer’s views on ag-
gregate risk depend on his individual characteristics, such as his wealth and
current employment status. Wealth is important because, in the absence of
insurance markets and in the presence of a constraint on borrowing, it helps

7Similarly, utility without aggregate uncertainty is also higher if π0�g < π0�b and k′ > 0.
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to insure the consumer against idiosyncratic risk. The preceding analysis of
wage and rental rate fluctuations shows that a consumer’s attitude toward
risk, as captured by the degree of concavity in the consumer’s utility func-
tion, plays a key role in determining the benefits of eliminating aggregate
risk. More generally, the extent to which a consumer is well insured, as cap-
tured by the size of his wealth holdings, will play an important role in deter-
mining the benefits to eliminating risk. In other words, consumers who are
very poor—especially those who are close to zero consumption—are likely
to see large gains from eliminating aggregate risk. Wealthy consumers, on
the other hand, do not appreciate this benefit as much.

Individual wealth is also important because it determines the compo-
sition of the consumer’s income. Very wealthy agents mainly care about
fluctuations in the rental rate, since wage income is a small part of their
total income, whereas consumers with close to zero savings do not care
about rental rates. For consumers with significant negative wealth, rental
rate fluctuations again become important. These consumers worry about
how much they have to pay in interest payments, and they are especially
afraid of large interest rate realizations when they are unemployed and
have no wage income.

We saw in the analysis above that if utility functions are rather flat or
if most consumers are well insured (as turns out to be the case in our
calibrated model), wage fluctuations are liked by all but the very poorest
consumers, whereas rental rate fluctuations are disliked. It is therefore pos-
sible that consumers’ views on the benefits of eliminating aggregate vary
nonmonotonically with wealth: the very poorest consumers benefit from the
elimination of cycles, because they are very concerned about aggregate risk
(especially rental rate risk); the very richest consumers benefit too, because
wage income is irrelevant for them; but consumers with modest wealth do
not benefit, because wages are their main source of income.

The consumer’s employment status also plays a role in determining his
attitudes toward aggregate risk. When employment is positively serially cor-
related, as it is in the calibrated model, employed consumers are better
insured, since they are more likely to receive wage income in the future.
These consumers also care more about wage rate fluctuations than about
rental rate fluctuations, since a larger part of their expected income is in
the form of wages.

Turning now to some general equilibrium considerations, let us recall
how prices—the returns to capital and the wage rate—are determined:
they are given by the marginal products of an aggregate, Cobb–Douglas
production function whose inputs are total capital and total employment.
When we eliminate the aggregate exogenous shock by replacing the stochas-
tic productivity and employment variables with their means, the functional
form matters for the end result. In general, unlike in our above partial-
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equilibrium experiments, the economy without aggregate uncertainty will
not have rental and wage rates that are the averages (taken across the ag-
gregate state) of the corresponding rates in the economy with aggregate
uncertainty. This occurs for two reasons: first, the capital stock is endoge-
nous, and second, the pricing functions are not linear in z (and u).

When the amount of uncertainty changes for individuals, savings change.
For the parameterizations we use in our quantitative model below, we find
that savings are higher with more uncertainty—an effect of precautionary
savings. This implies that one effect of eliminating aggregate uncertainty is
to push wage rates downward and rental rates upward.

When z is replaced by its mean, will the rental rate be higher or lower
than the average rental rate in the economy with stochastic productivity?
The answer depends on specific parameter values. In terms of the rental
rate function, it is convex in the capital/labor ratio: assuming that aggre-
gate capital is the same across the two economies, if uz is replaced by its
mean, the average value of r is higher. However, the productivity variable
fluctuates as well and is correlated with the input fluctuations. In our pa-
rameterizations, the unemployment rate fluctuates more than z does, and
we find that average rental rates are higher in the economies without ag-
gregate uncertainty, holding aggregate capital fixed. For parallel reasons,
average wage rates are lower.

The differential effects on average wage rates and rental rates of elim-
inating cycles imply that individuals with low wealth have a reason to be
against the elimination of cycles: the price of labor, which is what they care
about, is lower on average. High-wealth individuals, on the other hand, see
benefits from eliminating cycles.

In summary, the two-period model teaches us that (i) the elimination of
stochastic movements in z and u does not necessarily lead to increases, and
may even lead to decreases, in utility, and (ii) welfare effects differ across
agents as a function of their employment and wealth statuses. The abso-
lute and relative magnitudes of the effects we have discussed also depend
on the aggregate state, on the serial correlation properties of the shocks,
and on the size of the capital stock. Furthermore, not only does the pa-
rameterization of preferences matter in our economy, but the form of the
aggregate production function matters as well.

3. THE QUANTITATIVE MODEL

We now turn to the model that we use in our computational experiments.
This model is calibrated to observed data on employment, income, and
wealth. Since this model has already been exposited in a simplified version
in Section 2.1, we focus here on what is different in the general version,
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provide some formal aspects of the equilibrium definition, briefly discuss
computation, and describe our calibration.

3.1. Setup

Compared to the model in Section 2.1, there are three changes: (i) we
specialize to logarithmic utility; (ii) there are preference shocks; and (iii) we
consider a distinction between long- and short-term unemployment.

The preferences are

E0

∞∑
t=0

βt log ct;

where βt is a stochastic variable which is idiosyncratic—i.i.d. across
agents—and describes the cumulative discounting between period 0 and
period t. In particular, βt+1 = β̃βt , where β̃ is a three-state, first-order
Markov process.

Let ε ∈ �1; 2; 3�, where 1 denotes long-term unemployed, 2 denotes
short-term unemployed, and 3 denotes employed. The distinction between
short- and long-term unemployment allows us to consider differences
among the unemployed both in terms of their income when unemployed
and their prospects for future employment. In particular, in the calibration
we assume (i) that short-term unemployed receive higher unemployment
insurance benefits, g2 > g1 > g3 = 0, and (ii) that their probability of
employment is higher, with the difference being more pronounced in re-
cessions than in booms. As before, the individual employment status,
jointly with the aggregate shock z, follows a first-order Markov chain.

Formally, a recursive competitive equilibrium for this economy is de-
fined using the aggregate state variables. Let 0 denote the current measure
of consumers over holdings of capital, employment, and preference sta-
tus. Then, the state variable relevant to the individual includes �0; z� and
the idiosyncratic vector �k; ε; β̃�. Let H denote the equilibrium transition
function for 0:

0′ = H�0; z; z′�:
Consumers solve

v�k; ε; β̃y0; z� = max
c; k′
�u�c� + β̃E�v�k′; ε′; β̃′y0′; z′��z; ε; β̃��

subject to

c + k′ = r�k̄; 1− uz; z�k+w�k̄; 1− uz; z� I�ε� + gε + �1− δ�k′;
0′ = H�0; z; z′�;

k′ ≥ k;
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where I�ε� = 1 if ε = 3 and 0 otherwise. If

k′ = f �k; ε; β̃y0; z�

denotes the optimal saving decision for the agent, then an equilibrium can
be defined as a law of motion H, individual functions �v; f �, and pricing
functions �r; w� such that (i) �v; f � solves the consumer’s problem, (ii) �r; w�
equal the marginal products of capital and labor, respectively, and (iii) H
is generated by f and the law of motion for �z; ε; β̃�. The economy without
cycles is defined in the same way, but using different processes for z (which
is now deterministic) and ε.

3.2. Calibration

For the most part, our calibration is standard in that it is close to real-
business-cycle practice. In particular, we interpret a period to be a quarter,
and choose δ = 0:025 and α = 0:36.

We calibrate the discount factor process by assuming a symmetric distri-
bution of β̃s—with 80% of the population on the middle value and 10% on
each extreme point in any time period—and an expected duration of the
extreme discount values of 50 years (approximating a lifetime). The spe-
cific numerical values of β̃ are selected so that some wealth distribution
statistics are similar to what they are in the data; these are displayed at the
end of this section. For the calibrations we consider, the difference between
consecutive values of β̃ is roughly one-half of a percentage point.

We select aggregate shocks so that we approximate the movements in
observed output fluctuations in the postwar United States; based on a ub
equal to 10% and a ug of 4%, we therefore select zg = 1:01 and zb = 0:99,
and we set the expected duration of each aggregate state to 2 years.

The borrowing constraint is set, roughly speaking, to be the loosest pos-
sible; in particular, we set it so that at a constant, high, interest rate, the
agent is just able to pay back even with maximally bad individual employ-
ment luck. This means that the largest amount of borrowing is about 60–
70% of average annual output per worker in the economy with cycles, not
including home production.

We present results from two calibrations with different employment dy-
namics. In the first one, the short- and long-term unemployment states are
collapsed into one state; this is the setup of Krusell and Smith (1998), which
in turn follows the tradition of İmrohoroğlu’s work. We refer to this as our
baseline calibration. In this case, we select g so that the lower part of the
wealth distribution looks like the data, implying a value corresponding to
about 10% of the quarterly wage: g = 0:0334. The discount factors in this
case are 0.9858, 0.9894, and 0.9930. The employment process here can be
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described by four 2-by-2 matrices, one for each �z; z′�:(
0:33 0:67
0:03 0:97

)
for the transition �z; z′� = �zg; zg� (rows indicate the current state and
columns indicate next period’s state; row 1 is the state of unemployment
and row 2 the state of employment),(

0:75 0:25
0:07 0:93

)
for �zg; zb�, (

0:25 0:75
0:02 0:98

)
for �zb; zg�, and (

0:60 0:40
0:04 0:96

)
for �zb; zb�.8

As is explained in detail in Krusell and Smith (1998), we select parameter
values to satisfy the requirements (i) that the aggregate unemployment can
only take on two values and (ii) that the expected duration of unemploy-
ment is 1.5 quarters in the good aggregate state (that is, the duration given
that the good aggregate state persists) and 2.5 quarters in the bad aggre-
gate state. In this calibration, cycles have the property that individual risk
is more severe in bad aggregate states: the unemployment rate is higher in
this state, as is the expected duration of unemployment. As emphasized by
Mankiw (1986), the countercyclicality of individual risk is crucial for gen-
erating increased risk premia.

In the second calibration, where we make the distinction between short-
and long-term unemployment, we use the discount factors 0.9823, 0.9879,
and 0.9935. We use g2 = 0:391, which is about 50% of the quarterly wage,
to roughly replicate the U.S. replacement ratio during the first quarter of
unemployment,9 and we select g1 = 0:038 to match the left tail of the
wealth distribution.

8The numbers in the matrices are rounded to two digits.
9Unemployment insurance at this rate can normally be collected for the first two quarters

and sometimes longer. Here, we assume it can only be collected for one quarter for compu-
tational convenience.
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The transition matrices between employment states here are 0:50 0 0:50
0:25 0 0:75
0 0:03 0:97


for the �zg; zg� transition (rows indicate the current state and columns next
period state; recall that 1 means long-term unemployed, 2 short-term un-
employed, and 3 employed), 0:17 0 0:83

0:03 0 0:97
0 0:03 0:97


for the �zb; zg� transition (that is, going from zb to zg), 0:94 0 0:06

0:75 0 0:25
0:04 0:03 0:93


for the �zg; zb� transition, and 0:99 0 0:01

0:03 0 0:97
0 0:03 0:97


for the �zb; zb� transition.10

The restrictions we impose on these matrices include (i) the restrictions
on expected duration that we use, and nonnegativity of probabilities, which
imposes nonlinear restrictions on parameters; (ii) the requirement that ag-
gregate unemployment takes on only two values, which severely limits what
can be assumed on the individual level; and (iii) the (definitional) restric-
tions that the long-term unemployed cannot transit to short-term unem-
ployment and always go through short-term unemployment first.11 We also

10The numbers in the matrices have been rounded to two significant digits; the exact number
for π1�1;zb;zb is 0.9875.

11An exception to the first of these statements can be found in the transition from the good
to the bad aggregate state. There it is possible to go directly from ε = 3 to ε = 1. We had to
use this parameterization in order to avoid making the probability of employment next period
higher for unemployed agents than for employed agents. However, we do make sure that
agents who go from employment to long-term unemployment when the aggregate state goes
from bad to good receive g2, that is, are treated as short-term unemployed, during their first
quarter of unemployment. This, in effect, formally forces the last period’s value for z to be
part of the current aggregate state. Thus, in our computation, we do need to make a distinc-
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TABLE I
The Distribution of Wealth

% of wealth held by top
Fraction with Gini

1% 5% 10% 20% 30% wealth < 0 (%) coefficient

One kind of unemployed 24 54 72 87 91 11 0.81
Two kinds of unemployed 25 56 73 84 88 12 0.78
Data 30 51 64 79 88 11 0.79

impose the requirement that the probability of employment is always higher
for currently employed than for currently unemployed.

The difference between average unemployment durations in the good
and bad aggregate states is substantial in our calibration. The expected
duration of unemployment in the bad aggregate state is 80 periods for
long-term unemployed (e.g., a little less than half of a working lifetime),
whereas it is only 2 periods in the good aggregate state.12 Relatedly, the
fraction of all unemployed agents consisting of long-term unemployed is
much higher in the bad aggregate state than in the good aggregate state:
73% versus 33%. In fact, the total number of short-term unemployed almost
does not change at all across the aggregate states in our calibration (it is
0.027 in the bad state and 0.0268 in the good state), so what a recession
does is to add a number of long-term unemployed to the economy. Thus,
there is a potential for more significant suffering from bad aggregate shocks
among unlucky consumers in this calibration than in the one which does
not distinguish short- from long-term unemployment.

With this calibration, we obtain the average long-run wealth distributions
shown in Table I. The wealth distributions generated by the two model
calibrations are both quite similar to U.S. data (we use data based in Wolff
(1994) and Dı́az-Giménez, Quadrini, and Rı́os-Rull (1997)). The relatively
parsimonious three-discount-factor setup allows us to roughly capture the
broad features of observed wealth inequality: substantial skewness, with
most of the capital held by the very richest agents, and a large mass of
people with close to or below zero wealth.

tion between those bad aggregate states which have persisted and those which come directly
following a good aggregate state, since they are associated with different amounts of total
resources. This complication increases the possible values of the exogenous aggregate state
from 2 to 3 but is the simplest way to ensure a sensible calibration of individual employment
dynamics subject to maintaining the simplification that aggregate unemployment can only take
on two values.

12But note that, since recessions last only eight periods on average, the average duration
of an unemployment spell is relatively small: a little more than two periods, which is approxi-
mately the same average duration that obtains in the model with two idiosyncratic employment
states.
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3.3. Model Solution

We solve the model with aggregate fluctuations using the technique em-
ployed and described in Krusell and Smith (1998). In brief, this technique
works as follows: agents act as if only a limited set of moments of 0 matter
for the determination of prices, and the (aggregate) result of that behav-
ior is shown to be almost perfectly consistent with their perceptions of how
prices evolve. The technique can be applied because there is “approximate
aggregation” in this class of models: the aggregates are determined mainly
by those whose wealth is not near zero and these agents have almost iden-
tical savings propensities. For more details on the computation relying on
approximate aggregation, see Krusell and Smith (1998).

Approximate aggregation does not imply that all the model properties
are close to those of a standard representative-agent model. Aggregate cap-
ital accumulation is mainly determined by the very richest, since wealth is
so unevenly distributed, and they behave like typical representative-agent,
“permanent-income” consumers; hence the approximate aggregation result.
However, the poorer consumers do not smooth consumption well at all:
they can be referred to as “hand-to-mouth” consumers. Since their con-
sumption is a much larger fraction of total consumption, this implies a
much lower correlation between aggregate consumption and aggregate out-
put than in representative-agent models. The fact that the consumption pro-
cesses are quite different leaves open the possibility that the risk associated
with cycles is substantial for many consumers.

In this paper, we also need to compute transition paths for economies
without aggregate shocks. The central idea is to postulate a time path for
aggregate capital, solve for agents’ decisions given this path, and then ver-
ify that the time path for aggregate capital implied by agents’ aggregated
decisions matches the postulated time path. The Appendix describes the
algorithm in detail.

The computed equilibrium laws of motion for aggregate capital describe
the accuracy of our computations in the economies with cycles. They are

log k̄′ = 0:100+ 0:960 log k̄;

R2 = 0:999991; σ̂ = 0:0056%

in good times and

log k̄′ = 0:095+ 0:960 log k̄;

R2 = 0:999987; σ̂ = 0:0075%

in bad times for the baseline calibration. The R2 figures indicate the extent
of the deviation from rationality: when these laws of motion for capital are
taken as given by agents, the agents’ implied savings behavior aggregates up
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to a capital stock series which, when regressed on current capital, produces
the stated coefficients and the reported R2s and percentage standard errors
σ̂ . Since aggregation does not hold strictly in this model due to the incom-
pleteness of markets, any regression error could be avoided by using more
information about the distribution of capital and a more general functional
form than the log-linear one used here. However, since the fit is so impres-
sive, only very tiny improvements in forecasts are possible for the agents.
Moreover, these improvements in turn are even less important in utility
terms—utility losses for consumers in this setup are extremely small even
for significant departures from the optimal decision rules (this and simi-
lar points are elaborated on in Lucas (1987), Cochrane (1989), and Krusell
and Smith (1996), among others).

For the calibration with short- and long-run unemployed, the correspond-
ing equations are

log k̄′ = 0:105+ 0:958 log k̄;

R2 = 0:99997; σ̂ = 0:0094%

in good times,

log k̄′ = 0:116+ 0:952 log k̄;

R2 = 0:9997; σ̂ = 0:028%

in bad times when the last period was bad as well, and

log k̄′ = 0:092 + 0:962 log k̄;

R2 = 0:99998; σ̂ = 0:0084%

in bad times when the last period was good. The fit is a little worse here
than in the baseline case, especially when two bad aggregate shocks hit in
succession, but it is still impressive.

4. WELFARE EFFECTS OF ELIMINATING THE
BUSINESS CYCLE

Since we want to record the welfare effects of eliminating cycles for dif-
ferent groups of agents, we need to solve for transition paths. This means
that it is impossible to avoid movements in the capital stock, because agents
adjust their savings in the new shockless aggregate environment toward the
steady state. Movements in the exogenous aggregate variables can be sep-
arated into expected and unexpected parts. Our experiment is to eliminate
only the unexpected part, that is, to replace the stochastic processes for z
and u with their conditional expectations as of the initial date. This leaves



266 krusell and smith

a deterministic movement in z and u which disappears in the long run.
Finally, recall that the idiosyncratic employment/preference shock process
for the economy without aggregate fluctuations is the same one as for the
economy with aggregate fluctuations.

4.1. The Baseline Case: Homogeneous Unemployed

With a two-state process for employment—the agent is either employed
or unemployed—the long-run welfare gain from eliminating cycles turns
out to be 0.138%. To compute the long-run welfare gain, we first compute
the expected value of the steady-state distribution of lifetime utilities in the
economy with aggregate shocks. We perform this calculation by averaging
across both agents and time in a long simulation consisting of 10,000 time
periods and 30,000 agents. We then perform a similar calculation in the
economy without aggregate shocks. Finally, we convert the difference be-
tween the two expected values into a consumption equivalent in the same
way that Lucas did. The long-run welfare gain in the economy with two em-
ployment states is nearly 20 times larger than the welfare gain (0.008%) in
Lucas (1987), but remains very small nevertheless.

Turning to the differential effects across agents and, thus, to our transi-
tion experiments, Table II shows some of the main statistics we obtained.
The most striking finding is that the welfare gains are very small, indeed
negative, for almost all groups we cover in the table. On average, there
is a welfare loss from eliminating cycles. The precise amount depends on
the initial aggregate capital stock and aggregate exogenous state; the loss is
higher starting from a low capital stock. Recall that the steady-state com-
parison, in contrast, gives an average welfare gain from eliminating cycles.
That gain cannot be explained by a difference between the capital stock
in the steady-state equilibrium without cycles and the average capital stock
in the stationary stochastic equilibrium—the latter is higher. We have not

TABLE II
Welfare Effects for Different Agents from Eliminating Cycles:

The Two-State Employment Process

Utility gain in percentage consumption

Employed agents Unemployed agents
Initial state

All
(by wealth percentile) (by wealth percentile)

z k̄ agents < 1 25–50 > 99 < 1 25–50 > 99

zg 11.2 −0:008 −0:016 −0:007 −0:017 −0:016 −0:008 −0:017
zg 12.3 −0:006 −0:010 −0:004 −0:021 −0:018 −0:004 −0:021
zb 11.2 −0:010 −0:020 −0:012 0.014 −0:040 −0:013 0.014
zb 12.3 −0:005 −0:008 −0:003 −0:031 −0:018 −0:003 −0:032
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been able to isolate exactly what it is about the transition which produces
welfare losses from eliminating cycles. It is apparent that the wage and in-
terest rate paths, which slowly converge to their long-run constant levels,
are not well liked by most agents compared to the stationary stochastic price
processes of the economy with cycles. One possibility is that the transition
experiment retains an aspect of the cycle—the slowly moving, deterministic
price path—which was not present in the steady-state comparison, in which
the no-cycle economy has constant prices and in which there is a modest
welfare gain from eliminating cycles.13

Table II also shows substantial differential effects between employed and
unemployed agents, and among agents with different wealth holdings. The
employment status matters significantly only at low wealth levels; agents
with substantial wealth do not particularly care whether they are employed
or unemployed. How the employment status matters depends on the spe-
cific case. First, it is an important part of the individuals’ present-value
income. Second, it also determines wage income as a fraction of total in-
come, and therefore how much the agent cares about wage fluctuations
relative to rental rate fluctuations. As explained in the context of the two-
period model in Section 2.2, fluctuations in the wage rate may be good
for poor agents, since the probability of a good aggregate state, given em-
ployment, is higher than the unconditional probability of a good aggregate
state in this calibration. The welfare effects across different wealth levels
are nonmonotonic in some cases: eliminating cycles is more detrimental
for the poor agents than for the middle class, and whether the rich are bet-
ter or worse off in relative terms depends on the initial aggregate condi-
tions.

It should also be recalled that the experiments in this section make output
somewhat higher on average in the cyclical economy (see the discussion in
Section 2.3). The difference, for both calibrations, is around 0.009% in the
intermediate and long run, and a little less in the short run. Thus, one might
want to add an amount of slightly less than 0.009 to all the numbers in the
table, leaving most of the totals positive, although many group numbers
remain negative.

In summary, whereas one might have expected a priori that poor, un-
employed agents gain significantly from eliminating cycles, since the risk
associated with price fluctuations is more costly for them, they do not, on
average, even gain. The intuition based on risk is not totally wrong, how-
ever: the table does not show what happens to agents who are right at the
borrowing constraint. In the cases where such agents are very close to zero

13Transitions sometimes involve nonmonotonic paths for capital; if the initial aggregate
state is good (bad) and aggregate capital is high (low), the capital stock first climbs (falls),
then falls (climbs).
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consumption, there is a substantial gain from eliminating cycles: gains of
close to 2% are possible. However, there are vanishingly few agents in this
situation: since it causes significant pain to be close to zero consumption
with a binding borrowing constraint, agents save enough over time that it
is very unlikely for them to end up in such a situation.

The table does not show how the current degree of patience matters. The
typical dependence on patience is as follows: higher discount factors lead to
lower losses from eliminating cycles (or higher gains), presumably because
the long-run welfare effects of eliminating cycles are positive, a fact which
patient agents appreciate more than less patient agents.

Finally, in order to compare our results with those from models where the
wealth distribution is much less skewed—as in İmrohoroğlu (1989)—we also
calculated the (long-run) welfare effects of eliminating cycles in an economy
without preference heterogeneity (yielding a wealth distribution with a Gini
coefficient of around 0.3). Requiring a realistic wealth distribution from the
model increases the welfare costs by about a factor of 7.

4.2. The Calibration with Short- and Long-Term Unemployment

The model with more severe unemployment shocks produces similar re-
sults for steady-state utility levels: the long-run gain from eliminating cycles
is 0.068%. Table III shows the effects from the transition experiments. As
in the case of the two-state calibration, the welfare gains from eliminat-
ing cycles are often negative. Here, in two of the four cases there is a loss
on average across agents. As before, the differential effects across employ-
ment and wealth types are nontrivial and depend significantly on initial
conditions. The main conclusion is that it is hard to generate significant
welfare gains from eliminating cycles in this kind of model, even if the goal
is simply to obtain large gains for some agents.

TABLE III
Welfare Effects for Different Agents from Eliminating Cycles:

The Three-State Employment Process

Utility gain in percentage consumption

Employed agents Short-term unemployment Long-term unemployment
Initial state

All
(by wealth percentile) (by wealth percentile) (by wealth percentile)

z k̄ agents < 1 25–50 > 99 < 1 25–50 > 99 < 1 25–50 > 99

zg 11.2 −0:024 −0:059 −0:030 0.089 −0:150 −0:033 0.081 −0:340 −0:040 0.093
zg 12.1 0.005 0.022 0.024 −0:241 −0:018 0.024 −0:225 −0:097 0.023 −0:252
zb 11.2 −0:040 −0:038 −0:021 0.056 −0:075 −0:022 0.049 −1:019 −0:039 0.045
zb 12.1 0.004 0.028 0.025 −0:261 0.012 0.025 −0:241 −0:148 0.018 −0:253
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5. SUMMARY

We find that the steady-state average gains from eliminating cycles are
higher than in Lucas’ (1987) representative-agent calculations. However,
these gains are still quite low in absolute terms: about 0.1% of average con-
sumption. Moreover, if one takes the transition into account, which seems
the only sensible thing to do, the gains are smaller than in Lucas’ work, and
often negative. Finally, although we do find significant differences among
agents in how they are affected by eliminating cycles, only the vanishingly
few agents who are very close to the zero consumption level can gain sub-
stantial amounts (up to 2%). Furthermore, apart from these very poorest
agents, of whom there would be no more than a handful in a sample as
large as that of the United States, those who gain the most among all the
rest are often the wealthiest agents.

Our estimates of the welfare gains from eliminating business cycles suf-
fer from a number of weaknesses. The model that we use to construct our
estimates embodies an important weakness: it treats the aggregate and id-
iosyncratic shocks as exogenous. This means that the comparison between
a situation with cycles and one without requires us to construct a different
model, one without aggregate shocks. Assumptions in this different model
regarding production possibilities and idiosyncratic shocks are difficult to
defend. We choose assumptions in the spirit of Lucas; they are, in a certain
sense, neutral. However, defending them further seems impossible without
adopting a view about the dependence of aggregate cycles on government
policy.

We also abstract from a number of features that may be quantitatively
important. We assume that consumers have infinite lives (they are part
of dynasties). Our results show that dynasties can protect their members
very well in utility terms from idiosyncratic shocks using only one asset,
even in the presence of a borrowing constraint. Models with finite lives and
imperfect altruism may give different results in this respect. We also assume
that there is no idiosyncratic wage heterogeneity. Idiosyncratic wage risk is
likely much larger than aggregate wage risk, and a model with this feature
might lead to larger estimates of the welfare costs of business cycles.

APPENDIX

This appendix describes the algorithm that we use to calculate the transi-
tion paths in the economies without cycles. The central idea is to postulate
a time path for aggregate capital, solve for agents’ decisions given this path,
and then verify that the time path for aggregate capital implied by agents’
aggregated decisions matches the postulated time path.

We calculate our initial guess for the time path of aggregate capital as
follows. First, calculate a (deterministic) law of motion for aggregate capital
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by taking the average of the two laws of motion (one corresponding to
good times and one corresponding to bad times) for aggregate capital in
the economy with cycles. Second, starting from the initial value of aggregate
capital, use the law of motion recursively to determine aggregate capital for
the next 600 periods (by which point aggregate capital will have converged
to a steady-state value).

Given a postulated time path for aggregate capital, the first step in the
algorithm is to use the last 550 time periods in this time path to calculate a
(deterministic) first-order autoregressive law of motion for aggregate cap-
ital. We calculate this law of motion using ordinary least squares. We use
the last 550 time periods because both aggregate employment and the ag-
gregate productivity shock have settled down to their steady-state values
after 50 periods.14 Aggregate capital, on the other hand, converges much
more slowly.

The second step in this algorithm is to solve the consumer’s recursive
dynamic programming problem in the economy without cycles, taking as
given the first-order autoregressive law of motion for aggregate capital. We
perform this task by iterating on the value function as in Krusell and Smith
(1998); see, in particular, the appendix to that paper. The solution to this
problem is a decision rule and a value function, both of which depend on
aggregate capital and individual state variables. (Neither aggregate employ-
ment nor the aggregate productivity shock is a state variable: instead, each
is set equal to its steady-state value.)

The third step in the algorithm is to iterate backward starting in period
50 to calculate agents’ decision rules during the first 50 periods of transi-
tion. We therefore calculate 50 different decision rules and value functions,
one for each period. Specifically, in period 50, the agent takes as given the
current values of aggregate capital, employment, and productivity and the
value of aggregate capital in period 51. (Recall that the consumer takes as
given a time path for aggregate capital. In addition, at each time period
in the backward iteration, aggregate employment and productivity are set
equal to their conditional expectations as of the initial time period in the
economy with cycles.) In period 50, we use the value function computed
in the second step of the algorithm to determine the future value of the
agent’s current savings decision. (Since one of the arguments of this value
function is aggregate capital, the individual needs to know the value of ag-
gregate capital in period 51.) The solution to the agent’s problem in period
50 is a decision rule and a value function, each of whose arguments are the

14We use 550 time periods to calculate the law of motion for aggregate capital in the
economy with two employment states. In the economy with three employment states, we use
the last 525 time periods to calculate this law of motion because aggregate employment does
not settle down to its steady-state value until period 75.
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individual state variables. We then move back to period 49, in which pe-
riod the agent takes as given the values of aggregate capital, employment,
and productivity in period 49 as well as the period-50 value function (this
function determines the future value of the agent’s savings decision in pe-
riod 49). We continue iterating backward in this fashion until the initial
period, storing the decision rules for later use. Although the decision rules
and value functions do not have aggregate variables as explicit arguments,
the period-t decision rule and the period-t value function do depend im-
plicitly (by means of the backward iteration) on the values of the aggregate
variables in period t and subsequent periods.

The fourth step in the algorithm is to use the decision rules calculated
above to simulate the behavior of the economy without cycles starting from
the given initial distribution of agents. In particular, we simulate the be-
havior of 90,000 agents for 600 time periods, by which time the economy
has converged to the new steady-state equilibrium (save for negligible “wig-
gles” due to simulation error). The initial distribution in the simulation is
a typical distribution in the economy with cycles (given the specified values
of aggregate capital and the aggregate productivity shock in the initial pe-
riod). By adding up the savings decisions of the 90,000 agents, we obtain
a time path for aggregate capital. For the same reasons that approximate
aggregation holds in the economy with cycles, the transition path for aggre-
gate capital varies only to a very small extent as the higher moments in the
initial distribution vary over the range of values typically observed in the
economy with cycles (holding fixed the values of aggregate capital and the
aggregate productivity shock).

The fifth step in the algorithm is to compare the new path for aggregate
capital to the one that agents took as given when computing their decision
rules. If the two paths are close enough together, then we have computed
an equilibrium path for aggregate capital. If they are not close enough
together, then we calculate a new path for aggregate capital by taking a
weighted average of the postulated path and the implied path. We then
return to the first step of the algorithm and continue iterating until the
postulated and implied time paths for aggregate capital are close enough
together.

The accuracy of this algorithm depends on the accuracy with which one
calculates decision rules and the extent to which the law of motion cal-
culated in the first step of the algorithm fits the last 550 observations in
the time path for aggregate capital. Along both of these dimensions, one
can make numerical error arbitrarily small. First, one can use a finer grid
when constructing cubic spline approximations to the value functions (see
Krusell and Smith (1998, Appendix) for further details). Second, one can
use more flexible functional forms to compute the law of motion in the first
step of the algorithm. We find that increasing accuracy in either of these
ways changes the numerical results only to a very small degree.
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