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This Online Appendix provides additional details regarding estimation. We first define
notation for a general version of our model with an ARM A(1, q) process for transitory shocks.
We then define moments used in estimation and provide details for our minimum distance

estimator.

1 General Model for Residuals

Assuming an ARM A(1, q) process for transitory shocks, we can write the model as:

Wi = w(0;) + Kkig + vis
Kit = Kig—1+ Ni¢
q
Vig = pPVig-1+ &+ Z Bji&it—;

j=1

where Elu:(0;)] = Elnit) = F[&] = 0 for all t.
Let ¢; reflect the cohort (i.e. year of birth) for individual ¢, so individual ¢ is a;; =t — ¢;

years old in year .



Assuming individuals do not receive any shocks prior to age 20, we write:

ai,t—20
KRit = Z Nit—j
j=0
ai,t—QO
Vig = Z Vi&it—j
j=0
where
1 for j =0
V=948 +py for1<j<gq
PYj-1 for j > g¢.

Individuals older than 20 years old in the initial sample period (1970) are left-censored.
We assume the distributions of permanent (7;) and transitory shocks (&) prior to 1970 are
identical to those in 1970.

Unknown parameters in the model to be estimated include p (in models with an au-
toregressive process), {5;}i_1, {1(-)} 7220970, and various moments of 6 and {n, &}7257. In
general, we are only able to identify and estimate distributional parameters for (1, &) up
through 2002 for reasons discussed in Section 2 of the paper and due to biennial observa-
tions. Since we do not have any earnings data in odd-numbered years after 1996, we assume

moments for 7; and & in those missing years are the midpoint between adjacent years.

2 Calculating Model Moments

Define 3 age groups {30,31,...,38,39}, {40,41,...,48,49}, and {50, 51,...,58,59} indexed
by A. If 1:(60;), ki, and v;; are all independent of each other, all moments of W;; can be
written as the sum of the moments for each component.! Second moments for all period ¢,

age group A, and lag length £ are
EW, Wii—klair € Al = Elpe(0:) p—r(0:)] + Elkiski—k|air € Al. + Elvisvii—i|ais € A

The maximum lag length is reached when t — &£ = 1970 or the youngest cohort in each age

group is 30 years old in year ¢ — k. Similarly, third moments for all period ¢, age group A,

ILater, we consider the case where the distribution of 7;,+ depends on §;. In this case, there are interaction
terms between p;(6;) and K, .



and lag lengths k and [ are

EW, Wi iWiilair € A = Elpe(0:) pe—i(0:) pro—i—1(0:)] + Elkithir—rkit—k—i|air € A

+EVi1Vit—kVig—k—1]air € Al

The maximum lag length is reached when ¢t — £ — [ = 1970 or the youngest cohort in each
age group is 30 years old in year t — k — (.

Altogether, our residual observations from 1970 to 2008 (annual observations through
1996, biennial thereafter) in the PSID generate 783 second moments and 5,718 third moments
for all years, age groups, and lag lengths.

To simplify notation, the individual subscript ¢ will be omitted throughout the rest of

this appendix. We next consider each set of moments corresponding to 1u(+), k¢, and 7.

2.1 Moments of j;(0)

We approximate 1;(6) by a polynomial of degree p:

p
/,Lt(e) = Z md7t9d.
d=0

Empirically, we use p = 1 or 3. The normalization E[u.(¢#)] = 0 implies the following
restriction: mo, = — > 5_, ma . F[0%).

When 14(0) is linear in 0, we only need to know the variance of ¢ in order to calculate the
second moments of y;(0). However, when p > 1, we need to know higher moments of 6 as

well. In this case, we assume 6 is a mixture of two normal random variables with E[f] = 0.

(i md,t9d> (Zp: md/,t—kzedl> ]
d=0 4/=0

p p
= Z Z md,tmd’,tka[QCHdl]?

d=0 d’'=0

Second moments of ,(0) are

E[Mt(e)ﬂt—k(e)} = E

and third moments are

p p p
E ut(e)utfkw)utfkfz(@)] = Z Z Z M Marg—kMar 4 B[0TI

d=0 d'=0d"=0



2.2 Permanent Component

Permanent shocks are accumulated with age, so we calculate the moments of the permanent
component for each age and take average for each age group in each year. Consider the
second moments:

E[fitlﬁlt,dat € A:| = Z Prob(at\t, A)E[/‘itﬁlt,k‘at],

at€A

where the sample age distribution (within each age group) in each year is used and £ [K;t/ﬁt,k\at} =

B[k} il = Z?;_UQO_]“ oy, ;- Third moments are calculated analogously.

2.3 Transitory Component

Transitory shocks are also serially correlated, so we have the following second moments:

E[Vtyt_k|at € A} = Z Prob(at|t,A)E[Vtut_k|at],
at€A
where the sample age distribution in each year is used, E [vvy_i|a;] = Z?’;—Om_k 717j+k02t_k_1

and of, = E[¢7]. Third moments are calculated analogously.

2.4 Heteroskedasticity in Permanent Shocks

We relax the assumption that 7, and 6 are independent by allowing the following form of

heteroskedasticity:
ne = 0(0)Gt

where E[(;] =0, E[¢?] =1, 04(f) > 0, and 04(6) is approximated by a polynomial of degree
D,:

DO’
0) = 540"
d=0

Empirically, we consider D, = 1.

Second moments for permanent shocks are now given by

a+—20—k
Bla@r @] = S El(ors5(6))?]
j=0
where
Dy Do
E|(o+( = 0a,r0u - E[04T].
d=0 d'=0

4



Third moments for the permanent component are

at—20—k

E[ke(0)ri-(O) st (Ola] = Y E[(at_k_l_j(g))?’] o

Jj=0
where

Dy Dy Dgs
E [(UT(G))S} = Z Z Z 5d,75d/77—(5d//’7—E[9d+d/+d//].

d=0 d'=0 d'=0
Unlike the case with full independence between 6 and x;, third moments for residuals

include the following three interaction terms:

E[Mt(e)/ﬁlt_k<9)lft_k_l(9)|6Lt} = F

m<e>{ 3 <at_k_z_j<e>>2}]

= Y B[O @)
Bls@m @i @le] = Y B[u@(oriii@)]
Blw@)s s Omca@le] = Y Bluia®(oes6)7]

where

B[m(®(o )] = 323" masdn b o),

d=0 d’'=0d"=0
3 Minimum Distance Estimation

There are i = 1,..., N individuals with ¢ = 1,...,T periods of data. Let W, be the vector
of earnings residuals for individual ¢ and W be the matrix of residuals for all individuals:
Wi
W, = N W:[W1 WN]
Wir
We estimate the model by choosing the parameters that minimize the distance between

the moments implied by the model and the corresponding moments from the data. For each

moment m = 1, ..., M, there are N,,, non-missing observations. The sample moment is given
by
1 I
gm(W) = N—m ; Si,m(WZ)7



" moment from individual i’s earnings residual vector. For

where s;,,(W;) returns the m’
example, if the first moment is the variance of W; , then s; (W) = I/Vfl

Given a parameter vector A, we can calculate M theoretical moments f(X). Let g(W;, A)
be the distance between the theoretical moments and the sample moments for individual 4

and g(W, A) be the average of g(W;, A) across individuals:

si1 (W) — fi(A) 51 (W) — f1i(A)

g(Wm)‘) = ) Q(W7>‘) =

sint (W) — far(N) sa(W) — far(N)

Then, for the true parameter vector Ay, the following moment condition holds:

We use the minimum distance estimator \ that solves

A = argmin {NQ(W, A Ing(W, )\)},
A

Ny M) Thus, moments are weighted by the number of observations

where In = diag (W""? ~

used to compute that moment.

3.1 Calculating Standard Errors

Under standard regularity conditions,?

AB X
VN = Xo) A N(O, Avar(X)),
where

Avar(\) =(G'G) 'G'QG(G'G) ™!
dg(W i, X) ‘ ]

)N A=Xo
Q=E[g(W;, A)g(Wi,Xo)].

G-r|

A consistent estimator of Avar(A) is Avar(A) = (G'G)"'G'GQG(G'G)~!, where

dgWi, N _ 9f(N)

G=—oN s~ 0N

N
~ 1 N ~
d Q=<3 gW,Ag(W, ).
’)\:5\ an Nilg( i AgWi, A)

2In estimating the asymptotic variance for 5\, we also assume I'n converges in probability to the identity
matrix.



