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Introduction
Microeconomic evidence on individual consumption growth shows a large degree of id-

iosyncratic volatility, the observable sign of imperfect risk sharing in the data. Macroeconomic models with heterogeneous agents inherently feature imperfect risk-sharing at least
qualitatively, but if they are to be credible tools for analyzing economic phenomena and assess economic policies then they need to be able to explain quantitatively the extent to which
consumption is insured against income shocks that we observe in the data. The prototype
standard incomplete market model (Henceforth SIM), arguably the workhorse of heterogeneous agents macroeconomics, when parameterized according to reference calibrations falls
significantly short of matching the empirical values of insurance against permanent earnings shocks, as estimated by Blundell et al. (2008), henceforth BPP. In this kind of model
wealth, in the form of a single asset, and debt are used to smooth consumption in the
face of earnings fluctuations. In the current research we revisit the SIM model by focussing
specifically on the role that life-cycle wealth accumulation plays in determining the degree of
consumption smoothing. To preview the results, we find that when the model is calibrated
so that it matches the whole empirical profile of wealth accumulation over the working life,
a version of the model with the tightest borrowing constraint can match up to 83 percent of
the Blundell et al. (2008) estimates of insurance against permanent earnings shocks. When
the model is solved under the loosest borrowing limit it can virtually match the empirical
values.
In order to study the role of the life-cycle pattern of wealth accumulation we modify
the baseline self-insurance model by moving from standard expected utility to Epstein-Zin
preferences. The key feature of Epstein-Zin preferences is that contrary to standard expected utility preferences, they permit a complete separation between the elasticity of intertemporal substitution (EIS) and risk-aversion. This allows for a redistribution of wealth
over the life-cycle in ways that lead to higher insurance coefficients. The intuition behind
this result is that in the Epstein-Zin case, raising risk aversion while keeping the elasticity
of inter-temporal substitution high, allows the model to increase early life precautionary
savings without concurrently creating a strong motive for holding large retirement wealth.
As a consequence it becomes possible to match the empirical wealth-to-income ratio with
plausibly high values for patience. The combination of high risk aversion, high patience and
2

the willingness to accept inter-temporal redistribution of consumption away from young ages
reshuffles wealth towards the early part of the life-cycle when it is most needed for insurance
purposes and away from middle age, when the accumulation of retirement wealth and the
lower effective residual persistence of the shocks makes the latter more easily insurable. For
this reason, this mechanism increases the insurance coefficients for permanent shocks in the
first part of the life-cycle without affecting those in mid-life. This has the effect of raising
the average coefficients and at the same time of making their age profile flatter, hence closer
to the flat profile found in the data. As an example, a calibration with an EIS of 0.8 allows
us to match the insurance coefficient for permanent shocks of 0.36 with a risk aversion of
20 while still keeping the discount factor above 0.9 and matching the empirical average
wealth-to-income ratio. By contrast, a comparable model with expected utility and risk
aversion of 20 would require a discount factor of 0.545 to match a realistic wealth-to-income
ratio and would still fall short of the insurance coefficient estimated in the data.
Given that the main mechanism that allows the model to generate insurance coefficients
that are in line with the data is the redistribution of wealth across different periods of the
life-cycle, it is important to verify that the resulting life-cycle profiles of wealth match the
data. For this reason we also solve a preferred calibration of the model where the coefficients
of risk aversion and the inter-temporal elasticity of substitution are chosen so as to minimize
the distance between the model and data wealth accumulation profiles during working life.
In this case we find that 83 percent of the insurance coefficients against permanent earnings
shocks measured by BPP can be rationalized by the model with a zero borrowing limit.
This figure raises to over 97 percent in the version of the model where borrowing is allowed
subject only to the constraint that the household is able to repay for sure.
Measuring and studying insurance coefficients has proven challenging for two reasons.
First, high quality panel data on both consumption and earnings are needed and, second,
the problem of identifying different shocks from the observable income process must be
circumvented. The first problem arises because the two main data sets used to study
household behavior in the US, that is the Panel Study on Income Dynamics (PSID) and
the Consumer Expenditure Survey (CEX) respectively lack consumption data or the panel
dimension. With respect to the first issue, an example of an early effort in this sense is
Attanasio and Davis (1996) who used several issues of the CEX to construct synthetic
cohorts and study how the evolution of between groups earnings inequality translated into
3

consumption inequality. Strictly speaking though, this does not measure insurance of shocks
per se. With respect to the second issue, efforts have been made to distinguish between
permanent and temporary shocks by using proxies like disability and short unemployment
spells respectively (Dynarski et al., 1997). Alternatively, others like Krueger and Perri (2006)
have chosen to simply analyze the response of consumption to income shocks without trying
to identify the different shocks.
A major step forward was made by Blundell et al. (2008), that used the CEX to estimate
a food demand equation and then applied its inverse to PSID data on food consumption, thus
obtaining an artificial data set with both a panel dimension and joint data on consumption
and income. This, coupled with a suitable strategy to identify shocks, allowed them to
come up with a first estimate of insurance coefficients. Kaplan and Violante (2010) first
evaluated the standard SIM model against the data to test if it can match BPP estimates of
the insurance coefficients. They found that under standard parameterizations this model can
explain between 19 and 61 percent of the empirical estimates of insurance coefficients against
permanent shocks, depending on the assumption of the zero or natural borrowing constraint
respectively. In the wake of their paper, a few other quantitative papers have been written to
extend the basic SIM model to better fit insurance data. Among those, we can cite Cerletti
and Pijoan-Mas (2012) who extended the model to explore the role of non-durable goods
and the adjustment in the consumption bundle that this allows and Karahan and Ozkan
(2013) who estimated an earnings process featuring age-varying persistence and showed that
this improves the life-cycle profiles of insurance coefficients of an otherwise standard model.
Finally, more recently a parallel line of research that uses wages rather than earnings as
primitives and studies the extent of insurance against wage shocks has developed. In this
line of research Blundell et al. (2016) provided benchmark empirical estimates and Wu and
Krueger (2018) developed a first quantitative study to test an extension of the SIM model,
featuring households with double earners, against those estimates.
The present paper is most closely related to Kaplan and Violante (2010) in that it also
constructs a quantitative SIM model to study its implications for the insurance coefficients
using earnings as the primitive shocks. There are three main differences between our study
and theirs. First, we assume Epstein-Zin preferences instead of standard expected utility.
Second, while Kaplan and Violante (2010) offers a broad theoretic-quantitative analysis of
the problem, our research is more focused on trying to explain the gap between model and
4

data estimates of insurance coefficients of permanent shocks, that has proven harder to
bridge.1 Third and key to pursuing that goal, in selecting preference parameters we try to
match the whole model pattern of wealth accumulation over the working life, rather than
simply constraining the average wealth-to-income ratio. In this respect the paper is also
related to Cagetti (2003) that builds a life-cycle model and uses a simulated method of
moments to estimate preference parameters based on the whole life-cycle wealth profiles
obtained from the Survey of Consumer Finance, although our values for the preference
parameters come from calibration rather than full structural estimation.
The rest of the paper is organized in the following way. Section 2 is devoted to explaining
the model, section 3 presents the calibration and section 4 discusses the results. Finally, in
section 5 a brief conclusion is outlined.

2

Model
We consider a standard life-cycle economy where agents are endowed with Epstein-Zin

preferences. The economy features a large number of ex-ante identical agents. Agents have
finite lives and go through the two stages of life of working age and retirement. During
working life they receive an exogenous stochastic stream of earnings that cannot be insured
due to incomplete markets. During retirement they receive a constant pension benefit that
depends on the full history of the household’s earnings. They have access to a single risk-free
asset that they can use to smooth consumption in the face of variable earnings, subject to a
borrowing constraint. The model is cast in a partial equilibrium framework and there is no
aggregate uncertainty. A cohort of agents is simulated and the model-generated patterns of
consumption insurance are studied.

2.1

Demographics and preferences

Time is discrete with model periods of one year length. The model is populated by
a continuum of households. Agents live for a maximum of T = 80 model periods. They
1

An alternative view has been put forth by Hryshko and Manovskii (2017) who claim that the observed

gap is an artifact of averaging PSID estimates across the groups of what are termed “sample” and “nonsample” households, characterized by very different earnings processes and behavior. It is, however hard to
give an economic interpretation to the different behavior of the two groups in the data.
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enter the model at age 20 and retire after T ret = 45 years of work. In each period of life
t they face a probability πt+1 of surviving one more year. Agents care only about their
own consumption and do not value leisure, hence they supply inelastically their unitary
endowment of time.
Households value the uncertain stream of future consumption according to the following
inter-temporal utility function:
γ

1

α
Vt (St ) = {cγt + βE[πt+1 Vt+1
(St+1 )] α } γ

(1)

where the variable St represents the set of all past histories of shocks up to age t and initial
assets that can at each age be summarized into three state variables. As it will become
clear in the next few sections, these state variables are cash-on-hand at the beginning of
the period, the value of the permanent earnings shock and the average past realizations of
gross labor earnings. In the above representation of utility γ is the parameter that controls
the elasticity of substitution between current consumption and the certainty equivalent of
future utility, the elasticity of substitution being given by

1
.
1−γ

On the other hand, α is the

parameter that controls the curvature of the future utility certainty equivalent function and
corresponds to a risk aversion of 1 − α. Finally, the parameter β determines the weight of
future versus current utility and represents the subjective discount factor. In the expression
above the expectation E is taken with respect to histories St+1 up to t + 1 conditional on
history St being realized up to age t.

2.2

Income process

During working life agents receive a stochastic flow of net earnings Yit which can be
expressed as:
logYit = gt + yit

(2)

yit = zit + εit

(3)

and

where gt is a deterministic component common to all households and yit is the stochastic
component of the labor income. In turn, the stochastic component can be decomposed into
a transitory part εit and a permanent part zit that follows the process:
zit = zi,t−1 + ζit
6

(4)

The initial realization of the permanent component is drawn from an initial distribution
2
with mean 0 and variance σz0
. The shocks εit and ζit are normally distributed with mean

0 and variances σε2 and σζ2 , are independent of each other, over time and across agents.
→
−
→
−
Retired households receive a fixed pension benefit P ( Y i ) where Y i is the vector collecting
all the realizations of gross earnings for agent i, that is, the pension benefit is a function of
the history of all past earnings. Agents can save in a single asset. We denote the amount of
the asset held by household i at age t with Ait and assume that the asset pays a constant
return r. We assume that a borrowing constraint Ait ≥ A holds. The household’s budget
constraint can then be written:
→
−
cit + Ai,t+1 = (1 + r)Ait + Iit Yit + (1 − Iit )P ( Y i )

(5)

where Iit is an indicator function that takes a value of 1 if T < T ret and 0 otherwise.

2.3

Household’s optimization problem

With the description of the model given above and omitting for simplicity of notation
the index i for the household, we can write the optimization problem at each age. This will
be described by the Bellman equation:
γ

1

α
Vt (Xt , zt , Y t ) = max {cγt + βE[πt+1 Vt+1
(Xt+1 , zt+1 , Y t+1 )] α } γ
ct ,At+1

(6)

where Vt is the value function at age t and the state variables are current cash-on-hand Xt ,
the realization of the permanent component of the earnings process zt , and the average of
past gross earnings realizations up to age t denoted with Y t . The households maximize the
CES aggregator of current consumption and the certainty equivalent of future utility with
respect to consumption ct and asset holdings At+1 , that are carried into the next period.
The maximization is performed subject to the following constraints:
ct + At+1 ≤ Xt

(7)

Xt+1 = At+1 (1 + r) + It+1 Yt+1 + (1 − It+1 )P (Y t+1 )

(8)

Y t+1 =




tY t +Ỹt+1
t+1

 Y Ret
T
7

if t < T ret
if t ≥ T ret

The first inequality is a standard budget constraint that tells us that consumption plus
assets carried into the next period cannot exceed current cash-on-hand. The second equality
is the law of motion of cash-on-hand. Cash-on-hand in the next period is given by the assets
carried into the next period augmented by the net interest rate earned, plus non financial
income. It is understood that if the indicator function It+1 = 1 then the agent is working
and earns net labor income Yt+1 , while if It+1 = 0 the agent is retired and collects social
security benefits P (Y t+1 ). The last equation represents the law of motion of average past
gross earnings that enter the calculation of the pension benefits. Gross earnings at age t
are denoted Ỹt and are obtained from net earnings Yt by way of a suitable tax function
τ (Ỹt ). Before retirement average past earnings up to t are averaged with the newly received
realization of gross earnings Ỹt+1 to update the new value of average past earnings. After
retirement the value of average past earnings is fixed at the level matured at retirement time,
and denoted with Y T Ret . Finally, the maximization is subject to the stochastic earnings
processes defined in the previous subsection, and to the borrowing constraint At+1 ≥ A.

3

Calibration
The model period is taken to be one year. Agents enter the labor market, hence the

model, at age 20, retire at age 65 and die for sure at age 100. Before that age, the probability
of survival from one year to the next are taken from the Berkeley Mortality Database. With
respect to preference parameters we first perform a set of experiments for different values
of the elasticity of inter-temporal substitution and risk aversion. We then move to a set of
experiments where we search the values of risk aversion and the elasticity of inter-temporal
substitution so that the distance between the model and data wealth profile over the working
life is minimized. In each case we set β, the subjective discount factor, so that the average
wealth-to-income ratio is equal to 2.5. While at first sight this value is lower than the one in
the aggregate data, in practice it reflects correctly the wealth-to-income ratio in the bottom
95 percent of the earnings distribution in the PSID.2 This is the part of the population we
are interested in given that the empirical estimates of the insurance coefficients are based
2

While the best source for data about wealth is the Survey of Consumer Finances (SCF), as pointed

out by Bosworth and Anders (2008), the two data sets generate very similar results once the top 5 percent
wealthiest households are removed.
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on the PSID and CEX, which are well known not to represent accurately the top of the
distribution.
For the deterministic common component of the labor income process we take a third
order polynomial in labor market experience, that is, age minus 20, and use the coefficients
estimated by Cocco et al. (2005). As for the stochastic component of earnings, we have to
assign three parameters, that is, the variance of the permanent and temporary shocks η and
ε and the initial variance of the permanent shock σz20 . We give ση2 a value of 0.01 to match
the increase in earnings dispersion over the life-cycle observed in PSID data and we assign
a value of 0.05 to σε2 based on the point estimate by Blundell et al. (2008). Finally, we set
σz20 to 0.15 so as to match earnings dispersion at age 25.3
With respect to assets we set an interest rate of 3.5 percent. We do not determine
the interest rate in equilibrium since the model is not meant to capture the behavior of
households in the top of the wealth distribution who hold a disproportionate share of total
wealth and, hence, are key in determining the equilibrium value of returns. Assets can be
held subject to a borrowing constraint. We experiment with the zero borrowing constraint,
with the case where agents may borrow up to the natural borrowing limit and also with an
alternative formulation where agents can borrow under the constraint that they can repay
for sure their debt but the borrowing rate is higher than the lending rate.
We model social security benefits so as to mimic the actual US system. In order to do
that, we need to compute the average gross earnings over the lifetime of the agent and then
to apply a formula that converts that average into a gross pension benefit. The formula for
the US that we apply assigns a 90 percent replacement ratio for earnings up to 18 percent
of average, a 32 percent replacement ratio from this bend point to next one, set at 110
percent of average earnings, and finally a 15 percent replacement ratio for earnings above
110 percent average earnings. Finally, we scale the benefits up so that the replacement ratio
for the average earner is 45 percent.
Given that in our model the earnings process is based on net earnings, while in the US
social security system the benefit formula is computed based on average gross earnings, we
need to back out gross earnings from our model net earnings. To do that we invert the
progressive tax function formula estimated by Gouveia and Strauss (1994) and now widely
3

Overall, these are the values used in the benchmark calibration by Kaplan and Violante (2010).
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used in macroeconomics. If we denote the tax function with the letter τ and gross earnings
of individual i at time t by Ỹi,t the cited tax function takes the form:
ρ

1

τ (Ỹi,t ) = τ b [Ỹi,t − (Ỹi,t−τ + τ s )− τ ρ ]

(9)

To attribute values to the parameters of this function, we follow Kaplan and Violante (2010)
and set τ b = 0.258 and τ ρ = 0.768 from the original work of Gouveia and Strauss (1994)
and then set τ s so that the ratio of personal income tax receipts to labor income is about
25 percent like in the US. With the tax function fully defined it is possible to recover gross
earnings from net earnings by solving the equation: Ỹi,t − τ (Ỹi,t ) = Yi,t . The tax function
described above is then also used on 85 percent of gross social security benefits to get net
benefits.

4

Results
In this section we report the results of the quantitative analysis of the model. We first

perform an extensive exploration of the parameter space. Initially we specialize the EpsteinZin preferences to the usual expected utility case by setting α=γ. In this case we consider
values of risk aversion of 2, 5, 10, 15 and 20. Then for each risk aversion case we solve
again the model for values of the elasticity of inter-temporal substitution of 0.5, 0.8 and
1.25. We report the results both for the model with a zero borrowing constraint and for the
opposite case of the natural borrowing limit. Finally, in light of the lessons learned with
this analysis we report the results of the model solved under a preferred calibration where
preference parameters are chosen so as to minimize the distance between the profile of asset
accumulation during the working part of the life-cycle in the model and in the data.
We report values of the insurance coefficients of both the permanent and the temporary
shock, although our focus will be on the former given the finding of Kaplan and Violante
(2010) that these are the ones that the standard incomplete market model has a hard time
to explain. Given our focus on exploring a solution to the inability of the model to match
the data, we will focus on the model counterpart of the empirically estimated coefficients.4
4

Having a model at hand, one can also compute the true insurance coefficients and use them to study

the magnitude of the bias of the BPP estimator, however this is outside the scope of the present research.
See Kaplan and Violante (2010) for a discussion of the source of the estimation bias and when it is most
likely to be greater.
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Before moving to the actual description of the results in the next subsection, we will briefly
describe how the insurance coefficients are defined and computed.

4.1

BPP insurance coefficients

Let yi,t and ci,t be the log deviation of net labor income and consumption from their
respective deterministic life-cycle trend. In general, the deviation of income can be the
result of different shocks that we can generically denote xi,t . Following Kaplan and Violante
(2010) we can define the insurance coefficient for shock xi,t as:
φx = 1 −

cov(∆ci,t , xi,t )
var(xi,t )

(10)

If the received shock translated one-to-one into a change in consumption φx would be equal
to 0, while in the opposite case where consumption did not react at all to the shock the
index would be equal to 1. The index then is a measure of the proportion of the shock that
is not translated into consumption growth and, hence, is a measure of the extent to which
shocks are insured, with a higher value corresponding to better insurance. Having data on
both consumption and the shock, as it happens in a model simulation, one can directly
compute the true value of the index. Alternatively, given the earnings process described
in the previous sections and used in much of the quantitative macroeconomics literature
the coefficients can be estimated from income and consumption data alone provided the
following two identifying restrictions are assumed:
cov(∆ci,t , ηi,t+1 ) = cov(∆ci,t , εi,t+1 ) = 0

(11)

cov(∆ci,t , ηi,t−1 ) = cov(∆ci,t , εi,t−2 ) = 0

(12)

and

The two assumptions state that consumption growth can be correlated neither with future
nor past shocks.5 Under these assumption it can be shown that:
− cov(∆yi,t , ∆yi,t+1 ) = var(εi,t )
5

(13)

Given this identifying assumption, Epstein-Zin preferences are another possible source of bias, however

assuming that the empirical data are generated by household that have these preferences, the application of
the BPP estimator to both data and model would introduce the same kind of bias making the comparison
legitimate.
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− cov(∆ci,t , ∆yi,t+1 ) = cov(∆ci,t , εi,t )

(14)

which allows the econometrician to identify φε and
− cov(∆yi,t , ∆yi,t−1 + ∆yi,t + ∆yi,t+1 ) = var(ηi,t )

(15)

− cov(∆ci,t , ∆yi,t−1 + ∆yi,t + ∆yi,t+1 ) = cov(∆ci,t , ηi,t )

(16)

that identifies φη , the insurance coefficients for the permanent shock. Failure of the given
assumptions leads to biased estimates that can be assessed when using model simulated
data.6

4.2

The expected utility case

We report in Table 1 the insurance coefficients obtained from the model simulation when
preferences are assumed of the standard expected utility form for risk-aversion coefficients
ranging from 2 to 20. Looking at the first row, we see that the empirical estimates, taken
from Blundell et al. (2008), are 0.36 for permanent shocks and 0.95 for transitory shocks. In
the case of transitory shocks, the estimates based on simulated data are always very close to
their data counterparts, ranging from 0.885 in the case of risk aversion of 2, to about 0.90 for
risk aversion of 10 or more. The picture changes radically as far as the insurance coefficients
for permanent shocks are concerned. The estimated coefficient is 0.167 for risk aversion of
2 and it rises up to 0.266 for risk aversion of 20. While this increase is substantial, it still
leaves the coefficient 0.1 points below the empirical value. The reason for the increase is
that risk-averse agents dislike consumption volatility more and, hence, in the face of positive
shocks they will save a larger part of them in order to finance consumption when the bad
shock hits. This increase in savings also has another effect that can be seen in the last
column of Table 1: in order for the model to still match the targeted level of the wealthto-income ratio, it is necessary to reduce the subjective discount factor from 0.975 to 0.545,
clearly a value that is well outside of what is accepted in macroeconomic practice.
6

The introduction in the text is a basic description of the parameters of interest that we compute in the

model experiments. For a thorough introduction to the estimation of the insurance coefficients see Blundell
et al. (2008) and Kaplan and Violante (2010) upon which our treatment of the issue is based.
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Table 1: Insurance coefficients by risk aversion (Expected utility)

4.3

Permanent shock

Transitory shock

β

Data

0.36

0.95

ra = 2

0.167

0.885

0.975

ra = 5

0.170

0.892

0.936

ra = 10

0.212

0.904

0.822

ra = 15

0.238

0.902

0.675

ra = 20

0.266

0.900

0.545

The Epstein-Zin Case

It is well known that Epstein-Zin preferences allow the model to fully disentangle risk
aversion from inter-temporal substitution. In this subsection we thus exploit this increased
freedom in choosing preference parameters to check if it is possible to improve the ability of
the model to match the empirical insurance coefficients. We proceed in two steps. First, in
Table 2 we keep the elasticity of inter-temporal substitution fixed at 0.5 and consider the
usual values of risk aversion in the range 2 to 20. As can be seen in the second column, the
estimated insurance coefficient for the permanent shock raises from 0.167 when risk aversion
is 2 to 0.34 when risk aversion is 20. The latter value is already quite close to 0.36, the
measure found in the data. As it can be seen in the last column of Table 2, this can be
obtained with a substantially smaller decrease in the value of the subjective discount factor.
The value of β that is needed to match to targeted wealth-to-income ratio is 0.975 when
risk aversion is 2 and declines only to 0.897 when risk aversion is 20, a value that while still
smaller, it is not far from what is accepted and used in macroeconomic modelling.
In the second step, we alternatively proceed by fixing risk aversion at a value of 10 and
checking how results change when the elasticity of inter-temporal substitution is raised from
the corresponding expected utility value of 0.1 to 1.25. Looking at the second column in
Table 3, we can notice that even for constant risk aversion an increase in the elasticity of
inter-temporal substitution brings about a substantial increase in the estimated coefficient
for permanent shocks, from 0.212 to 0.317. Also, looking at the last column of Table 3
we see that this is obtained with a contemporaneous increase in the required value of the
subjective discount factor, from 0.822 when the elasticity of inter-temporal substitution is
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Table 2: Insurance coefficients by risk aversion (Epstein-Zin)
Permanent shock

Transitory shock

0.36

0.95

ra = 2

0.167

0.885

0.975

ra = 5

0.186

0.887

0.947

ra = 10

0.267

0.902

0.925

ra = 15

0.314

0.897

0.91

ra = 20

0.340

0.889

0.897

Data

β

EIS = 0.5

Table 3: Insurance coefficients by EIS (Baseline)
Permanent shock

Transitory shock

0.36

0.95

EIS = 0.1

0.212

0.904

0.822

EIS = 0.5

0.267

0.902

0.925

EIS = 0.8

0.287

0.901

0.935

EIS = 1.25

0.317

0.899

0.942

Data

β

ra=10

0.1 to 0.942 when it is 1.25. The latter is clearly a value that is already close to accepted
values in macroeconomic modelling.
Finally, in Table 4 we put together the insights obtained in the previous analysis and
consider a broad range of parameter values including for risk aversion the values of 2, 5, 10,
15 and 20 and for each of them setting the elasticity of inter-temporal substitution at 0.5,
0.8 and 1.25. What the table shows is that for certain combinations of the elasticity of intertemporal substitution and risk aversion the model goes a long way towards rationalizing the
observed empirical values of the insurance coefficients of permanent shocks. For example,
for the combination of EIS of 0.8 and risk aversion of 20 the insurance coefficient is 0.366 and
the targeted wealth-to-income ratio is obtained for β set to 0.917, while if we are willing
to accept a value of the EIS of 1.25 we can get an insurance coefficient of 0.369 for risk
aversion equal to 15 and a subjective discount factor of 0.934.
In order to briefly conclude this section, we also want to point out at the results con-
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Table 4: Insurance coefficients by risk aversion and EIS (Baseline)
Permanent shock

Transitory shock

0.36

0.95

ra = 2

0.167

0.885

0.975

ra = 5

0.186

0.887

0.947

ra = 10

0.267

0.902

0.925

ra = 15

0.314

0.897

0.91

ra = 20

0.340

0.889

0.897

ra = 2

0.135

0.863

0.963

ra = 5

0.201

0.890

0.950

ra = 10

0.287

0.901

0.935

ra = 15

0.337

0.894

0.925

ra = 20

0.366

0.887

0.917

ra = 2

0.027

0.790

0.951

ra = 5

0.212

0.890

0.950

ra = 10

0.317

0.899

0.942

ra = 15

0.369

0.891

0.934

ra = 20

0.394

0.881

0.928

Data

β

EIS = 0.5

EIS = 0.8

EIS = 1.25

15

cerning the estimated insurance coefficients for temporary shocks. With the exception of
the cases with risk aversion set to 2 and with an elasticity of inter-temporal substitution
of 0.8 or 1.25, where the insurance coefficients declines to 0.863 and 0.790 respectively, the
insurance coefficients for temporary shocks remain in the narrow range between 0.89 and
0.90, values that are very close to the empirical estimates.

4.4

Interpretation

In this section we describe the mechanism that generates our results. Models like the one
considered here exhibit precautionary savings, which is the dominant factor for accumulating wealth in the initial part of the life-cycle.7 As risk aversion increases, households dislike
more consumption fluctuations, hence they will save a larger proportion out of positive
shocks to use those savings to insulate consumption from negative earnings shocks. As a
consequence, we observe both an increase in savings early in the life-cycle and an increase in
the observed insurance coefficients. This effect is common both to the model with expected
utility and to the model with Epstein-Zin preferences. The increase in wealth accumulation
for precautionary reasons, given the calibration constraint on the wealth-to-income ratio,
implies the need to reduce the value of the subjective discount factor. Where the two preference specifications differ is with respect to savings late in the working life. With expected
utility, raising risk aversion implies reducing the elasticity of inter-temporal substitution,
which is connected to the former by an inverse relationship. A lower elasticity of intertemporal substitution though, leads to higher saving in mid-life because the agents want a
flatter consumption profile, hence they need more wealth for the retirement period. As a
consequence, the extra wealth accumulation is more limited in the Epstein-Zin case than in
the expected utility case and the subjective discount factor needs not be reduced so much
as becoming unrealistically low to support a substantial raise in risk aversion at constant
wealth-to-income ratios. Moreover, as it can be seen in Table 3, the insurance coefficient for
the permanent shock increases when the elasticity of inter-temporal substitution increases
even in the absence of any increase in risk-aversion. The intuition is similar. With a higher
elasticity of inter-temporal substitution the household is willing to accept a more downward
sloping consumption profile late in life, hence it will save less out of late working age income.
7

See Gourinchas and Parker (2002).
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Figure 1: Life-cycle profiles of wealth.

Given the constant wealth-to-income ratio required by the calibration, this allows the model
to accept a higher value of β. In turn, this raises savings early in life. Savings early in life
is also increased because the tension between anticipating consumption in the face of an
upward sloping earnings profile and delaying it to accumulate precautionary wealth is more
easily resolved in favor of the latter if the agent is sufficiently elastic. In summary, having
the possibility to keep the elasticity of inter-temporal substitution high implies that wealth
is reshuffled from mid-life, when there is more than enough to insure shocks, to early life
when insurance is poor.
This is confirmed by Figure 1, which reports the life-cycle profile of wealth for parameterizations of the model with a constant risk aversion, set equal to 10, and increasing values
of the elasticity of inter-temporal substitution, ranging from 0.1 (expected utility case) up
to 1.25. Figure 1 shows that the age profile of wealth during working life is convex shaped in
the expected utility case. When the elasticity of inter-temporal substitution is progressively
raised, it changes to a convex-concave shape that gives it a distinct hunchbacked profile. In
the expected utility case wealth after 20 model periods is roughly one third of peak wealth
around retirement age, while in the model with an elasticity of substitution of 1.25 it is about
53 percent of peak wealth. The consequences for the insurance coefficients are explored in
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Table 5: Estimated coefficients by age groups (Permanent shock)
Age group

27-31

57-61

EIS = 0.1

0.029

0.615

EIS = 0.5

0.175

0.627

EIS = 0.8

0.162

0.627

EIS = 1.25

0.198

0.617

ra=10

Table 5, where we report the insurance coefficients of the permanent shocks for the same parameterizations represented in Figure 1. As it can be seen, the substantial reduction in peak
wealth caused by the increase in the elasticity of inter-temporal substitution barely affects
insurance coefficients near the end of the working life, which remain confined in a narrow
range between 0.615 and 0.627. On the other hand, the larger wealth accumulation early in
life raises the insurance coefficients in a substantial way for the age group between 27 and
31: the coefficient increases from 0.029 when the elasticity of inter-temporal substitution is
0.1 to 0.198 when it is 1.25.
The above analysis, beside providing insights into why Epstein-Zin preferences allow
the model to get closer to matching empirical coefficients, also points to another benefit of
this choice. In fact, according to Blundell et al. (2008) estimates, the insurance coefficients
for permanent shocks do not show any trend with age, while as shown in Kaplan and Violante (2010) the standard expected utility model generates strongly increasing and convex
insurance coefficients by age.8 The analysis conducted in this paper though, shows that increasing the elasticity of inter-temporal substitution makes one step in the correct direction
by flattening the life-cycle profile of the coefficients. Results are even starker for the case
of a risk aversion of 20, the highest value considered here. In that case, combined with an
elasticity of inter-temporal substitution of 1.25, we get an estimated insurance coefficient
for permanent shock that is 0.342 for the age group 27 to 31 and 0.595 for the age group 57
to 61.9
8

We get their same results when using expected utility with low risk aversion, which we do not report

for the sake of brevity.
9
For the sake of space we do not report the full set of tables with the insurance coefficients by age groups
but they are available upon request.
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Table 6: Insurance coefficients for permanent shock (Model with debt)
Permanent shock

Transitory shock

%W < 0

β

ra = 2

0.261

0.943

0.274

0.979

ra = 5

0.274

0.931

0.212

0.950

ra = 10

0.326

0.915

0.147

0.928

ra = 15

0.354

0.906

0.108

0.913

ra = 20

0.382

0.899

0.115

0.902

ra = 2

0.253

0.94

0.342

0.966

ra = 5

0.279

0.928

0.194

0.951

ra = 10

0.333

0.913

0.097

0.937

ra = 15

0.373

0.903

0.112

0.927

ra = 20

0.405

0.896

0.124

0.920

ra = 2

0.184

0.909

0.551

0.955

ra = 5

0.288

0.924

0.175

0.952

ra = 10

0.355

0.908

0.098

0.943

ra = 15

0.403

0.898

0.120

0.936

ra = 20

0.438

0.891

0.139

0.930

EIS = 0.5

EIS = 0.8

EIS = 1.25
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4.5

The natural borrowing limit case

The models solved so far have assumed that agents cannot borrow. In this subsection
we repeat the same experiments that we performed before but in a version of the model
where households can borrow, subject only to the constraint that they can repay for sure
their debts by the time they reach the maximum possible age or the so called natural
borrowing limit. Results are reported in Table 6 for all the risk aversion and elasticity
of inter-temporal substitution values that we considered in the zero borrowing limit case.
Looking at the first column of the table, we see that introducing debt further increases
the estimated insurance coefficients for permanent shocks. As it can be seen in the top
panel, in this case it is possible to reach an insurance coefficient of 0.354, already very close
to the empirical one, at a value of risk-aversion of 15 in the case where the elasticity of
inter-temporal substitution is 0.5. When the elasticity of substitution is raised to 0.8, the
empirical value of the coefficients is reached somewhere between risk aversion of 10 and
15, while looking at the bottom panel we see that when the elasticity of inter-temporal
substitution is 1.25 a coefficient of risk-aversion of 10 generates an estimated coefficient of
0.355. For this parametrization a value of the subjective discount factor of 0.943 supports
a wealth-to-income ratio of 2.5. The insurance coefficients for temporary shocks increase
as well, albeit to a lesser extent. Looking at the third column of the table, we can also
see that the fraction of agents with negative wealth ranges from a maximum of 0.551 to a
minimum of 0.097. For the parameterizations whose associated insurance coefficients are
consistent with the empirical ones though, the fraction of agents with negative wealth is
always close to 10 percent. This value falls in the range of 5.8 percent to 15 percent reported
by Huggett (1996) from the Survey of Consumer Finances.10 Overall, we can then say that
adding debt further improves the fit of the model to the data. The main reason is that
when households may hold debt they can drive wealth into negative territory when faced
with negative shocks, thus improving their insurance opportunities. Moreover, this reduces
wealth accumulation overall, allowing the model to support values of β that are higher and
hence closer to standard macroeconomic practice, although this effect is quite small.
10

The smallest figure refers to a measure of net worth that includes durable goods like cars, while the

largest figure does not include them.
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4.6

Extensions

In the current section we consider three variations on the basic model. These include
a model where agents start life with non-zero wealth, one where a fraction of the agents
have defined benefits pensions on top of social security payments and finally one where the
earnings process shows very persistent but not fully permanent shocks. The models are first
solved in the zero borrowing constraint case and then in the natural borrowing limit case. In
all cases the subjective discount factor is adjusted so as to keep the wealth-to-income ratio
constant at the baseline target value. Results are reported in Table 7 and 8. For the sake of
brevity we only report the estimated insurance coefficients against a permanent shock and
the subjective discount factor associated with the given parametrization.
The first two columns of Table 7 report the results concerning the model with non-zero
initial wealth. Wealth at the beginning of life is assumed to be log-normally distributed with
the mean and standard deviation chosen so as to match the one measured in the PSID for the
age group 20-25. As we can see the insurance coefficients increase with respect to the baseline
case, however the increase is not big, at most 0.04 in the case of an elasticity of inter-temporal
substitution of 1.25 and risk aversion equal to 2. This said the increase is declining to 0.01
when risk aversion grows and the insurance coefficients in the baseline model approach the
empirical level. The interpretation is that starting life with positive wealth allows agents
to be better insured at a point of the life-cycle when wealth would be very low and hence
insurance would be poor, however as risk-aversion increases precautionary savings become
substantial very early in life, giving a small extra value to the inherited wealth.
Next we turn to the model with defined benefit pensions. In order to calibrate pensions
we use data reported in Scholz et al. (2006). The authors report data on median earnings
and on median defined benefit wealth by deciles of the life-time earnings distribution in their
sample from the Health and Retirement Study. Using our average past earnings distribution
at retirement age we similarly partition it into deciles. We then attribute to each cell a
pension benefit such that the ratio of its expected present value at retirement to median
earnings in the model matches the data in the above mentioned paper. This calibration is
clearly a simplification for several reasons. First in partitioning agents at retirement, the
concept of average past earnings although very similar is not exactly the same as that of
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Table 7: Insurance coefficients: Other models - ZBC
W0 > 0
Model BPP

DB pensions
β

Model BPP

β

AR(1) Earnings
Model BPP

β

EIS = 0.5
ra = 2

0.196

0.973

0.194

0.981

0.226

0.970

ra = 5

0.218

0.945

0.221

0.953

0.257

0.941

ra = 10

0.286

0.923

0.292

0.932

0.332

0.916

ra = 15

0.330

0.908

0.333

0.917

0.373

0.899

ra = 20

0.356

0.895

0.360

0.904

0.399

0.886

ra = 2

0.169

0.962

0.172

0.967

0.201

0.960

ra = 5

0.232

0.949

0.233

0.954

0.269

0.945

ra = 10

0.306

0.934

0.314

0.940

0.352

0.929

ra = 15

0.349

0.923

0.356

0.930

0.396

0.917

ra = 20

0.376

0.914

0.383

0.921

0.422

0.908

ra = 2

0.069

0.951

0.072

0.954

0.109

0.950

ra = 5

0.242

0.950

0.248

0.953

0.284

0.948

ra = 10

0.332

0.941

0.342

0.945

0.382

0.937

ra = 15

0.379

0.933

0.385

0.937

0.426

0.929

ra = 20

0.404

0.926

0.413

0.931

0.453

0.922

EIS = 0.8

EIS = 1.25
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present value of earnings.11 Second the only uncertainty about whether an agent will be
assigned a defined pension and its level is related to the unfolding of the earnings realizations
over the life-cycle. In reality agents may cycle through different jobs that may or may not
offer defined benefit pension plans independently of the earnings shock. Our approach
though, beside avoiding the computational burden of adding a further state variable with
potentially as many realizations as there are working years, it allows us to capture the median
replacement ratio for defined benefit pensions and the fact that since these are increasing
in lifetime earnings they tend to undo the insurance element intrinsic to social security.12
As far as the results are concerned, the third and fourth column of Table 7 show that the
insurance coefficients increase and the subjective discount factor increases compared to the
baseline case. The insurance coefficients increase by an amount between 0.02 and 0.045
while the subjective discount factor increases by about 0.005 for all parameterizations. The
intuition is that having defined benefit pensions increases the effective replacement ratios,
especially for agents with higher lifetime earnings, thus reducing the need to accumulate
wealth in mid-life for the retirement age. Given the constraint imposed by matching the
wealth-to-income target this requires an increase in the subjective discount factor. At the
same time it also implies a redistribution of wealth from mid-age to the beginning of the
life-cycle when insurance is poor, increasing the overall coefficient. As in the case of non-zero
initial wealth this effect is smaller for higher values of risk-aversion.
Finally, we consider a case with AR(1) persistent shocks. For the parameters of the
process we follow the estimates of Guvenen (2009) and set the autocorrelation coefficient
to 0.988, the standard deviation of the innovation to 0.015 and the standard deviation
of the temporary shock to 0.061. We retain though the standard deviation of shocks at
the beginning of life of 0.15 of the baseline model. Results are reported in the fifth and
sixth column of Table 7. The insurance coefficients increase by a substantial amount, that
is, about 0.06 compared to the case of permanent shocks. Under this process hence, it
is possible to match the empirical insurance coefficients with risk aversion of about 10
11

The two may differ because of the distribution of shocks over the life-cycle, however the correlation of

the two measures is very high.
12
Based on Scholz et al. (2006) data in fact, our pensions are zero in the bottom three deciles of the
average past earnings distribution and then they show a monotonically increasing replacement ratio in the
remaining ones. For a more detailed modelling of defined benefit pensions one can see Zhou and MacGee
(2014).
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or slightly more when the elasticity of inter-temporal substitution is 0.5 or 0.8, while a
coefficient of risk aversion of less than 10 is sufficient when the elasticity of inter-temporal
substitution is 1.25. The subjective discount factor is in all cases slightly lower than in
the baseline. The interpretation of these results is that under a highly persistent but not
fully permanent process it is easier to insure shocks. This gives the incentive to accumulate
more wealth pushing down the discount factor that is needed to match the wealth-to-income
target.13
Table 8 shows the results in the natural borrowing limit case. For the sake of space
and given their limited value added, we omit those concerning the model with non-zero
initial wealth. The first three columns report the case where the natural borrowing limit
is interacted with defined benefit pension plans. Adding the latter increases the insurance
coefficients against permanent shocks by about 0.015 and increases the subjective discount
factor by about 0.007. By doing this the insurance coefficient for the models with elasticity
of inter-temporal substitution of 0.5 and 0.8 and risk aversion of 10 are about 0.34 and 0.35
respectively, both very close to the empirical value of 0.36. This result is obtained with
values of the subjective discount factor in the region of 0.94.
The last three columns of Table 8 show the results obtained when the earnings process
in Guvenen (2009) is considered jointly with the natural borrowing limit. As it can be
seen, in this case, values of the insurance coefficients of around 0.35, close to the empirical
level, are obtained for risk-aversion coefficients of 5 and all of the three values of the intertemporal elasticity of substitution considered. Given this, for higher values of risk aversion
the empirical insurance coefficient is easily exceeded. While this might suggest that a small
mis-specification in the earnings process can lead the model to generate the same insurance
coefficients as those in the data for low value of risk aversion, looking at the last column
shows that this comes at the cost of having agents resort to debt too frequently: in the cases
of risk aversion of 5 and elasticity of inter-temporal of 0.5 or 0.8, the share of agents with
negative wealth is above 20 percent, well in excess of the empirical value. The intuition is
13

As it was explained in Kaplan and Violante (2010), when shocks are persistent an additional source

of bias is introduced in the estimates of the insurance coefficients. However applying the BPP procedure
to model simulated data introduces the same bias that is introduced in the data if the data are actually
generated by an AR(1) process, hence applying the BPP estimated coefficients to model simulated data
and comparing them to the empirical one is still correct.
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Table 8: Insurance coefficients: Other models - NBC
DB pensions
Model BPP

β

AR(1) Earnings
%W < 0

Model BPP

β

%W < 0

EIS = 0.5
ra = 2

0.271

0.984

0.206

0.329

0.975

0.33

ra = 5

0.288

0.955

0.154

0.340

0.944

0.246

ra = 10

0.339

0.935

0.100

0.397

0.921

0.168

ra = 15

0.368

0.920

0.084

0.425

0.905

0.137

ra = 20

0.395

0.909

0.102

0.451

0.893

0.142

ra = 2

0.264

0.969

0.268

0.319

0.964

0.39

ra = 5

0.296

0.955

0.147

0.347

0.947

0.22

ra = 10

0.348

0.941

0.075

0.404

0.932

0.135

ra = 15

0.387

0.932

0.096

0.450

0.922

0.146

ra = 20

0.417

0.924

0.118

0.476

0.914

0.152

ra = 2

0.213

0.956

0.50

0.259

0.953

0.549

ra = 5

0.309

0.954

0.142

0.356

0.948

0.198

ra = 10

0.374

0.946

0.082

0.429

0.939

0.130

ra = 15

0.417

0.939

0.114

0.477

0.932

0.149

ra = 20

0.448

0.934

0.141

0.508

0.926

0.166

EIS = 0.8

EIS = 1.25
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Figure 2: Life-cycle profiles of wealth.

that shocks that are very persistent are better insurable than fully persistent ones, making
the agents more willing to take on debt to smooth consumption.

4.7

Discussion

The results so far obtained, showed that the flexibility of Epstein-Zin preferences allows
the model to match the average estimated insurance coefficient for permanent shocks with
values of the subjective discount factor that are in line with what is accepted in economics.
The inspection of the mechanism also showed that this is obtained by shifting wealth mainly
from pre-retirement age, when agents are already well-insured, to young age when this is
not the case. Here we want to briefly discuss the plausibility of this mechanism with
respect to two issues, that is, first the extent to which the shape of the wealth profiles that
we obtained under the best Epstein-Zin parameterizations are empirically acceptable and,
second the acceptability of the values of γ and α that we have used in this study.
We start with the first issue that is explored in Figure 2 and Table 9. Figure 2 reports
empirical wealth profiles together with a selection of life-cycle wealth profiles simulated from
different model parameter choices. Simulated profiles are converted to dollar values by rescaling them so that model and data average wealth match. The empirical wealth profiles
26

are based on PSID wealth data obtained by averaging the profiles for the years 1984, 1989
and 1994, all converted to 2000 dollars and removing the top 5 percent observations so that
they reflect the same subset of the population that the model is meant to capture. The
chosen model profiles correspond to the baseline case of expected utility with risk-aversion
equal to 2, a model with Epstein-Zin preferences where the elasticity of inter-temporal
substitution is kept at 0.5 while risk-aversion is raised to 15 and a model where, while
keeping risk aversion to 15, we raise the elasticity of inter-temporal substitution to 1.25.
In all cases the parameterizations considered refer to models with the strict zero borrowing
constraint. As the comparison between the dashed line and the dotted line shows, the
baseline expected utility model substantially underestimates wealth at young ages while
grossly overestimating it in the years prior to retirement. On the other hand, the model
with elasticity of inter-temporal substitution equal to 0.5 and risk aversion equal to 15,
represented by the continuous line, does a good job at following the empirical life-cycle
profile of wealth during working life. Engineering a further transfer of wealth towards
younger ages, in this case by further raising the elasticity of inter-temporal substitution,
leads to a more hunch-backed profile of wealth that in this case slightly overestimates the
empirical pattern at younger ages, as shown by the dashed-dotted line. We remark that
the parametrization of the continuous line corresponds to an insurance coefficient for the
permanent shock of 0.314, already very close to the empirical estimate in BPP, while the
dashed-dotted line represents a parametrization that generates an insurance coefficient of
0.369, even larger than the empirical estimate.
To make this reasoning more precise, in Table 9 we report the minimum squared distance between the model and data life-cycle profiles. The statistics is computed taking into
account wealth during working age only, given that this is the relevant one for the insurance
coefficients. The table shows that for any level of the elasticity of substitution the minimum
value of the minimum squared distance between the model and data wealth is reached for
values of risk aversion of 10 or 15. Looking back at Table 4 and 6, one can see that in
all cases the corresponding insurance coefficients are in the range of 0.3 and above. The
absolute minimum squared distance is reached in the model with debt, elasticity of substitution of 1.25 and risk aversion of 10. The insurance coefficient for permanent shocks in this
parametrization is 0.355, with a subjective discount factor of 0.943 very close to common
values used in macroeconomics. Overall, the above analysis suggests that the parameteri27

Table 9: Data — model wealth squared distances
Risk aversion

2

5

10

15

20

EU

4.49

4.08

1.88

0.90

0.75

Eis = 0.5

4.49

3.78

1.07

0.80

1.35

Eis = 0.8

6.08

3.46

0.80

1.11

1.99

Eis = 1.25

12.09

3.26

0.79

1.96

3.37

Eis = 0.5

7.06

5.07

1.53

0.77

1.11

Eis = 0.8

9.61

4.55

0.89

0.99

1.70

Eis = 1.25

20.86

4.00

0.75

1.78

2.97

EZ - No debt

EZ - Debt

zations allowed by Epstein-Zin preferences improve the ability of the model to explain the
empirically observed insurance coefficients for permanent shocks by redistributing wealth
over the life-cycle in a way that makes the life-cycle profile of wealth of the artificial economy
closer to the one in the data.14
The remaining part of the discussion concerns preference parameters, that is, the coefficient of relative risk aversion and the elasticity of inter-temporal substitution. With respect
to risk aversion, the model can deliver the right amount of insurance against permanent
shocks with values that, depending on the elasticity of inter-temporal substitution range
from 10 to 20. These values are higher than what is normally assumed in macroeconomic
models, but it must be said that the key reason for assuming a low risk aversion is that
a reasonable behavior of macroeconomic quantities hinges upon a relatively high elasticity of inter-temporal substitution which under expected utility is linked to the former by
an inverse relationship. Such a link is not present in the case of Epstein-Zin preferences.
Estimates for risk aversion in an Epstein-Zin setting presented by Vissing-Jørgensen and
Attanasio (2003) suggest that a risk aversion of 10 for the presumably more risk tolerant
stock holders is plausible. If on the other hand one looks at the experimental evidence
14

Clearly, this is only one possibility to increase wealth accumulation in the first part of the life-cycle.

Others might include accumulation for financing down-payment requirements to buy a house or to finance
the children’s college studies. It remains to be seen if under these alternative assumptions the result in
terms of insurance coefficients would go through.
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for example, Barsky et al. (1997) find that about two thirds of their sample shows a risk
aversion coefficient of 15, with the rest of the sample equally split between risk aversions
of 7, 6 and 4. The value of 10 or slightly more that we needed in the case of elasticity of
inter-temporal substitution of 1.25 and 0.8 respectively and the natural borrowing limit is
then reasonable in light of that evidence. With respect to the elasticity of inter-temporal
substitution, microeconomic estimates vary substantially. For example, using British data
Attanasio and Weber (1993) find values between 0.3 and 0.7. It is also true that the values
tend to increase with wealth: for example Vissing-Jørgensen and Attanasio (2003) estimate
an interval ranging from 1 to 1.4 for the population of stockholders, which is wealthier than
average. Some estimates are even higher: Gruber (2013) using data from the CEX finds
a value above 2 although admittedly with large standard errors. Overall then, the values
used here are again within the limits suggested by the available empirical evidence.

4.8

Optimized wealth profiles

In the previous sections we studied the behavior of estimated insurance coefficients as
a function of the elasticity of inter-temporal substitution and risk aversion under several
model specifications. We found that for suitable combinations of the two parameters it
was possible to match the empirically estimated coefficients and that parameterizations
that performed well under the above criterion also generated life-cycle profiles of wealth
that are closer to the empirical ones. In the current section we want to further follow
this line of reasoning and search for the preference parameter combinations that minimize
the distance between model and empirical life-cycle wealth profiles. We then check the
insurance coefficients under these minimum distance parameterizations. More specifically
as a distance criterion we use the minimum square distance of model and data wealth over
the working part of the life-cycle. We make this restriction because shocks are received
during working life, hence it is important to have a precise match of wealth during this
portion of the life-cycle to make statements about the ability of the model to explain the
level of insurance.15 Based on the results obtained thus far we restrict the search on the
interval of risk-aversion coefficients between 5 and 20. We also restrict the elasticity of
15

This restriction is also made in the structural estimates in Gourinchas and Parker (2002) and Cagetti

(2003).
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4.5

Life-cycle wealth distance
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Figure 3: Life-cycle wealth squared distances.

inter-temporal substitution to values between 0.3 and 0.8. The upper bound is so restricted
because higher estimates especially above 1 are generally found for more wealthy individuals
or stock-holders while on the one hand we calibrated the model using data that remove the
top 5 percent wealthiest households and on the other hand we do not have stocks and hence
a distinction between stockholders and non-stockholders. We solve several versions of the
model, that is the baseline, the model with defined benefit pensions and the model that
assumes that the persistent component of model earnings follows an AR(1) process with
the parameters taken from Guvenen (2009). For all of the three versions we present both
results with the zero borrowing constraint and for the model with the natural borrow limit.
We also add an alternative scenario where borrowing is allowed but with a tighter constraint
than the natural borrowing limit.
Before examining the results, Figure 3 reports the minimum squared distance between
model and data wealth over the working life for the baseline model with zero borrowing
constraint for the set of risk aversion and the elasticity of inter-temporal substitution that
were searched over. As it can be seen the distance metrics shows a clear U-shaped pattern
with respect to risk aversion with the minimum distance being reached for values between
10 and 15. Also the minimizing value of risk aversion falls as the elasticity of inter-temporal
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Table 10: Estimated Insurance coefficients: Minimum distance parameters
P-S

T-S

%W < 0

ra

eis

β

0.36

0.95

Baseline

0.30

0.90

0.0

11

0.8

0.933

DB pensions

0.30

0.91

0.0

9

0.8

0.942

AR(1)

0.33

0.89

0.0

9

0.7

0.929

Baseline

0.35

0.91

10.2

12

0.8

0.932

DB pensions

0.34

0.92

7.6

9

0.8

0.944

AR(1)

0.40

0.91

13.4

10

0.8

0.932

Baseline

0.32

0.90

4.2

12

0.8

0.931

DB pensions

0.31

0.91

2.7

9

0.8

0.943

AR(1)

0.35

0.90

4.9

9

0.8

0.932

Data
ZBC

NBC

NBC - rb > rl

substitution increases.
Results for this experiment are shown in Table 10 where for the different versions of
the model we report the estimated permanent and temporary insurance coefficient in the
first and second column respectively, the percentage of agents with negative wealth in the
third column and the values of risk aversion and the elasticity of inter-temporal substitution
that minimize the distance of model and data wealth over working life in the fourth and
fifth columns. Finally, the last column reports the value of the subjective discount factor
that allows each model to match the targeted wealth-to-income ratio of 2.5. What we can
see from Table 10 is that for the baseline model with no borrowing the best fit wealth
profile is obtained for the elasticity of inter-temporal substitution of 0.8 and a risk aversion
coefficient of 11. The estimated coefficient for the permanent shock is 0.30 which is close to
but slightly lower than the empirical value of 0.36. The estimated insurance coefficient for
the temporary shock is 0.9, close to the empirical value. The subjective discount factor that
allows the model to match the wealth-to-income target is 0.933 only slightly lower than
what is used in macroeconomics. When borrowing is allowed in the form of the natural
borrowing limit the estimated insurance coefficients rises to 0.35 which virtually matches
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the empirical value. This is obtained with a slightly larger value of risk aversion of 12.
The increase in the insurance coefficients is directly explained by the fact that when debt
is allowed agents can run wealth into negative territory to insure shocks. This would lower
average wealth holdings early in life compared to the model with no borrowing, hence the
increase in the risk aversion coefficient that is needed to match the wealth profile. The
percentage of agents with negative wealth is 10.2 percent, within the values reported by
Huggett (1996) and cited in previous sections of this work.
Interestingly, when defined benefit pensions are introduced there in no improvement in
the estimated insurance coefficient and in the natural borrowing limit case there is even
a small decrease in the permanent one. The minimizing value of the elasticity of intertemporal substitution remains at 0.8 while that of risk aversion falls to 9 for both the
model with no borrowing and the model with the natural borrowing limit. The subjective
discount factor rises to 0.944. The interpretation is that with defined benefit pensions the
replacement ratio would increase, leading to a higher discount factor to match the average
wealth-to-income ratio. However, this also leads to relatively higher wealth accumulation
early in life. Since the whole profile of wealth is now constrained this requires reducing risk
aversion so as to reduce precautionary savings, which takes places early in the life-cycle, to
compensate. The overall effect on the insurance coefficient against permanent shocks may
then even be negative. This overturns the results of the previous sections where only the
average wealth-to-income ratio was matched.
Finally, in the model that uses the earnings process in Guvenen (2009) the insurance
coefficients against permanent shocks are higher than in the baseline model. In the version
with the tight borrowing constraint it is 0.33 and in the case with the natural borrowing
constraint it is 0.4, even higher than the empirical target. This is consistent with the fact
that shocks that have lower persistence are easier to insure. The values of the elasticity of
inter-temporal substitution that minimize the distance between model and data life-cycle
wealth pattern is 0.8 and 0.7 respectively in the model with and without borrowing, the
latter value being interior to the explored region. The risk aversion coefficients are 9 and
10 respectively and in the case of the model with the natural borrowing limit, the fraction
of agents with negative wealth is 13.4 percent, close to the larger value reported in Huggett
(1996).
The third panel of Table 10 reports the results for a version of the model with an
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alternative borrowing constraint. More specifically in this case borrowing is still allowed
subject to the restriction that the household must be able to repay debt for sure, but it is
assumed that the borrowing rate is higher than the lending rate. This effectively reduces
the maximum amount that can be borrowed and also reduces the incentive to take on debt.
As for the calibration the lending rate is left at the baseline value while the borrowing rate
is set at 8 percent, a value taken from Davis et al. (2006). Not surprisingly the results
are intermediate between the zero and the pure natural borrowing limit. The insurance
coefficient against permanent shocks is 0.32 in the baseline model, 0.31 in the model with
defined benefit pensions and 0.35 in the model with the earnings process estimated by
Guvenen (2009). The insurance coefficients against temporary shocks again hover around
0.9. These results are obtained under a value of the elasticity of substitution of 0.8, like in
the previous cases and values of risk aversion of 12, 9 and 9 also very similar to the values
found in the zero and natural borrowing limit. Also the subjective discount factor turns out
to be very similar to the other specifications of the debt limit. The main difference between
this and the pure natural borrowing limit version of the model concerns the fraction of
agents with negative wealth. In the baseline model and in the model with Guvenen (2009)
earnings process this amounts to 4.2 and 4.9 percent, close to the lower figure provided by
Huggett (1996). In the model with defined benefit pensions it is only 2.7 percent hence below
the lower empirical figure. It must be said though that the choice of the borrowing rate
can be considered as an extreme case given that the figures reported in Davis et al. (2006)
refer only to unsecured borrowing, while in the data households have access to collateralized
borrowing through home equity lines which is in general cheaper.
Taken together the results in this section suggest that given the empirically observed
pattern of wealth accumulation over working life, a standard incomplete market model is
consistent with the estimates of insurance coefficients provided in Blundell et al. (2008):
the model with the zero borrowing constraint can explain 83 percent of the consumption
smoothing observed in the data, while the model with the natural borrowing limit can
explain up to 97.3 percent. A model where agents must repay debt for sure but with a
substantially higher borrowing cost would still allow the model to match 90 percent of the
empirically observed consumption smoothing. This is obtained with values of risk aversion
and the elasticity of inter-temporal substitution that are in line with experimental and
empirical evidence and, when debt is allowed, with a percentage of agents having negative
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wealth that is also consistent with the data.

5

Conclusions
In the current paper we have constructed a life-cycle version of the SIM model that is the

workhorse of current heterogeneous agents macroeconomics. We have modified the standard
version to adopt Epstein-Zin preferences and used it to explore its predictions with respect
to the insurance coefficients proposed by Blundell et al. (2008). We have shown that the
higher flexibility allowed by the preferences adopted here allows the model to bridge the
gap between the insurance coefficients for permanent shocks produced by the model under
standard expected utility, as described in Kaplan and Violante (2010), and the data. At
the same time, the model is able to make the insurance coefficients flatter with respect to
age although in this case the gap is not fully closed. This result is obtained with preference
parameters that are within the limit of the empirical and experimental literature. Moreover,
the associated life-cycle wealth profiles are more in line with the empirical ones than those
generated by the baseline model. Indeed in the natural borrowing limit case over 97 percent
of observed insurance can be explained with the parametrization of the model that best
matches the profile of wealth accumulation over the working life. This suggests that the
failure of the baseline model with standard expected utility to match the empirical insurance
coefficient for permanent shocks mainly reflects its under-prediction of wealth accumulation
early in the working-life.

References
Attanasio, O. P. and Davis, S. J. (1996). Relative Wage Movements and the Distribution of Consumption. Journal of Political Economy, 104 (6), 1227–1262.
Attanasio, O. P. and Weber, G. (1993). Consumption Growth, the Interest Rate and
Aggregation. Review of Economic Studies, 60 (3), 631–649.
Barsky, R. B., Juster, F. T., Kimball, M. S. and Shapiro, M. D. (1997). Preference
Parameters and Behavioral Heterogeneity: An Experimental Approach in the Health and
Retirement Study. Quarterly Journal of Economics, 112 (2), 537–579.
34

Blundell, R., Pistaferri, L. and Preston, I. (2008). Consumption Inequality and
Partial Insurance. American Economic Review, 98 (5), 1887–1921.
Blundell, R., Pistaferri, L. and Saporta-Eksten, I. (2016). Consumption Inequality and Family Labor Supply. American Economic Review, 106 (2), 387–435.
Bosworth, B. and Anders, S. (2008). Saving and Wealth Accumulation in the PSID,
1984-2005. Working Paper 2, Center for Retirement Research (Boston College).
Cagetti, M. (2003). Wealth Accumulation Over the Life Cycle and Precautionary Savings.
Journal of Business and Economic Statistics, 21 (3), 339–353.
Cerletti, E. and Pijoan-Mas, J. (2012). Durable Goods, Borrowing Constraints and
Consumption Insurance. Discussion Paper DP9035, Centre for Economic Policy Research.
Cocco, J. F., Gomes, F. J. and Maenhout, P. J. (2005). Consumption and Portfolio
Choice over the Life Cycle. The Review of Financial Studies, 18 (2), 491–533.
Davis, S.J., Kubler, F. and Willen, P. (2008). Borrowing Costs and the Demand for
Equity over the Life-Cycle. The Review of Economics and Statistics , 88 (2), 348–362.
Dynarski, S. and Gruber, J. (1997). Can Families Smooth Variable Earnings? Brookings
Papers on Economic Activity, 1997 (1), 229–303.
Gourinchas, P.-O. and Parker, J. A. (2002). Consumption Over the Life Cycle. Econometrica, 70 (1), 47–89.
Gouveia, M. and Strauss, R. P. (1994). Effective Federal Individual Income Tax Functions: An Exploratory Empirical Analysis. National Tax Journal, pp. 317–339.
Gruber, J. (2013). A Tax-Based Estimate of the Elasticity of Intertemporal Substitution.
Quarterly Journal of Finance, 03 (1).
Guvenen, F. (2009). An Empirical Investigation of Labor Income Processes. Review of
Economic Dynamics, 12, 58–79.
Hryshko, D. and Manovskii, I. (2017). How Much Consumption Insurance in the U.S.?,
unpublished manuscript.

35

Huggett, M. (1996). Wealth Distribution in Life-cycle Economies. Journal of Monetary
Economics, 38 (3), 469–494.
Kaplan, G. and Violante, G. L. (2010). How Much Consumption Insurance beyond
Self-Insurance? American Economic Journal: Macroeconomics, 2 (4), 53–87.
Karahan, F. and Ozkan, S. (2013). On the Persistence of Income Shocks over the Life
Cycle: Evidence, Theory and Implications. Review of Economic Dynamics, 16 (3), 452–
476.
Krueger, D. and Perri, F. (2006). Does Income Inequality Lead to Consumption Inequality? Evidence and Theory. Review of Economic Studies, 73 (1), 163–193.
Scholz, J. K., Seshadri, A. and Khitatraku, S. (2006). Are Americans Saving “Optimally” for Retirement?. Journal of Political Economy, 114 (4), 607–643.
Vissing-Jørgensen, A. and Attanasio, O. P. (2003). Stock-Market Participation, Intertemporal Substitution, and Risk-Aversion. American Economic Review, 93 (2), 383–
391.
Wu, C. and Krueger, D. (2018). How Much Consumption Insurance in Bewley Models with Endogenous Family Labor Supply?. Working Paper 24472, National Bureau of
Economic Research.
Zhou, J. and MacGee, J. (2014). Private Pensions, Retirement Wealth and Lifetime
Earnings. 2014 Meeting Papers 181, Society for Economic Dynamics.

36

Latest CeRP Working Papers
N° 186/18

Claudio Campanale
Marcello Sartarelli

Life-cycle Wealth Accumulation and Consumption
Insurance

N° 185/18

Flavia Coda Moscarola
Adriaan Kalwij

How informal education affects the financial literacy of
primary school children developed in a formal
educational program

N° 184/18

Dario Sansone

Pink Work. Same-Sex Marriage, Employment and
Discrimination

N° 183/18

Matteo Migheli

Land Ownership and Informal Credit in Rural Vietnam

N° 182/18

Amparo Nagore García
Mariacristina Rossi
Arthur van Soest

Labour Market Decisions of the Self-Employed in the
Netherlands at the Statutory Retirement Age

N° 181/18

Nikola Altiparmakov

Another look at Causes and Consequences of Pension
Privatization Reform Reversals in Eastern Europe

N° 180/18

Elsa Fornero
Noemi Oggero
Riccardo Puglisi

Information and Financial Literacy for a Socially
Sustainable NDC Pension System

N° 179/18

Alessandro Milazzo
Elena Vigna

The Italian Pension Gap: a Stochastic Optimal Control
Approach

N° 178/18

Dora Gambardella
Maria Cristina Rossi
Riccardo Salomone

Social finance as a public policy instrument

N° 177/18

Mariacristina Rossi
Dario Sansone
Arthur van Soest
Costanza Torricelli

Household Preferences For Socially Responsible
Investments

N° 176/18

Elsa Fornero
Mariacristina Rossi
Cesira Urzì Brancati

Information and perceptions on pensions. The case of
the 2011 Italian reform

N° 175/18

Claudio Morana
Giacomo Sbrana

Some financial implications of global warming: An
empirical assessment

N° 174/17

Elsa Fornero
Mariacristina Rossi
Serena Trucchi

Retirement Rigidities and the Gap between Effective
and Desired Labour Supply by Older Workers

N° 173/17

Annamaria Lusardi
Olivia S. Mitchell
Noemi Oggero

Debt and Financial Vulnerability on the Verge of
Retirement

N° 172/17

Giovanni Gallo
Costanza Torricelli
Arthur van Soest

Individual Heterogeneity and Pension Choices: How to
Communicate an Effective Message?

N° 171/17

Elsa Fornero
Anna Lo Prete

Voting in the aftermath of a pension reform: the role of
economic-financial literacy

N° 170/17

Ewa Gałecka-Burdziak
Marek Góra

How unemployed workers behave prior to retirement?
A multi-state multiple-spell approach

The full series is available at: http://www.cerp.carloalberto.org/category/publications/working-papers/

