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An excellent example of how to write an abstract
• Question: This paper estimates a structural model of optimal

life-cycle consumption expenditure in the presence of realistic
labor income uncertainty

• Methodology: We employ synthetic cohort techniques and
Consumer Expenditure data to construct average age-profiles
of consumption and income over the working lives of typical
households across different education and occupation groups
• Findings: The model fits the profiles quite well. In addition

to providing reasonable estimates of the discount rate and risk
aversion, we find that consumer behavior changes strikingly
over the life cycle. Young consumers behave as buffer-stock
agents. Around age 40, the typical household begins
accumulating liquid assets for retirement and its behavior
mimics more closely that of a certainty equivalent consumer.
Our methodology provides a natural decomposition of saving
and wealth into its precautionary and life-cycle components.
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Also an excellent example of how to write an introduction

• What does this paper do?

• Why does the paper do what it does? Brief literature
motivation and big picture

• How does this paper conduct the analysis?

• What are this paper’s contributions?

• The mechanics of how the findings work and the paper’s
key findings

• How does the relates to and builds on the previous
literature?

• Paper sectioning to give the reader a road map to the
paper
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Dynamic stochastic model of life-cycle saving behavior

• Quantitative life cycle model that focuses on the working
period

• Households face an exogenous, stochastic labor income
process

• Estimates structural preference parameters using Method of
Simulated Moments

• Characterizes optimal behavior
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Key contributions

• First structural estimation of consumption functions that
incorporates precautionary savings

• Characterization of the implied precautionary and life cycle
savings over the life cycle and consumption function
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How is this done?

1. Construct profiles across working lives for different groups of
households (by education and occupation), CEX data
• Average total consumption
• Income

2. Estimate labor income uncertainty, PSID data

3. Use 1. and 2. to estimate stochastic life-cycle model of
consumer behavior
• Solve numerically for policy functions, and aggregate to

generate a simulated life-cycle profile for many values of key
parameters

• Match simulated profile to its empirical counterparts to
estimate parameters (MSM)
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Forces at play

• When
• Expected income growth
• Household’s discount rate
• Are HIGH compared to the interest rate ⇒ Consumers behave

as buffer-stock agents. They wish to borrow from the future
but save a bit to self-insure against shocks

• When
• Expected income growth
• Household’s discount rate
• Are LOW compared to the interest rate ⇒ Consumers behave

almost as in the certainty equivalent, life-cycle hypothesis
(CEQ-LCH) model
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Forces at play

• Heterogeneity in savings by age because income growth
changes by age

• Households behave as buffer stock when young

• Households behave ad CEQ-LCH as retirement nears

• The relative shapes of consumption and income profiles reveal
the role for precautionary and retirement savings in liquid
assets.
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Findings

• Fitted model matches
• Correlation between consumption and income at young ages
• General concavity of the consumption profile observed in data

• The average household has
• A discount rate of 4.0-4.5%
• A coefficient of risk aversion between 0.5 and 1.4
• Marginal propensity to consume out of liquid assets at

retirement is 6-7% (reasonable)
• Marginal propensity to consume out of illiquid wealth is zero

(unreasonable)
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More findings

• Use model to assess determinants of wealth accumulation
• Wealth is accumulated early in life for precautionary reasons
• Households over 40 instead save mostly for retirement and

bequests

• The importance of precautionary motive early in life implies
• Between 60 and 70% of non-pension wealth is due to

precautionary wealth
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Model: main structure

E
[ N∑
t=1

βtu(Ct ,Zt) + βN+1VN+1(WN+1)
]

• Ct total consumption at age t

• Zt vector of deterministic household characteristics

• Wt total financial wealth

• VN+1 value to the consumer of assets left at time of death

• T ,N exogenous and fixed. No mortality until final period

• N periods of life, work for T periods. Retired for N − T
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Model: Preferences

Utility function

u(C ,Z ) = v(Z )
C 1−ρ

1− ρ
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Model: Preferences

Certain income: consumer chooses consumption path such that

Ct

Ct+1
=

(
βR

v(Zt+1)

v(Zt)

)( 1
ρ
)

• If v(Zt+1) = v(Zt)
• ⇒ Consumption growth rate is constant and independent on

the income profile

• Varying v(Zt) the growth rate of consumption may change,
for instance with family size
• Individual earnings uncertainty

• ⇒ Households hold liquid wealth for self-insurance
• ⇒ Increases the slope of the consumption profile
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Income
• Income at age t, Yt : permanent and transitory components:

Yt =

{
PtUt , t = 1, 2, . . . ,T
0, t = T + 1, . . . ,N

}

• Permanent component Pt : age-adjusted random walk:

Pt =

{
GtPt−1Nt , t = 1, 2, . . . ,T ,
PT , t = T + 1, . . . ,N

}
Gt = deterministic growth

Nt = permanent shock, i.i.d., log (Nt) ∼ N(0, σ2n)

• Transitory component ut is an i.i.d. process with catastrophes:

Ut = 0, with probability p > 0

∼ log (Ut) ∼ N(0, σ2u), with probability (1− p)
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Wealth, illiquid assets

• Model one liquid asset, Wt

• There is an illiquid asset that accumulates exogenously and is
available after retirement

• Illiquid (pension) wealth, HT+1, accumulates as

HT+1 = hPT+1 = hPT

and cannot be borrowed against
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Wealth, liquid assets
• Liquid wealth, Wt , follows standard asset dynamics:

Wt+1 = R(Wt + Yt − Ct)

• Terminal condition for assets

WN+1 ≥ 0

• But for any t ≤ T :
• ∃ a non-zero probability that Yt = Yt+1 = . . . = YT = 0.
• Illiquid wealth is not available
• Because preferences obey the Inada conditions, consumer will

never borrow against future income. By backward induction ⇒
Wt > 0

• Self-imposed borrowing constraint because of possible zero
earnings
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Model notes

• Innovations to “permanent component”: as permanent as
remaining length of working life
⇒ Propensity to consume out of “permanent” shocks varies
with age

• Consumers never borrow against future labor income.
Precautionary motive acts as a self-imposed borrowing
constraint

• Not so, if earnings uncertainty is eliminated
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Model, more assumptions

Age variations in v(Zt):

• Homogeneous across households age t

• Deterministic

• Comes from family size, which affects utility from
consumption

18 / 59
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Model: Retirement

• Use Bellman’s optimality principle to avoid modeling
retirement

• Impose exogenous retirement value function summarizing
consumer’s problem at retirement
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Model: COH

Define cash on hand
Xt+1 = R(Xt − Ct) + Yt+1 = Wt+1 + Yt+1

20 / 59
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Model: Recursive problem

Vt(Xt ,Pt) =


max

0≤Ct≤Xt

{
υ(Zt)

1

1− ρ
C 1−ρ
t +

βEt [Vt+1(R(Xt − Ct) + Yt+1,Pt+1)]

} t ≤ T

κυ(Zt)
1

1− ρ
[Xt + Ht ]

1−ρ t = T + 1

,

subject to

Xt+1 = R(Xt − Ct) + Yt+1, XT+1 ≥ 0

Yt = Pt Ut

Pt = Gt Pt−1Nt

21 / 59
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Note on VT+1 (retirement time)
• Assume retiree’s expected utility

VT+1(WT+1) = max
{Ct}NT+1

N−T∑
j=1

βj−1ST+1 (j)
1

1− ρ
C 1−ρ
T+j

s.t. Wt+1 = R(Wt − Ct)

WT+1 given

ST+1 (j) = (ΠT+j
k=1 sk)/(ΠT+1

k=1 sk) : cond. surv. prob.

• FOC

C−ρT+j = βR
ST+1 (j + 1)

ST+1 (j)
C−ρT+j+1 ⇒

CT+j+1

CT+j
= [βRsT+j+1]1/ρ

⇒ CT+j =
[
(βR)j−1 ST+1 (j)

]1/ρ
CT+1
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Note on VT+1 (cont.)
• Retiree’s present value budget constraint

WT+1 =
N−T∑
j=1

1

R j−1CT+j

=
N−T∑
j=1

1

R j−1

[
(βR)j−1 ST+1 (j)

]1/ρ
CT+1

≡ Λ−1CT+1

VT+1(WT+1)

=
N−T∑
j=1

βj−1ST+1 (j)
1

1− ρ

([
(βR)j−1 ST+1 (j)

]1/ρ
ΛWT+1

)1−ρ

≡ Γ
1

1− ρ
W 1−ρ

T+1

23 / 59



Intro Findings preview Model Estimation Results Cagetti Conclusions

Note on VT+1 (cont.)
• Retiree’s present value budget constraint

WT+1 =
N−T∑
j=1

1

R j−1CT+j

=
N−T∑
j=1

1

R j−1

[
(βR)j−1 ST+1 (j)

]1/ρ
CT+1

≡ Λ−1CT+1

VT+1(WT+1)

=
N−T∑
j=1

βj−1ST+1 (j)
1

1− ρ

([
(βR)j−1 ST+1 (j)

]1/ρ
ΛWT+1

)1−ρ

≡ Γ
1

1− ρ
W 1−ρ

T+1

23 / 59



Intro Findings preview Model Estimation Results Cagetti Conclusions

Normalization
• Problem is homogeneous of degree 1− ρ
• Normalize by Pt , to simplify:

xt ≡
Xt

Pt
; ct ≡

Ct

Pt

• Rewrite the asset accumulation equation as

Xt+1 = R(Xt − Ct) + Yt+1

= Pt+1

[
R

Pt

Pt+1

(
Xt − Ct

Pt

)
+ ut+1

]
⇒ xt+1 =

R

Gt+1Nt+1
(xt − ct) + ut+1 (1)

xT+1 = R(xT − cT ) (2)

• Eq. (2) used PT+1 = PT , uT+1 ≡ 0
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Euler Equations
• For periods 1, 2, . . .T − 1, the first-order conditions are

C−ρt = βR
υ (Zt+1)

υ (Zt)
Et

(
C−ρt+1

)
⇒ c−ρt = βRG−ρt+1

υ (Zt+1)

υ (Zt)
Et

(
c−ρt+1N

−ρ
t+1

)
(3)

• With PT+1 = PT , the Euler equation for period T is

c−ρT = max

{
x−ρT , βR

υ (ZT+1)

υ (ZT )
c−ρT+1

}
(4)

Because the worker might be liquidity constrained
• The solution to the retiree’s problem is

CT+1 = ΛWT+1 = Λ(hPT+1 + XT+1)

⇒ cT+1 = γ0 + γ1xT+1

γ0 = Λh; γ1 = Λ
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Euler Equations

Euler equation for t < T

u′(ct(xt)) = βRE
[v(Zt+1)

v(Zt)
u′(ct+1(xt+1)Gt+1Nt+1)

]
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Numerical Solution

Goal: find the set of decision rules {ct(xt)}T+1
t=1

1. Begin at age T + 1: cT+1(xT+1) = γ0 + γ1xT+1

2. Move to age T : Insert cT+1(xT+1) and equation (2) into
RHS of equation (4) to get cT (xT )

3. Move to age T − 1: Insert cT (xT ) and equation (1) into
RHS of equation (5) to get cT−1(xT−1)

4. Repeat step 3 until t = 1
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Estimation: MSM

• Given all model parameters, solve numerically for
age-dependent optimal consumption rules

• For given consumption rules, numerically simulate associated
expected consumption as a function of age only

• Minimize distance between simulated and empirical
consumption profiles
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Estimation

• si ,t ≡ (xi ,t ,Pi ,t)

• Postulate DGP for each age t:

log Ci ,t = log Ct(si ,t ;ψ) + εi ,t

εi ,t = measurement error in consumption levels

• Goal: estimate ψ and make inference on consumption behavior

• Individual-level consumption data contaminated by
measurement error
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Estimation

• Observe average log consumption at each age:

log C̄t ≡
1

It

It∑
i=1

log Ci ,t

• It number of observations at age t
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Estimation

• Study unconditional expectation of consumption at each age:

log Ct(ψ) ≡ E
{
log Ct(st ;ψ)|ψ

}
=

∫
log Ct(s;ψ)dFt(s;ψ)

(5)
Ft(s;ψ) : unconditional cumulative distribution at age t of
• Normalized cash on hand
• Permanent component of income
• Note: it depends on ψ
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Estimation

Define

• ψ0 = true parameter vector

• log Ci = {log Ci ,t}Tt=1

• ζt(log Ci ;ψ) = log Ci ,t − logCt(ψ)

• ζ(log Ci , ψ) ∈ RT , with t−th as above

Estimate model using following moment conditions:

E
[
ζ(log Ci ;ψ0)

]
= 0
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Method of Simulated Moments
• Get initial distributions of Xs0 and Ps0 from unbiased sources.
• Simulate life histories and calculate

lnC IS
t =

1

IS

IS∑
s=1

lnCt(Xst ,Pst ;ψ)

where I is the number of observations in the data and S is the
number of simulations per observation

• The moment vector ζ (lnCi ;ψ) is

ζ (lnCi ;ψ) =


ln(Ci1)− lnC IS

1

ln(Ci2)− lnC IS
2

...
ln(CiT )− lnC IS

T


• Estimate ψ by trying to set 1

I

∑
i ζ
(

lnCi ; ψ̂
)

= 0
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Estimation

Difficult to estimate all of ψ in one step
⇒ Two-stage estimation procedure

• Partition ψ in two subsets, θ and χ

• First stage: estimate χ using additional data

• Second stage: E [µ(χ)] = 0, get ⇒ χ̂
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MSM

• Generate (Ut+1,Nt+1): L households, T periods

• Start from F1(s1), θ, and χ̂

• Solve the consumer problem and simulate unconditional
expectations

log Ĉt(θ, χ̂) =
1

L

L∑
l=1

log Ct(ŝl ,t , θ, χ̂)

• Compute

ζ̂t(log Ci ; θ, χ̂) = log Ci ,t − log Ĉt(θ; χ̂)
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MSM

Estimation: make simulated empirical moments as close as possible
to theoretical values using sample averages

gt(θ; χ̂) =
1

It

It∑
i=1

ζ̂t(log Ci ,t ; θ, χ̂)

=
1

It

It∑
i=1

log Ci ,t − log Ĉt(θ, χ̂)

= log C̄t − logĈt(θ, χ̂)
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MSM

Second-stage estimation: MSM that minimizes over θ:

g(θ; χ̂)′W g(θ; χ̂)

g(θ; χ̂) = (g1, ...., gT )′,
W weighting matrix
If W = It , est. proc. is equivalent to minimizing sum of squared
residuals:

S(θ; χ̂) =
T∑
t=1

(log c̄t − log Ĉt(θ; χ̂))2
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First-stage parameters

• Estimate
• R = real interest rate on tax-free bonds = 1.0334
• Variance of income shocks (from PSID): σ2

lnN = 2.1%;
σ2
ln u = 4.4%

• p = probability of catastrophe = 0.3% per year
• Initial distribution of assets and permanent income (from CEX)

• Account for variance of these parameters in the standard
errors of the second-stage parameters
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Profiles estimation, what do we need?

Estimate profiles using household level data

• Average consumption age-profile {C̄t}65t=26

• Average income profile {Ȳt}65t=26

• ⇒ Expected income growth {Gt}65t=26

• Profile for typical shifts in marginal utility {v(Zt)}65t=26
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Cleaning the data

• Data reflect several features not incorporated in the model
• Idiosyncratic demographic variation
• Time (e.g., business cycle) effects

• Cohort effects

• Cohort bias (Shorrocks, 1975)
• Older people were born in earlier years
• Because of economic growth, people born in earlier years have

less lifetime income
• Therefore, older people will be observed to consume less and

have lower assets in part because they were born earlier
• This biases our estimates of life-cycle effects

• Remove all these effects by “cleaning” the data
• Illustrate for consumption
• Also construct cleaned estimates of {Gt}t
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Cleaning the data, rewrite Euler equation

ηi ,t+1 ≡
Et

(
C−ρt+1

)
C ρi ,t+1

C−ρit = βR
υ (Zi ,t+1)

υ (Zi ,t)
C−ρi ,t+1ηi ,t+1

Cit = (βR)t/ρ
(
υ (Zi ,t)

υ (Zi ,0)

)1/ρ (∏t

j=1
η
1/ρ
i ,j

)
Ci0 (6)
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Cleaning the data, note

• First term: effect of family size variation btw age 26 and t

• Second term: drift in marginal utility (function of interest
rate, discount factor, and intertemporal elasticity of subs).

• Third term: uncertainty and precautionary savings, and age

• Fourth term: initial variation in COH at age 26
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Cleaning the Data, what else is in the observed data?

• Measurement error (assumed classical and to enter
multiplicatively)

• Business cycle (assumed to enter multiplicatively)

• Cohort effects (assume time shifts profiles in a parallel
fashion+initial conditions)

• Take logs of previous equation + add measurement error,
heterogeneity in initial conditions, and time effects get linear
regression to estimate
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Cleaning the Data (cont.)
• Let τ denote calendar time. Estimate equation (6) from the

CEX:

ln(Ciτ ) = π̂1fiτ + π̂2bi + π̂3aiτ + π̂4Uiτ + π̂5retiτ + ξ̂iτ

fiτ = vector of family size dummies

bi = vector of cohort (birth-year) dummies

aiτ = vector of age dummies

Uiτ = regional unemployment rate (time effects)

retiτ = retirement dummy

ξiτ = residual

• Cleaned data for workers:

ln(Ĉit) = π̂1f̄t + π̂2b̄ + π̂3at + π̂4U + ξ̂iτ
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Profiles estimation, how to?

• Cleaned data for workers:

ln(Ĉit) = π̂1f̄t + π̂2b̄ + π̂3at + π̂4U + ξ̂iτ .

• Average these data across households to get average
age-profiles to be matched

• π̂1f̄t also provides υ(Zt)
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Profiles estimation, how to?

• Similarly, construct profiles for income and typical family size

• Smooth profiles using polynomials in age and year of birth
instead of dummies

• Smoothed profiles for income and family size are used as
inputs of the model
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Estimates CONSUMPTION OVER THE LIFE CYCLE 71

 TABLE III

 STRUCTURAL ESTIMATION RESULTS

 RREXVW OSWLPDO
 MSM EVWLPDWLRQ WHLJKWLQJ WHLJKWLQJ

 DLVFRXQW FDFWRU (,() 0.9598 0.9569

 S.E.(A) (0.0101)

 S.E.(B) (0.0179) (0.0150)
 DLVFRXQW RDWH (,31- 1)(%) 4.188 4.507
 S.E.(A) (1.098)

 S.E.(B) (1.949) (1.641)
 RLVN AYHUVLRQ (S) 0.5140 1.3969

 S.E.(A) (0.1690)

 S.E.(B) (0.1707) (0.1137)

 RHWLUHPHQW RXOH:

 YO 0.0015 5.68 10-6
 S.E.(A) (3.84)

 S.E.(B) (3.85) (16.49)
 YL 0.0710 0.0613
 S.E.(A) (0.1215)

 S.E.(B) (0.1244) (0.0511)
 [ 2 (A) 175.25
 [2(B) 174.10 185.67

 NRWH: MSM HVWLPDWLRQ IRU HQWLUH JURXS. SWDQGDUG HUURUV FDOFXODWHG ZLWKRXW
 (A) DQG ZLWK (B) FRUUHFWLRQ IRU ILUVW VWDJH HVWLPDWLRQ. CHOO VL]H LV 36,691 KRXVH-
 KROGV. TKH ODVW URZ UHSRUWV D WHVW RI WKH RYHULGHLLWLI\LQJ UHVWULFWLRQV GLVWULEXWHG
 DV D CKL-VTXDUHG ZLWK 36 GHJUHHV RI IUHHGRP. TKH FULWLFDO YDOXH DW 5% LV 50.71.

 EIILFLHQW HVWLPDWHV DUH FDOFXODWHG ZLWK D ZHLJKWLQJ PDWUL[ Q FRPSXWHG. IURP
 WKH UREXVW HVWLPDWHV.

 EXW LQFUHDVHV FRPSDUHG WR WKH 2-VWHS YDULDQFH HVWLPDWH (B). TKHUH LV D JURZLQJ
 OLWHUDWXUH WKDW TXHVWLRQV WKH VPDOO-VDPSOH YDOLGLW\ RI RSWLPDO ZHLJKWLQJ GXH WR

 WKH FRUUHODWLRQ EHWZHHQ SDUDPHWHU XQFHUWDLQW\ DQG WKH ZHLJKWLQJ PDWUL[. OSWL-
 PDO ZHLJKWLQJ FDQ EH PRUH HIILFLHQW; LW FDQ DOVR EH PRUH ELDVHG. TKXV ZH UHSRUW
 ERWK.

 TKH LQWHUWHPSRUDO HODVWLFLW\ RI VXEVWLWXWLRQ LV HVWLPDWHG TXLWH WLJKWO\, DQG LV

 WKH VROH SDUDPHWHU HVWLPDWH WKDW GHSHQGV VLJQLILFDQWO\ RQ WKH ZHLJKWLQJ PDWUL[
 HPSOR\HG. TKH HVWLPDWHG UHWLUHPHQW UXOH VXJJHVWV D PDUJLQDO SURSHQVLW\ WR FRQ-

 VXPH RXW RI ZHDOWK DW UHWLUHPHQW (\O) EHWZHHQ 6 DQG 7 SHUFHQW, DOVR TXLWH UHD-
 VRQDEOH. FRU LQVWDQFH, LQ WKH FDVH RI IXOO FHUWDLQW\ DIWHU UHWLUHPHQW DQG QR FKDQJH
 LQ WKH XWLOLW\ VKLIWHU, WKH PDUJLQDO SURSHQVLW\ WR FRQVXPH LV JLYHQ E\

 (1 R1/ 01/ -1)/(1 - = 7.05 SHUFHQW,

 JLYHQ RXU HVWLPDWHV RI /3, S, DQG R DQG VHWWLQJ GHDWK DW DJH 88. TKXV WKH HVWLPDWH
 LV YHU\ PXFK LQ OLQH ZLWK VLPSOH SUHGLFWLRQV RI WKH PRGHO.

 FLQDOO\, XQGHU RXU DVVXPSWLRQV, WKH UDWLR YR/YL SURYLGHV DQ HVWLPDWH RI WKH
 UDWLR RI LOOLTXLG ZHDOWK WR WKH SHUPDQHQW FRPSRQHQW RI LQFRPH DW UHWLUHPHQW. TKH
 SRLQW HVWLPDWH LV H[WUHPHO\ VPDOO, DURXQG 2%. TKH ILUVW WKLQJ WR QRWH LV WKDW WKLV

 UDWLR LV LPSUHFLVHO\ HVWLPDWHG DQG ZH FDQQRW UHMHFW PRUH UHDVRQDEOH YDOXHV. AQ
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Results

• Parameter estimates and model fit
• β̂ = 0.96, tightly identified
• ρ ∈ {0.5, 1.4}
• Model fails overidentification test
• γ1 = MPC out of retirement wealth = 7%; imprecisely

estimated
• γ0 ≈ 0⇒ pension wealth small relative to PI and/or low MPC

out of pension wealth; not reasonable
• Model overstates wealth at ages 55-64: 9×income in model,

7.4 × in data. Consistent with low γ0
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Consumption policy functions 56 P.-O. GOURINCHAS AND J. A. PARKER

 FRQVXPSWLRQ PDQHO A: P = 0.960, S = 0.514, \ = 0.071, \ = 0.001

 1.2 - AJH=26 ,__= -L

 1.0 - AJH 45

 0.8-

 0 6 / aaaaaaaaaaaaAJH -55 0.6-

 0.4-

 0.2 /

 0.5 1 1.5 2 2.5

 PDQHO B: I=0.960, S =0.514, \1 =0.077, \0 =0.594

 1.2 -

 1.0

 0.8-

 0.6-

 0.4-

 0.2-

 0.5 1 1.5 2 2.5
 NRUPDOL]HG FDVK-RQ-KDQG

 FIGURE 1.-A WDOH RI WZR KRXVHKROGV.

 DJH 66 FKDUDFWHUL]HG E\ \R = 0.001, 7\ = 0.071. TKHVH SDUDPHWHU YDOXHV DUH WKRVH
 RI RXU EDVHOLQH HVWLPDWHV.15 II G DQG Z DUH FRQVWDQW, WKH ILQLWH KRUL]RQ SUREOHP

 ZRXOG FRQYHUJH WR WKH LQILQLWH KRUL]RQ RQH, DV ZH PRYH IXUWKHU DZD\ IURP UHWLUH-

 PHQW. CRQVXPSWLRQ LV DOZD\V SRVLWLYH, LQFUHDVLQJ, DQG FRQFDYH LQ FDVK RQ KDQG.

 EDUO\ LQ OLIH, KRXVHKROGV H[KLELW 'EXIIHU VWRFN' EHKDYLRU: IRU ORZ OHYHOV RI FDVK

 RQ KDQG, W\SLFDOO\ OHVV WKDQ WKH SHUPDQHQW FRPSRQHQW RI WKHLU LQFRPH ([ < 1),
 KRXVHKROGV FRQVXPH PRVW, EXW QHYHU DOO, RI WKHLU ILQDQFLDO ZHDOWK, DQG PRYH WR

 WKH QH[W SHULRG ZLWK D YHU\ ORZ OHYHO RI OLTXLG DVVHWV. AW KLJK OHYHOV RI FDVK RQ

 KDQG, WKH SUHFDXWLRQDU\ PRWLYH LV VPDOO DQG KRXVHKROGV FRQVXPH PRUH WKDQ WKH

 LQFRPH WKH\ H[SHFW WR UHFHLYH (ZKLFK HTXDOV 1) DQG VR UXQ GRZQ WKHLU DVVHWV. AV

 ZH GLVFXVV ODWHU, RXU EDVHOLQH UHWLUHPHQW FRQVXPSWLRQ UXOH LPSOLHV HLWKHU OLWWOH

 LOOLTXLG ZHDOWK RU D ORZ SURSHQVLW\ WR FRQVXPH IURP LW. TKXV DV KRXVHKROGV DJH,
 WKH\ PXVW VDYH IRU UHWLUHPHQW: FRQVXPSWLRQ UXOHV GHFOLQH DQG KRXVHKROGV DFFX-

 PXODWH VLJQLILFDQW DPRXQWV RI OLTXLG ZHDOWK.

 15 OWKHU UHOHYDQW SDUDPHWHUV DUH ,3 = 0.960, S = 0.514, R = 1.0344, W\SLFDO LQFRPH XQFHUWDLQW\, IDP-
 LO\ VL]H, DQG H[SHFWHG LQFRPH SURILOH, DV GLVFXVVHG LQ SHFWLRQV 4 DQG 5.
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Consumption policy functions

• At various ages, for a typical household working from age 25
to 65, for given consumption rule after retirement

• Consumption is increasing and concave in COH

• Expected permanent component of income = 1
• Young: “buffer stock”.

• At low levels of COH (x < 1): consume most, but not all,
financial wealth and save little

• At high levels of COH: precautionary motive is small, ⇒
consume more they expect to receive (1) and run down liquid
assets

• Old: Save for retirement
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Decision Rules

• As people age, switch from buffer stock to life-cycle saving.
• Young have high values of Gt , lifetime wealth mostly in future

earnings.
• Old have low values of Gt , lifetime wealth mostly in assets.

• Decision rules depend on retirement parameter γ0.
• Reflects pension wealth and Marginal Propensity to Consume

(MPC) from it.
• Higher value of γ0 ⇒ more consumption upon retirement ⇒

more consumption while working.
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Model and data
 72 P.-O. GOURINCHAS AND J. A. PARKER

 TKRXVDQGV PDQHO A: BDVHOLQH EVWLPDWLRQ

 RI 1987 GROODUV I = 0.960, S = 0.514, \1 = 0.071, \= 0.001
 28

 26

 24-

 25 30 35 40 45 50 55 60 65

 PDQHO B: VDULRXV ,B

 28 - R \

 24 '

 20 0

 000 aaaaaaa00

 20 F R 0 ILWWHG F RQ0 0

 18 -NIFRH000

 16 I3 O97

 25 30 35 40 45 50 55 60 65

 DOWHUQDWLYH LQWHUSUHWDWLRQ IRU D ORZ PYR LV WKDW KRXVHKROGV KDYH D ORZ SURSHQVLW\
 WR FRQVXPH RXW RI LOOLTXLG ZHDOWK DW UHWLUHPHQW.34

 IW VKRXOG EH QRWHG WKDW ERWK HVWLPDWLRQ PHWKRGV UHMHFW WKH RYHULGHQWLI\LQJ

 UHVWULFWLRQV DW WKH 5%R OHYHO. TKH 95%R FULWLFDO YDOXH IRU D X2(36) LV 50.71 DQG WKH
 FKL-VTXDUH DOZD\V H[FHHGV 150. TKLV LV QRW HQWLUHO\ VXUSULVLQJ, JLYHQ WKH QXPEHU

 RI PRPHQWV ZH XVH (40) DQG WKH IHZ SDUDPHWHUV RI WKH PRGHO. TKH HVWLPDWHG

 PRGHO VKRXOG VWLOO EH WDNHQ VHULRXVO\ KRZHYHU. AV ZH QRZ GLVFXVV, WKH PRGHO

 GRHV PXFK EHWWHU LQ DQ HFRQRPLF VHQVH WKDQ WKH CEQ-LCH PRGHO ZLWK ZKLFK

 WKLV VHFWLRQ EHJLQV.

 WLWK RXU HVWLPDWHV LQ KDQG, ZH FDQ DGGUHVV KRZ ZHOO WKH VWRFKDVWLF PRGHO ILWV

 WKH OLIH-F\FOH FRQVXPSWLRQ SURILOH. TKH ILUVW SDQHO RI FLJXUH 5 SORWV WKH VLPXODWHG

 DQG DFWXDO FRQVXPSWLRQ GDWD DORQJ ZLWK WKH LQFRPH SURILOH. TKH VWRFKDVWLF OLIH-
 F\FOH PRGHO GRHV D PXFK EHWWHU MRE DW ILWWLQJ WKH FRQVXPSWLRQ SURILOH WKDQ WKH

 FRQVXPSWLRQ SURILOH ZLWK FRQVWDQW JURZWK UDWH RI (1/S) OQ(/3R) WKDW ZRXOG REWDLQ
 XQGHU WKH FHUWDLQW\-HTXLYDOHQW. TKH FRQVXPSWLRQ SURILOH IURP WKH ILWWHG PRGHO

 34 FRU LQVWDQFH, LI WKH UDWLR RI LOOLTXLG ZHDOWK WR SHUPDQHQW LQFRPH, K, ZHUH HTXDO WR 6, WKH PDUJLQDO
 SURSHQVLW\ WR FRQVXPH RXW RI LOOLTXLG ZHDOWK ZRXOG EH D PHUH 0.35%R.
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Saving motives

• Use model to predict saving in no-risk environment ≡
life-cycle saving

• Split total saving between life-cycle and buffer stock saving
(the remainder)

• Results show that consumers switch from buffer stock to
CEQ-LCH saving around age 40
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Life cycle and precautionary saving

 CONSUMPTION OVER THE LIFE CYCLE 75

 OLIH-F\FOH FRQVXPSWLRQ:

 SIC W(W 1 - W )/R = (R - 1)/RWWF + YWL CL-W

 PUHFDXWLRQDU\ VDYLQJ LV WKH FRPSOHPHQW RI OLIH-F\FOH VDYLQJ.

 TKH ILUVW SDQHO RI FLJXUH 7 SORWV WKH SUHFDXWLRQDU\ DQG OLIH-F\FOH OLTXLG VDYLQJ

 RI WKH DYHUDJH KRXVHKROG. GLYHQ WKH HVWLPDWHG GLVFRXQW UDWH DQG WKH SURILOH RI

 H[SHFWHG LQFRPH, \RXQJ FRQVXPHUV IDFLQJ QR LQFRPH ULVN ZRXOG OLNH WR ERUURZ

 ODUJH DPRXQWV, VR OLIH-F\FOH VDYLQJ LV QHJDWLYH HDUO\ LQ OLIH. YRXQJ KRXVHKROGV LQ

 IDFW KROG D SRVLWLYH EXIIHU VWRFN RI ZHDOWK LQ UHVSRQVH WR LQFRPH ULVN, VR WKDW SUH-

 FDXWLRQDU\ VDYLQJ LV SRVLWLYH HDUO\ LQ OLIH. IQ WKH HDUO\ WR PLG IRUWLHV, LQ DFFRUGDQFH

 ZLWK RXU SUHYLRXV GLVFXVVLRQ, OLIH-F\FOH VDYLQJ EHFRPHV ODUJHU WKDQ SUHFDXWLRQDU\

 VDYLQJ. HRXVHKROGV EHJLQ WR EXLOG WKHLU OLTXLG ZHDOWK IRU UHWLUHPHQW SXUSRVHV. AV

 DVVHW OHYHOV LQFUHDVH, WKH H[SHFWHG YDULDQFH RI FRQVXPSWLRQ GHFOLQHV, GHFUHDVLQJ

 WKH SUHFDXWLRQDU\ VDYLQJ PRWLYH. SLQFH KRXVHKROGV WKDW IDFH LQFRPH XQFHUWDLQW\

 VDYH PRUH HDUO\ LQ OLIH GXH WR ULVN, WKH\ DUH DEOH WR FRQVXPH PRUH DQG VDYH OHVV

 ZKHQ ROGHU, OHDGLQJ WR QHJDWLYH SUHFDXWLRQDU\ VDYLQJ ODWH LQ OLIH. TKLV GLVFXVVLRQ

 TKRXVDQGV
 RI 1987 GROODUV PDQHO A: LLIH C\FOH DQG BXIIHU SDYLQJ

 30

 20 LLIH C\FOH SDYLQJ

 10 ,

 -10 _ _ a BXIIHU SDYLQJ

 -20
 25 30 35 40 45 50 55 60 65

 PDQHO B: LLIH C\FOH DQG BXIIHU WHDOWK

 400 I

 300 TRWDO WHDOWK /

 200

 BXIIHU WHDOWK ,'

 100

 - - - aaLLIH C\FOH WHDOWK
 -100 _ ___ I I I

 25 30 35 40 45 50 55 60 65
 AJH

 FIGURE 7.-TKH UROH RI ULVN LQ VDYLQJ DQG ZHDOWK DFFXPXODWLRQ.
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Related work: Cagetti, 2001 and 2003

Differences in approach compared to G-P 2002

• Model both working period and retirement period explicitly
(no terminal ad-hoc condition)

• Allow for uncertain lifetimes

• People receive inheritances (as in data and as function of their
state variables)

• Explicit modeling of a bequest motive

• Instead of average consumption, match mean or median
wealth by age

• PSID and SCF data
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Cagetti, 2003. Identification of β and γ
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Cagetti, 2003

Differences in results
• More sensible results for patience across education groups

(match medians, PSID data)
• No high school: β = 0.948, γ = 2.74
• High school: β = 0.952, γ = 3.27
• College graduates: β = 0.989, γ = 4.26

• Higher risk aversion and less patience than G-P ⇒ Low
elasticity of savings to interest rate
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Cagetti, 2001: Elasticity of saving to interest rate fixing σ
(choosing β to match median net worth at retirement)

Risk aversion
Education 1 2 3

No high school 1.96 0.31 0.13
High school 1.18 0.19 0.07
College 1.31 0.26 0.10

• For similar assets at retirement, elasticity of savings to the
interest rate is decreasing in γ
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Final comments on GP 2002 and Cagetti 2003

• Match both consumption and wealth. What are the trade offs
and how do they contribute to identification?

• Model labor supply but more general wage processes

• Role of medical expenses and health shocks?

• Home production
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