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A B S T R A C T

R ecen t research  ha s d o c u m e n te d  a  rise  in the vo la tility  o f  in d iv id u a l la b or  

earn ing s in the U nited  S ta tes sin ce  1970. E xisting  m easures o f  th is trend  a bstrac t 

fr o m  w ith in-g ro up  la te n t he terogeneity , e ffe c tive ly  est im a tin g  an  in crease in 

avera ge vo la tility  f o r  ob servable groups. We deco m p ose  th is a verage  an d  f in d  no  

sys tem a tic  rise  in  vola tility  f o r  the va st m ajo rity  o f  ind ividuals. Increasing  a verage  

vola tility  ha s been  driven  a lm o st en tirely  by rising  earn in gs vola tility  o f  those  

with the m o st vo la tile  earn ings, iden tified ex  an te  b y large p a s t earn ing s changes. 

We characterize  dyn am ics  o f  the vola tility  d is tribu tion  w ith a  no np ara m etr ic  

B a yesian  stochas tic  vola tility  m o del fr o m  Jensen  a n d  Shore (2011).

I. Introduction

A large lite ra tu re  uses su rvey  data  to  argue that labo r earn in gs v o la til 

i ty — the expecta tion  o f  squared  ind ividual earn in gs changes — has increased su bstan 

tially since the 1970s in the U nited  S ta tes .1 T hese  papers typ ically  conclude that volatil-

1. D y n an , E lm en d o rf, and  S ichel (2 007) p rov ide  an e x ce llen t su rvey  o f  resea rch  on  th is  su b jec t in th e ir  Table

2 , in c lu d in g  G o ttsc h a lk  and  M offitt (1 994); M o ffit and  G o ttsc h a lk  (2011); D a ly  and  D uncan  (1 997); D ynar- 

ski and  G ru b e r  (1 997); C a m e ro n  and  T racy  (1 9 9 8 ); H a id e r (2 001); H y slo p  (2 001); G o ttsc h a lk  and  M offitt 

(2 0 0 2 ); B a tc h e ld e r (2 003); H ack e r (2 006); C o m in  and  R ab in  (2 009); G o ttsc h a lk  and  M offitt (2 006); H ertz  

(2 0 0 6 ); W in sh ip  (2 0 0 7 ); B o llin g er, G o n z a le z , and  Z ilia k  (2 0 0 9 ); B a n ia  and  L ee te  (2 0 0 7 ); A lto n ji, S m ith , 

and  V idangos (2 009); S ab e lh au s and  S ong  (2 010); D eB ack er e t a l. (2 012). See a lso  Shin  and  S o lon  (2011).

S h a n e  Je n se n  is  an  a sso c ia te  p ro fe sso r  a t  th e  W ha rto n  S ch o o l, s tjen se n @ w h a r to n .u p e n n .e d u . S te p h en  S h ore  

is an  a sso c ia te  p ro fe sso r  a t  G e or g ia  S ta te  U niversity , ssh o re @ g s u .e d u . The a u th o rs  th a n k  C h ris to p h er  

C a rro ll, Jo n  F a u st , R o b e r t M offitt, a n d  D yla n  S m a ll f o r  h e lp fu l co m m e n ts , a s  w e ll  a s  se m in a r  p a r tic ip a n ts  

a t  th e U n iver sity  o f  P e n n sy lv a n ia  P o p u la tio n  S tu d ie s  C enter, the  W ha rto n  Sc h o o l, D a r tm o u th  C o lleg e,  

C e rg y -P o n to ise  U n iversity , U nive rs ity  o f  O slo , U n iver sity  o f  Tou lou se, th e  2 0 0 8  S o c ie ty  o f  L a b o r  E co n o m is ts  

A n n u a l M e e tin g , th e  2 0 0 8  S e m in a r  on  B a yes ia n  In fe re n ce  in E c o n o m e tr ic s  a n d  S ta tist ic s , th e 2 0 0 8  N o rth  

A m e ric a n  A n n u a l M e e tin g  o f  the  E c o n o m e tr ic  So ciety , th e  2 0 0 8  A n n u a l M e e tin g  o f  th e S o c ie ty  f o r  E co n o m ic  

D y n a m ic s , the 2 0 0 9  F o u n d a tio n  d u  R is q u e  co n fe ren ce , a n d  th e 2 0 0 9  E u ro pe a n S u m m e r  S ym p o s iu m  in L a 

b o u r  E co n o m ics . T h e y  th a n k  A n k ita  S r iv a s ta va  f o r  e x c e lle n t rese a rch  a ss is ta n ce . The d a ta  u se d  in  th is a r tic le  
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ity increased in the 1980s and either remained at this level through 2004 (Gottschalk 

and Moffitt 2009) or increased through the early 1990s (Shin and Solon 2011; Dynan, 

Elmendorf, and Sichel 2012; Ziliak, Hardy, and Bollinger 2011).2 By contrast, research 

using U.S. administrative data has typically found that volatility has been constant since 

the mid-1980s (Dahl, DeLeire, and Schwabish 2011; Sabelhaus and Song 2009).

Variation in earnings volatility across individuals has also been studied. Most papers 

on this topic examine heterogeneity based on observables or heterogeneity linked to 

cross-group differences (for exam ple, comparing men and women, young and old). 

C ross-group differences in volatility trends are considered as well. For exam ple, 

Ziliak, Hardy, and Bollinger (2011) find that rising family earnings volatility was 

driven by increasing volatility for husbands while womens’ earnings volatility fell.3

To date, research on earnings volatility trends has generally ignored latent (within- 

group) individual heterogeneity, effectively estimating an increase in average volatil

ity, either the average for the population at large or the average for a demographic 

group.4 Most research on heterogeneity and earnings dynamics trends has considered 

cross-group differences for observable groups (for example, gender or age). In this 

paper, we study latent heterogeneity since volatility levels and trends may not be the 

same for all individuals with the same demographics. We decompose this increase in 

the average and find that it is far from representative of the experience of most people: 

There has been no systematic increase in volatility for the vast majority of individuals. 

The increase in average volatility has been driven almost entirely by a sharp increase 

in the earnings volatility of those individuals with the most volatile earnings. Further

more, we find that these individuals with high — and increasing —volatility are more 

likely to be self-employed and more likely to self-identify as risk-tolerant.

Our key finding in PSID survey data —that increased average volatility can be ex 

plained by increased volatility among the most volatile — may help to reconcile the 

divergence of trends in average volatility as measured in survey and administrative 

sources. The high volatility individuals — whom we find to have increasing volatility 

in survey data — may be captured differently in administrative data. This minority 

of individuals may have earnings that they report to be increasingly volatile but that 

administrative data do not show to be volatile. This volatile group is more likely to 

be self-employed and risk-tolerant; this is exactly the group for which perceptions of 

earnings and earning swings may diverge from administrative data.

Our main finding is apparent in simple summary statistics from the PSID. For ex 

ample, divide the sample into cohorts, comparing the minority who experienced very 

large absolute earnings changes in the past (for example, four years ago) to those who 

did not. Because volatility is persistent, those identified ex ante by large past earnings

2. Other research on changes overtim e has focused on business-cycle variation in volatility, including Guvenen, 

Ozkan, and Song (2012); Storcsletten,Telrner, and Yaron (2004); Shore (2010).

3. Trends in other features o f earnings dynam ics have also been studied, such as the variance o f eam ings 

growth rates (Sabelhaus and Song 2010) and inequality (D ebacker et at. 2013). Trends in consum ption vola 

tility have also been studied (Keys 2008, Gorbachev 2011).

4. Browning, Ejrntes, and Alvarez (2010) and Meghir and Pistaferri (2004) both consider latent heterogeneity 

in volatility but neither is concerned with tim e trends in volatility. Hirano (2002) uses latent heterogeneity to 

allow a flexible distribution o f eam ings changes, though individuals are ex ante identical in their volatilities. 

Altonji, Smith, and Vidangos (2009) consider the role o f both observables and unobserved heterogeneity in 

a model of earnings dynamics with job  changes.
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changes naturally tend to have more volatile earnings today. The earnings volatility 

of this ex ante high-volatility group has increased since the 1970s while the earnings 

volatility of others has remained roughly constant.5 This divergence of sample mo

ments identifies our key result.

Obviously, these findings could affect substantially the welfare and policy implica

tions of the rise in average volatility. The individuals with the most volatile earnings — 

whose volatility we find has increased — may be those with the highest tolerance for 

risk or the best risk-sharing opportunities. Such risk tolerance is apparent implicitly 

from their willingness to undertake volatile earnings in the first place; it is apparent 

explictly from answers to survey questions about hypothetical earnings gambles that 

indicate higher risk tolerance.

While the basic results can be seen in summary statistics, providing a complete char

acterization of the dynamics of the volatility distribution is a methodological challenge. 

Such a characterization is necessary in order to separate trends in permanent versus transi

tory shocks and also to identify patterns throughout the volatility distribution. We use a 

standard model for earnings dynamics that allows earnings to change in response to per

manent and transitory shocks. What is less standard is that we allow the variance of these 

shocks —our earnings volatility parameters — to be heterogeneous and time-varying in a 

flexible way. Specifically, we use the Markovian Hierarchical Dirichlet process (MHDP) 

prior model developed in Jensen and Shore (2011) that allows the cross-sectional distri

bution of earnings volatility to have a flexible shape and evolution over time.

In Section II, we discuss our data and the summary statistics that drive our results. In 

Section III, we present our statistical model including the labor earnings process (Sec

tion III A), the structure we place on heterogeneity and dynamics in volatility parameters 

(Section 1IIB), and our estimation strategy (Section 1IIC). In Section IV, we show the 

results obtained by estimating our model on the data. Increases in the average volatility 

parameter are due to increases in volatility among those with the most volatile earnings 

(Section IVB). We find that the increase in volatility has been greatest among the self- 

employed and those who self-identify as risk-tolerant (Section IVE) and that these groups 

are disproportionately likely to have the most volatile earnings (Section IVD). Increases 

in risk are present throughout the age distribution, education distribution, and earnings 

distribution (Section IVE). Section V concludes with a discussion of welfare implications.

II. Data and Summary Statistics

A. Data and Variable Construction

Data are drawn from the core sample of the Panel Study of Income Dynamics (PSID). 

The PSID was designed as a nationally representative panel of U.S. households. It

5. Our finding is consistent with Dynan, Elmendorf, and Sichel (2007), who find that increasing income 

volatility has been driven by the increasing magnitude of extreme income changes and by the increasingly 

fat tails of the unconditional distribution of income changes. The fat tails of the unconditional distribution 

of earnings changes has also been documented in Geweke and Keane (2000). In its reduced form, our paper 

shows that these increasingly fat tails are borne largely by individuals who are ex ante likely to have volatile 

earning. The increasingly fat tails of the unconditional distribution are not attributable — or at least not solely 

attributable — to increasingly fat tails of the expected distribution for everyone.
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Table 1

Summary Statistics

M ean

S tand a rd

D ev ia tio n M in im um M ax im um

Year 1988.2 11.1 1968 2009

A ge  (y ea rs) 39 .0 10.3 22 60

E du ca tio n  (ye ars) 12.9 3.1 0 17

N um b e r  o f  o b se rv a tio n s /p e rso n 15.3 8 .9 2 34

M arrie d  (1 i f  y e s , 0  i f  no) 0 .84 0 .36 0 1

B la ck  (1 i f  y e s , 0  i f  no ) 0 .06 0 .2 4 0 1

A nnu a l e a rn in g s  (2005  $) $ 4 9 ,168 $58 ,526 0 $ 4 ,7 4 3 ,6 5 0

A nnu a l e a rn in g s  ($) $ 3 1 ,030 $52 ,569 0 $5 ,2 1 0 ,0 0 0
F am ily  s iz e 3 .2 1.5 1 14

N o te s : T h is  ta b le  s um m a r iz e s  d a ta  f rom  8 1 ,4 7 0  o b se rv a t io n s  o n  5 3 2 8  m a le  h o u se h o ld  h e ad s .

tracked  fam ilie s  annu ally  from  1968 to  1997 and  in  o d d -n um b e red  y ea rs  the reafte r ; th is 

pa p e r  u ses d a ta  th rough  20 09 . T h e  P S ID  in c lu d es d a ta  on  e d u ca tio n , e a rn in g s , hou rs  

w ork ed , em p lo ym en t s ta tu s , age , and  pop u la tio n  w e ig h ts  to  c ap tu re  d iffe ren tia l fe rtility  

and  a ttr ition . In  th is  pape r, w e lim it the  an a ly sis  to  m en  aged  22  to  60 ; w e u se  annual 

la bo r e a rn in g s  as  the  m easu re  o f  in com e  and  su b se q u en tly  u se  in com e  v o la til ity  and  

earn in gs vo la tility  in te rch angeab ly .6 T able  1 p re sen ts  summ ary  sta tis tics  f rom  these  da ta.

W e w an t to  en su re  th a t c h an g e s  in e a rn in g s  a re  n o t d r iv en  by  ch an g e s  in  th e  to p -  

co d e  (th e  m ax im um  v a lu e  fo r  e a rn in g s  e n te red  th a t can  b e  e n te red  in th e  P S ID ). T h e  

low est  to p -c o d e  fo r  e a rn in g s  w as  $ 9 9 ,9 9 9  in  1982 ($2 02 ,2 81  in  2 005  d o lla rs )  a f te r  

w h ic h  th e  to p -c o d e  r is e s  to  $ 9 ,9 9 9 ,9 9 9 . So  th a t to p -c o d e s  w ill b e  s ta n d a rd iz e d  in rea l 

te rm s , th is  m in im um  to p -c o d e  is im po sed  on  a ll y e a rs  in rea l te rm s , so  th e  to p -c o d e  is 

$ 9 9 ,9 9 9  in 1982  an d  $202 ,281  in  20 05 . B e c au se  o u r  e a rn in g s  p ro ce ss  in  S e c tio n  III A 

do es  no t m ode l u n em p lo ym en t ex p lic it ly , w e  n eed  to  en su re  th a t re su lts  fo r  th e  log  o f  

e a rn in g s  a re  n o t d om in a te d  by  sm a ll c h an g e s in th e  leve l o f  e a rn in g s  n e a r  z e ro  (w h ich  

w ill im p ly  hu g e  o r  in f in ite  c h an g e s  in  th e  lo g  o f  e a rn in g s ) . To ad d re ss  th is  c o n c e rn , w e 

rep la c e  va lu e s th a t a re  ve ry  sm a ll o r  ze ro  w ith  a n o n tr iv ia l low e r b o und . W e c h oo se  as 

th is  low e r b o u n d  th e  e a rn in g s  from  a  h a lf - t im e  jo b  (1 ,0 0 0  h o u rs  p e r  y ea r)  a t th e  real 

e q u iv a le n t o f  th e  20 05  fed e ra l m in im um  w ag e  ($ 5 .1 5  p e r  h o u r ) .7 R e su lts  a re  ro b u st

6 . L a b o r  ea rn in g s  in  1968  is la b e le d  v 7 4  fo r  h u sb a n d s  a n d  has  a  c o n s ta n t d ef in itio n  th ro u g h  1 993 . F rom  1994 , 

w e  u s e  the  sum  o f  la b o r  e a rn in g s  (H D EA R N 94  in 1994 ) an d  th e  la b o r  p ar t o f  b u s in e ss  in com e  (H D B U SY 94 ) , 

w ith  a  c o n s ta n t  d e f in itio n  th ro u g h  2 0 0 9 . N o te  th a t  d a ta  a r e  c o l le c te d  o n  h o u se h o ld  “h e a d s ”  a n d  “ w iv e s ” 

(w h e re  th e  h u sb a n d  is  a lw ay s  th e  “ h e a d ” in  a n y  c o u p le ) . W e u se  d a ta  fo r  m a le  h e a d s  so  th a t  m en  w h o  are  no t 

h o u se h o ld  h e a d s  (a s  w o u ld  be  the  c a s e  i f  th ey  liv e d  w ith  th e ir  p a ren ts )  a r e  e x c lu d e d .

7 . T h is  im po se s a  b o t to m -c o d e  o f  $ 5 ,1 5 0  in 2 00 5  a n d  $ 2 ,5 4 6  in 1982 . N o te  th a t  th e  d if fe re n c e  in  log  e a rn in g s 

b e tw een  th e  to p -  a n d  b o tto m -c o d e  is c o n s ta n t  o v e r  t im e  so  th a t d if fe re n c e s  o v e r  t im e  in th e  p re v a le n c e  o f  

p re d ic ta b ly  e x trem e  ch a n g e s  c a n n o t  be  d r iv e n  b y  c h an g e s  in  th e  p o ss ib le  ra n g e  o f  e a rn in g s  ch a n g e s . T h e  vas t 

m a jo r ity  o f  th e  v a lu e s  b e low  th is  b o u n d  a re  e x a c tly  z e ro . T h is  b o u n d  a llo w s  u s  to  e x p lo i t  tr a n s i t io n s  in to  an d  

o u t  o f  th e  la b o r  fo rc e . A t  th e  sam e  t im e , the  b o u n d  p re v e n ts  e c o n om ic a l ly  u n im p o rta n t c h a n g e s  th a t  a r e  sm a ll  

in  le v e ls  b u t  la rg e  a n d  n e g a tiv e  in  lo g s  f rom  d om in a t in g  th e  re su l ts .
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to other values for this lower bound, such as the earnings from full-time work (2,000 

hours per year) at the 2005 minimum wage (in real terms).8

We model the evolution of “excess” log labor earnings. This is taken as the residual 

from an equal-weighted regression to predict the natural log of labor earnings (top- 

and bottom-coded as described). We use as regressors: a cubic in age for each level of 

educational attainment (none, elementary, junior high, some high school, high school, 

some college, college, graduate school); the presence and number of infants, young 

children, and older children in the household; the total number of family members in 

the household; and dummy variables for each calendar year. Including calendar year 

dummy variables eliminates the need to convert nominal earnings to real earnings 

explicitly. Although this step is standard in the earnings process literature, it is not 

necessary to obtain our results. The results to follow are qualitatively the same and 

quantitatively similar when we use log earnings in lieu of excess log earnings.

Table 2 presents data on the distribution of real annual earnings in Column 1 (im

posing top- and bottom-code restrictions in parentheses). Although the mean real earn

ings is nearly identical with and without top- and bottom-code restrictions ($49,168 

versus $47,502), these restrictions on extreme values reduce the standard deviation of 

real earnings from $58,526 to $34,607. Column 2 shows the distribution of “excess” 

log labor earnings. Because excess log earnings is the residual from a regression, its 

mean is zero.

Column 3 presents the distribution of one-year changes in excess log labor earn

ings. Naturally, the mean of one-year changes is close to zero. The interquartile range 

of one-year changes is -0.1162 to 0.1475; excess log earnings does not change more 

than 11.62 to 14.75 percent from year to year for most individuals. However, there are 

extreme changes so the standard deviation (0.50) is far greater than the interquartile 

range. This implies either that changes to earnings have fat tails (so that everyone 

faces a small probability of an extreme change) or, alternatively, that there is hetero

geneity in volatility (so that a few people face a nontrivial probability of an extreme 

change). Unless a model is identified from parametric assumptions, these are obser- 

vationally equivalent in a cross-section of earnings changes. However, heterogeneity 

and fat tails have different implications for the time-series of volatility, and we exploit 

these in the paper.

B. Volatility Summary Statistics

Table 3 shows the evolution of volatility sample moments over time. The first three 

columns show the variance of permanent labor earnings changes.9 The final three pres-

8. The Winsorizing strategy employed here is obviously second best to a strategy of modeling a zero earn
ings explicitly. Unfortunately, such a model is not feasible given the complexity added by evolving and 

heterogeneous volatility parameters. The other alternative would be simply to drop observations with low 
earnings though we view this approach as much more problematic in our context; it would explicitly rule out 

the extreme earnings changes that are the subject of this paper.

9. The variance of permanent earnings changes is the individual-specific product of two-year changes in 
excess log labor earnings (for example, between years t and t - 2 )  and the six-year changes that span them 

(for example, between years t + 2 and t -  4). Meghir and Pistaferri (2004) show that this moment identifies the 

variance of permanent earnings changes (between years t - 2  and t) under fairly general conditions, including 

the earnings process we use in Section III A.
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Table 2

Distribution o f Earnings, Excess Log Earnings, and Earnings Changes for Men

R e a l

E a r n i n g s

E x c e s s  L o g  E a r n i n g s

O n e - Y e a r  

C h a n g e

F i v e - Y e a r

C h a n g eL e v e l L e v e l

M e a n $ 4 9 , 1 6 8

( $ 4 7 , 5 0 2 )

0 - 0 . 0 0 0 2 0 . 0 0 2 0

S t a n d a r d  d e v i a t i o n $ 5 8 , 5 2 6

( $ 3 4 , 6 0 7 )

0 . 7 3 4 4 0 . 5 0 1 6 0 . 6 9 3 5

O b s e r v a t i o n s 8 1 , 4 7 0 8 1 , 4 7 0 5 9 , 3 7 2 4 7 , 1 7 3

M i n i m u m $ 0

( $ 5 , 1 5 0 )

- 2 . 9 3 0 3 - 3 . 7 2 7 5 - 3 . 8 3 0 6

5 t h  p e r c e n t i l e $ 1 , 1 2 3

( $ 5 , 1 5 0 )

- 1 . 6 3 7 1 - 0 . 7 6 8 9 - 1 . 3 2 1 9

2 5 t h  p e r c e n t i l e $ 2 5 , 2 2 6 - 0 . 2 9 9 6 - 0 . 1 1 6 2 - 0 . 2 1 9 1

5 0 t h  p e r c e n t i l e $ 4 1 , 1 7 8 0 . 1 2 4 0 0 . 0 1 1 5 0 . 0 5 7 6

7 5 t h  p e r c e n t i l e $ 6 0 , 1 5 8 0 . 4 6 2 8 0 . 1 4 7 5 0 . 3 0 4 9

9 5 t h  p e r c e n t i l e $ 1 1 1 , 6 1 6 0 . 9 8 0 0 0 . 6 9 9 5 1 . 0 0 5 6

M a x i m u m $ 4 , 7 4 3 , 6 5 0

( $ 2 0 2 , 3 8 1 )

2 .6 5 4 1 3 . 6 9 3 6 4 . 0 5 6 0

N o t e s :  T a b l e  2  d e s c r i b e s  t h e  d i s t r i b u t i o n  o f  l a b o r  e a r n i n g s  f o r  m e n  i n  t h e  P S I D  o v e r  t h e  p e r i o d  f r o m  1 9 6 8  

t o  2 0 0 9 .  S e e  S e c t i o n  I I  f o r  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  e a r n i n g s  v a r i a b l e  a n d  t h e  t o p -  a n d  b o t t o m - c o d i n g  

p r o c e d u r e .  C o l u m n  1 s h o w s  t h e  d i s t r i b u t i o n  o f  r e a l  a n n u a l  e a r n i n g s  f o r  m e n  ( i n  2 0 0 5  d o l l a r s ) .  T h e  n u m b e r s  

i n  p a r e n t h e s e s  a r e  t h e  v a l u e s  w i t h  t o p -  a n d  b o t t o m - c o d i n g  r e s t r i c t i o n s .  C o l u m n  2  s h o w s  t h e  d i s t r i b u t i o n  o f  

“ e x c e s s ”  l o g  e a r n i n g s ,  t h e  r e s i d u a l  f r o m  t h e  r e g r e s s i o n  o f  l o g  l a b o r  e a r n i n g s  ( w i t h  t o p -  a n d  b o t t o m - c o d e  

a d j u s t m e n t s )  o n  t h e  c o v a r i a t e s  e n u m e r a t e d  i n  S e c t i o n  11. C o l u m n  3  p r e s e n t s  t h e  d i s t r i b u t i o n  o f  o n e - y e a r  

c h a n g e s  i n  e x c e s s  l o g  e a r n i n g s .  C o l u m n  4  r e p e a t s  t h e  r e s u l t s  f o r  C o l u m n  3 ,  b u t  p r e s e n t s  f i v e - y e a r  c h a n g e s  

i n s t e a d  o f  o n e - y e a r  c h a n g e s .

e n t  t w o - y e a r  s q u a r e d  c h a n g e s  in  e x c e s s  l o g  l a b o r  e a r n i n g s ,  a  r a w  m e a s u r e  o f  v o l a t i l i t y . 10 

N o t e  t h a t  w h i l e  t h e  m e a n  s i z e  o f  a n  e a r n i n g s  c h a n g e  ( C o l u m n s  1 a n d  4 ,  T a b l e  3 )  h a s  

i n c r e a s e d  o v e r  t i m e ,  t h e  m e d i a n  ( C o l u m n s  2  a n d  5 )  h a s  n o t .  T h i s  d i v e r g e n c e  c a n  b e  

e x p l a i n e d  b y  a n  i n c r e a s e  i n  t h e  m a g n i t u d e  o f  l a r g e  u n l i k e l y  c h a n g e s  ( C o l u m n s  3  a n d  

6 ) .  A l t h o u g h  n o t  f r a m e d  i n  t h i s  w a y ,  t h e s e  f e a t u r e s  o f  t h e  d a t a  h a v e  b e e n  i d e n t i f i e d  in  

p r e v i o u s  r e s e a r c h ,  i n c l u d i n g  D y n a n ,  E l m e n d o r f ,  a n d  S i c h e l  ( 2 0 0 7 ) .

F i g u r e  1 s h o w s  t h e  e v o l u t i o n  o f  v o l a t i l i t y  m o m e n t s  s e p a r a t e l y  f o r  t h o s e  w h o  a r e  

e x  a n t e  l i k e l y  o r  u n l i k e l y  t o  h a v e  v o l a t i l e  e a r n i n g s .  T h e  l e f t  p a n e l  p r e s e n t s  t h e  s a m p l e  

m e a n  o f  t h e  p e r m a n e n t  v a r i a n c e ;  t h e  r i g h t  p a n e l  p r e s e n t s  t h e  m e a n  t w o - y e a r  s q u a r e d  

e x c e s s  l o g  e a r n i n g s  c h a n g e .  F o r  e a c h  y e a r ,  t h e  s a m p l e  i s  s p l i t  i n t o  t w o  g r o u p s  ( b e l o w

1 0 .  T h e  f i r s t  r o w  s h o w s  w h o l e - s a m p l e  r e s u l t s .  T h e  s e c o n d  r o w  s h o w s  t h e  p e r c e n t  c h a n g e  i n  t h e  m e a n ,  m e d i a n ,  

o r  9 5 t h  p e r c e n t i l e  o v e r  t h e  s a m p l e .  T h i s  i s  m e r e l y  c a l c u l a t e d  a s  c o e f f i c i e n t  o f  a n  e q u a l - w e i g h t e d  O L S  r e g r e s 

s i o n  o f  t h e  y e a r - s p e c i f i c  s a m p l e  m o m e n t  o n  a  t i m e  t r e n d ,  m u l t i p l i e d  b y  t h e  n u m b e r  o f  y e a r s  ( 2 0 0 9  -  1 9 6 8 )  a n d  

d i v i d e d  b y  t h e  w h o l e - s a m p l e  v a l u e  i n  t h e  p r e v i o u s  r o w .  T h e  c o e f f i c i e n t  a n d  r - s t a t i s t i c  f r o m  t h i s  r e g r e s s i o n  a r e  

s h o w n  j u s t  b e l o w .  Y e a r - b y - y e a r  v a l u e s  a r e  t h e n  s h o w n .



T
a
b

le
 3

V
o
la

ti
li

ty
 S

a
m

p
le

 M
o

m
e
n

ts
Jensen and Shore 817

<D

C
C3

x :

U

<D

c r
DO

<D
0
c

.5
'C

1

c

§

0)
CX

m
O n

r * VO o f CN CN m OO Os co CO CO O ' OS CO of
G o f OO /”—“V o r - of t - " i n — CO CN OS m ON o CN ON
c3 SO o CN SO Os »—1 co co m —-i o OO Os 00 OO OO O CO
<D co o i n CN CN CN CN CO CO CN CN CN CN CN CO CO

S o

9
7 d d d o d o d d d o d d d o o o d

<D

P-.

in
On

-o
<D

in Of o o m i> ON m so CN 00 CO r- m CN CN
CO CO CO o On r- CN Of SO in o f CO COOO o o f of
r- SO OO CN r-" CN CO m SO so m 00 OO SO ON CN ON

o o o f OO OO CN CN in OO CO v q o f in in r- ON

CN in
CN

d o d d 1,-HT-H' 1 "“-1 1

VO o CO r - On 00 i-H i n ON CN n -
o s in SO VO OO SO o O r -

CO o Of CN CN CN CN CN CO Of CO CO CN

o o in o o © O o o o o o o

o v o  d d d d o o d o o o d o

h  OO h  00 
O  c n  i n

o  o  o  o  o

d> d> d> d> d>

o r - OO CO r - i—H ON — i o f Of so Of o f o f o
CO o —s 1—i VO O' CN of VO r - CN OO CO CO i—i r -
in CN o f . 1—1 r-" o CO OO ON vO Of CN r - m i-1 r -
00 O P  1 1 ^ o f in SO in v q in SO ON 00 00

d

1
0

0 d o o o d d o d o d o d o d d

CN o CN of On in OO o Of CN Of T—1 CN
ON o  ^ sO OT Of CN of 00 SO in —i —-H in m CN
o o  vo . , O O O i—i —H o © o i—l 1—1 i—4 — —i
o O  o f  1 1 Q o o o © o o o o o o o O

o c n  d  o o d o d o o o o o o o o o

L VO i—i in in v o o o o f CO o CN »n CN CO
c —̂s SO —H o r - n r - CO v o CN CN o — i-H
C3 O o . so OO OO ON o oo v o r~~ CO o O CN
<D r-H o 1 1 P p o O o p O p — p

d

0
9 d in o d o o o d o o o o d d o

ON
o
o
CN
I

O
r "
Os

X
O

to£)
c3
J-H
1)

<i

5 CD
U Q , k

S -2 w
CU DO

O —1 c N c o o f i n v o r - o o o O ’- ^ c N c o o f  
r - t ^ r ^ r ^ r - r - r - r - r - r - o o o o o o o o o o
O s O s O s O s C s O s O s O s O s O s O s O s O s O s O s

(c
o

n
ti

n
u

e
d

)



P
e
rm

a
n
e
n
t 
V

ar
ia

n
c
e
 

S
q
u
a
re

d
 C

h
an

:

818 The Journal of Human Resources

<D
W)

0)
(N §

(U
xi

a + O
H

<D o «n ON —■* CO 04 NO CO m- NO o 00 NO NO 04 ON -  £
O NO t-" —-> o> n —-> 04 o in n 04 00 nf CO On 00 O- oo o ^ uu.
<D
Ph

r-;

o n oo n o~ 04 ON oo O- O' ON 04 n 04 ON ON ~ O £
°o NO NO O; 00 n 00 oc CO

04

NC|

oi CO

o

CO

00

oi

On

04

ON

04

NO

CO

NO

CO

O;

o i

’' t

o i

'T O

i  1

c

£

£ 5/3
JO

o ■q.
ON £

w  OJ ca

£ £
CO

flj =5 
JZ ju 1

03
§
Cl  dc

.5
xf- Os o NO oo 04 in Tt OO NO 04 o O' O' CO NO 04 ON ON >x
oo r - o OO cc i> o 00 in ON CO ON O' •—1 ON CO CO OO <n w Ph X)

■3 cn m cn 04 04 04 CO 04 CO CO CO 04 04 CO 04 ’xh CO 04 04 £ E ~o
<o o o o © o O o p p O o p O p o p p O p ■£ ca (O

§ o o o o o o o o d o o d o d o d o d d ’>
So j z
c "6

-o

t  §
g

o- •̂ t o 0 4 o- in NO NO NO CO "vT ON Tj- CO t j - 'xt-

§ a

£  j

00
xC-
Ox

cd o 00 NO O' oo o On —« o o oo Tt Ttf- ON 04 - t xC oo •— o 1
<D r r *—i — 04 o 04 04 xC oo O' in in On On 'xT O'

cn cn CO CO CO CO CO CO Tt nT xr ”+ n in 2 c
-C (U

Q
O•

o o o d d o d o d d d d o d d o d d d
*-* o 

13 o
O

§ o* 2

-̂x O ca
o

°  to
>.

<N ^ 'o

i o o
Xl

c
<u in oo in CO o ON oo CO NO r f CO CO

£ ^ 
c c

£
3
C

o n n o> oo n o> CO o in in NO 00 ON "xT CO P  TO <L>
S-H
<D
Oh

ON o ON oo CO r- CO 0 4 —h 0 4 1 o co in ON ON 1 w g
r~~: O; O; 00 O; p ON ON p 1 oo o 0 4 0 4 i OJj o 

a p >,

-C

n

d d d o d d d d d ’£ So 

c3 « 
<u o

X)
TO

.£

On bO ^ a.

o &

on C 
c/t D m

u

<U C 
O C
x o 
« g

TO
c

£
C

.5
On 0 4 NO o* in OO oo ON o- n NO n n «n O

.£

O »-H o- o- oo 1—t o 0 4 OO O' O' O' NO xC

00 5
£

'■6 *—H *—< o o o o 1—1 i—i —-i l-H O 1 o o o o o 1
<D o o o o o O o O O O O 1 p o p p o p i c S 

ca ca
d o o d o d o d d d o d d d d d d J3  S3

°  cH
c
o

^3

as

•S

K
Q>
Cj

m

ZJ

3

£

1—t oo m .— i n NO 04 04 in in ON o 04 in NO cn cn
00 NO in o ON n n O in 04 O' O' ON >—t 04 o
o ON o 04 —<— cn O n cn >—i (O 1 oo 04 Tf in cn

O J — O 1—* —i *—• O *—* ■— i —

d o d o d o d d d d d o o d o o o

n NO O' OO O n o r-H 04 cn Tt in NO O' ON — , cn n O' O n

oo OO oo oo OO ON ON ON ON ON ON ON O n ON o o o o o
ON ON ON ON ON ON ON ON ON ON ON ON ON ON o o o o O
,—l ’— 1 1’— 1 — * ’— 1 — 1 04 04 04 04 04

£ £

0 •£

1 l

1 C
i c a

o-H ^

• 5  <U 
^  S D-

•2 g

c a  b o

-  o J  

ca ca O  
<u =3 —j

£ ST 2
2  -  j z
£  u m

V 1 -c 
S3 >> *
*=; <u ca
«5Z E- o co

ef
fi
ci

en
t 
an

d
 /
-s

ta
ti
st
ic

 a
re

 s
h
o
w

n
 b

el
o
w
.



Jensen and Shore 819

. . . . .  People With Large Past Changes 

..■■■■— People Without Large Past Changes

. . . . .  People With Large Past Changes 

....... People Without Large Past Changes

Permanent Variance Squared Change

Figure 1

Comparing Sample Variances for Those With and Without Large Past Earnings Changes 

Notes: Following M eghir and Pistaferri (2004), the sample permanent variance is calculated as the product 

o f tw o-year changes in excess log labor earnings (between years r and t-2) and the six-year changes that 

span them (between years t+2 and t-4). The sample transitory variance is calculated as the square o f two- 

year changes in excess log labor earnings. Individuals are defined as low past variances when their sample 

variance (perm anent or transitory, respectively) four years ago is below median; individuals are defined 

as high past variance when their sample variance four years ago is above the 95th percentile. Weighted 

averages for these groups are presented in each year for which data are available for permanent variance 

(left panel) and transitory variance (right panel).

median or above 95th percentile) based on the absolute magnitude of permanent (left 

panel) or squared (right panel) changes four years prior. Unsurprisingly, individuals 

with large past earnings changes tend to have larger subsequent changes. The tendency 

to have large changes is persistent so that some individuals have ex ante more volatile 

earnings than others.

If (as we argue) volatility is increasing for high-volatility individuals but not for 

low-volatility individuals, then the gap in the sample variance between those with and 

without large past earnings changes should be increasing over time. This divergence 

over time in volatility between past low- and high-volatility cohorts is clear in Figure 

1. The magnitude of earnings changes has been increasing more for those with large 

past changes (who are more likely to be inherently high-volatility) than for those 

without such large past changes (who are not). This is particularly apparent for the 

permanent variance; for the transitory variance, the finding is obscured slightly by the 

jump in volatility for everyone in the early- to mid-1990s (when the PSID changed to 

an automated data collection system, which may have led to increased measurement 

error in earnings). This divergence illustrates the key stylized fact developed in this 

paper: The increase in volatility can be attributed to an increase in volatility among 

those with the most volatile earnings, identified ex ante by large past earnings changes.

Unfortunately, these few sample moments are insufficient to provide a rich descrip

tion of the facts on changes in the volatility distribution. First, without a model it is 

difficult to cleanly separate permanent and transitory volatility. Second, any ex ante 

differences in past volatility do not cleanly separate people by volatility; high levels 

of past realized volatility may indicate a large shock for a low-volatility individual or 

a normal-sized shock for a high-volatility individual. A model of earnings dynamics
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m ake s th is sepa ra tio n  p oss ib le  b ecau se  it has im p lica tio ns fo r the freq u en cy  w ith  w hich  

lo w -v o la tili ty  in d iv id ua ls  face  large sh ocks. T h ird , the  sp littin g  o f  the sa m p le  based  on  

ex  an te  rea liz ed  v o la tility  is necessa rily  pos t hoc . F o r ex am p le , th e  b reakdow n sho w n  

in th is p a p e r says no th in g  ab ou t chang es in vo la tility  am o n g  the least vo la tile .

III. Statistical Model

A. Earnings Process

H ere , w e presen t a standard  process fo r exc ess log  lab o r ea rn in gs fo r  ind iv id ua l i  at tim e 

t (fo llo w in g  C arro ll an d  S am w ick  1997, M eg h ir  and  P istaferri 2 0 0 4 , and  m any o thers):

( ! )  Ti,, =  P,., + k i  +  eu

Put =  Pi, 0 +  X “ u  +  X  
*=1

t

~>/,/ *Pe,t-k^i,k’
k= t-qe + 1

E x cess  log  e a rn in g s  (yu) are  the su m  o f  p e rm an en t e a rn in g s  ( p ) , tran s ito ry  ea rn in g s  

(i;,,), an d  m ea su re m e n t e rro r (ej}). T h e  p e rm a n e n t sh o ck , tran s ito ry  sh o ck , and  m e a 

su rem en t e rro r are  a ssu m e d  to  be no rm ally  d is tr ib u te d  w ith  m ean ze ro  as w ell as in de 

p e n d e n t o f  o n e  an o th e r, o v e r  tim e  an d  a c ro ss  in d iv id u a ls . P e rm a n e n t e a rn in g s  a re  

in itia l ea rn in g s  (p j0) p lu s th e  w e ig h te d  sum  o f  p a s t p e rm a n e n t sh o ck s  w ith  v a r i 

an c e  = £ [u )? J . T ra n s ito ry  e a rn in g s  are th e  w e ig h te d  sum  o f  re c e n t tra n s ito ry  

sh o ck s  (elk) w ith  v a ria n ce  <t T , = E[s 2,]. W e re fe r  to  <x?, =  o-2 ,-,) jo in tly  as the

vo la tili ty  p a ra m e te rs . T h ese  w ill be a llo w ed  to  d if fe r  b e tw een  in d iv id u a ls  to  a c c o m 

m o d a te  he te ro g en e ity , and  to  ev o lv e  o v e r tim e . T h is  a c c o m m o d a te s  no t ju s t  an  e v o lv 

ing  d is tr ib u tio n  o f  v o la tility  p a ram ete rs  bu t a lso  sy s te m atic  ch an g es o v e r the  life  cyc le  

in vo la tili ty  p a ra m e te rs , as su g g es te d  by  Shin  an d  So lo n  (2 011). “ N o ise  v a ria n c e ” re 

fe rs to  th e  v arian ce  o f  m ea su re m e n t e rro r, y 2 =  E[eft] ."

P e rm an en t sh o ck s co m e  in to  e ffec t o v e r <7̂  p e rio d s, and  tran s ito ry  sh o ck s fad e  c o m 

p le te ly  a fte r qs p e r io d s .12 A s an ex am p le  o f  o u r n o ta tio n , 2 d en o tes the w eig h t p laced  

on  a  p e rm a n e n t sh o ck  fro m  tw o  p e rio d s  a g o , o).,_22 , in c u rre n t e x c e ss  lo g  ea rn in g s ; 

ipe2 d e n o te s  th e  w e ig h t p la ced  on a tran s ito ry  sh o ck  from  tw o p e rio d s  ag o , e (,_22 ,  in 

cu rren t e x cess  lo g  ea rn in g s . W h ile  w e u se  th e  w ord  “ sh o c k ” fo r p a rs im o n y , th ese  in 

n o v a tio n s  to  e a rn in g s  m ay  be p re d ic ta b le  to  th e  in d iv id u a l, ev e n  if  th ey  lo o k  like 

sh o c k s  in th e  d a ta . W ith o u t lo ss  o f  g e n e ra lity , w e  im p o se  th e  c o n s tra in t th a t th e  

w e ig h ts  p laced  on tran s ito ry  sh o ck s su m  to  one  (Zky sk = 1).

11. T h is  m e a su re m e n t e r ro r  co u ld  be su b su m ed  in to  tra n s ito ry  ea rn in g s ; it is k ep t se p a ra te  o n ly  to  a c c o m 

m o d a te  o u r  e s tim a tio n  strateg y .

12 . In  C a rro ll  an d  S a m w ic k  (1 9 9 7 ), cpwk =  <p£it =  0  is a s su m e d  fo r  k  > 0 , th o u g h  th e  a u th o rs  a c k n o w le d g e  

th a t th is  a s su m p tio n  is u n rea lis tic  an d  d es ig n  an  e s tim a tio n  s tra te g y  th a t is ro b u s t to  th is re s tr ic tio n  b u t d o  not 

e s tim a te  ip*. In  M e g h ir  an d  P istafer ri  (2 0 0 4 ) an d  B lu n d e ll, P is ta fe rri, and  P re sto n  ( 2 0 0 8 ) ,(p^ k =  0  is  a ssu m ed  

fo r  k  > 0  b u t (pRJt = 0  is n o t.
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B. Heterogeneity and Dynamics

We characterize the dynamics of volatility parameters, of,, using a discrete nonpara- 

metric approach from Jensen and Shore (2011). In such a model, the variable of inter

e st— here,the pair a?, = (o f,,, cr2 can take one of L possible values (where the 

number of these values and the values themselves are estimated from the data). The 
probability that 07, takes a given value is a function of (a) the distribution of values in 

the population, (b) the distribution of values for each individual i, and (c) the number 

of consecutive years with the most recent value. In other words, aj, has a given prob
ability of changing from one year to the next; when it changes, it changes to a value 

drawn from the individual’s distribution, which in turn consists of values drawn from 

the population distribution.

We add structure and get tractability by adding a prior commonly used in Bayesian 

analysis of such discrete nonparametric problems; the Dirichlet process (DP) prior. In 

a standard DP model, there is a “tuning parameter” (0 ) that implicitly places a prior 

on the total number of unique parameter values in the sample, L. In a hierarchical DP 

(HDP) model (recently developed by Teh, Jordan, Beal, and Blei 2007), the usual DP 

model is extended by adding a second tuning parameter, 0 ,,  which implicitly places a 

prior on the total number of unique parameter values for any given individual, L.. 

Jensen and Shore (2011) extend this approach further to address panel data by includ

ing a Markovian structure on the hierarchical DP giving us a Markovian hierarchical 
DP (MHDP) model. In this Markovian approach, the prior probability that the param

eter is unchanged from the previous period depends on the number of consecutive 

years, Qjr with that value. We add a third tuning parameter, 0, to place a prior on the 

probability of changing the parameter value, piuj,  = cr?,_) | i,t) = Qn / (0 + Qn )}3
Given our research question, a key advantage of this setup is that it does not restrict 

the shape (or the evolution of the shape) of the cross-sectional volatility distribution. 
We view our discrete nonparametric model and the structure placed on it by our 

MHDP prior as providing a sensible middle ground between tractability and flex

ibility.

C. Estimation

We estimate the earnings process from Section III A on annual data from the PSID 

(detailed in Section II) for excess log earnings. When data are missing, mostly because 

no data were collected by the PSID in even-numbered years following 1997, we im

pute bootstrapped values using a single-imputation hot-deck procedure (Rao and Shao 

1992, Reilly 1993, Little and Rubin 2002). These add no additional information; they 

merely accommodate our estimation strategy in a setting with missing data in a way 

that is intended to minimize the possible impact on our results.
We use the approach from Jensen and Shore (2011) to combine the prior from Sec

tion IIIB with data on excess log earnings, y, to form a posterior on the distribution of 

volatility parameters, a 2. We will estimate the posterior distribution of our unknown 
parameters by Markov Chain Monte Carlo (MCMC) simulation, specifically the Gibbs 

sampler (Geman and Geman 1984).

13. We set © = 1 ,0 ,  = L a n d 0 =  1.
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Table 4

Basic Model Results

D i s t r i b u t i o n  o f  V a r i a n c e  P a r a m e t e r s S h o c k s ’ R a t e  o f  E n t r y / E x i t

P e r m a n e n t T r a n s i t o r y L a §  9 W,* 9  s,k-

k  =  0 .  0 . 4 6 2  0 . 7 2 6

V a r i a n c e V a r i a n c e

M e a n 0 . 0 5 2 8 0 . 3 4 3 4 ( 0 . 1 0 )  ( 0 . 0 3 0 )

S t a n d a r d  d e v i a t i o n 0 . 4 6 2 2 1 . 2 0 9 2 k =  1 .  0 . 8 7 0  0 . 2 1 7

N 7 3 , 6 7 6 7 3 , 6 7 6 ( 0 . 0 7 5 )  ( 0 . 0 2 6 )

1  s t  p e r c e n t i l e 0 . 0 1 8 3 0 . 0 6 1 0 k  = 2 .  0 . 9 7 2  0 . 0 5 7

5 t h  p e r c e n t i l e 0 . 0 1 8 9 0 . 0 6 1 9 ( 0 . 0 7 2 )  ( 0 . 0 1 8 )

1 0 t h  p e r c e n t i l e 0 . 0 1 9 1 0 . 0 6 2 4

2 5 t h  p e r c e n t i l e 0 . 0 1 9 5 0 . 0 6 3 3 cpw  k : i m p a c t  o f  p e r m a n e n t  s h o c k

5 0 t h  p e r c e n t i l e 0 . 0 2 0 0 0 . 0 6 4 6 f r o m  k p e r i o d s  a g o

7 5 t h  p e r c e n t i l e  

9 0 t h  p e r c e n t i l e

0 . 0 2 0 5

0 . 0 2 1 2

0 . 0 7 3 9

0 . 4 6 7 6

c p e  k : i m p a c t  o f  t r a n s i t o r y  s h o c k  

f r o m  k p e r i o d s  a g o  

S t a n d a r d  e r r o r s  i n  p a r e n t h e s e s .

9 5 t h  p e r c e n t i l e 0 . 0 2 9 4 1 . 5 8 6 8

9 9 t h  p e r c e n t i l e 0 . 4 5 5 8 6 . 4 4 0 9

D i s t r i b u t i o n  o f  p o s t e r i o r  m e a n s  o f  a 2

N o t e s :  T h e  l e f t  p a n e l  p r e s e n t s  t h e  p o s t e r i o r  m e a n  e s t i m a t e s  o f  t h e  v o l a t i l i t y  p a r a m e t e r s ,  <j 2. T h e  d i s t r i b u t i o n s  

p r e s e n t e d  h e r e  c o n s i d e r  a l l  y e a r s  a n d  a l l  i n d i v i d u a l s  t o g e t h e r .  T h e  r i g h t  p a n e l  o f  t h i s  t a b l e  p r e s e n t  ip , t h e  m a p -  

p i n g  o f  s h o c k s  t o  e a r n i n g s  c h a n g e s .

IV. Results

H e r e ,  w e  p r e s e n t  t h e  m o d e l  p a r a m e t e r s  e s t i m a t e d  u s i n g  t h e  m e t h o d s  f r o m  

S e c t i o n  I I I C .  T h e  c h i e f  o b j e c t  o f  i n t e r e s t  i s  t h e  e v o l u t i o n  o f  t h e  c r o s s - s e c t i o n a l  d i s t r i b u t i o n  

o f  v o l a t i l i t y  p a r a m e t e r s ,  c r 2 , o v e r  t i m e .  T h e s e  a r e  s h o w n  i n  S e c t i o n  1 V B .  W e  b e g i n  w i t h  

m o r e  b a s i c  r e s u l t s .  I n  S e c t i o n  I V A ,  w e  p r e s e n t  e s t i m a t e s  o f  t h e  h o m o g e n e o u s  p a r a m e t e r s  9  

t h a t  m a p  s h o c k s  t o  e a r n i n g s  c h a n g e s  a n d  t h e  u n c o n d i t i o n a l  d i s t r i b u t i o n  o f  v o l a t i l i t y  p a r a m 

e t e r s ,  a 2 . I n  S e c t i o n  I V C ,  w e  r u l e  o u t  a l t e r n a t i v e  e x p l a n a t i o n s .  I n  S e c t i o n s  I V D  a n d  I V E ,  

w e  m a p  t h e s e  v o l a t i l i t y  p a r a m e t e r  e s t i m a t e s  t o  i n d i v i d u a l s ’ d e m o g r a p h i c  o r  r i s k  a t t r i b u t e s .

A. Basic Results

T a b l e  4  p r e s e n t s  t h e  b a s i c  p a r a m e t e r  e s t i m a t e s  o b t a i n e d  f r o m  f i t t i n g  o u r  m o d e l  t o  t h e  

P S I D  e a r n i n g s  d a t a  d e s c r i b e d  i n  S e c t i o n  I I I C .  T h e  l e f t  p a n e l  s h o w s  t h e  d i s t r i b u t i o n  o f  

r i s k  i n  t h e  p o p u l a t i o n ,  c r 2  a n d  c r 2 . F o r m a l l y ,  w e  p r e s e n t  t h e  d i s t r i b u t i o n  o f  p o s t e r i o r  

m e a n s  o f  p e r m a n e n t  a n d  t r a n s i t o r y  v a r i a n c e  p a r a m e t e r s .  T h e  r i g h t  p a n e l  s h o w s  t h e  

m a p p i n g  f r o m  s h o c k s  t o  e a r n i n g s  c h a n g e s ,  9 , w h i c h  w e  c o n s t r a i n e d  t o  b e  c o n s t a n t  

o v e r  t i m e  a n d  a c r o s s  i n d i v i d u a l s .

N o t e  t h e  e x t r e m e  s k e w  a n d  f a t  t a i l s  ( k u r t o s i s )  i n  t h e  d i s t r i b u t i o n  o f  v o l a t i l i t y  p a r a m 

e t e r s ,  a 2 , s h o w n  i n  t h e  l e f t  p a n e l  o f  T a b l e  4 .  A l t h o u g h  m e d i a n s  a r e  m o d e s t ,  m e a n s  f a r
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Figure 2

Distribution o f Permanent and Transitory Variance

N o te s :  T h i s  f i g u re  p r e s e n t s  t h e  d i s t r ib u t io n  o f  c F  a n d  cr2 . T h e s e  a r e  th e  d i s t r ib u t io n  o f  p o s te r io r  m e a n s  

e s t im a t e d  f r o m  th e  d a t a  a s  p r e s e n t e d  n u m e r ic a l ly  in  T a b le  4 .  T h e s e  p o s te r io r s  o f  th e  p e r m a n e n t  v a r i a n c e  

a n d  t r a n s i t o r y  v a r i a n c e  a r e  c a l c u l a t e d  f o r  e a c h  i n d iv id u a l  in  e a c h  y e a r  a s  d e s c r ib e d  in  S e c t io n  I I I C . T h e  

d i s t r i b u t i o n s  p r e s e n t e d  h e r e  s h o w  a l l  y e a r s  a n d  i n d iv id u a l s  to g e th e r .  V a lu e s  a r e  t r u n c a te d  a t  th e  9 5 th  

p e r c e n t i l e  f o r  th e  p e r m a n e n t  v a r i a n c e  a n d  a t  th e  9 0 th  p e r c e n t i l e  f o r  th e  t r a n s i to r y  v a r i a n c e .  M e a n  a n d  

m e d ia n  o f  th e  t r u n c a te d  p a r t  o f  e a c h  d i s t r ib u t io n  is  g iv e n .

e x c e e d  m e d ia n s .  A t  th e  m e d ia n ,  t r a n s i to r y  s h o c k s  h a v e  a  s t a n d a r d  d e v ia t io n  o f  a p 

p r o x im a te ly  2 5  p e r c e n t  a n n u a ll y ;  p e r m a n e n t  s h o c k s  h a v e  a  s t a n d a r d  d e v ia t i o n  o f  j u s t  

u n d e r  14  p e r c e n t  a n n u a lly .  H o w e v e r ,  th e  h ig h e s t  v o l a t i l i ty  o b s e r v a t i o n s  im p ly  s h o c k s  

w ith  s t a n d a r d  d e v ia t i o n s  w e ll  a b o v e  1 0 0  p e r c e n t  a n n u a l ly .  F ig u r e  2  p lo ts  th e s e  s k e w e d  

a n d  f a t - t a i l e d  d i s tr ib u t i o n s  b y  tr u n c a t i n g  th e  r ig h t  ta i l .

A s  s h o w n  in  th e  r ig h t  p a n e l  o f  T a b le  4 ,  p e r m a n e n t  s h o c k s  e n te r  in  q u ic k ly  ( c p ^  a re  

c lo s e  to  o n e )  w h il e  t r a n s i t o r y  s h o c k s  d a m p  o u t  q u i c k ly  (cpe k f a l l  to  z e r o ) .  S h o c k s  w e re  

c a l i b r a te d  a s  a  o n e  s t a n d a r d  d e v ia t i o n  s h o c k  f o r  a n  in d iv id u a l  w ith  v o la t i l i ty  p a r a m e 

te r s  a t  th e  e s t i m a te d  m e a n s  ( p u l l e d  f r o m  T a b le  4 ) .

B. Evolution of the Volatility Distribution

H e r e ,  w e  s h o w  h o w  th e  d i s t r ib u t io n  o f  p o s t e r i o r  m e a n s  o f  v a r i a n c e  p a r a m e te r s  h a s  

e v o l v e d  o v e r  t im e .  T h i s  e v o lu t io n  is  s h o w n  in  T a b le  5 a n d  a ls o  in  F ig u r e  3 . T a b le  5 

s h o w s  th e  y e a r - b y - y e a r  d i s t r i b u t i o n  o f  v o la t i l i t y  p a r a m e t e r s  (c r j)  p o s t e r i o r  m e a n s .  

T h i s  t a b le  m i r r o r s  T a b le  3 ,  w it h  v o la t i l i t y  p a r a m e t e r  (aj:) p o s t e r i o r  m e a n s  r e p la c in g  

r e d u c e d  f o r m  m o m e n ts .  T h e  f i r s t  t h r e e  c o lu m n s  s h o w  r e s u l t s  f o r  th e  p e r m a n e n t  v a r i 

a n c e  p a r a m e te r ,  o-jj,; th e  f in a l  t h r e e  c o lu m n s  s h o w  r e s u l t s  f o r  th e  t r a n s i to r y  v a r ia n c e  

p a r a m e t e r ,  T h e  f i r s t  a n d  f o u r t h  c o l u m n s  p r e s e n t  m e a n s  o f  th e  p e r m a n e n t  a n d  

t r a n s i to r y  v a r i a n c e  p a r a m e t e r  p o s t e r i o r  m e a n s ,  th e  s e c o n d  a n d  f i f th  c o lu m n s  p r e s e n t  

m e d i a n s  o f  p a r a m e t e r  p o s t e r i o r  m e a n s ,  a n d  th e  t h i r d  a n d  s ix th  c o l u m n s  p r e s e n t  

9 5 th  p e r c e n t i l e s .  T h e  f i r s t  ro w  s h o w s  w h o l e - s a m p l e  r e s u l t s .  T h e  s e c o n d  r o w  s h o w s  

th e  p e r c e n t  c h a n g e  in  th e  m e a n ,  m e d ia n ,  o r  9 5 th  p e r c e n t i l e  o v e r  th e  s a m p l e .14 T h e

1 4 . T h is  is  c a l c u l a t e d  a s  c o e f f ic ie n t  o f  a  w e ig h te d  O L S  r e g r e s s io n  o f  th e  y e a r - s p e c i f i c  m o m e n ts  f ro m  b e l o w  

o n  a  t im e  t r e n d , m u l t ip l i e d  b y  th e  n u m b e r  o f  y e a r s  ( 2 0 0 9 - 1 9 6 8 ) ,  a n d  d iv id e d  b y  th e  w h o l e - s a m p l e  v a lu e  in  

th e  p r e v i o u s  ro w .
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Permanent Earnings Changes 

Mean and Median
Transitory Earnings Changes 

Mean and Median

90th and 95th Percentiles

o — i | |-----------1-----------r
1970 1980 1990 2000 2010

Year

1 st Percentile Polatility

1 Oth Percentile Volatility ” —— • 25th Percentile Volatility

75th Percentile Volatility

90th and 95th Percentiles

1970 1980 1990 2000 2010

Year

1st Percentile Polatility - - - - -  5th Percentile Volatility 

I Oth Percentile Volatility -  -  -  • 25th Percentile Volatility 

<«<• Median Volatility_______ ■— — — 75th Percentile Volatility

<75th Percentiles <75th Percentiles

Figure 3

Evolution o f Percentiles o f Volatility Distribution

Notes: These figures show the evolution of various percentiles of the posterior mean of the permanent (left) 

and transitory (right) variance for various percentiles of the distribution of variance parameters.



Jensen and Shore 827

coefficient and r-statistic from this regression are shown just below. Year-by-year 

values are then shown.

Table 5 shows that the means of permanent and transitory parameters have increased 

substantially over the sample (by 92 and 77 percent, respectively) while the medians 

have not (0.2 and 1 percent increases, respectively). The qualitative results are robust to 

halving the bottom code and doubling the top code. This divergence can be explained 

by an increase in the magnitude of permanent and transitory variance parameters at 

the right tail among individuals with the highest parameters (the 95th percentile values 

increasing 44 percent and 105 percent, respectively). Colloquially, the kind of people 

whose earnings had always moved around a lot are moving around even more than they 

used to; the median person’s earnings do not move more than they used to.

This pattern can be seen graphically in Figure 3, which shows the year-by-year 

evolution of many quantiles of the distribution of permanent and transitory variance 

posterior means. In the bottom panels of Figure 3, we plot the 1st, 5th, 10th, 25th, 

50th, and 75th percentile values of the posterior mean of the permanent (cr^, left) and 

transitory (cr;;, right) variance parameters by year. These are very stable and show no 

clear upward trend. The size of this increase is extremely small economically. Looking 

at all but the “risky” tail of the distributions, the distributions look very stable.

In the middle and upper panels of Figure 3, we show the evolution of the “risky” 

tail of the distribution of posterior means. In this case, variance parameters increase 

strongly and significantly. This increase in the right tail of the distribution explains the 

increase in the mean completely.

C. Heterogeneity or Fat Tails?

So far, we have shown that the increases in earnings volatility can be attributed solely 

to increases in the right tail of the volatility distribution. To obtain this result, our 

model assumes that the distribution of shocks is normal conditional on the volatil

ity parameters. When the unconditional distribution of shocks is fat tailed (has high 

kurtosis), this is automatically attributed to heterogeneity in volatility parameters. An 

alternative hypothesis is that there is little or no heterogeneity in volatility parameters 

but that shocks are conditionally fat tailed (Hirano 2002)15.

When looking at the cross-section of earnings changes, heterogeneity in volatil

ity parameters (with conditionally normal shocks) and conditionally fat-tailed shocks 

(without no heterogeneity in volatility parameters) are observationally equivalent; they 

both imply a fat-tailed unconditional distribution of earnings changes. By examining 

serial dependence, it is possible to reject the hypothesis that everyone has the same 

volatility parameter. If shocks are conditionally fat tailed but everyone has the same 

volatility parameters, then those with large past earnings changes should be no more 

likely than others to experience large subsequent earnings changes. If individuals dif

fer in their volatility parameters and those volatilities are persistent, then individuals 

with large past earnings changes will be more likely than others to have large subse

quent earnings changes.

15. Hirano (2002) uses semi parametric Bayesian techniques to characterize the distribution of shocks. While 

all individuals have ex ante identical earnings shock distributions, Hirano (2002) models the shock distribu

tion flexibly using a Dirichlet process prior.
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This possibility is investigated in Figure 1, comparing the sample variance of earn

ings changes for individuals with and without large past earnings changes. In each 

year, a cohort without large earnings changes is formed as the set of individuals whose 

measure of variance, either permanent variance or squared earnings change, was be

low median four years ago; a cohort with large earnings changes is formed as the set 

of individuals whose measure of variance was above the 95th percentile four years 

ago. This four-year period is chosen so that earnings shocks are far enough apart to be 

uncorrelated (Abowd and Card 1989).

Note that individuals with large past earnings changes tend to have larger subse

quent earnings changes. The tendency to have large earnings changes is persistent, 

which indicates that some individuals have ex ante more volatile earnings than others.

The divergence over time in volatility between past low- and high-volatility co

horts is clear in Figure 1. The magnitude of earnings changes has been increasing 

more for those with large past earnings changes (who are more likely to be inherently 

high-volatility) than for those without such large past earnings changes (who are not). 

This increase in volatility falls primarily on those who could be expected to have 

volatile earnings to begin with. This shows that the increase in volatility among the 

volatile we find in the model cannot be attributed to increasingly fat-tailed shocks 

for everyone.

D. Whose Earnings Are Volatile?

In this paper, we have identified increasing volatility for men in the United States since 

1968 as being driven solely by the right (volatile) tail of the volatility distribution. 

Here, we examine the attributes of men with highly volatile earnings.

Table 6 presents the results from a probit regression to predict whether a person-year 

estimate of the (posterior mean) volatility parameter is above the 90th percentile for 

that year. Note from the first row that self-employed individuals are much more likely 

to have highly volatile earnings. The second row shows that “risk-tolerant” individu

als are also much more likely to have highly volatile earnings. Risk-tolerance is iden

tified from answers to hypothetical questions about lotteries, designed to elicit the 

individual’s coefficient of relative risk-aversion; risk-tolerant individuals are defined 

as those with an estimated coefficient of relative risk- aversion below 1/0.3.

High earnings individuals (those with earnings above median four years before the 

observation in question) are less likely to have volatile earnings, with volatility fall

ing with earnings throughout the earnings distribution. Individuals with more years 

of education are also less likely to have volatile earnings. Older individuals are more 

likely to have volatile earnings, a result driven by the large number of high-volatility 

individuals between ages 50 and 60. Unsurprisingly, men who are married and/or who 

have children are less likely to have volatile earnings.

E. Whose Earnings Are Increasingly Volatile?

Section IVD identified attributes of individuals with volatile earnings. In particular, 

the self-employed and those whose answers to survey questions suggest they are risk- 

tolerant are more likely to have volatile earnings. Here, we examine the increase in 

volatility over time among these groups.
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Table 6

Determinants o f High Volatility (Probit)

D e p e n d e n t  V a r ia b le P e rm a n e n t  V a r ia n c e T r a n s i to r y  V a r ia n c e

S e l f - e m p lo y e d ?  1 o r  0 0 .6 4 2 4 0 .7 4 4 7

(2 6 .6 3 )* * * (3 1 .1 5 )* * *

[0 .1 2 6 6 ] [0 .1 4 9 1 ]

R i s k - t o l e r a n t?  1 o rO 0 .0 9 5 3 0 .0 9 7 0

( 4 .6 ) * * * (4 .6 3 )* * *

[0 .0 1 4 0 ] [0 .0 1 3 8 ]

A g e  31 - 4 0 ?  1 o r  0 - 0 .0 1 8 6 - 0 .0 3 3 7

( - 0 .5 7 ) ( - 1 .0 2 )

[ - 0 .0 0 2 7 ] [ - 0 .0 0 4 7 ]

A g e  4 1 - 5 0 ?  1 o rO 0 .0 6 2 0 0 .0 6 6 6

( 1 .7 8 )* * ( 1 .9 0 )* *

[0 .0 0 9 1 ] [0 .0 0 9 4 ]

A g e  5 1 - 6 0 ?  1 o rO 0 .1 9 6 8 0 .1 9 3 2

(5 .0 1 )* * * (4 .8 9 )* * *

[0 .0 3 1 1 ] [0 .0 2 9 5 ]

Y e a r s  o f  e d u c a t io n - 0 .0 1 1 8 - 0 .0 1 8 4

( - 2 .6 8 ) * * * ( - 4 .1 6 ) * * *

[ - 0 .0 0 1 7 ] [ - 0 .0 0 2 6 ]

E a r n in g s  b o t to m  c o d e ?  1 o r  0 0 .2 1 4 1 0 .1 2 8 5

(4 .0 3 )* * * (2 .4 5 )* * *

[0 .0 3 2 0 ] [0 .0 1 6 4 ]

L o g ( e a r n in g s ) - 1 . 0 1 2 6 - 1 .9 3 7 5

( - 2 .9 5 ) * * * ( - 5 .7 2 ) * * *

1 -0 .1 4 6 1 ] [ - 0 .2 6 9 6 ]

S q u a r e d  lo g ( e a r n in g s ) 0 .0 4 6 8 0 .0 9 2 0

(2 .7 6 )* * * ( 5 .5 ) * * *

1 0 .0 0 67 ] [0 .0 1 2 8 ]

E a r n in g s  to p  c o d e ?  1 o r  0 - 0 .2 5 0 2 - 0 .3 4 2 4

( - 1 .3 4 ) * ( - 1 .8 8 ) * *

[ - 0 .0 3 0 1 ] [ - 0 .0 3 7 0 ]

H a v e  c h i l d r e n ?  1 o r  0 - 0 .0 1 4 7 - 0 .0 5 5 7

( - 0 4 6 ) ( - 1 .7 3 ) * *

[ - 0 .0 0 2 1 ] [ - 0 .0 0 7 9 ]

N u m b e r  o f  c h i ld r e n - 0 . 0 0 7 9 0 .0 0 7 0

( - 0 .6 2 ) ( 0 .5 5 )

[ - 0 .0 0 1 1 ] [0 .0 0 1 0 ]

M a r r i e d ?  1 o r  0 - 0 .1 8 4 8 - 0 . 2 0 3 4

( - 6 .0 3 ) * * * ( - 6 .5 9 ) * * *

[ - 0 .0 2 9 3 ] [ - 0 .0 3 1 5 ]

P s e u d o - / ? 2 0 .0 5 2 3 0 .0 6 9 9

O b s e r v a t io n s 3 4 ,3 6 3 3 4 ,3 6 3

N o te s :  R e su lts  f rom  a  p ro b it  re g re s s io n  to  p re d ic t  an  in d ic a to r  v a r ia b le  fo r  w h e th e r  p o s te r io r  m ea n  v a r ia n c e  

( p e rm a n e n t  o r  t r a n s i to ry  v o la t i l i ty )  e s t im a te  is a b o v e  th e  9 0 th  p e rc e n ti le  fo r  th a t  y ea r. “ R is k  to le ra n t”  is  s e t  to  

1 i f  th e  P S ID  r i s k - to le ra n c e  v a r ia b le  e x c e e d s  0 .3 . E a rn in g s  m e a su re s  r e fe r  to  fo u r - y e a r  la g g e d  la b o r  e a rn in g s , 

W in so r iz e d  a t  to p -  a n d  b o t to m -c o d e s .  * , * * , an d  ***  in d ic a te  s ig n if ic a n c e  a t th e  10 p e rc e n t ,  5 p e rc e n t ,  and  

1 p e rc e n t  le v e ls ,  r e sp e c tiv e ly , z -s ta t is t ic s  a re  in  p a re n th e se s . M a rg in a l  e f fe c ts  a r e  in  sq u a re  b ra c k e ts .  T h e  R2 

u s e d  ab o v e  is M c F a d d e n ’s  P seudo-7?2.
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Table 7 predicts the posterior mean variance (volatility) estimates described earlier 

with a linear time trend. The “change” row shows the coefficient on calendar time; the 

“percent change” row shows the expected percent change over the sample implied by 

this coefficient. The top panel presents results for the permanent variance; the bottom 

panel presents results for the transitory variance. Each column presents results for a 

different subsample. By comparing the first two columns, note that that volatility has 

increased dramatically more for self-employed people than for others. These indi

viduals have much higher average levels of volatility but their percentage change in 

volatility is still higher than for other individuals. Self-employed individuals account 

for a substantial proportion of the overall increase in earnings volatility. Similarly, the 

increase in permanent volatility (the variance of permanent shocks) is much greater 

for those who self-identify as risk-tolerant (those whose estimated coefficient of rela

tive risk aversion less than 1 / 0.3) than those who do not. Transitory volatility does 

not show major differences in trend for risk-tolerant and not risk-tolerant individuals.

Table 7 shows that the increase in volatility is apparent throughout the earnings 

distribution. While increases in the average variance of transitory shocks are similar 

(in proportional terms) for those with above- and below-median earnings, the variance 

of permanent shocks has increased more for those with above-median earnings than 

for those with below-median earnings. While below-median individuals are over

represented among those with the highest volatilities (Section IVE), low-earning in

dividuals are not driving the increase in volatility among those with the most volatile 

earnings.

Table 8 presents results by age and educational attainment. Note that while mag

nitudes vary, the increase in volatility at the right tail is present for those below and 

above 40 and across the education distribution.

V. Conclusion

Increases in the magnitude of earnings changes in the PSID can be at

tributed almost entirely to the “right tail” of the volatility distribution. Taking volatility 

as a proxy for risk, those who would have had risky earnings in the past now face even 

more risk. Everyone else has had no substantial change.

One way to frame the results in this paper is to assume that individuals face menus 

of risk-return options from which they choose the best career given their risk prefer

ences. Ceteris paribus, the most risk-tolerant people will select into the riskiest ca

reers. This selection provides a way of understanding why those with the most volatile 

earnings in the data also self-identify as risk-tolerant. In this setting, changes in the 

shape of this risk-return menu (or the distribution of risk-tolerance) will change the 

distribution of risk observed in the economy. We can then interpret the increase in 

earnings volatility among the most volatile as an increase in the returns to risk-taking 

at the top end. Without knowing more, the welfare implications of this finding are 

unclear.

Another possible interpretation of the results is that they shed light on differences 

in volatility trends from administrative and survey data in the United States. The lat

ter (including this paper) have typically found increases in average volatility while 

the former have not. This paper argues that the increase in average volatility found
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in survey data reflects increases in measured volatility for a minority of individu

als with volatile earnings; these individuals are more likely to be self-employed and 

risk-tolerant. This suggests that differences between survey and administrative data 

(and changes in those differences) in the way this group is measured may drive the 

diverging results. High-volatility individuals may think of year-to-year changes in 

their earnings differently than administrative records do; for example, the distinction 

between labor earnings and deferred compensation reinvested into a business may be 

particularly relevant for this group and changing over time. To the degree that this 

divergence has changed over time, it could explain the differences between results 

based on survey and administrative data.
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