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This Paper

I use individuals’ consumption-savings decisions to learn about
the uninsurable labor-income risks

I build a life-cycle consumptionsavings model with constant
relative risk aversion (CRRA) utility, potentially binding
borrowing constraints, partial insurance, and a realistic
retirement pension system

I the slopes of individuals labor income profiles (i.e., their
income growth rates) vary in the population but that
individuals have imperfect information about their own growth
rates. Each individual enters the labor market with a prior
belief about his own growth rate and then updates his beliefs
over time in a Bayesian fashion.



Methodology: indirect inference

I indirect inference focuses instead on the parameters of an
auxiliary model that plays the role of a reduced form for the
structural model

I use an auxiliary model that approximates the joint dynamics
of income and consumption implied by the structural
consumption-savings model



Main Conclusion

I the amount of uninsurable income risk perceived by
individuals upon entering the labor market is substantially
smaller than what is typically assumed in calibrated
incomplete markets models



Related Literature

I uses panel data to study the transmission of income shocks to
consumption when markets are incomplete. Important
examples include Hall and Mishkin (1982) and, more recently,
Blundell, Pistaferri, and Preston (2008), Kauffmann and
Pistaferri (2009), Krueger and Perri (2009), Kaplan and
Violante (2010), and Heathcote, Storesletten, and Violante
(2014).

I Guvenen (2007), HIP Model vs RIP Model

I Gourinchas and Parker (2002), who estimate a life-cycle
consumption-savings model using the method of simulated
moments.



Labor Income Process

I log labor income

yit = g(t, observables, ...)︸ ︷︷ ︸
common life-cycle component

+ [αi + βit]︸ ︷︷ ︸
profile heterogeneity

+ [zit + εit]︸ ︷︷ ︸
stochastic component

where zit = ρzit−1 + ηit



Time 0: Prior Beliefs and Variance

I The income growth rate is given by βi = βik + βiu, implying
σ2β = σ2βk + σ2βu

I Then the prior mean is β̂i1|0 = βik, and the prior variance is

σ2β,0 = σ2βu
I define

λ =
σ2β,0
σ2β

which represents uncertainty
I When λ = 1, individuals do not have any private prior

information about their income growth rate.
I When λ = 0, i is revealed completely at time zero



Updating Beliefs Over the Life Cycle

I The state equation describes the evolution of the vector of
state variables[

βi

zit+1

]
︸ ︷︷ ︸

Si
t+1

=

[
1 0
0 ρ

]
︸ ︷︷ ︸

F

[
βi

zit

]
︸ ︷︷ ︸

Si
t

+

[
0

ηit+1

]
︸ ︷︷ ︸

vit+1

I log income net of the fixed effect

ỹit = yit − αi =
[
t 1

] [ βi
zit

]
= H ′tS

i
t + εit

I Each individuals prior belief over (βi, zi1): mean
Ŝi1|0 = (β̂i1|0, ẑ

i
1|0) and covariance matrix

P1|0 =

[
σ2β,0 0

0 σ2z,0

]



Updating Beliefs Over the Life Cycle

I the perceived innovation to (log) income

ξ̂it = ỹit − Et−1(ỹit) = ỹit − (β̂it|t−1t+ ẑit|t−1)

I The recursive Kalman updating formulas are given by

Ŝit = Ŝit|t−1 +Kt × ξ̂it

Pt = (I −KtH
′
t)× Pt|t−1

I next periods log income (net of i) is normally distributed as

ỹit|Ŝit ∼ N(H ′tŜ
i
t|t−1, H

′
tPt|t−1Ht + σ2ε)



a stylized life-cycle model

I a simpler form of the income process

Y i
t = αi + βit+ zit

where the income level (instead of its logarithm) is linear in
the underlying components, and we set εit = 0

I the consumption-savings problem can be written as

V i
t (ωit, β̂

i
t, ẑ

i
t)

= max
Ci

t ,a
i
t+1

{
−(Cit − C∗)2 +

1

1 + r
Et[V

i
t+1(ω

i
t+1, β̂

i
t+1, ẑ

i
t+1)]

}
s.t. Cit + ait+1 = ωit

ωit = (1 + r)ait + Y disp,i
t



Partial Insurance

I It seems plausible to assume that the informal risk-sharing
mechanisms available in the society (which allow partial
insurance) are subject to the same informational constraints
faced by the individuals themselves

I we specify disposable income as

Y disp,i
t = Y i

t − θξ̂it



HIP vs RIP

I HIP: without any further restrictions imposed, the framework
has a heterogeneous-income-profiles (HIP; following Guvenen
(2007)) process with Bayesian learning about individual
income slopes

I RIP: when σβ = 0, in which case there is no heterogeneity in
profiles and no Bayesian learning



Information in Consumption Growth

I abstract from partial insurance by setting θ = 0,

I optimal consumption choice satisfies

∆Cit = ϕt

[
T−t∑
s=0

γs(Et − Et−1)Y i
t+s

]

I yields a key structural equation in this framework

∆Cit = Πt × ξ̂it

I by setting σβ = 0, the resulting (RIP) model implies

∆Cit = Ψt × ηit



EXAMPLE 1: Consumption Growth Depends Negatively
on Past Income Growth



PROPOSITION 1: Information in Consumption Growth

I define ∆C
i
t = E(∆Cit |βi,∆Y i

t )
I Controlling for current income growth, consumption growth

will, on average, be a decreasing function of an individuals βi:
∂∆C

i
t

∂βi < 0 for all t

I the relationship becomes stronger as λ rises:
∂2∆C

i
t

∂βi∂λ < 0 for all
t

I the response of consumption growth to income growth

becomes stronger as λ increases:
∂2∆C

i
t

∂∆Y i
t ∂λ

< 0



Information in Consumption Levels

I The consumption decision rule

Cit = ϕtω
i
t + rΦt+1β̂

i
t + rρΨt+1ẑ

i
t



EXAMPLE 2: Past Income Growth Affects Current
Consumption Level



EXAMPLE 3: Dependence of Consumption Level on
Future Income Growth Reveals Prior Information



Reintroducing Partial Insurance

I With partial insurance, optimal consumption growth is given
by

∆Cit = (Πt − θϕt)× ξ̂it



Partial Insurance versus Advance Information

I consider a two-period model with quadratic utility, no time
discounting, no borrowing constraints, and a zero net interest
rate,

max
C1,C2

[−(C1 − C∗)2 − E(C2 − C∗)2]

s.t. C1 + C2 = Y1 + Y disp
2

I model advance information: Suppose that at time 1, the
individual receives a signal about his future income,

EAI(Y2) = (1− α)Y2 + αY1

I When α = 1, there is no advance information, and when
α = 0, the signal is fully revealing,



Partial Insurance versus Advance Information

I disposable income is given by

Y disp
2 = Y2 − θ(Y2 − EAI(Y2))

= (1− θ)Y2 + θEAI(Y2)

= Y2 − αθ(Y1 − Y2)



Partial Insurance versus Advance Information

I Optimal consumption choices can be shown to be

C1 =
(1 + α)Y1 + (1− α)Y2

2

C2 =

[
1

2
− α(

1

2
− θ)

]
Y1 +

[
1

2
+ α(

1

2
− θ)

]
Y2

I compute the consumption change:

C2 − C1 = α(1− θ)(Y2 − Y1)



dynamic program

I the dynamic program is

V i
t (ωit, β̂

i
t, ẑ

i
t;α

i)

= max
Ci

t ,a
i
t+1

{
(Cit)

1−φ

1− φ
+ δt+1Et[V

i
t+1(ω

i
t+1, β̂

i
t+1, ẑ

i
t+1;α

i)]

}
s.t. Cit + ait+1 = ωit

ωit = (1 + r)ait + Y disp,i
t

at+1 > at, and Kalman recursions



dynamic program

I Partial Insurance: disposable income as

Y disp,i
t = Y i

t − θξ̂it = (1− θ)yit + θEt−1(y
i
t)

I The level of disposable income is

Y disp,i
t = Y + exp(ydisp,it )

I Borrowing Constraints

at = Y

[
R−t∑
τ=1

(ψγ)τ + ψR−t+1
T−t∑

τ=R−t+1

γτ

]



Retirement Period

I During retirement

V i
t (ωit;Y ) = max

Ci
t ,a

i
t+1

{
(Cit)

1−φ

1− φ
+ δt+1V

i
t+1(ω

i
t+1;Y )

}
s.t. Y i = Y (Y i

R;Y )

I Social Security System



Constructing a Panel of Imputed Consumption

I The Panel Study of Income Dynamics (PSID) has a long
panel dimension but covers limited categories of consumption
expenditures, whereas the Consumer Expenditure Survey (CE)
has detailed expenditures over a short period of time (four
quarters)

I Blundell, Pistaferri, and Preston (2008) developed a structural
method that imputes consumption expenditures for PSID
households using information from the CE survey



FigureS1: Constructing a Panel of (Imputed) Consumption



FigureS2: Constructing a Panel of (Imputed) Consumption



FigureS3: Constructing a Panel of (Imputed) Consumption



Identifying Risk Aversion and Borrowing Constraints

I suppose that the income process is the sum of a permanent
and a transitory shock, which implies ∆Yt = ηt + ∆εt

I Here, it can be shown that ∆Ct = ηt + ϕt∆εt

I These two equations can be jointly used to estimate the ratio
of shock variances (σ2η/σ

2
ε)

∆Ct = π ×∆Yt + error, where π =
1 + ϕt(σ

2
ε/σ

2
η)

1 + 2(σ2ε/σ
2
η)



the example



A Parsimonious and Feasible Auxiliary Model

I an auxiliary model is following equation

ct =a′Xc,t + εct

=a0 + a1yt−1 + a2yt−2 + a3yt+1 + a4yt+2

+ a5y1,t−3 + a6yt+3,R + a7∆y1,t−3 + +a8∆yt+3,R

+ a9ct−1 + a10ct−2 + a11ct+1 + a12ct+2 + εct

I add a second equation

yt =b′Xy,t + εyt

=b0 + b1yt−1 + b2yt−2 + b3yt+1 + b4yt+2

+ b5y1,t−3 + b6yt+3,R + b7∆y1,t−3 + +b8∆yt+3,R + εyt



Empirical Preliminaries

I Working life is R = 41 years, and the retirement duration is 15
years (T = 80). an interest rate of r ≈ 5.26%. The income
floor, Y, is set to 5% of average income in this economy

I fix φ at 2 and estimate δ

I Measurement Error

yi,∗t = yit + ui,yt

ci,∗t = cit + ui,c + ui,ct

I Matching the Wealth-to-Income Ratio



Missing Observations

I For missing values of regressors, we simply use values that are
constructed or filled in using a reasonable procedure.

I a strength of the indirect inference method is that the
particular filling-in method is not critical for the estimation as
long as the same procedure is applied consistently to real and
simulated data



TableS1: A Monte Carlo Study



TableS2: A Monte Carlo Study



Structural Parameters

I The parameter estimates are reported in Table1.

I using only the income regression, reported in column 4.

I Partial Insurance: An Alternative Specification:

ydisp,it = yit − θẑit

Column 2 in Table1 reports the results from this specification

I Self-Insurance Model: Shutting Down Partial Insurance.
Restricting θ = 0. Column 3 of Table1 reports the results.



Table1



Table1



Model-Data Comparison: Life-Cycle Profiles of Income and
Consumption

I Figure 5 plots the variance of log income and consumption
using our PSID estimation sample

I Figure 6 plots the average life-cycle profile of consumption

I Figure 7 plots the forecast variance of predicted log income at
different horizons



Figure5



Figure6



Figure7



Inspecting the Response of Consumption to Income

I Figure 8 plots six figures in two columns. Each column
corresponds to a different household and plots (from top to
bottom) the simulated paths of income, annual consumption
growth, and wealth over the life cycle. Household 1 has a
fairly high income.



Figure8



Figure8



Figure8



Inspecting the Auxiliary Model

I Table II displays the 50 coefficients of interest for the
benchmark model (44 regression coefficients and 6 elements
of the covariance matrix)

I the estimated structural model matches several very
significant coefficients of the auxiliary model quite well, but
also falls short in matching the coefficients on lagged and
future consumption



Table2



Robustness

I an alternative method for filling in missing observations

I considering a higher income floor Y

I a lower interest rate

I fixing (rather than estimating) the borrowing constraints

I using all data available up to age 65



TableS3: Robustness



TableS4: Robustness



Conclusions

I The joint dynamics of consumption and labor income contain
rich information about the economic environment that
individuals inhabit

I We have studied how such information can be extracted from
choice data to shed light on different aspects of lifetime
income risk



Conclusions

I the estimation method we use is general enough to
accommodate a variety of other static or intertemporal
decisions. Economic decisions that involve large fixed costs
(and, hence, are made infrequently, such as fertility choice,
house purchases, etc.) are likely to be especially
forward-looking and, therefore, are useful for inferring the
nature and amount of risk
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