On the Covariance Structure of Earnings and Hours Changes
John M. Abowd; David Card

Econometrica, Vol. 57, No. 2. (Mar., 1989), pp. 411-445.

Stable URL:
http:/links.jstor.org/sici ?sici=0012-9682%28198903%2957%3A 2%3C411%3A OT CSOE%3E2.0.CO%3B2-U

Econometrica is currently published by The Econometric Society.

Y our use of the JSTOR archive indicates your acceptance of JISTOR's Terms and Conditions of Use, available at
http://www.jstor.org/about/terms.html. JSTOR's Terms and Conditions of Use provides, in part, that unless you have obtained
prior permission, you may not download an entire issue of ajournal or multiple copies of articles, and you may use content in
the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/journal s'econosoc.html.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

The JSTOR Archiveisatrusted digita repository providing for long-term preservation and access to |eading academic
journals and scholarly literature from around the world. The Archive is supported by libraries, scholarly societies, publishers,
and foundations. It isan initiative of JSTOR, a not-for-profit organization with a mission to help the scholarly community take
advantage of advances in technology. For more information regarding JSTOR, please contact support@jstor.org.

http://www.jstor.org
Thu Jun 28 17:38:46 2007


http://links.jstor.org/sici?sici=0012-9682%28198903%2957%3A2%3C411%3AOTCSOE%3E2.0.CO%3B2-U
http://www.jstor.org/about/terms.html
http://www.jstor.org/journals/econosoc.html

Econometrica, Vol. 57, No. 2 (March, 1989), 411-445

ON THE COVARIANCE STRUCTURE OF EARNINGS AND
HOURS CHANGES

By JOoHN M. ABOWD AND DAvID CARD!

This paper presents an empirical analysis of individual earnings and hours data from
three different longitudinal surveys. In the first part of the paper we catalog the main
features of the covariance structure of earnings and hours changes. We find that this
structure is very similar across data sets, and may be adequately summarized by a simple
components-of-variance model, consisting of (i) serially uncorrelated measurement error,
(ii) a shared component of earnings and hours with a second-order moving average
covariance structure, and (iii) a nonstationary component that affects only the variances
and contemporaneous covariances of earnings and hours. In the second part of the paper
we offer an interpretation of this model in terms of a simple life-cycle labor supply model.
On the assumption that we can identify individual productivity growth with the shared
component of earnings and hours variation, we obtain estimates of the intertemporal
substitution elasticity. The results are not favorable to the life-cycle model: most of the
covariation of earnings and hours occurs at fixed hourly wage rates.

Keyworps: Components-of-variance models, lifecycle labor supply, measurement error,
intertemporal substitution.

RECENT STUDIES OF INDIVIDUAL EARNINGS and hours data focus on the contem-
poraneous correlation between hours of work and average hourly earnings.? This
focus arises naturally from the life-cycle labor supply model, which explains
changes in individual hours by changes in the value of work and unanticipated
changes in wealth.> Nonetheless, there is widespread agreement that most of the
observed variation in hours over time is not explained by contemporaneous
movements in wages.* On one hand, the cross-sectional correlation between
percentage changes in annual hours and percentage changes in average hourly
earnings is apparently dominated by measurement error.’ On the other hand,
state-of-the-art estimates of the life-cycle labor supply model yield small and
often statistically insignificant elasticities between hours variation and wage
movements.®

' We are grateful to Gary Chamberlain, Zvi Griliches, Whitney Newey, and Robert Topel for
comments and suggestions. We thank the Department of Economics at the Massachusetts Institute of
Technology for their hospitality while the first draft of this paper was written.

% See for example Ashenfelter and Ham (1977), MaCurdy (1981), Altonji (1986), and the surveys
by Kllhngsworth (1983) and Pencavel (1986).

3 The life- cycle labor supply model is described in Ghez and Becker (1975) and Heckman (1976).
Browning, Deaton, and Irish (1985) provide a useful summary of the theory of consumer behavior
over time.

% Pencavel (1986) concludes that “. .. the focus of most economists’ research [on labor supply] has
been on a behavioral response that for men appears to be of a relatively small order of magnitude.”

Alton_u (1986) compares the correlation between changes in hours and changes in average hourly
earnings (about —.35 in his sample and in three of the four samples used in this paper) with the
correlation between changes in hours and changes in reported wage rates of hourly rated workers
(about .01 in Altonji’s sample). Altonji interprets this difference as evidence that measurement error
in hours induces a strong negative correlation between changes in hours and changes in average
hourly earnings.

MaCurdy (1981) and Altonji (1986) both arrive at estimates of the intertemporal substitution
elasticity in the neighborhood of .10 to .40.
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In this paper, we present a more general analysis of the relation between
movements in earnings and movements in hours over time.” Using data from
three different longitudinal surveys, we first catalogue the main features of the
covariance structure of earnings and hours changes. We find that a relatively
simple components-of-variance model summarizes the data from all three sur-
veys. We then compare this covariance structure to the structure implied by a
simple version of the life-cycle labor supply model. According to the life-cycle
model, changes in individual productivity lead to changes in earnings and hours,
with a larger effect on earnings than hours. In contrast, our empirical results
suggest that the main source of shared variation in earnings and hours represents
changes in hours at fixed hourly wage rates.

In the first section of the paper, we describe the covariance matrix of changes
in annual earnings and annual hours of work for male household heads in four
data sets: two samples from the Panel Study of Income Dynamics (PSID); a
sample of older men from the National Longitudinal Survey of Men 49-59
(NLS); and a sample from the control group of the Seattle and Denver Income
Maintenance Experiment (SIME/DIME). We then test for parsimonious repre-
sentations of the covariance matrices from these surveys. In all four samples we
find that changes in earnings and changes in hours are uncorrelated with lagged
changes more than two periods apart. We also find strong evidence of nonstation-
arity in the covariances of earnings and hours.

We go on to examine some relatively simple models for the covariance
structure of earnings and hours changes. The first model is one of pure measure-
ment error, in which changes in earnings and hours result from random respon-
dent and interviewer errors. While this simple model captures some of the main
features of the data, it is overly restrictive in several important dimensions. The
next model adds a single component of variance that enters with different
coefficients in earnings and hours. This model provides a significantly better fit to
the covariance matrices of earnings and hours changes, but is still overly
restrictive. The final model we present adds a time-varying component to the
variances of changes in earnings and hours. This relatively simple three-compo-
nent model provides a statistically acceptable description of the covariances from
all three data sources.

In the second section of the paper we present a model of the covariance
structure of earnings and hours based on the life-cycle labor supply model. This
model implies a simple structure in which individual productivity enters as a
common component of variance in earnings and hours. Other components
include measurement error, changes in tastes for leisure, and unanticipated
changes in the marginal utility of consumption. The key implication of the
life-cycle labor supply model is that changes in individual productivity influence
earnings more than hours. The estimated covariance structure of all four samples,

"Our empirical analysis is closely related to work by Lillard and Weiss (1979), Hause (1980), and
MaCurdy (1982). These authors all model the serial correlation structure of earnings in longitudinal
data. We extend the analysis to the bivariate process of earnings and hours.



EARNINGS AND HOURS CHANGES ‘ 413

however, suggests that the common component of earnings and hours variation
affects the two variables proportionally. This leads us to conclude that labor
supply responses to individual productivity variation are not an important source
of variation in individual labor market outcomes. Rather, most changes in
earnings and hours occur at fixed wage rates.

1. DATA DESCRIPTION

The earnings and hours data in this paper are drawn from the Panel Study of
Income Dynamics, the National Longitudinal Survey of Men 45-59, and the
nonexperimental families in the Seattle and Denver Income Maintenance Experi-
ment. For the PSID we used the Wave XIII Merged Individual Tape (Survey
Research Center, 1972 and 1981). For the NLS we used the Public Use Tape
Release 7SA (Center for Human Resource Research, 1977 and 1981). For the
SIME/DIME we used the Work Impact Dual Head of Household File (SRI
International, 1983a). Appendix B describes the procedures we used to obtain
each sample.

From the PSID we have selected two alternative samples of male household
heads. Our first sample consists of men who were heads of household in every
year from 1969 to 1979 (the third through thirteenth waves of the survey), who
were between the ages of 21 and 64 in each year, and who reported positive
earnings and hours in each year. This sample contains a total of 1448 individuals.
Sample average annual hours and hourly wage rates, as well as averages of the
changes in the logarithms of annual earnings and hours, are reported in Table I.

Like the other two surveys used in this paper the PSID survey overrepresents
low income and nonwhite households.® In our sample of male heads with positive
earnings and hours in every year, the fraction of nonwhites is 27.3 percent. At the
suggestion of the editor and referees, we have therefore drawn a second sample of
the PSID which excludes individuals from the subset of the PSID drawn from
Survey of Economic Opportunity (SEO). The characteristics of this alternative
sample are reported in the right-hand columns of Table I. As expected, this
sample of 991 males contains many fewer nonwhites, and has higher average
hourly earnings. Average annual hours, on the other hand, are very similar
between the overall PSID sample and the subsample which excludes the SEO.

From the NLS we have selected 1318 men who were less than 65 years old in
1975 and who reported nonzero earnings and hours in each of the survey years
1966, 1967, 1969, 1971, 1973, and 1975.° Table II summarizes the characteristics

# Information on the sampling frames of the three surveys are contained in Survey Research Center
( 1972) Center for Human Resource Research (1977), and SRI International (1983b).

° The 1969, 71, 73, and 75 NLS surveys were administered in July through October of the survey
years, and asked questions on earnings and hours in the previous twelve months. Earlier surveys
(1966, 1967) collected earnings information for the previous calendar year. Hours information is for
calendar year 1965 in the 1966 survey and for the previous twelve months in the 1967 survey. Unlike
the PSID survey, the NLS collects no auxilliary information on overtime hours or hours of work on
secondary jobs. For this and perhaps other reasons a large fraction (approximately 30 percent) of
NLS respondents report exactly 2,000 hours per year in any survey year.
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of this sample. The fraction of nonwhites in the NLS sample is similar to that in
the overall PSID sample, and much higher than the fraction in the PSID
subsample without the SEO. It is important to keep in mind that all but the first
two waves of the NLS survey were administered biennially. As a consequence,
four of the five available changes in earnings and hours for this sample refer to
changes in annual totals over two-year intervals.

From the control group of the Seattle-Denver Income Experiment our sample
consists of 560 male heads of dual-headed households.!® These male heads were
between 21 and 64 years of age during the first four years of the experiment, and
reported nonzero earnings and hours in each of the first eight experimental
half-year periods. Demographic characteristics and average hourly wage rates
and hours for the SIME /DIME sample are recorded in Table III. Labor market
information in the income maintenance experiments was collected quarterly and
aggregated into six-month intervals by the experiments’ contractors. Hours of
work and changes in earnings and hours for the SIME /DIME sample therefore
refer to labor market outcomes in six-month periods. Since enrollment into the
experiments was conducted over a two year interval, the six-month experimental
periods refer to different periods of calendar time for different sample members.
Labor market outcomes in the first experimental period, for example, refer to
data for calendar periods between early 1971 and late 1972.

By design, the income experiments heavily oversampled low income and
nonwhite households. The fraction of nonwhites in our SIME/DIME sample is
consequently higher than the fraction in either the NLS or overall PSID samples.
Average hourly earnings and annual hours are also somewhat lower for the
SIME /DIME sample than for any of the other three samples.

The complete covariance matrices of the changes in the logarithms of annual
earnings and annual hours for the four samples are recorded in Tables IV-VII.
In order to control for differences in labor force experience within and between
the samples, we have computed these covariances using the residuals from
unrestricted multivariate regressions of changes in earnings and hours on time
period indicator variables and potential experience (age minus education minus
five). As it happens, the characteristics of the data are not significantly affected
by this adjustment, since the explanatory power of the experience regressions is
negligible in all four samples. The covariances of the changes in earnings and
hours with potential experience are recorded in the final row of each table.

To control for the fact that the SIME /DIME data are drawn from different
calendar periods, depending on the date of assignment into the experiment,
changes in earnings and hours from the SIME/DIME sample are regression
adjusted using potential experience and a series of indicator variables for month-
of-assignment into the experiment. In none of the sixteen regressions for the eight
changes in earnings and hours were these indicator variables jointly statistically
significant at conventional significance levels.

' The SIME/DIME survey contains detailed questions on overtime and secondary jobs, and is

conceptually more similar to the PSID survey than the NLS survey. See Appendix B.
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TABLEI
CHARACTERISTICS OF THE PSID SAMPLE OF MALE HOUSEHOLD HEADS

SEO Included SEO Excluded®
Average Average Average Average
Hourly Annual Hourly Annual
Year® Earnings Hours Earnings Hours
1. Annual Hours and Average 1969 3.62 2308 4.00 2291
Hourly Earnings (1967 dollars) 1970 3.7 2276 415 2266
1971 3.85 2266 424 2290
1972 4.00 2302 447 2313
1973 413 2324 4.59 2319
1974 4.10 2246 4.54 2268
1975 4.02 2220 4.46 2234
1976 419 2231 4.57 2246
1977 4.26 2236 4.70 2253
1978 426 2244 491 2239
1979 4.25 2186 4.93 2192
Change in Change Change in Change
Change Earnings in Hours Earnings in Hours
2. Changes in Log Real Annual 1969-70 25 -0.8 3.6 -.6
Earnings of Log Annual 1970-71 3.0 -03 2.0 6
Hours (X 100) 1971-72 6.9 2.0 9.0 2.6
1972-73 4.7 1.9 3.0 5
1973-74 -55 —-41 =37 -23
1974-75 —4.2 —-24 —43 -25
1975-76 41 0.6 2.0 1
1976-77 25 0.3 4.7 i
1977-78 02 0.5 -13 =20
1978-79 -5.5 —4.2 =57 =35
3. Demographic Characteristics
Average Age in 1969 358 36.7
Percent Nonwhite 273 8.2
Average Potential 18.9 19.1
Experience in 1969
4. Sample Size® 1448 991

#Sample members from the Survey of Economic Opportunity (SEO) are excluded.
Data are for the calendar years listed.
“Sample excludes observations with average hourly earnings greater than $100/hour, or annual hours greater
than 4680.

Table IV contains the experience-adjusted covariances and correlations of
changes in the logarithms of annual earnings and annual hours for our overall
sample of household heads from the PSID. The covariances and their associated
standard errors are presented below the diagonal of the table, while the correla-
tion coefficients are presented above the diagonal. The table is arranged with the
10 changes in log earnings (denoted by A log g) first, and the 10 changes in log
hours (denoted by A log /) following.

Looking first at the diagonal elements of Table IV, the cross-sectional variation
in percentage changes in annual earnings and hours is large: the standard
deviation of the change in the logarithm of earnings is at least 35 percent, while
the standard deviation of the change in the logarithm of annual hours is at least
25 percent. The variances of changes in annual earnings and hours also vary over
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TABLE II
CHARACTERISTIC OF THE NLS SAMPLE OF OLDER MEN

Average Average
Hourly Annual
Year? Earnings Hours
1. Annual Hours and Average 1966 3.50 2209
Hourly Earnings (1967 dollars) 1967 3.46 2190
1969 3.55 2190
1971 3.66 2161
1973 3.63 2160
1975 3.50 2003
Change Change
Change® in Earnings in Hours
2. Changes in Log Real Annual 1966-67 45 0.0
Earnings and Log Annual 1967-69 4.0 0.0
Hours (X 100) 1969-71 31 -0.1
1971-73 -02 -1.5
1973-75 -16.8 -11.6
3. Demographic Characteristics
Average Age in 1969 49.2
Percent Nonwhite 29.8
Average Potential 344
Experience in 1969
4. Sample Size 1318

2Data are for twelve-month periods preceeding the interview date (except 1966 and
1967; see footnote 9).
t’Changes in earnings and hours over the two year intervals are nor at annual rates.

time. Cross-sectional dispersion in earnings and hours growth was relatively small
in 1972-73 and 1973-74, and relatively large in 1975-76.

Turning to the first-order autocovariances, which are displayed directly below
the diagonal, it is clear that consecutive changes in individaal earnings and hours
are strongly negatively correlated. The average covariance of consecutive changes
in earnings is —.060: the average first-order correlation coefficient is —.34.
Similarly, the average first-order autocovariance of the change in hours is —.061,
with an average first-order autocorrelation coefficient of —.34.

The cross-covariances between changes in earnings and changes in hours are
displayed in the lower left-hand block of the table. Contemporaneous changes in
earnings and hours are significantly positively correlated: the average covariance
is .073, with an average correlation coefficient of .50. Since the logarithm of
average hourly earnings is simply the difference in logarithms of annual earnings
and annual hours, the covariance between changes in hours and changes in
average hourly earnings is the difference between the covariance of earnings and
hours and the variance of hours. This difference is uniformly negative in Table
IV, implying that changes in hours and changes in average hourly earnings are
negatively correlated.

A final feature of the covariance matrix in Table IV is the absence of any large
or statistically significant covariances at lags greater than two years. Year-to-year
changes in earnings and hours more than two years apart are approximately
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TABLE III
CHARACTERISTICS OF THE SIME / DIME SaAMPLE OF MALE-HEADS OF DUAL-HEADED HOUSEHOLDS

Average Average
Experimental Hourly Annual
Period® Earnings Hours
1. Annual Hours and Average 1 3.47 2093
Hourly Earnings (1971 dollars) 2 3.53 2098
3 3.63 2087
4 3.73 2117
5 3.83 2135
6 3.88 2104
7 3.88 2131
8 3.85 2074
9 3.88 2059
Change Change
Change® in Earnings in Hours
2. Changes in Log Real Semi-Annual 1-2 1.2 39
Earnings and Log Semi-Annual 2-3 -13 1.0
Hours (<X 100) 3-4 2.8 5.8
4-5 1.6 4.0
5-6 -13 0.2
6-7 0.7 0.6
7-8 -3.5 —45
8-9 -3.0 -2.7
3. Demographic Characteristics
Average Age at start of experiment 34.7
Percent Nonwhite 48.8
Average Potential Experience 18.2
at start of experiment
4. Sample Size 560°

?Data are for six-month periods following assignment into the income experiment. Annual hours are estimated as twice the
semiannual average.

®The changes in earnings and hours between consecutive six-month intervals are nor at annual rates.

“Sample excludes individuals with more than 2500 hours of work in any half-year period.

uncorrelated. This suggests that changes in earnings and changes in hours may be
adequately summarized by a (possibly nonstationary) bivariate second order
moving average (MA(2)) process.

Table V displays the equivalent covariance matrix of earnings and hours
changes for the PSID sample without the SEO subsample. The main features of
the table are similar to those in Table IV, although the variances and covariances
are somewhat smaller in absolute value when the SEO group is excluded. The
average first-order autocorrelations of earnings and hours changes are also
slightly lower in Table V (—.29 and —.33, respectively). Again, the covariance
between earnings and hours changes is positive but smaller than the variance of
hours changes, implying that changes in hours and changes in average hourly
earnings are negatively correlated. As in Table IV, few of the covariances
between earnings and hours changes more than two years apart are large or
statistically different from zero. Finally, the pattern of nonstationarity in the
variances and covariances is similar between the overall PSID sample and the
sample with the SEO excluded.



TABLE IV

COVARIANCES AND CORRELATIONS® BETWEEN EXPERIENCE ADJUSTED CHANGES IN EARNINGS AND HOURs: PSID MALES 1969 T0 1979°
(Standard Errors in Parentheses)

Covariance of:

[§Y) ) 3 [C)] (5) [©] (@) (8) (€] (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
Alogg Alogg Alogg Alogg Alogg Alogg Alogg Alogg Alogg Alogg Alogh Alogh Alogh Alogh Alogh Alogh Alogh Alogh Alogh Alogh
with: 69-70  70-71  T1-72  72-73  73-74 74-75 75-76  76-77 77-78  78-79 69-70 70-71  71-72 72-73  73-74 74-75 75-76  76-77 77-78 78-79
1. Alog g d6l —-23  —-.04 .00 .02 03 -0 -0 -.01 .00 48 -17 -.01 07 -.01 05 -.06 02 -.01 .01
69-70 (018)
2. Alog g -.03 158 -39 -.02 .00 03 -.04 .00 04 -02 -.09 53 -23 01 -.03 02 -.04 .03 00 -.00
70-71 (013) (.019)
3. Alog g —.007 —.064 170 —41  —-05 -.06 .05 05 -.03 0 -0 -.19 56 —-20 -.10 .00 02 -.01 03 -.02
1-72 (007) (013) (019)
4. Alogg 000 —.002 -.062 134 -28 -.07 .00 .07 .04 .00 02 -0 -17 .38 04 -07 -.02 -.02 .03 .02
72-73 (006) (.008) (013) (.014)
5. Alog g .003  .000 -.007 —.036 129 -35 -01 -.06 -.01 .00 -.01 .02 -.06 .05 37 =15 -.02 00 -05 -.01
73-74 (004) (. 005) (005) (007) (016)
6. Alog g .005 -.010 -.011 -.054 181 -4 -.06 —.03 .00 -.02 02 —-06 -.03 -.07 S1 -30 -.04 02 -.01
74-75 (005) (. 005) (007) (006) (015) (.021)
7. Alogg -.007 -.007 .010 000 —.001 —.088 224 —42 —.07 .00 03 -.05 06 —-02 -06 -.20 59 -25 -08 -.03
75-76 (006) (.005) (.008) (.008) (006) (015) (.032)
8. Alogg -.002 000 .009 011 -.010 —.011 —.087 194 -.34 01 -.02 03 -.02 05 -.09 02 -.28 58 —-20 -.02
76-71 « 005) (007) (008) (.008) (.006) (007) (028) (.034)
9. Alog g .006 —.005 .006 -.001 —.006 —.015 —.066 .193 —-24 -.01 04 -01 -.07 02 -.09 02 -20 .55 .03

77-78 (007) (.007) (.008) (.007) (.006) (.007) (.008) (.018) (.027)



10. Alogg .000
78-79 (.004)

11. Alogh .067
69-70 (.014)

12. Alogh —.022
70-71 (.011)

13. Alogh —-.002
71-72 (.007)

14. Alogh .008
72-73 (.004)

15. Alogh —-.001
73-74 (.004)

16. Alogh .006
74-75 (.004)

17. Alogh —-.009
75-76 (.004)

18. Alogh .004
76-1717 (.004)

19. Alogh —-.002
77-78 (.004)

20. Alogh .001
78-79 (.003)

21. Experience¢ —.508
(.139)

— 003
(.005)
- 012
(.010)
071
(015)
- 031
(.010)
001
(.006)
- 003
(.003)
003
(.004)
— 006
(.004)
004
(. 006)
(. 005)
.000
(.003)

—.150
(112)

002 .000
(.005)  (.005)
-.001  .002

(007) (004)

(011) (007)
079 —.022
(015) (.010)
—023 039
(01D (010)
011 .004

(006) (005)
.000

(.005) (004)
003 —.002
(.005)  (.005)

—.002 —.003
(.005) (.006)

005 .005
( 005) (- 005)

(003)
-.323

(: 003)
—.050
(117) (.099)

000 000 001 003 —.044 179
(.006) (.006) (.006) (.010) (.013) (.020)
—.002 —.003 .004 —.004 —.001 —.007
(.003) (.005) (.006) (.005) (.004) (.004)
002 003 —.009 004 .005 —.001
(003) (.005) (.006) (005)
- —009 009
(004) (004) (.004) (005) (.005)
005 — —.002  .007 —.009
(003) (004) (005) (005) (.005)
003

(.005) (.004)
-.001  .003
(.005)
.005
(.004)
.002
(.004)
004

(007) (008) (007) (005) (004)

(007) (013) (012) (008) (009) (.006)
—.002 —.048 106 —.047 .003 —.007
(004) (012) (.022) (.020) (.010) (.006)
000 —.006 —.044 097 —.033 .008
(005) (006) (023) (027) (0l4) (008)
—007 .002 —.013 —.033 .088 —.006
(004) (005) (005) (015) (.020) (.010)
- - —.004 005 075
(003) (004) (006) (.005) (.008) (.016)
006 —.182 --.118 —.350 —.209 —.217
(098) (118) (118) (127) (144) (133)

—05 -0l 02 04 02 03 -04 05 —.04
118 —34 -0l 00 .06 -.05 —-.02 02 -0l
(.015)
—040 115 -4 -05 -06 .05 00 —01 .00
(010) (.015)
—.002 —.048 118 —-37 -.10 -.04 .02 -.01 .02
(007) (.010) (.015)
000 —.005 —.036 080 —20 —.01 —.08 .07 —.06
(.003)  (.005) (010) (011)
006 —.006 —010 —.016 073 —34 -.06 —-.03 —.02
(004) (.004) (003) (.003) (.007)

006 —.005 —.001 —.030 110 —.45 —.08 —.02
(004) (004) (003) (:003) (.005) (.013)
—.002 —.009 —.006 —.058 147 —44 —.04
(.005) (004) (003) (003) (.004) (013) (.021)
003 —.002 —.001 .008 —.003 —.010 —.064 .143 - 38
(005) (.004) (004) (005) (.005) (.006) (.018) (.024)
—.001 .000 —006 —.002 —.003 —.006 —.053 .134
(.005) (.004) (.004) (004) (.004) (.005) (.006) (013) (.021)
—001 005 —.006 —.002 .001 —.002 —.003 —.005 —.021
(005) (.004) (.004) (.003) (.003) (.004) (005) (.005) (008)
—313 —123 —-.153 074 —.052 —.111 070 —.195 —.283

(114) (.096) (.096) (.081)

(075)

(101) (111) (105) (122)

48
- .01
04
- 05
- 02
01
- 02
- .02
- 03
~ 15
136
(.019)

— 181
(129)

2Covariances below diagonal and correlations above diagonal.
®The data represent changes in log earnings and log hours over the intervals indicated, adjusted for the conditional mean given potential experience and the year of observation. See Table I for means.
“Covariance of potential labor force experience with the change in log earnings (columns (1)-(10)) and the change in log annual hours (columns (11)-(20)). The variance of potential experience is 106.8.



TABLE V

COVARIANCES AND CORRELATIONS BETWEEN EXPERIENCE-ADJUSTED CHANGES IN EARNINGS AND HOURS:
PSID MALES 1969 10 1979, SEO EXCLUDED

(Standard Errors in Parentheses)

Covariance of:
Q8] 2) 3) 4) ) (6) (@) (8) (€] (10) (11) (12) (13) (14) (15) (16) an (18) (19) (20)
Alogg Alogg Alogg Alogg Alogg Alogg Alogg Alogg Alogg Alogg Alogh Alogh Alogh Alogh Alogh Alogh Alogh Alogh Alogh Alog h

with: 69-70 70-71 T-72 72-73 73-74 74-75 75-76 76-77 77-78 78-79 69-70 70-71 71-72 72-73 73-74 74-75 75-76 76-77 77-78 78-79

1. Alogg 146 —233 —005 002 020 018 041 —.076 017 —.023 556 —.147 033 055 —.013 076 —.011 -.023 —.018 -—.019
69-70 (.023)

2. Alogg —033 138 —.436 —.152 034 012 —.051 —.029 .057 —.020 —.081 0.569 —.342 —.015 —.020 0036 —.08 .023 .022 —.025
70-71 (016) (.023)

3. Alogg —001 —.060 137 —208 —.049 004 —.034 038 —.002 008 .054 —.308 595 —.087 —.048 —.039 035 —012 022 -.025
71-72 (009) (017) (.020)

4. Alogg 000 —.018 —.024 100 —341 —.133 051 —.018 —.021 —.046 030 —.115 .006 314 —013 —.110 —.005 .033 —.017 .018
72-73 (004) (.006) (.007) (.013)

5. Alogg 002 004 —005 —.032 089 —258 —.007 —.049 —.002 —.012 004 074 —.095 —.003 304 —.100 021 012 —.019 —.058
73-74 (004) (.004) (.005) (.008) (.009)

6. Alogg 003 002 001 —.015 —028 130 —.342 —.119 —.065 060 —.075 014 009 —.020 —.083 489 —.228 —.086 —.053  .039
74-75 (004) (005) (005) (006) (007) (.018)

7. Alogg 007 —.009 —.006 .007 —.001 —.055 203 —.537 —.055 .00l .048 —.057 019 —005 —.006 —.139 0623 —.342 —.028 -—.059
75-76 (005)  (005) (005) (007) (006) (016) (042)

8. Alogg —012 —004 006 —.002 —.006 —.017 —.098 164 —.157 —.092 —.055 008 —.015 022 007 —.131 —332 588 —.064 —.050
76-11 (005) (005) (005) (005) (004) (.007) (038) (.041) .

9. Alogg 003 .008 —.000 —.003 —000 —009 —0l0 —.024 149 —.096 057 .012 024 —.070 —.008 —.025 —.052 —.109 557  .060
77-78 (005) (006) (.004) (005 (004) (005) (010) (009) (.024)



10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

Alog g
78-79
Alog h
69-70
Alogh
70-71
Alog h
71-72
Alogh
72-73
Alogh
73-74
Alog h
74-75
Alogh
75-76
Alogh
76-1717
Alogh
77-178
Alogh
78-79

Experience®

—.003
(.003)
074
(.019)
— 018
(.013)
004

(.010)
005
(.004)
- 001
(.003)
008
(.004)
— 001
(.004)

— 003
(.005)
— 003
(.005)
— 003
(.004)

-7
(172)

~ 003
(:005)
~ 010
(013)
068
(020
044

(018)
— 001
(:004)
— 002

(004)

001 —.006 —.001
(:005)  (.005) (004)
007 003

008 .000
(004) ( 005)

(.008) (.004) (004) (005) (006)
037 —012 007 —.008
(016) (.004) (003) (003) (.005)
077 001 —.010 003

(019) (:006) (.004) (004) (.004)
—008 023 —.000 — —.001
(.005) (005) (.004) (003) (.005)
— 004 022 —.007 —.001

(.003) (005) (:006) (.004) (.004)
— 004 —.009 051 —.018

(.004) (004) (005) (012) (.012)

004 —.001 002 —.028

(.004) (.004) (.004) (011) (027)
—.002 004 001 —.011 —.054
(004) (.004) (004) (.006) (.031)
003 —.002 —.002 —.007 —.005

(004) (:003) (.004) (.004) (.005)
002 —.007 .006 —.011

((3);)3) (005) (005) (004) (007)

- 014
(-:006)
—.008
(.006)
001
(.005)
—.002
(.004)
002
(.003)
001
(.004)

-.015
(008)

C 027)

(034)
~ 010

( 006)
8

(.006)

- 014
(012)
008
(.005)
002

146
(.020)

-.012
( 006)

( 004)
.003
(:004)
-.003
(-:003)
.005

(.004)
003
(.004)
—.006
(.003)

(.004)

(010) (.015)

—.089

121
(.020)
—.036
(.013)
.001
(.011)
—.005
(.004)
.008
(.004)
—.004

(.005)
.002
(.004)
—.003
(.006)
.008
(.007)
—-.013
(.006)

234 118 —154 —.552 -.260 —.319

(143) (110) (105) (124) (130) (123) (159) (151) (.150)

042 025 —.030 057
—317 005 —.060 .095
105 —.526 —.015 —.026
(.020)

—060 122 —.243 —.109
(019) (.023)

—001 —.020 054 —.293
(.003) (.006) (006)
—002 —.009 —.016 .057
(003) (003) (.004) (.006)
004 —.003 —.001 —.026
(.004) (005) (.003) (.005)
— 007 —.005 001
(.004) (.004) (003) (.003)
003 —.003 004 .000
(004) (.004) (.002) (.004)
—007 004 —.006 .002
(005) (.005) (.003) (.004)
005 002 —.001 —.006
(003) (.004) (.003) (.005)
—277 —.092 —.011 —.092
(129) (137) (.086) (.085)

005 .015
— 045 014
042 —.061
~ 034 042
—.011 —.067
—-381 016
083 —.348
(.012)
—034 118
(011) (.023)
— 064
(007) (.024)
—.005 —.006
(.004) (.005)
005 —.002
(.004) (.004)
—276 122

(111) (.108)

~.020
~.026
031
-~ 022
051
000
~ 150
- 528
123
(.030)
-.028
(.008)
- 010
(.006)

—.204
(.112)

008
060
~ 056
031

~ 065
025
~ 042
—.048
- 217
139
(.026)
~.037
(017)

—.241
(.154)

421
—.091
.037
.017
—.011
—.061
.040
—.016
—-.070
—.245
162
(.030)

— 289
(151)

®The data represent changes in log ea.rmngs and log hours over the intervals indicated, adjusted for the conditional mean given potential experience and the year of observation. See Table I for means.

#Covariances below diagonal and correlations above diagonal.

“Covariance of potential labor force experience with the change in log earnings (columns (1)-(10)) and the change in long annual hours (columns (11)-(20)). The variance of potential experience is 108.9.
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TABLE VI

COVARIANCES AND CORRELATIONS? OF EXPERIENCE-ADJUSTED CHANGES IN
EARNINGS AND HOURs: NLS DATA 1966-75°

(Standard Errors in Parentheses)

Covariance of:

[¢8) ) 3) (4) (5) (6) (@ (8) 9 (10)
Alogg Alogg Alogg Alogg Alogg Alogh Alogh Alogh Alogh Alogh
with: 66-67  67-69  69-71 71-73 73-75  66-67  67-69  69-71  71-73  73-75
1. Alog g 109 -.27 00 -—.04 .02 34 —-07 .02 .01 .01
66-67 (.016)
2. Alog g —-.032 133 -51 .00 .03 .02 A5 —-07 -01 .05
67-69 (010) (.039)
3. Alog g —.000 -—.068 132 -26 -—-.05 02 -.04 16 -.06 —.03
69-71 (.004) (.038) (.040)
4. Alogg —.005 .000 -.040 178 -30 -.02 -0 -.02 47 —-17
71-73 (004) (.004) (.008) (.024)
5. Alog g .004 007 -.011 -.073 .330 03 -.10 09 -—.15 .
73-75 (006) (010) (.010) (.018) (.036)
6. Alogh .038 .002 .002 -.003 .005 114 -37 -02 -.01 .03
66-67 (012) (.005) (003) (.004) (.006) (.023)
7. Alogh -.007 .016 —.004 001 -.017 -.036 081 -.52 08 -.09
67-69 (.004) (004) (.004) (.005) (.007) (.012) (.015)
8. Alogh .002 —.007 .015 .002 013 -.002 -.038 066 —.36 —.09
69-71 (.003) (.004) (.004) (006) (.005) (.003) (.008) (.011)
9. Alogh .001 -.001 -.007 060 —.026 -—.001 .007 —.028 091 -.34
71-73 (003) (004) (005) (014) (.009) (.003) (.005) (.007) (.014)
10. Alogh .002 .009 —-.006 -.034 .198 005 -.013 . —.050 .235
73-75 (007) (009) (009) (010) (.027) (005) (.006) (.005) (.010) (.028)
11. Experience® .062 .078 016 -.160 -.225 -—.018 000 052 -.158 —.291

(051) (063) (057) (.056) (086) (.049) (048) (.036) (.041) (.078)

2Covariances below the diagonal and correlations above the diagonal.

®The data represent changes in log earnings and log hours over the intervals indicated, adjusted for the conditional mean
given potential experience and the year of observation. See Table Il for means.

“Covariance of potential labor market experience with the change in log earnings (columns (1)-(5)) and the change in log
hours (columns (6)-(10)). The variance of potential experience is 26.6.

Table VI presents the covariance matrix of experience-adjusted changes in
earnings and hours from our NLS sample. Overall, the data are very similar to
the corresponding data from the PSID, although there is more evidence of
nonstationarity in the NLS data. On the other hand, none of the second-order
autocovariances or cross-covariances in Table VI are large or statistically signifi-
cant, so that the NLS data may perhaps be adequately summarized as a
nonstationary bivariate first-order moving average process. Assuming that changes
in annual earnings and hours between consecutive years are generated by a
second-order moving average process, however, changes in earnings and hours at
two-year gaps can be represented by a first-order moving average.!! Thus the

''If the change in earnings (A log g,) is MA(2), then Alog g, = ¢, + bye,_, + bye,_, for example,
where ¢, is serially uncorrelated. The change in earnings between period +—2 and period ¢ is
log g, —logg,_,=Alogg +Alogg,_, Therefore, logg —logg,_,=¢+ (1 +b)e_,+ (b +
by)e,_, + bye,_ 5. Notice that the change over two years is correlated with its first lag, but not with its
second.
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data in Table VI are potentially consistent with the same underlying model of
earnings and hours generation as in Tables IV and V.

Table VII presents the covariances of experience-adjusted changes in earnings
and hours between consecutive six-month intervals in the SIME /DIME survey.
Again, these covariances are similar to the covariances of the PSID and NLS
samples. There is less evidence of nonstationarity in the SIME /DIME sample
than in the other samples, perhaps as a result of the averaging of earnings and
hours in the SIME/DIME survey over several different calendar periods. The
first-order autocorrelations of earnings and hours changes are similar between the
SIME/DIME sample and the other samples. The covariances between contem-
poraneous changes in earnings and hours, on the other hand, are relatively higher
in the SIME /DIME sample. This implies that the simple regression coefficient of
changes in the logarithm of annual hours on changes in the logarithm of average
hourly earnings is more positive in the SIME /DIME sample (—.17) than in the
other surveys (—.31 in the overall PSID sample, —.36 in the PSID sample
without the SEO, and —.32 in the NLS). None of the third-order autocovariances
or cross-covariances is statistically significant in Table VII, suggesting that
semi-annual changes in log earnings and log hours in the SIME /DIME sample
are close to a bivariate MA(2) process. Since a bivariate MA(2) representation of
semi-annual changes in earnings and hours implies only a first-order moving
average representation of annual changes, the SIME/DIME data therefore
exhibit lower order serial correlation than either the PSID or NLS data.

The covariances of changes in earnings and hours with potential labor market
experience are presented for each sample in the bottom rows of Tables IV-VII.
These covariances vary from year-to-year within each sample and also vary in
relative magnitude across the samples. In the two PSID samples the average
covariance of experience with the change in earnings is about 1.7 times larger
than the corresponding covariance with the change in hours. In the NLS sample,
by comparison, the average covariance of experience with the change in earnings
is about one-third as large as the covariance with the change in hours. Finally, for
the SIME/DIME sample the ratio of the average covariances of earnings and
hours changes with potential experience is 2.8. These differences across samples
suggest that the relative curvature of the lifecycle profiles of earnings and hours
vary considerably with the age and demographic composition of the sample.!?

We next consider whether the information in the covariance matrices in Tables
IV-VII may be adequately summarized by some relatively simple statistical
model. Table VIII presents several tests that address this concern. Row 1la
presents the x? goodness-of-fit statistic for a nonstationary bivariate MA(2)
representation of earnings and hours changes from each survey.!> The goodness-

12 As noted by Ghez and Becker (1975), the relative curvature of the life-cycle profiles of earnings
and hours provides a means of estimating the intertemporal substitution elasticity. See our earlier
paper (Abowd and Card (1986)) for further details in the present context.

'* The timing interval of the underlying bivariate MA(2) model is assumed to correspond to the
timing interval of each survey, i.e., to changes in annual data for the PSID; to changes in annual data
over a two-year gap for the NLS; and to changes in semi-annual data for the SIME /DIME data.
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of-fit statistic is formed according to the formulas presented in Appendix A,
using the actual sampling variability of the second moments of the data (rather
than assuming, for example, that the underlying earnings and hours data follow a
multivariate normal distribution). For all four samples the test statistics confirm
that the autocovariances and cross-covariances at lags greater than two periods
are negligible. Row 1b shows the importance of recognizing that earnings and
hours data are not normally distributed. In this row the same statistics are
computed using the formulas for the sampling variability of the second moments
of earnings and hours changes implied by multivariate normality.!* Evidently,
tests based on the assumption of joint normality can be misleading, and in the
present context would lead to rejection of the bivariate MA(2) hypothesis. Based
on the test statistics in Row 1a, however, we accept the restrictions implied by the
bivariate MA(2) hypothesis.

Having accepted this model, it is of some interest to compare our results to
previous studies of the covariance structure of earnings.!® It is also interesting to
consider which models of earnings and hours are ruled out by the MA(2) model.
The most directly comparable previous study is MaCurdy’s (1982) analysis of
percentage changes in annual earnings for data from the first 10 waves of the
PSID. In his study, MaCurdy finds that changes in earnings are adequately
summarized by a second-order moving average. His estimates of the average
autocorrelations of earnings changes (MaCurdy (1982, p. 107)) are very similar to
estimates of the average autocorrelations of earnings changes from our PSID
samples. In contrast to our finding of significant nonstationarity, however,
MaCurdy accepts a stationary MA(2) representation of the change in earnings.
We suspect that the difference is due to alternative treatments of outliers. In our
analysis we have excluded only those individuals in the PSID sample who report
average hourly earnings in excess of $100, or annual hours in excess of 4680.
MaCurdy (1982) adopts a more stringent set of exclusion restrictions. Nonethe-
less, our conclusions from the PSID sample are broadly consistent with
MaCurdy’s.

Other studies of the longitudinal earnings data include Lillard and Weiss
(1979) and Hause (1980). Lillard and Weiss (1979) analyze the level of log
earnings for research scientists from the National Science Foundation’s Register
of Technical and Scientific Personnel. Their sample contains annual earnings
information for alternating years (the structure of our NLS sample). From their
reported covariance matrix (Lillard and Weiss (1979, p. 443)) we can calculate

'"“If the data are normally distributed, then estimates of the sampling variability of the second
moments can be obtained from the second moments themselves: See Anderson (1958, p. 75). In
particular, if a vector is normally distributed with variance matrix X, then the sampling covariance of
the (7, j ) element of X, with o,,, the (4, v) element of X, can be estimated by

+4.,6

lu jv I ju'

UU,

where d;; is the maximum likelihood estimate of g, ;)
* We were unable to find any previously published studies of the autocovariance structure of
hours from which we could recover an autocovariance matrix.
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the implied covariance matrix for the changes in log earnings; we cannot,
however, calculate a goodness-of-fit statistic for the second order moving average
model. Nevertheless, it is instructive to note that the first order autocorrelations
of changes in earnings in Lillard and Weiss’ data are negative (between —.14 and
—.46). The second order autocorrelations are smaller, but all positive (between
.07 and .09). There is also substantial evidence of nonstationarity in Lillard and
Weiss” estimates of the variances of earnings changes. Finally, one of the
higher-order autocovariances of earnings changes in Lillard and Weiss’ sample is
relatively large, suggesting that an MA(2) representation of their data is inade-
quate.

Hause (1980) presents annual earnings data for a sample of young Swedish
males. His reported covariance matrix of the levels of log earnings (1980, p. 1025)
implies a covariance matrix for the changes in log earnings that exhibits negative
first order autocorrelations ranging from —.17 to —.23—somewhat smaller in
absolute value than the comparable correlations of earnings in Tables IV-VII.
The second order autocorrelations are also negative (—.05 to —.20) but the third
and fourth order autocorrelations are generally close to zero. The implied
variances of the changes in log earnings in Hause’s data also display considerable
nonstationarity.

Taken as a whole, the evidence on changes in earnings from the samples in this
paper and the two additional samples considered by Lillard and Weiss and
Hause suggests that negative serial correlation between consecutive changes in
log earnings is a pervasive phenomenon. Nonstationarity of the covariances also
appears to be an important property of longitudinal data. Finally, although the
samples used in this paper show little evidence of higher order autocorrelations
among earnings changes, at least one previous study (Lillard and Weiss) offers
some contrary evidence.

An important implication of the bivariate MA(2) structure of earnings and
hours changes is the absence of any permanent individual components of
variance in the rate of growth of earnings or hours. Specifically, the random trend
models of Lillard and Weiss (1979) and Hause (1980) are inconsistent with the
data in Tables IV-VL.!¢ Individual-specific trends in the growth rates of earnings
and hours imply that experience-adjusted changes in earnings and hours (4 log g,
and A log h,,, respectively) satisfy

Alog g, =y + &y
4 log };il =&t &
where ¢,; and ¢,; are the individual-specific growth rates of earnings and hours

(expressed as deviations from population growth rates), and e;;, and &,,, repre-
sent the deviations of growth rates from their individual-specific means. These

' MaCurdy (1982) reaches a similar conclusion with respect to the presence of random earnings
trends.
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equations imply
cov[Alogg,,Alogg, ]| =var[¢,] + cove,. &l
cov [A log ,,, A log fz,.s] = var[¢,;] + cov[ ey, & ],
cov[Alogg,, Alogh, ] =cov oy, 5] + cov e, e ]-

According to these equations, the autocovariances of earnings and hours changes
contain fixed positive components associated with the cross-sectional variation in
individual-specific growth rates. The evidence that the higher-order autocovari-
ances of earnings and hours changes are jointly equal to zero, however, suggests
var[¢,;] =0 and var[¢,;] =0.

A second important implication of the bivariate MA(2) representation of
earnings and hours changes is that any autoregressive error components of the
levels of individual earnings and hours have (approximately) unit roots.!” The
only autoregressive error process for the levels of earnings or hours that is
consistent with the bivariate MA(2) model for the changes is one with a unit
autoregressive coefficient.!®

A final implication of the bivariate MA(2) representation is that individual-
specific responses to aggregate business cycle movements are negligible compo-
nents of variance in earnings and hours changes. Specifically, consider a model in
which earnings and hours respond to changes in some aggregate business-cycle
indicator (4 y,) with individual-specific elasticities B,; and B,,, respectively:

Alog g, = :BliAyt + &5
Alog };it =By Ay + ¢y

In these equations ¢;;, and ¢,,, represent cyclically adjusted changes in individual
earnings and hours (controlling for experience). This model implies

COV[A log g;,, A log gis] = var[Bli] Ay Ay + COV[GI,-,, Elis]’
cov [A log h,,, Alog i;is] = var [ By, ] Ay, Ay, + cov[ey,, &3],
COV[AIOg git’AIOg iiis] =COV[Bli’ ,32,«]Ay,Ays*‘COV[Em,GZ,-s].

According to these equations, the covariances between changes in earnings or
hours in one year and change in any other year depend on the signs and
magnitudes of the business cycle movements in those years. For example,
covariances between 1969-70 changes and 1974-75 changes in our PSID samples
should be substantially different from covariances between 1970-71 changes and
1975-76 changes, because business-cycle conditions moved in the same direction
between 1969-70 and 1974-75 (A4y,Ay,>0) and in the opposite direction
between 1970-71 and 1975-76 (Ay, Ay, <0). The data in Tables IV and V,

7 MaCurdy (1982) also concludes that there are not stationary autoregressive components of
Varligmce in the PSID earnings data.
Since the focus of this paper is on statistical models for the changes in earnings and hours, we
have not directly examined the covariance matrices of experience-adjusted levels of earnings and
hours.
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however, show that the third and higher-order covariances of earnings and hours
changes are all approximately zero, regardless of the cyclical changes associated
with particular years. On this basis we conclude that cross-sectional variation in
the cyclical responsiveness of earnings and hours is negligible (i.e., var[B,,]=0,
var[By,] =0, cov[By;, B,;]1 = 0).

Rows 2 and 3 of Table VIII test further simplifications of the covariance
structure against the alternative of a nonstationary bivariate MA(2). The x?
statistics in Row 2 test whether a stationary MA(2) representation is adequate.!®
All samples show strong evidence of nonstationarity. The x? statistics in Row 3
test whether a nonstationary MA(1) representation is adequate (i.e., whether the
second order autocovariances and cross-covariances are jointly equal to zero).
For the PSID and SIME /DIME samples the MA(1) specification is rejected. For
the NLS sample, however, the MA(1) specification is adequate. Given the
sampling intervals of the PSID and NLS surveys, the processes generating the
data in these two surveys may be of the same order. The process generating
the SIME/DIME data is evidently of lower order.

The relatively simple covariance structures displayed in Tables IV-VII suggest
that earnings and. hours changes may be generated by some relatively parsimo-
nious statistical model. We will examine three such models, in increasing order of
complexity. The first of these is a simple stationary measurement error model.
The second model adds a common nonstationary component to both earnings
and hours changes. The third model adds an additional nonstationary component
to the variances and contemporaneous covariances of earnings and hours changes.
We will refer to these models as a pure measurement error model, a two-compo-
nent model, and a three-component model, respectively.

There is a substantial body of recent research on the nature and consequences
of measurement error in labor market survey data.’® A formulation that is
consistent with this work is one in which the measurement error in reported
earnings and hours consists of permanent individual effects together with purely
transitory unsystematic measurement errors (u,, and v,,), with

uit uit Ouu ouv
(1) E[U”]=O, Var[v,,]=[o o ],

uv oY

and
cov(u,,u;)=cov(v,,v,)=cov(u,,v,)=0, t#s.

This model permits arbitrary systematic bias in individual earnings and hours
measures, but assumes serial independence in the transitory measurement errors.?!

!By a stationary MA(2) representation, we mean that cov[4 log g,,, A log 8ii—1), cov[Alog h
Alog h,,_;], and cov[Alog g;,, Alog h;,_;] are constant for all ¢ and are zero for |j|> 2.

2 Gee Mellow and Sider (1983), Freeman (1984), Abowd and Zellner (1985), Duncan and Hill
(1985), Fuller and Chua (1985), and Poterba and Summers (1986).

! Note that any correlation of consecutive measurement errors in the levels of earnings or hours in
this model arises from permanent individual effects, and is therefore restricted to be positive.

iy
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On the assumption that deviations of reported earnings and hours from time
means and experience effects consist solely of measurement error, equation (1)
implies the following covariance structure for observed changes in experience-
adjusted earnings and hours:

20,,, t=s,

(2&) COV[A log g,—,,AlOg g~is] = " Ouus II—S|= 1’
0, |t —s]>1;
20,,, t=s,

(2b) cov[Alogh,,Alogh,]={ —a,, |t—s|=1,
0, [t—s|>1;
20,,, =y,

(2¢) cov[Alogg,, Alogh,]={ —0,, lt—s|=1,
0, |t —s|>1.

These equations imply that the first order autocorrelations of both earnings and
hours are —1/2. They also imply that the ratio of the first-order cross-covari-
ances of earnings and hours to their contemporaneous covariance is —1/2.

Equations (2a)—(2c) describe the entire covariance structure of earnings and
hours changes in terms of only three parameters: o,,, 0,,, and o,,. Row 4 of
Table VIII displays the estimated goodness-of-fit statistics for this pure measure-
ment error model fit to the variances, covariances, and first and second auto-
covariances of earnings and hours. Evidently, the four samples all display
substantial departures from this model. Examination of the data in Tables
IV-VII suggests two reasons that the pure measurement error model fails. The
first is that first-order autocorrelations of earnings and hours are all less than 1,/2
in absolute value. The second reason is that the covariance structure of earnings
and hours changes is far from time stationary.

Our second statistical model adds a single common component of variance of
earnings and hours that can potentially account for both of these departures. In
particular, consider a factor z,, that enters hours with a (normalized) coefficient
of unity, and earnings with relative coefficient p, implying

(33') Alog g”,-,=;LAz,-,+Au,-,,
(3b) Alogh, =Az,+ Av,.

Suppose that Az,, follows an unrestricted second order moving average process,
with

E[Az,]=0, E[Az,, Au,]=E][4Az,, Av,]=0,

it

and

cov[dz,,Az,]=0 for |r—s|>2.
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In this case, equations (3a) and (3b) imply:

“2 var[Azit]+20uu’ t=S,
2 - _ =
(4a) cov[Alogg,,Alogg,]={" cov[Az,,4z,] -0, |t=s|=1,
picov[Az,,Az,], lt—s|=2,
0, otherwise;
var[Az,] + 20,,, t=s,
(4b) COV[AlOgEi,,AIOgi{“] = COV[AZ“,Az“_] ~ Opy> It—SI=1,
cov[dz,, Az, ], It—s|=2,
0, otherwise;
pvar{Az,] - 20, r=s,

(4c) cov[Alogg,,Alogh,| = peov[dz,, Azl o, [1—sl=1,
peovidz,, Az, ], It —s]=2,

0, otherwise.

We refer to this model as a “two-component” model with a stationary
measurement error component and a nonstationary common factor. Equations
(4a)—(4c) imply a number of restrictions on the covariance matrix of earnings and
hours changes. First, provided that cov[Az,,, Az, _,]> 0, the first order autocor-
relations of changes in earnings and hours are all between —1/2 and 0. Second,
if u>0 and cov[Az,, Az, _,] > 0, the ratio

cov [A logh,,, Alog gn—j]

cov [A log E,»,, Alog git]

is between —1/2 and O for j =1, —1. Third, the cross-covariance function of
earnings and hours is symmetric:

cov [A log g, A log Ei,_s] = cov [A log g,,, A log }7,-,“] .

Tests of the latter restrictions are presented in row 5 of Table VIII. The
symmetry restrictions are easily accepted in the NLS sample and the PSID
sample without the SEO, and are marginally acceptable in the other two samples.
The sixth row of Table VIII displays the goodness-of-fit for the two-compo-
nent model of equations (3a) and (3b), assuming that Az, follows a nonstation-
ary second order moving average process. The estimated relative coefficient p is
presented in the seventh row of the table. All four samples provide substantial
evidence against the two-component specification. There is, on the other hand,
remarkable consistency across the data sets in the estimates of p. Maintaining a
simple two-component structure, the nonmeasurement error component of vari-
ance in earnings and hours affects both variables more-or-less proportionally.
Close examination of the fit of the two-component model implied by equations
(3a) and (3b) suggests that the model has trouble fitting the pattern of nonsta-
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TABLE VIII

SUMMARY OF GOODNESS-OF-FIT TESTS FOR THE EXPERIENCE-ADJUSTED CHANGES IN
EARNINGS AND HOURS FOR THE PANEL STUDY OF INCOME DYNAMICS,
THE NATIONAL LONGITUDINAL SURVEY OF MEN 45-59, AND
THE SEATTLE / DENVER INCOME MAINTENANCE EXPERIMENT

Annual Annual Data Annual Semi-Annual
Goodness-of-Fit Data from PSID Data Data
Statistic from PSID SEO Excluded from NLS? from SIME/DIME
1. Nonstationary MA(2)®
a. Based on fourth moments 137.19 148.91 13.03 74.98
(probability value) (.062) (.011) (:367) (.092)
[degrees of freedom] [112] [112] [12} [60]

b. Based on joint normality  210.87 182.78 25.14 95.97
(probability value) (.000) (.000) (.014) (.002)
[degrees of freedom in 1a]

2. Stationary MA(2)¢ 143.69 133.85 68.84 100.70
(probability value) (-000) (.001) (.000) (.000)
[degrees of freedom] [87] [87] [21] [65]

3. Nonstationary MA(1)¢ 50.39 55.46 15.11 39.95
(probability value) (.020) (.006) (.235) (.022)
[degrees of freedom] [32] [32] [12] [24]

4. Measurement error only® 406.94 363.89 207.95 286.03
(probability value) (-000) (.000) (.000) (.000)
[degrees of freedom] [95] [95] [40] [73]

5. Symmetric MA(2)¢ 31.02 18.92 14.80 5.90
(probability value) (.020) (:333) (.039) (.434)
[degrees of freedom] [17] [17] [7] [13]

6. Two-component model® 261.15 239.51 124.13 229.36
(probability value) (.000) (.000) (.000) (.000)
[degrees of freedom] [68] [68] [28] [52]

7. Estimate of coefficient (p)
for two-component model 1.14 113 117 .98
(standard error) (.09) (.09) (12) (.06)

8. Three-component model® 62.26 72.00 31.38 59.98
(probability value) (.026) (.014) (.026) (.014)
[degrees of freedom] [48] [48] [16] [36]

9. Estimate of coefficient (p)
for three-component model 1.09 1.35 1.56 1.01
(standard error) (11) (.16) (.59) (.07

?Data are sampled biennially.

®Versus the alternative hypothesis of a completely unrestricted covariance matrix. There are 210 total
degrees of freedom (unique second-order moments) in the PSID, 55 in the NLS, and 136 in the SIME /DIME.

€Versus the alternative hypothesis of an unrestricted bivariate MA(2). There are 98 total degrees of freedom
in the PSID, 43 in the NLS, and 76 in the SIME/DIME.

tionarity in the variances of earnings and hours over time. Equations (4a) and
(4b) imply that the change in the variance of earnings between any two years,
var[Alog §,] — var[A log §,.], is strictly proportional to the change in the varn-
ance of hours between those years var[A log &,] — var[4 log ,,]. To relax this
restriction, consider the earnings and hours equations

(5a) Alog g, =pdz, +Au; + gy,
(5b) Alogh, =Az,+ Av, + ¢y,

where Ele;,,] = El¢,,] =0, var[e, ], var[e,, ], and cov[e,,, €,;] are unrestricted,
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and cov|ej;, ;] =0 for all 7 #s. This model implies the following structure for
the variances and contemporaneous covariances of earnings and hours changes:

(6) var[Alogg,] = p? var[Az,] + 20, + var [, ],
var [Alogh,| =var[Az,] + 20,, + var [&,,,],
cov[Alogg,, Alogh,| =pvar[Az,] + 20,, + cov [y, €3]

The expressions in equations (4a)—(4c) for the first and second order autocovari-
ances and cross-covariances of earnings and hours remain valid. We refer to this
as a “three-component model,” consisting of a pure measurement error compo-
nent, a common nonstationary component, and a transitory component affecting
only the variances and contemporaneous covariances of earnings and hours. The
effect of the third component is to unrestrict the variances and contemporaneous
covariances of earnings and hours, while preserving a simple two-component
structure for the autocovariances and higher-order cross covariances.

The eighth row of Table VIII displays the goodness-of-fit statistics for this
three-component model. Corresponding estimates of the relative coefficient p are
presented in the ninth row of the table. The test statistics give only mild evidence
of departures from the three-component structure. We conclude that this model
gives a reasonable representation of the covariance structure of experience-
adjusted earnings and hours changes for all four of our samples.

Surprisingly, the estimated relative coefficienit of the common component of
earnings and hours variation is similar in the two-component and three-compo-
nent models. For the overall PSID sample and the SIME/DIME sample the
estimates of p from the three-component model are about equal to the estimates
from the two-component model (and the standard errors are similar). For the
NLS sample and the PSID sample excluding the SEO, the relative coefficient in
the three-component model is larger than the estimate in the two-component
model, but is not significantly different from 1. Both the two-component and
three-component models therefore suggest that the covariation of earnings and
hours arises from changes in hours at fixed hourly wage rates, leading to
proportional changes in earnings.

A final statistical issue we consider is the choice of estimator for the variance
components models. Chamberlain (1982, 1984) has shown that the optimal
minimum distance (OMD) estimator for these models weights the deviations
between actual and predicted second movements by the inverse covariance
matrix of the second moments. The estimates in Table VIII, on the other hand,
are based on an equally weighted minimum distance (EWMD) estimator. (Ap-
pendix A lists the formulas used for both types of minimum distance estimators.)
Table IX presents the optimal minimum distance estimates for the two-compo-
nent and three-component models. Row la shows the goodness-of-fit statistics
for the two-component model, which should be compared to the goodness-of-fit
statistics in row 6 of Table VIII. Both the OMD and the EWMD test statistics
reveal the lack of fit of the two-component model. However, as shown in row 1b
of Table IX, the OMD estimate of the relative coefficient p can be seriously
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TABLE IX

OPTIMAL MINIMUM DISTANCE ESTIMATES
OF VARIANCE COMPONENTS MODEL AND SPECIFICATION TESTS

Annual Annual Data Annual Semi-Annual
Name of Data from PSID Data Data
Statistic from PSID SEO Excluded from NLS? from SIME /DIME
1. Two-component model®
a. Goodness-of-fit statistic  261.12 173.07 94.49 227.19
(probability value) (.000) (.000) (.000) (.000)
[degrees of freedom] [68] [68] [28] [52]
b. Relative coefficient (p) 111 11.23 71 1.06
(standard error) (.03) (4.50) (2.79) (.03)
c. Specification test .29 —¢ —¢ 1.54
(probability value) (.772) (:124)
2. Three-component model®
a. Goodness-of-fit statistic =~ 61.38 69.23 31.21 58.86
(probability value) (.027) (.029) (.027) (.009)
[degrees of freedom] [48] [48] [16] [36]
b. Relative coefficient () 95 92 .85 1.01
(standard error) (.08) (.12) (:29) (.03)
c. Specification test 1.68 3.86 1.38 .002
(probability value) (.093) (.000) (.167) (.998)

?Data are sampled biennially.
Versus the alternative hypothesis of an unrestricted bivariate MA(2). There are 98 total degrees of
freedom in the PSID, 43 in the NLS, and 76 in the SIME/DIME.
“Statistic cannot be computed.

misleading in the case of an ill-fitting model. In two of the samples, the OMD
estimate of p from the two-component model is considerably in excess of unity.
A simple specification test based on the difference between the OMD and
EWMD parameter estimates of the two-component model is displayed in row
1c.2? The test statistic cannot be computed for two of the samples because the
estimated sampling variance of the OMD estimator is actually larger than the
estimated sampling variance of the EWMD estimator.?® In the other two surveys
the test shows that the EWMD and OMD estimates are not very different.

For the three-component model the goodness-of-fit measures for the OMD
estimates are comparable to the goodness-of-fit measures for the EWMD esti-
mates. The estimates of the relative coefficient p are also similar to the corre-
sponding EWMD estimate and somewhat more precise. The specification tests
(Table IX, row 2¢) for the three-component model are satisfactory for three of
the four samples, but provide some evidence against the three-component model
for the PSID sample with the SEO excluded.

To summarize, the OMD and EWMD procedures give very similar measures of
the goodness-of-fit of the two- and three-component models. For the three-com-

22 This class of specification tests is suggested by Hausman (1978). Under the hypothesis that the
model of the covariances is correct, the covariance matrix of the vector of differences between the
EWMD and OMD parameter estimates is simply the difference in the estimated covariance matrices
of EWMD and OMD parameter estimates.

23 The variance of the OMD parameter estimate is necessarily smaller only when both variances
are estimated at the same parameter values.
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ponent model, which provides an acceptable fit to the data, the procedures also
give similar parameter estimates. On the other hand, for the two-component
model, which fits relatively poorly, the EWMD and OMD parameter estimates
differ for two of the four samples. We conclude that the efficiency gains from the
optimally weighted minimum distance procedure, while noticeable, must be
balanced against the greater risk of misleading estimates in the case of a
poorly-fitting model.

2. INTERPRETING THE COVARIANCE STRUCTURE OF EARNINGS AND
HOURS CHANGES

In this section we discuss a life-cycle labor supply interpretation of the
covariance structure of earnings and hours changes. Since this covariance struc-
ture is adequately summarized by a simple three-component model, a statistically
acceptable interpretation is one that includes only three components: measure-
ment error, a common component of earnings and hours variation with a
second-order moving average covariance structure, and a transitory component
of cross-sectional variation in earnings and hours changes. All that is required is
a mapping between the labor supply model and this simple statistical model.
Since the focus of the labor supply model is on behavioral responses to individual
productivity variation, we make the assumption that individual productivity
variation is the source of systematic covariation between earnings and hours.
According to the life-cycle model, changes in productivity affect earnings more
than hours. As we noted in Section I, however, the estimated relative coefficient
() of the empirically determined common component of earnings and hours
variation is approximately unity. This suggests that the covariation of earnings
and hours changes does not arise from labor supply responses to productivity
variation. Rather, most of the covariation of earnings and hours occurs at fixed
hourly wage rates.

The life-cycle supply model is a standard tool in the analysis of individual
earnings and hours data.?* The starting point for our presentation of this model
is the labor supply equation

(7) logh,=a;,+nlogl,+nlogh,,

where h, represents the hours choice of individual i in period ¢, a, is an
intercept shift associated with individual and time-period specific preference
variation, @, represents the (unobservable) hourly wage rate for individual i in
period 7, A;, represents the marginal utility of consumption for i in period ¢, and
n is a fixed parameter that represents the intertemporal substitution elasticity.?
The interpretation of equation (7) is as follows: for given preferences and fixed
marginal utility of consumption, the elasticity of hours with respect to wages is

45ee for example Ghez and Becker (1975), Heckman (1976), MaCurdy (1981), and Altonji (1986).

2 Equation (7) may be derived directly from the first-order conditions for maximizing an
additively separable intertemporal utility function with the within-period objective u(c)— v(h),
where ¢ and h represent consumption and hours choices in the period, and v(h) has the form Ah®,
where b= (1 +7)/7. See MaCurdy (1981, p. 1064).
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the strictly positive number 7. The relation between n and other conceptual
measures of the elasticity of hours with respect to wage rates is described by
MacCurdy (1981).

In addition to the restriction on the sign of 7, the life-cycle labor supply model
restricts the time path of the marginal utility of consumption (A,,). Specifically,
the expected value of }\,, +1 1n period ¢ is related to A;, by

1+p

®  EOu) =1 e

where p is the subjective dlscount rate in the intertemporal objective function
(assumed to be constant over time and across individuals), and r, is the real rate
of return on assets between period ¢ and period ¢+ 1 (assumed to be constant
across assets and individuals and known in period ¢).2 With perfect foresight,
equation (8) implies that log A;, acts as a fixed effect for individual i in the labor
supply equation (7).2” More generally, however, if ¢, is defined as the one period
ahead prediction error in the logarithm of the marginal utility of consumption
(¢, =logA,,— E,_,(log A,,)) then equation (8) implies

9 logA, =1 il
() og A, = log 1+r

t

+ log }\it~1 + qb,., + g'in

where §,= —log E,_,(exp(¢,,)).-?® If variation in ¢, is negligible, as we shall
assume, then equation (9) has the straightforward interpretation that the individ-
ual-specific component of the change in the marginal utility of consumption is a
(serially uncorrelated) prediction error.

Assuming that labor earnings represent the product of average hourly earnings
and hours worked, the labor supply equation (7) implies
(10)  logg,=a;+(1+mn)logh, +nlogh,,
where g;, denotes the earnings of individual i in period ¢. Equations (7), (9), and
(10) together describe the implications of the life-cycle labor supply model for
changes in individual earnings and hours over time.

As we noted in Section 1, however, there is widespread evidence that survey
measures of earnings and hours contain measurement error. We assume that this
measurement error takes the form of equations (la) and (1b). Combining
equations (1a), (1b), (7), (9), and (10), the life-cycle labor supply model implies
that observed changes in earnings and hours follow

+Aa,+(1+n)Alogl,+n¢,+ Au,,,

1+
(11a)  Alogg,=nlog| T——

t

+A4a;, +n4log b, + 19, + Av,,,

t

1+p
(11b) Alogh, =nlog T,

% See, for example, Browmng, Deaton, and Irish (1985). Versions of equation (8) also appear in
tests of the permanent income hypothesis (Hall (1978)).
2 See Ashenfelter and Ham (1979), MaCurdy (1981), and Browning, Deaton, and Irish (1985).
8 See MaCurdy (1983, p. 274) for a similar derivation.



EARNINGS AND HOURS CHANGES 437

where u;, and v, are the transitory measurement errors in earnings and hours,
respectively. Deviations of individual earnings and hours changes from a multi-
variate regression on time period indicator variables and individual experience
therefore follow

(12a)  Alogg,=A4d,+ (1+1)Alogh,+ 19, + Au,,,
(12b)  Alogh,=Ad, +n4logd,+1¢,+ Av,,

where Ad,, and Alog 6, represent experience-adjusted taste and productivity
variation, respectively, and ¢,, is now interpreted as the deviation of the unantici-
pated change in A, from the mean change across individuals in period .%

There are a number of alternative mappings between the variance components
in equation (12a) and (12b) and the statistical models of the previous Section.
The life-cycle labor supply model, however, emphasizes the role of individual
productivity in earnings and hours determination. Accordingly, we identify the
common component of earnings and hours variation with individual productivity
variation. Specifically, we assume that individual productivity variation around a
deterministic experience profile, A log 5,.,, follows a nonstationary second-order
moving average process. According to the life-cycle labor supply model, this
component of variance enters earnings and hours with coefficients of n and
(1 + 7), respectively. Normalizing the coefficient on hours to unity, the relative
coefficient of productivity variation on earnings is (1 + 1)/ > 1.

The statistical identification of productivity variation as the common compo-
nent of earnings and hours variation (i.e., as the second component in the
empirical model in Section 1) requires assumptions on the covariance structure of
the other two components in earnings and hours—preference variation Ad,,, and
changes in the marginal utility of consumption ¢,,. The covariance structure of ¢,,
is restricted by the hypothesis that changes in the marginal utility of consumption
are unanticipated; hence plimY.,¢,¢;,_;=0 for j# 0. In cross-section, however,
cov[¢;,, ¢;,_;] may be nonzero if individuals systematically vary in the response
of A,, to unanticipated aggregate shocks.

To develop this point, observe that ¢;, depends on new information about the
idiosyncratic productivity component f,, as well as new information about
aggregate variables (aggregate productivity, interest rates). Suppose that aggre-
gate information is summarized by a scalar y,, and consider the linear projection
(over time for a fixed individual)

i = Ci(0~n - Et-—10~i1) + di(yt - Et—lyl) te,.

The possibility that unexpected aggregate information can affect workers differ-
ently is captured by the individual-specific coefficient d,. Using this equation,
cov (¢, ¢;;) = var[d,)(y,— E,_ y. Xy, — E;_1y) + cov[e,, e;). If dispersion in d;
is large, we would expect to observe nonvanishing covariances between changes
in earnings and hours from years with larger aggregate shocks, regardless of the

* Economy wide preference and productivity effects are also removed from 44;, and A log g,.
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gap between these years. Since there is no evidence of this phenomenon in Tables
IV-VII, we proceed under the assumption that unanticipated aggregate shocks
generate homogeneous shifts in the marginal utility of consumption. In this case,
the projection error e,, is only a function of (4, — E,_,f,), and the life-cycle
model implies cov[¢;,, ¢,,_;] =0 for j +# 0. Thus, changes in the marginal utility
of consumption only contribute to the variances and the contemporaneous
covariances of earnings and hours changes. Changes in the marginal utility of
consumption are therefore absorbed by the third component in the empirical
model of Section 1.

The covariance structure of preference variation, however, is unrestricted by
the theory of life-cycle labor supply. Obviously, if preference variation has the
same covariance structure as productivity variation, then the relative variance
contribution of these two components are not separately identifiable. The most
general model of preference variation that can be mapped into the first and third
components of the three-component model developed in Section 1 is one consist-
ing of “transitory” preference shocks »,, and “permanent” preference shocks ¢,
with the properties

(13a) var[y,]=a, cov[y,,»,]=0, s*t,
(l3b) cov [gil_gil—l’gil—j_g‘it—j—ll =0, Jj>0.

Equation (13a) states that transitory preference shocks are serially uncorrelated
with a constant variance over time. Equation (13b) states that changes in the
permanent preference shock are serially uncorrelated.

Under these assumptions, the contribution of preference variation to the
covariance structure of experience-adjusted changes in earnings and hours is

(14) Aa, = Av, + AL,.

By construction, the component of variance in earnings and hours changes due to
transitory preference variation is indistinguishable from the component due to
transitory measurement errors.’® We therefore subsume A, in the bivariate
measurement error process. The component of variance due to permanent
preference shocks, on the other hand, contributes only to the variances and
contemporaneous covariances of changes in earnings and hours. Taste variation
of this form is absorbed in the third component of the model in the previous
section.

To summarize, if preference variation takes the form of either purely transitory
or fully permanent changes in tastes for leisure, then its contribution to the
covariance structure of earnings and hours is absorbed by the first and third
components of the statistical model in the previous section. Under this assump-
tion, we can uniquely identify individual productivity variation with the second

% The bivariate process (Av;, + Au;,, Av;, + Av;,) has the same covariance structure as the pure
measurement error process (Au,,, Av,,), since the correlation between the measurement errors in
earnings and hours is unrestricted.
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TABLE X

ESTIMATES OF THE ELASTICITY OF INTERTEMPORAL LABOR SUPPLY
BASED ON THE ESTIMATED RELATIVE COEFFICIENTS FROM THE VARIANCE COMPONENTS
MODELS FOR EARNINGS AND HOURS CHANGES?

Annual Annual Data Annual Semi-Annual
Structure and Data from PSID Data Data
Estimation Method from PSID SEO Excluded from NLS® from SIME/DIME
1. Two-component model
a. Equally weighted
minimum distance 7.27 7.62 5.88 —55.55
(standard error) (4.81) 4.97) (4.11) (78.98)
b. Optimal minimum distance 8.83 .10 15 16.67
(standard error) (2.63) (.04) (.06) (7.23)
2. Three-component model
a. Equally weighted
minimum distance 11.30 2.85 1.61 125.00
(standard error) (14.59) (1.31) (1.53) (1140.63)
b. Optimal minimum distance —19.11 -11.79 —6.80 123.00
(standard error) (28.45) (16.06) (13.45) (438.74)

?Estimates of the intertemporal substitution elasticity (1) are obtained from estimates of the coefficient u by
m = (p— 1)~ 1. Standard errors are obtained by the delta method.
Data are sampled biennially.

component. The relative coefficient p in equation (3a) can therefore be inter-
preted as an estimate of (1 + n)/7, where 7 is the intertemporal labor supply
elasticity.

The implied estimates of 7 corresponding to the estimates of u in Tables VIII
and IX are summarized in Table X. The point estimates of n are extremely varied
and imprecise, ranging from — 55.6 (associated with an estimate of p = .98 for the
two-component model applied to the SIME /DIME sample) to 125.0 (associated
with an estimate of p = 1.01 for the three-component model applied to the same
data). The problem with these estimates of 7 is that the estimates of p are so
close to unity. If p =1, changes in hours occur at fixed wage rates, suggesting in a
labor supply framework that leisure is extremely substitutable over time.

There are a number of alternative interpretations of the data, however. One
possibility is that the shared component of earnings and hours variation is mainly
preference variation which enters with equal factor loadings in earnings and
hours. In our view, this interpretation implies that the life-cycle labor supply
model is vacuous: movements in earnings and hours restricted by the theory are
empirically negligible. Another possibility is that earnings differ systematically
from the level implied by the life-cycle labor supply model because of long term
contracts between firms and workers. In previous work (Abowd and Card (1987))
we have derived the implications of a stylized contract in which observed
earnings represent optimal consumption. The prediction of this model is that
productivity variation affects earnings less than hours, for workers who are
observed in the same contract over time. Looking at employees who are observed
on the same job over extended periods, however, we have found that estimates of
p tend to be close to unity. The relative variation of earnings and hours changes
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among workers with the same employer over time is therefore inconsistent with
the pattern of earnings smoothing implied by simple implicit contract models.

The relation between earnings and hours predicted by contracting models,
however, depends critically on the assumption that workers can observe their
own productivity. Grossman and Hart (1981) and many subsequent authors
present contracting models in which earnings and hours satisfy an “incentive-
compatibility” constraint—namely, that the firm truthfully declares the realized
state of productivity. In a simple model where firm profits are proportional to
0.,h;,, — g;,, and the contractual earnings and hours functions are differentiable
functions of productivity (4(6,,) and g(#8,,), respectively), incentive-compatibility
is characterized by the condition 6,,4'(6,) = g’(6,,) > 0.>' This condition implies
that changes in productivity lead to greater proportional changes in earnings than
hours.?? Thus incentive-compatible asymmetric information contracting models
have the same predictions for the relative effect of productivity variation on
earnings and hours changes as the life-cycle labor supply model.

A third interpretation of the covariance structure of earnings and hours
changes is that individual wage rates are essentially fixed, and that proportional
movements in earnings and hours occur because of changes in the demand for
individual labor services. While this view is potentially consistent with the
covariance of earnings and hours at the individual level, further research is
clearly required to distinguish it from a model of pure taste variation.®

3. CONCLUSION

In this paper we have examined the covariance structure of earnings and hours
changes for adult males in four samples drawn from three longitudinal surveys.
There is remarkable similarity among the estimated covariance structures. In each
of the four samples, changes in earnings and hours are positively correlated,
although the implied correlations between changes in hours and changes in
average hourly earnings are negative. Consecutive changes in earnings and hours,
on the other hand, are strongly negatively correlated, suggesting the presence of
random measurement error in the levels of both variables. Finally, changes in
earnings and hours more than two periods apart are uncorrelated in all four
samples.

3! This condition may be derived by comparing profits when productivity is 6 and the firm falsely
declares 6*, and profits when productivity is 6 and the firm truthfully declares 8. Topel and Welch
(1986) present an alternative derivation that considers earnings as a function of hours. In their
framework, the incentive compatibility constraint is written as (dg/dh) = (U,/U,), where U, and U,
are the derivatives of the workers’s utility function with respect to leisure and consumption in
productivity state §. For the case where output is #h(8), their first order condition for h(8) gives
U,/ U, =0, implying (dg/dh) =8, or equivalently, g'(8) =0h'(6).

2 The condition 4" (0) = g’(9) implies that

dlog g(9) dlog h(6)
“diogs L HT(0)/s(O)—

where 7(8)=6h(8) — g(8) > 0.
3 One test of equilibrium fixed wage models is developed by Abowd and Ashenfelter (1981).

’
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We find that a components-of-variance model with three sources of earnings
and hours variation successfully summarizes the covariance structure of the data
from each survey. The first component consists of time-stationary serially uncor-
related measurement error. The second is a shared component of earnings and
hours variation that affects the contemporaneous variances and first and second
order covariances of both earnings and hours. The third is a time-varying
component that affects only the variances and contemporaneous covariances of
earnings and hours changes.

We then present an interpretation of this components-of-variance structure in
terms of a life-cycle labor supply model. We associate the shared component of
earnings and hours variation with individual productivity variation, which, ac-
cording to the life-cycle model, affects earnings more than hours. Our empirical
results for all four samples, however, suggest that earnings and hours covary
proportionally. This casts doubt on the labor supply interpretation of earnings
and hours variation, and suggests that most changes in earnings and hours occur
at fixed hourly wage rates.

NYS School of Industrial and Labor Relations and Johnson Graduate School of
Management, Cornell University, Ithaca, NY 14851, U.S.A.,
and
Department of Economics, Princeton University, Princeton, NJ 08544, U.S.A.

Manuscript received December, 1985; final revision received June, 1988.

APPENDIX A
STATISTICAL METHODS

In this appendix we summarize the estimation and inference procedures used throughout the
paper. The basic unit of data for each individual in a particular data set is the vector of experience-
adjusted changes in earnings and hours. If we denote these by A log g, and Alog h;,, then the data
vector is

[ Alog g, |

a l°g ng
Yi= 7
Alog hy

L./.\logl;,r_

which has dimension 27, where T is the number of changes observed in the data set. The elements of
7, have zero mean by construction. Let C = (1/N)Z,(J;J/) represent the covariance matrix of these
changes. Estimates of C are presented for the four samples in Tables IV-VIL

The models we estimate are models for C. Let m represent a vector whose elements are the distinct
elements of C. Since C is symmetric, there are only 27(27T + 1) /2 elements in m. In the PSID, this
corresponds to 210 elements; in the NLS, 55 elements, and in the SIME /DIME, 136. Conformably
with m, let m, represent the distinct elements of the individual cross-products matrix j;j/. Then
m=(1/N)L,m,.
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The variance matrix V of the vector of covariance elements is estimated by computing the
cross-sectional variance of m; in the usual manner:

1
V=—ﬁz(m,—m)(m,—m).

1

A typical element of V is ¥, =cov(m,, m,). If m,=cov(Alogg, Alogh
cov(Alog g;,,Alog g;,_;), then

il—j) and m,=

1 N .
V=5 2 [(al0g g, - Alogg)(Alogh, ;—Alogh, ;) —m,]
!

X[(A IOggls_AIOggs)(A loggi.\‘—k _AIOggs—-k) —mv]’

where Alog g, represents the sample average change in the logarithm of earnings in period . Let Q
represent the matrix of uncorrected fourth moments of j:

1
= — mm;
N; ' '

Q and V are related by V=0 — mm’.
Under fairly general conditions (see Chamberlain (1982, 1984)) independence of the j; implies that
the sample mean of m; has an asymptotic normal distribution:

VN (m=p)EN(0. V™),

where p is the expectation of m; (i.e., the true covariance matrix of earnings and hours changes) and
V* = E(m;m])— E(m;) E(m]).

Consider a model for the vector of covariance elements that depends on a lower-dimensional
parameter vector b, say m = f(b). Several estimators are available for b: among these are the optimal
minimum distance (OMD) estimator »°, which minimizes (m — f(b))'V"(m — f(b)), and the equally
weighted minimum distance (EWMD) (or least squares) estimator b°, which minimizes (m — f(b))’
-(m — f(b)). Optimality of the former estimator is discussed in Chamberlain (1984).

For the OMD estimator, inference is based on the fact that under the hypothesis of a correct
specification, the minimized quadratic form

N-(m=f(@))V=H(m=1(5)

has an asymptotic x? distribution with degrees of freedom equal to the difference between the
dimension of m and the rank of the Jacobian matrix F(b)= df(b)/db, evaluated at b*, the true
value of b. (See Chamberlain (1984).)

If the model for m has the special form

(] == o]

in which only the last & elements of m are restricted to zero, it is straightforward to show that the
minimized quadratic form reduces to

-1
N-miVyimy,

where V,, is the block of V corresponding to the elements in m that are restricted to zero. This is the
x? test for m,=0.
For an estimator b that minimizes an arbitrary quadratic form

(m=1(b))yA(m=f(b)),
where A4 is a positive definite matrix, Newey (1985) shows that the quadratic form
N-(m—f()) R (m=1 (%))

has an asymptotic x? distribution. Here R~ is a generalized inverse of the matrix R = PVP’, where
P=1I— F(FAF) 'F'A, and F represents the Jacobian matrix of f evaluated at b*. Newey (1985)
suggests a generalized inverse of R of the form S(S’RS)™!S’, where S is a selection matrix of rank
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equal to the difference between the dimension of m (the number of moments fit) and the rank of F.
In general, for a nonlinear model, the value of the quadratic form depends on the exact generalized
inverse selected for R. In the case of a linear model, however, the value of the quadratic form is
invariant, and in the simple case of testing the restrictions m, = 0, with no additional restrictions on
m,, the value of the quadratic form can be shown to equal N - m}Vs;'m,. Tests of zero restrictions are
therefore invariant to the choice of OMD or any arbitrary minimum distance estimator.

Our procedure is to first test for zero restrictions and then to work with the nonzero covariances of
earnings and hours. In the notation of the previous discussion, once we have accepted the hypothesis
m, = 0, we estimate models for m; and use the covariance matrix ¥, for inference. This procedure is
not fully efficient, since better estimates of the unrestricted elements of m can be formed by taking
into account the fact that certain other elements of m (i.e. those in m,) are zero.

APPENDIX B
DATA DESCRIPTION

For the Panel Study of Income Dynamics we used an extract from the thirteen year merged
individual tape distributed through the Inter-University Consortium for Political and Social Research
and documented by the Survey Research Center of the Institute for Social Research (1981 and
previous years). Our sample consisted of all males on the thirteen year merged individual tape with
complete age and schooling data who were continuously heads of household from wave III to wave
XIII of the survey and who reported nonzero annual labor earnings and annual hours in each of the
11 waves. Individuals with average hourly earnings greater than $100 or reported annual hours greater
than 4680 were excluded from our samples.

The following is a description of the PSID variables used. Numbers like Vxxxx refer to the variable
numbers of the Survey Research Center codebooks for the thirteen year merged individual tape.

ANNUAL EARNINGS: The variables used were: V1196, V1897, V2498, V3051, V3463, V3863,
V5031, V6174, V6767, and V7413. These correspond to Survey Research Center’s computed values for
the head of household’s total labor income in the calendar year before the survey.

ANNUAL HOURS: The variables used were V1138, V1839, V2439, V3027, V3423, V3823, V4332,
V5232, V5731, V6336, and V6934. These correspond to Survey Research Center’s computed value for
the head of household’s annual hours worked in the calendar year before the survey.

SEX: The variables used were V7492, V7509, V7526, V7547, V7561, V7576, V7601, V7653, and
V7714. Only males were included.

HEAD OF HOUSEHOLD: The variables used were V7490, V7507, V7524, V7545, V7559, V7574,
V7599, V7624, V7651, V7685, and V7712. Only heads of household for all eleven waves from wave III
to wave XIII were included.

SCHOOLING: The variables used were V0313, V0794, V1485, V2197, V2838, V3241, V3663,
V4198, V5074, V5647, V6194, V6787, and V7433. Maximum completed schooling was determined by
examining all schooling variables. This was the schooling level used.

AGE: The variables used were V7460, V7476, and V7491. Age was determined for the first year an
individual entered the sample, then adjusted to age in 1969.

SEO: The variable used was V132. The SEO subsample has position values for V132.

For the National Longitudinal Survey of Men 45-59, 1966 to 1975, we used an extract from the
public use data file release 75A distributed through the Inter-University Consortium for Political and
Social Research and documented by the Center for Human Resource Research (1977, 1980). We used
data from survey years 1966, 1967, 1971, 1973, and 1975. Annual data from the survey year 1966 refer
to calendar year 1965. Subsequent annual data refer to the twelve months preceding the actual
interview —approximately June, 1966 to May, 1967 for the 1967 survey and approximately July of the
previous year to June of the survey year for the subsequent surveys. Our sample consisted of all males
who have valid age and schooling data and reported nonzero annual earnings and annual hours for
the years we studied.

The following is a description of the NLS variables used. Numbers like Vxxxx refer to the Center
for Human Resource Research codebook variable numbers (not the reference numbers) for the release
75A public use tape. (Some variables are assigned two consecutive variable numbers.)

ANNUAL EARNINGS: The variables used were V0263-4, V0784-5, V1280-1, V3166-7, V2528-9,
V2685-6.

ANNUAL HOURS: The variables used were hours per week: V0082, V0660, V1128, V1581,
V2520, V2675, and weeks per year: V0589, V1022, V1168, (V2421 with V2461), V2519, V2674. For
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the 1971 survey we recoded the weeks worked variable, which refers to weeks worked since the last
interview, into weeks worked in the last year by dividing the number of weeks worked since the last
interview (V2421) by the number of weeks since the last interview (V2461) and multiplying by
fifty-two.

AGE: The variable used was V0024, age in 1966.

EDUCATION: The variable used was V0611, highest grade completed.

For the Seattle-Denver Income Maintenance Experiment, we used an extract of male household
heads for the Work Impact File, distributed by the National Archives Machine Readable Records
Branch. Documentation for this file is provided on National Archive Microfiche M1363, “Seattle/
Denver Income Maintenance Experiment, 1970-78” (Fiche number 6, “Work Impact Record
Layout”). We used male heads of dual-headed households from the nonexperimental group who had
no change in treatment status during the experimental period, who were between 22 and 59 years old
at enrollment into the experiment, and who reported nonzero labor earnings and between 20 and 2500
hours worked in each of the two pre-enrollment half-year periods and each of the first six
post-enrollment half-year periods.

We used the following variables on the Work Impact File (referenced by their variable numbers in
the codebook as Vxxx.)

EARNINGS: The variables used were V91, V92, and V779-V784.

HOURS: The variables used were V97, V98, and V803-V808.

HEAD STATUS: Heads of dual-headed households were determined by their “Group-level”
status (variable V2). Heads of dual-headed households are recorded with “Group-level” 2, 4, or 6.

TREATMENT STATUS: Heads of control group families were determined by their “Financial
Treatment Level” (variable V4). Heads of control-group families are recorded with “Financial
Treatment Level” 0.

ENTRY DATE: Date of assignrnent into the experiment is recorded as variable V7. Entry dates
were coded into 8 quarterly intervals, starting with dates before January 1, 1971.

CHANGE IN TREATMENT STATUS: Change in treatment status between consecutive half-year
periods is coded as V25, and V623-V635.

AGE: Age of male head in the month prior to enrollment, V27.

EDUCATION: Highest grade completed by male head at enrollment, V28.
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