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1. Introduction

Whether or not seniority has a large effect on wage growth has been the subject
of much recent controversy. At stake is the empirical relevance of theories
emphasizing a role for worker financed firm specific capital in wage growth and
turnover behavior, as well as several models of wages that emphasize the use of
deferred compensation as an incentive, insurance, or sorting mechanism. (See
Carmichael (1989) and Hutchens (1989)). The size of the returns to seniority are also
important in assessing the costs of dislocation from work, a subject of much policy
discussion and research over the past 10 years! Perhaps most importantly, the strong
relationship between seniority and wage rates in a cross section of workers is a
prominent feature of the earnings distribution that needs to be understood.

As data on seniority and large scale panel data sets became available in the
1970s, several researchers, with Mincer and Jovanovic (1981) as one prominent
example, concluded that there is a large return to seniority based on the fact that there
is a strong positive relationship between tenure and wage rates in cross sectional or
pooled cross section-time series data. Several papers in the mid 1980s, with Altonji
and Shakotko (1987) (hereafter, AS) and Abraham and Farber (1987) (hereafter, AF)
as widely cited examples (see also Topel, 1986; Marshall and Zarkin, 1986; and
Williams, 1991) challenged this conclusion, and the literature appeared to be moving
towards a new consensus that returns to seniority are relatively small in the U.S.
However, an influential paper by Robert Topel (1991) argues that AS and AF reach
the wrong conclusions because of inappropriate methods and/or data. He argues that
the returns to tenure are large—on the order of what one obtains from a simple OLS

regression.

I Recent studies that examine the wage losses from layoffs and discuss the distinction
between the value of lost seniority and the job match loss include Altonji and Williams (1996),
Hamermesh (1987), Addison and Portugal (1989), Kletzer (1989), Jacobson, Lal.onde and Sullivan
(1993a and b), Topel (1990), Carrington (1993), Ruhm (1991), and Neal (1995). Jacobson, LalLonde
and Sullivan (1993b) survey the literature on dislocated workers.



Topel's results have been widely cited and appear to have been accepted by
many researchers.> For example, in their recent monograph on earnings, Polachek and
Siebert (1993) state, "Apparently the dramatic results of Altonji and Shakotko are in
part due to mismeasuring tenure... Thus the specific capital model appears to survive
the challenge.” Devine and Kiefer (1991) summarize the results from the various
studies, including AS, AF, and Topel (1991) and state "The findings have gone full
circle and beyond—the most recent results suggest that the early OLS results
attributed too small a share of wage growth to tenure and too much to labor market
experience." Other researchers, such as Felli and Harris (1996), cite the three studies
and state that “Whether wages increase with tenure...is an open question...”.

In this paper, we re-examine the evidence. Using primarily a replication of
Topel's sample, we explore the role of the treatment of secular trends, the timing of the
tenure and wage data, functional form, the measures of tenure, differences in the
estimators, and the samples used. In section 2 we present the basic model used by AS,
AF, and Topel as well as the econometric methods used. In Section 3 we discuss our
replication of Topel's sample and main results. Section 4 shows that the secular trend
in wages in Topel's sample is larger than the trend in the CPS based wage index used
by Topel to control for economy wide wage growth. Topel's treatment of the secular
trend leads to a large positive bias in the AS estimator and a smaller positive bias in
his estimator. In Section 5 we present evidence that his use of wages in year t-1 with
seniority from year t also leads to a substantial positive bias. In Section 6 we find that
differences in the functional form used by AS and Topel are not important. In Section
7 we present new evidence on the issue of downward bias from measurement error
and review the impact of measurement error on the two studies. In Section 8 we
discuss differences between the estimators and revisit Topel's test of whether his
estimator is sensitive to bias from individual heterogeneity.

In Section 9 we summarize our findings and draw conclusions based on
estimators and data used by AS and Topel. Our main conclusion is that the returns to
seniority are modest, and much closer to the results of AS and AF than Topel. While

the increase in the wage from ten years of seniority is probably larger than AS's

2 Topel’s 1991 paper and the earlier unpublished drafts were cited 65 times between 1987
and 1995. There were 89 citations to AS and 108 to AF during this period.
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preferred estimate of 6.7%, it is far below Topel's estimate of 28% and OLS estimates
of 35%. We find that the main differences between the studies arise from Topel's use
of a time trend that is substantially below the trend in his sample, and his use of year t-
1 earnings with year t seniority. However, after one corrects these problems one finds,
in contrast to Topel’s conclusions, that the estimators used also matter. AS’s
instrumental variables estimator usually leads to a lower estimate of the return to
seniority than the two-step estimator proposed by Topel. This gap narrows when we
apply a crude bias correction to the AS estimator. We do not see a compelling case in
favor of one approach over the other, but do show that while the estimated tenure
effects from both estimators are biased down by job match heterogeneity, the Topel
estimator is substantially upward biased by individual heterogeneity. For the
replicated Topel data we conclude that 10 years of tenure raises the log wage rate by
about .11, and this value is probably biased upward by problems with the hourly wage
measured used by AS, AF and Topel. In contrast to Devine and Kiefer’s summary of
the literature mentioned above, we find that OLS is subject to a large upward bias and
should not be used to estimate the return to tenure

The paper continues in Section 10, where we revisit Topel’s finding that
relaxing certain restrictions in the AF estimator leads to large OLS-like seniority
returns. We show that his conclusions are very sensitive to the linear functional form
that he (and AF) used and (to a lessor extent) his use of the wage in year t-1 with
tenure in year t.

In section 11 we present estimates based on a new PSID extract for 1975-1982
and 1983-1991. We do so because the tenure and wage data are better for these years
(particularly from 1981 on) and it is possible, given dramatic changes in the returns to
schooling, experience, and ability, that the returns to tenure and the relative biases in
the estimators may have changed as well. The results suggest that the return to tenure
may have increased, but it is still modest. The estimates for our preferred wage
measure point to a return to ten years of tenure of about .08, but are higher for the
wage measure used in the earlier studies. In sections 12 and 13 we briefly discuss
evidence from other recent studies and summarize our conclusions about the value of

job seniority.
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2. Background to AS and Topel
2.1 The Wage Model
Many studies of the returns to seniority, including AS, AF, and Topel, work

with the basic wage model

Qn w,=Bt+Bx, +B,T, +

€
gt ?

where Wy, is the log real wage of person i in job j in period t, Xt 1s total labor market
experience, and Tijt is tenure with the employer. We sometimes suppress subscripts
where the meaning is clear. All variables are deviations from sample means. The
equation abstracts from a set of control variables, and from nonlinear terms in
experience and tenure that all three studies add in the empirical specifications. This
makes it easier to compare the estimators and analyze biases.

The error term is decomposed as

(22) e,ﬂ = ui + d)‘] + n,ﬂ + uit )

where y; is a fixed individual specific error component, y, is the sum of measurement
error in the wage and a person specific component that affects wages at all employers,
d)ij is a fixed job match specific error component, and Tjt 1s a time varying job match
specific component. AS, Topel and AF all ignore u, on the grounds that it is unlikely
to be related to turnover behavior. AS assume movements in 1), are small or
transitory and thus unlikely to have a strong relationship with turnover behavior.
Topel argues that his analysis will be insensitive to 1 if it is a random walk and shows
that the data are consistent with this.>

The key parameters of interest are 3; and 8,, where B, is the partial effect of an
extra year of experience on the wage, and 3, is the partial effect of tenure. The

parameter 3, is an economy wide trend in real wages. Many studies have used OLS to

3 We ignore 7 in most of the comparison between the AS and Topel estimators. However,
modifying AS’s estimator in a way that should make it less sensitive to n if it is a random walk has
little effect on the results. See Table 5 and footnote 27. Adding heterogeneity in the experience
slope B, that is uncorrelated with turnover will not affect any of the estimators. We rule out person
specific or job match specific heterogeneity in f3,, which is likely to be negatively related to T}, and
a positive source of bias in all three estimators. Topel presents evidence that this heterogeneity is
not important for his analysis. We have not revisited this issue. In constrast, Abowd, Kramarz and
Margolis (1994) show that there are differences in tenure slopes among a set of French firms.



5

estimate these parameters, and they consistently find large returns to seniority. For
example, AS and Topel report that 10 years of seniority raises the log wage by .267
and .300 respectively. However, using OLS to estimate {3 and 3, is inappropriate
since both experience and tenure are likely to be correlated with the unobserved
individual and job match heterogeneity. For example, tenure will be positively
correlated with p; in the likely event that individuals with low productivity (low y)
have high quit and layoff propensities* Individual heterogeneity associated with 1
will bias OLS estimates of the wage-tenure profile upward.

To better understand the biases that arise from unobserved individual and match
heterogeneity, we follow Topel and specify auxiliary regressions between the
unobserved components and experience and tenure. Consider first the fixed job match

error component ¢

i and let the auxiliary regression be

23) ¢, =bX, +b,T, +&

27 it ift

Both AS and Topel discuss the likely signs of b; and b,. First, matching models and
conventional search models (e.g., Burdett, 1978) imply that job shopping over a career
will induce a positive correlation between X;;; and d)ij, suggesting that b, is positive.
Second, workers will be less likely to quit high wage jobs than low wage jobs?
Furthermore, if firms share in the returns to a good match, ¢j; will be negatively
correlated with the layoff probability. This suggests that tenure is positively correlated
with ¢;; and b, is positive. However, Topel notes that the selection induced by
voluntary job changes will lead low tenure values to be associated with large values of
¢j; so by may be negative. Therefore, the sign of b, is ambiguous.

The problem of individual heterogeneity may be analyzed similarly. Consider

the auxiliary regression

4 See AS for evidence that estimates of p; and ¢ij enter logit models for both quits and
layoffs with negative signs. One of AF’s key findings is that completed job tenure has a strong
positive association with the level of wages on a job.

3 The existence of differences in match quality across firm-worker pairs (see Jovanovic,
1979; and Johnson, 1978), the presence of noncompetitive elements in the wage structure, and
differences across firms in the optimal compensation level for a given type all imply that individual
workers face a distribution of wages. See Groshen (1991), Jacobson, Lal.onde and Sullivan (1993)
and Abowd, Kramarz, and Margolis (1994) for evidence of firm specific wage components.
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it it

Characterizing c; and c, requires additional assumptions. Both AS and Topel assume
that

(2.4a) Cov(pi,Xijt) =0.

Equation (2.4a) embodies two assumptions. First, quality is uncorrelated with year of
birth once one conditions on the control variables. Second, high and low wage
workers have similar labor force attachment — at least for a sample of white male
heads of household. AS investigated the second assumption and found that their
results were insensitive to using potential experience as an instrument for actual
experience.®

To examine the effect of individual heterogeneity on Topel’s estimator we will
(2.4) and the

auxiliary regression

(2.5) Tje=dip+ X5+ vy

where d; > 0, d, > 0, and vj;, is uncorrelated with p; and Xj;; by definition of an

ijt
auxiliary regression. Given that Cov(y;,X;;,)=0, it follows from (2.5) that d, is the
coefficient yx of the least squares regression of T;;; on Xj;,. A little algebra

establishes that the ¢; and ¢, in (2.4) are

Var(u)

(2.6) ¢
d} Var(u)+Var(v,)

<0; ¢, =4, >0.

T T Y¥xr6

We now discuss the OLS, AS, and Topel estimators. We consider AF in
Section 10.
2.2 The OLS Estimator

Using equations (2.1) to (2.4) it is easy to show that the biases in the OLS

estimators of B; and 3, are

5 The results in Table 6 for the 1975-1982, 1983-1991, and 1975-1991 are also insensitive to
using potential experience as an instrument for actual experience.



B -Br=b +¢

B0 -By=by+c,.
Unfortunately, neither bias can be signed. The bias in experience is ambiguous
because the job match (b;) and individual heterogeneity (c,) terms are of opposite
signs. Similarly, the bias in tenure is ambiguous because the job match heterogeneity
(b,) may either offset or re-enforce the upward bias in &OLS from individual
heterogeneity (c,). However, if ¢, is large and positive and b, is either positive or
small and negative, then the net bias in B, will be positive, and the estimated effect

of seniority on wages will be overstated in OLS wage regressions.

2.3 Altonji and Shakotko’s Estimator
Altonji and Shakotko propose an instrumental variables estimator to address the

problems of individual and job match heterogeneity in the wage equation. Let DE; =

Tjj; - Tjjy denote the deviation of T from the mean Tij of the sample observations on

job match ij. Abstracting from n, this variable is a valid instrument because it is

orthogonal to the error components p; and ¢
DT, X

ij> which are fixed within the job. AS use

ijt- Xij and t as instruments. We refer to this estimator as the IV1 estimator. Using

the IV1 estimator, they find that 10 years of tenure leads to a wage increase of 2.7
percent, about 1/10th of their OLS estimate.
The IV1 estimator is free of bias from 1. However, the likely positive

correlation between Xj;; and ¢;;, leads to positive bias in B,!V! and negative bias in

1j°

B,™1. Topel shows that the bias in 8,""! induced by ¢;;is -b, - Yr (b,+b,) ,

XT

where vy is the least squares coefficient in the regression of T on X. AS also
recognized this bias, and proposed a modification of the IV1 estimator to correct for it.
Let B denote the vector (B, B, B). They note that because ¢y; is orthogonal to DT,
and that correlation between t and ¢; arises only because t is correlated with Xy, this
bias can be written as

(2.7) By ' =plim By (t, DTyjp, X;i0)'(t T Xi0] " Bigel (& DTy, X050

= plim Zijt[(ta DTijta Xijt)'(t, Tijta Xijt)]-l Zijt[(t E(d)ijlxijt)a 0, X,'jt E(d)ijlxijt)]'-
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They estimate E(d)ileijt) as the product of (1) an assumed value of the average change
in d)ij per quit and (2) the expected number of times a person will quit by experience
level Xj;; based on a logit model of quits as a function of a cubic in experience. They
report results for several assumed values, but also obtain information about the
average value of d)l-j by comparing the average wage change for quits and for layoffs
under the conservative assumption that the average change in (hj 1s zero in the event
of a layoff. They ignore the negative effect that layoffs are likely to have on

cov(¢;;,Xp)- Define the corrected IV1 estimator as

V1* __ plVvl V1
B =B - Bbias

Using the BIV1™

estimator AS obtain .066 as their preferred estimate of the effect of
ten years of tenure.

Unfortunately, the correction ignores the fact that the gain from quits is likely to
vary with the experience level. Furthermore, the rules that are used to discard data on
persons with poor tenure and job change information may have a substantial impact on
estimates of the experience profile of quits. Finally, it ignores offsetting job match
losses associated with layoffs. For these reasons, we make only a limited use of this
bias correction below.

2.4 Topel's Estimator

As discussed further below, Topel is reluctant to estimate an economy-wide
time trend (f3;) within his PSID sample. Therefore, he first detrends the data using a
real wage index constructed from CPS cross sections in an early draft of Murphy and
Welsh (1992). This detrending procedure is similar to regressing the Murphy-Welsh
index on a time trend using the sample composition to weight the various years, and
then using the coefficient estimate f}, to detrend the data. To estimate 3, and B, Topel
proposes a two-stage estimator. Since experience and tenure increase identically
within a job, the first step estimates the combined effect of experience and tenure (f =

B, + B,) by applying OLS to a within job wage growth equation for stayers:
28) W, -W,, -B,=B+e, €, +B -B.

After noting that current experience can be written as the sum of the initial experience
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on the job (X0;) and Tijt, in the second step Topel estimates the linear experience

coefficient (3;) using OLS on the equation

29 w, - By - BT, =X08 *e,,

where e, =€ +(f, —[30)+Tm([3—[3) and P is the OLS estimate from (2.8). Finally, the

linear tenure slope (f3,) is estimated as B - B;. We refer to this estimation method as
the "Topel" estimator or as the two-step first difference (2SFD) estimator. When the
specification of the tenure and experience effects is linear and an outside estimate of
By is used, Topel shows that AS's IV1 estimator is approximately equivalent to using
(2.8) to estimate P and estimating (2.9) by instrumental variables with X as an
instrument for X0. The approaches are identical in the linear case if one replaces (2.8)
with an equation for deviations from job means.

Topel notes that because both ; and ¢;; are included in ¢;;

ijt- and both may be

correlated with X0, his estimator will produce biased results. He shows that job

matching produces a downward bias in his estimator of f3, equal

to -b,~Y,,r (b,+b,) , Where yyqr is the least squares coefficient in the regression of

T on X0. Comparing this bias to that of the IV1 estimator given above, Topel notes
that because yxq is about -.25 in his sample and yyr is .5, the downward bias is
larger for the IV1 estimator than Topel's estimator provided that b + b, is positive.
Evidence from Topel and Ward (1992) suggests that by + b, is positive. However,
because Topel's own estimate of b; + b, is only .0020 (page 159), his empirical results
suggest that the difference between the estimators due to bias from ¢; is small. Topel
does not mention AS's attempt to adjust for bias using the IV1* estimator.

The overall bias in Topel's estimator for {3, also depends on the importance of
bias from ;. Some algebra establishes that the bias term yx,, in Topel's equation

(13) is equal to

Var(T\X)
Var(T)

Yx0, =62 , where c, is the coefficient in the auxiliary regression (2.4) for p
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above, and Var(T|X) is the variance of Tijt conditional on Xijt'7 In the replicated
sample Var(T|X)/Var(T) is .676, so the bias from individual heterogeneity in the Topel
estimator of the linear tenure coefficient is about %s the size of the bias in OLS from
this source.

Topel finds that ten years of tenure leads to a log wage increase of .245. This
implies a percentage increase in the wage level of 28 percent. When he investigates
the importance of the bias from individual heterogeneity by instrumenting X0 in (2.9)
with X, he finds that the effect of ten years of tenure on the log wage only declines
slightly to about .22. This is substantially larger than AS's IV1 and IV1* estimates of
027 and .066 8

Topel makes a serious effort to explain the discrepancy between his findings
and those of AS and AF. He argues that AS's estimates are substantially biased down
from measurement error in the tenure data, and from their treatment of the time trend
as exogenous. The results in Topel's Table 6 as well as his results instrumenting X0 in
(2.9) with X, suggest that differences in the estimators explain a relatively small part
of the difference in results. In contrast, Topel argues that the difference between his
estimates and those of AF arises because AF use an inappropriate methodology. He
concludes that the return to seniority is large and that the OLS estimates may even be
downward biased.

Most of the remainder of the paper revisits the issue of why the studies differ.

Our conclusions differ sharply from Topel’s.

3. Replication of Topel's Basic Results
We begin by trying to replicate Topel's basic findings. In performing the
replication we started with a working data set covering the 1968-1983 PSID survey

years that Topel used. Topel graciously provided a complete and well documented set

7 The parameter Yxop = Cov(XO0,u)/Var(X0). Cov(X0,u) =Cov(X-T, p) = -Cov(T,u)=-
d,Var(p). Var(X0)=Var(X-T)=Var(X)-2yxtVar(X)+Var(T) = Var(T) in Topel's sample because
Topel reports that Y7 is.5. Thus, Yxou = -d,Var(n)/Var(T). Using this result, equation (2.6) for c,
and the fact that (2.5) implies that Var(T[X)=d,2 Var(p) + Var(vijt) leads to the expression for vy,
in the text.

8 We infer the value of .22 from the fact that Topel reports on page 164 that the estimate is
about 3 percent lower when X is used as an instrument for X0 in (2.9).
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of programs for the May 1988 draft of his paper, which used a data set covering the
1968-1981 survey years only? The appendix in the published version is very similar
to the data appendix in the earlier draft. Consequently, we updated the programs to
use the additional sample years.

The replication sample has 9,315 within job wage change and 11,374 wage
level observations, while Topel reports 13,138 observations in the text (page 154).
However, Topel also reports a sample of 8,683 within job wage change observations
in the note to his Table 2, and 10,685 observations in the note to his Table 3. We
suspect that these latter values are the actual sample sizes, because the ratio of the
within job wage changes to wage level observations of .8126 corresponds closely to
the ratio of .8190 in the replicated sample. We do not know the source of the
discrepancies between Topel’s sample and our replication.!?

In Table 1 we report the sample means of the variables used in the analysis.
Column 1 is reproduced from Table Al in Topel. Column 2 reports the sample means
for the replicated Topel sample. The remaining columns refer to other samples that
we will discuss below. The means of education (Educi), marital status (Mrdnow),
union membership (Unm), residence in an SMSA (SMSA), and a disability affecting
work (Dsablh) match almost exactly. There is a substantial discrepancy in the mean
of Topel’s earnings measure, Realearn, but this appears to be due to a difference in the
base of the price deflator used rather than to differences in the samples!! However,

we doubt if this is important because the mean of the change in Realearn in the

% The 1968-1983 extract was supplied to Topel by Altonji and Nachum Sicherman. The
wage data refer to the 1967-1982 calendar years. It is a superset of an extract for the 1968-1981
surveys created by AS and used by AF. We were able to replicate a number of the results in the
earlier draft. In private communication Topel indicated that the files for the published version were
misplaced during a change in computing systems.

10 The figure .8190 is 9315/11374. In the second paragraph on page 174, Topel states that he
deleted some additional jobs in which there were ambiguities about starting and ending dates. An
earlier draft of his paper makes the same statement, and we implemented the checks in the programs
that Topel supplied to us corresponding to that draft. It is possible that some additional checks were
put into place when Topel extended the sample to take advantage of the data from 1982 and 1983.
Topel states that "these deletions had very minor effects on the results and none on the conclusions."

I As will be discussed further below, Logearn is the log of real annual earnings divided by
annual hours, while Realearn adjusts this further by subtracting the log of the real wage index
constructed by Murphy and Welch.
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replication sample is identical to Topel's reported value of .026. The means of
experience are close—20.02 versus 19.82. The one somewhat worrisome difference is
that the mean of tenure is 9.98 in Topel's sample and 10.659 in our replication, a
difference of .68 years.

In Table 2 we directly compare estimates reported by Topel to those obtained
using our replicated sample. (Some of Topel's estimates are not shown because they
were not reported in his study.) In columns 1 and 4 we report the OLS estimates!?
Our replicated estimate of the effect of 5 years of tenure is .1863, which is
substantially below Topel's estimate of .2313. However, at ten years of tenure the
estimates are .2702 versus .3002, and are almost identical at the higher levels of
tenure. In columns 2 and 5 we report the IV1 estimates when we include an
exogenous time trend. The estimates for the replication sample are almost identical to
Topel’s. In columns 3 and 6 we present Topel's estimator. The replicated results
show a slightly higher effect of tenure at 5 years, almost exactly the same effect at ten
years, and a slightly lower effect at 15 and 20 years. We have also replicated many
other results reported in Topel's paper. The comparison between columns 2 and 5, and
between 3 and 6 is typical of what we found.

While the above discrepancies in the sample sizes and summary statistics is
cause for some concern, the multivariate results are very close. We conclude that our
replication sample is close enough to Topel's to give reliable information. Throughout
the paper, whenever we present results for our replicated Topel sample that are also

reported by Topel, we have checked that the two correspond closely.

4. Controlling for Economy Wide Time Trends and Changes in Sample
Composition
4.1 Introduction
AS and AF included a time trend in their models to control for an economy-
wide trend in real wages. Topel argues against the use of a time trend on two grounds.

The first is that time will be correlated with d}lj because it is correlated with experience

12 Unless otherwise noted, we report White standard errors that account for individual
specific heterogeneity and serial correlation in the error terms as well as for the fact that the Topel
estimator is a two-step estimator.
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and persons who have been in the labor market longer will have had more time to
locate better jobs.!> The second is that time may be correlated with the mean of I
because of changes in the sample over time. Since the time trend is correlated with
both seniority and experience, any bias in the time trend may affect the other
parameters. Topel's alternative to including a time trend or year dummies in the wage
equation is to subtract the log of the Murphy and Welch (1992) real wage index from
the PSID wage variable prior to estimation. In the tables below we call this trend-
adjusted real wage measure Realearn.

In section 4.2 we consider the seriousness of the two sources of bias that Topel
emphasizes and then discuss fixing the problem by instrumenting the time trend. In
Section 4.3 we present the results of our experiments with alternative treatments of the
trend, and then in section 4.4 explain the consequences of using the wrong time trend.
4.2 Will treating time as exogenous lead to serious bias?

Topel is correct that t may be positively correlated with ‘hj- The correlation

would arise if there is a positive relationship between time and average experience.
However, the simple correlation between t and chj is likely to be weak, because the
relationship between time and average experience is very weak in both our Topel
replication sample and in the original sample used by AS.!*

In any case, the covariance between t and ¢; will not lead to bias in the tenure
and experience coefficients of the OLS and IV1 estimators. The covariance between t
and ¢;; arises because t is correlated with the amount of time a given cohort of
workers has been in the labor market, not because of the passage of time per say.
Consequently, the covariance is 0 conditional on X;;;, Tj;; and Xj;;, or Ty, and X0y,

That 1s,

ijt ijts ijt

13 This issue is also mentioned by AS (page 450).

14 In the replicated Topel sample, the coefficient on Xijt in the auxiliary regression of t on
Xjj; is actually negative (-.0018) and is not statistically significant. The relationship is weak
primarily because much of the variation in Xiit is cross sectional but also because the PSID is a self
replicating sample. The male children in the original PSID families enter the regression sample
when they set up separate households, and original members of the sample leave when they retire,
die, or reach the age 60 cutoff used by AS and Topel. Furthermore, the Topel and AS samples
include nonsample men who marry members of original PSID sample households. The splitoffs and
persons who marry into the sample tend to enter the sample early in their careers, while the heads in
1968 were a cross section of the population.
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COV(t, d)leXlJt) = COV(t, (bij[Tijt’ Xijt) = COV(t, d)lj‘T XOUt) :0.

It follows that whether or not t is positively correlated with d; has no effect on the

ijts

probability limit of the OLS estimator or the IV1 estimator. However, inclusion of a
time trend in the second step of the Topel estimator is likely to have an effect because

T;;; 1s omitted from (2.9) and t is correlated with T conditional on X0;j,.

i
J Topel's second concern is that changes in sample composition induce a positive
correlation between t and p;. Bechetti et al (1988) and Moffit and Gottschalk (1996)
do find that attrition is higher among low income individuals. However, the AS
sample is drawn from persons who were heads of household in 1981, and Topel’s
sample is drawn from heads of household in 1981, 1982, or 198315 Sample attrition
does not lead to an upward trend in p, because persons who left the PSID prior to 1981
are excluded in all years. Some of the observations in the later years are contributed
by persons who married into PSID families or who split off from the original
households. The observations in the early years might even be more select than those
in the late years, because they are contributed by persons who remained in the sample
until at least 1981.16 (This comment does not apply to the 1975-1982, 1983-1991, and
1975-1991 samples we analyze in section 11, because these use the available data on
persons who later become nonrespondents.)

In any event, one can easily deal with correlation between t and 4 by treating
time as endogenous and using t;, the deviation of t from its mean for person i, as an
instrument for time. This variable is uncorrelated with p; by construction and is
and X0y 17

uncorrelated with ¢; conditional on Tj;

15 Topel states that his sample is limited to persons who were respondents in the 1983
survey. However, the extract he used includes persons who were respondents in 1981 and/or 1982
even if they were nonrespondents in 1983. We suspect that these 1983 nonrespondents were
included in his analysis because the fractions of the sample from 1983 and 1982 is lower than 1981.

16 1n footnote 11 Topel indicates he found that real wage growth in the PSID sample as a
whole exceeds real wage growth implied by the CPS, but real wage growth in the PSID and the CPS
is the same in the subsample of persons who entered the data in 1968-1969. We could not confirm
this result. In the replicated sample, we obtain a time trend of .00945 for the 1968-1969 entrants
when we follow Topel and use the period t-1 wage with period t tenure. The value in Table 3,
column 4 for the full sample is .0088.

I7 Biases in the tenure and experience coefficients from other factors could contaminate the
time trend coefficient even if the time trend is unrelated to the error term. However, the correlations

between t and X;;; and Tj;; are too weak for this to be a serious issue, as evidenced by the fact that the
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4.3 Results

In Panel A of Table 3 we report results for the OLS, IV1 and Topel estimators
for various treatments of the time trend. All of the models include 4th order
polynomials in both tenure and experience and the other control variables used by
Topel. In columns 1-3 we follow Topel and use Realearn as the dependent variable
and exclude the time trend from the equation. The IV1 and Topel estimators both
imply a return to ten years of tenure of about .25. The implied effect of 20 years of
tenure is larger for the IV1 estimator than for the Topel estimator (.40 versus .31).

In columns 4-6 we follow AS and most other studies of earnings and add an
exogenous time trend to the model with Logearn as the dependent variable. The
estimates of the time trend parameter [3, are .0088 in the case of OLS and .0085 in the
case of IV1. In implementing the Topel estimator in column 6, we detrended the data
using the estimate of the OLS estimate from column 4. The OLS estimator is virtually
unaffected. However, the IV1 estimate declines by half—from .246 to .121. There is
also a small decline in the Topel estimator from .255 to .227.

In columns 7-9 we report results assuming an endogenous time trend and using
t; as an instrumental variable. The estimated time trends rise slightly when t is treated
as endogenous. The IV estimator underlying column 7 is the counterpart to OLS but
treats time as endogenous. The counterparts to OLS and the Topel estimator in
columns 7 and 9 are very similar to those in columns 4 and 6, while the IV 1 estimate
actually declines to .0789. Finally, in columns 10-12 we replace the time trend with a
set of year dummies and use the deviations of the dummies from their time means as
instrumental variables. The results are similar to those obtained with the endogenous
time trend.

In sum, these results suggest that controlling for economy-wide real wage
changes using the Murphy-Welch wage index vis a vis an estimated time trend has no
effect on OLS, makes a substantial difference in the IV1 estimator, and has some
effect on the Topel estimator. To gain some insight into this result, we estimated (but
do not report) regressions where Realearn is used as the dependent variable and a time

trend is included. Treating the trend as exogenous yielded an OLS estimate of the

estimated time trend is nearly the same for OLS and IV1 despite the large difference in the tenure
and experience effects.
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trend as .0062 and an IV estimate of .0059. For the same specification with time
endogenous, the IV-tenure exogenous trend coefficient is .0064 and the IV1 estimate
is .0077. Thus, it is clear that the Murphy-Welch time trend is different from the trend
in the replicated Topel sample. One cannot explain this with an appeal to correlation
between t and ¢;; because this correlation is zero conditional on T;cand X;;. The
insensitivity of the trend estimate to the use oft as an instrumental variable for t
would seem to rule out changes over time in sample composition as an explanation.
(See also footnote 14). We are not sure why the time trend for the male household
heads we study differ from the CPS as a whole. However, we wish to point out that
CPS cross sections involve different sample frames and variable definitions. There is
also a large nonresponse rate to questions about earnings in the CPS that has increased
over time, as well as problems with the top coding of earnings.
4.4 Explaining the Sensitivity of the Results to Treatment of the Time Trend

What does theory predict about the consequences of using the wrong trend? In
the case of OLS, the consequences should be small because both the simple and

partial correlations between t and X;;, and t and Tj;; are small. This underlies the fact

ijt
that the results in columns 1, 4, and 10 in Panel A of Table 3 vary little. However, the
consequences are very serious for the IV1 estimator and significant for the Topel or

2SFD estimator. To see why, redefine the wage measure W,

it as the real wage net of

the Murphy-Welch wage index and rewrite the wage equation (2.1) as
Wz_'jt = B(; [+ BlXijt * BZTijt * eijt
where By* is the difference between the actual time trend (f})) and the coefficient (By)

from a regression of the Murphy-Welch wage index on t. In the linear case Topel

shows that the IV1 estimators of B = p; + B, and B, are

g"" = (or’pDTy! DT'DW and B = (x'x0)x'(v-1p")

where we use obvious matrix notation and DT and DW are vectors of deviations from

job means of Tj; and Wj;,. From the first equation it is easy to show that
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. Ivi . 28FD *
plimB"" = plimf3 =B, +B, + B, .18

From the second equation it is easy to show that bias in the experience coefficient is

By - By = b, v b, ) - Ty Y
1=Yyr I=Yyr 1 =Yyr

Bo

where vy, is the coefficient in the auxiliary regression of t on X~ Since
B,7V1= BIVI. B,IV1 the bias in the tenure coefficient contributed by the terms
involving By, is

x Y x
Bo + X [Bo] -
1=Yyr 1-Yy;

‘YX’ B *
0

We can evaluate the bias from using the wrong time trend by substituting the
estimates Yy, Yx and B, obtained from using the replicated Topel sample. In that
sample, Y 1s about .5 and vy, is only -.0018 so the bias implied by the above
expression is about -2[50*. Setting BO* to the value of .0062 obtained when the time
trend is treated as exogenous and evaluating the above expression implies that the IV 1
estimate of the effect of ten years of seniority will decline by about .122 when one
replaces Realearn with Logearn and adds a time trend to the analysis. This is almost
exactly what happens. In the case of an endogenous time trend the results in columns
2 and 8 indicate that the actual reduction is a bit larger than the reduction implied by
the formula. We conclude that the use of the Murphy-Welch index to control for the
time trend leads to a large downward bias in the IV1 estimator.

A similar analysis of the Topel estimator implies that using the wrong time
trend biases f3, by

YXOT * *
[Bol = Vo P
1=Yxor ’ o

B, +

where yxgy;; is the coefficient in the auxiliary regression of the job match start date §;
on XOijt. Since in the replicated Topel sample, yxqr is -.25 and Yxotij is only -.014,
the implied downward bias in the effect of ten years of tenure is about .8 * .0062

*10=.0496, which is larger than but reasonably close to the decline of .028 that we

18 The expression for fIV! is simply the mean wage growth within jobs after adjusting for the
Murphy- Welsh trend estimate. This is B + 5 + (Bg - By)
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obtain when we replace Realearn with Logearn and set [}, to the estimate from the
specification with T and X exogenous and t endogenous!?

We conclude that the use of the Murphy-Welch wage index to detrend real
wages in the replicated Topel sample leads to a large upward bias in the IV1 estimator
and to a smaller upward bias in the Topel estimator. It has little effect on the OLS
estimates, so the net result is to move the Topel estimator closer to OLS and the IV1

estimator closer to both the Topel and OLS estimators.

5. Consistency between the Dating of the Tenure and Earnings Measures.

In the PSID, employer tenure, union status, and other job specific variables
refer to the survey date (typically March, April or May), while the wage measure is
annual earnings divided by annual hours in the previous calendar year. Consequently,
AS and AF use the wage measure from the survey in year t and tenure and union
status from the survey in t-1. In contrast, Topel takes both the wage and the tenure
and union status measures from the year t survey. He excludes observations if Ti<l
because "wages refer to average hourly wages in the year preceding the survey."

Topel's choice of dating could lead to bias for two reasons. The first is a bit
subtle and has to do with the fact that all of the estimation methods suggest that the
return to seniority declines sharply after the first year or two. When the returns are
nonlinear, adding a constant of .75 or 1 to the tenure variable affects the interpretation
of the coefficients. For example, if Topel's measure of tenure is equal to T + 1, then
one would compute the effect of the first ten years of tenure as the effect of an
increase in the tenure measure from 1 to 11 rather than from 0 to 10. Topel uses an
increase from 0 to 10 to arrive at the conclusion that ten years of tenure lead to a log
wage increase of .246. If one uses 1 to 11, his parameter estimates imply an increase
of about .19. Of course, the survey date is typically March, April or May so the
average overstatement of tenure is smaller than 1.

The second reason stems from the fact that, as noted by both AS and Topel,
both Realearn and Logearn are mixtures of the wage on the old and new job when a

job change occurs. Topel's timing convention may affect the bias that results from this

1% Our analytic results are for the case of linear tenure and experience specifications rather
than the quartic specifications that used. This may be a partial explanation for the discrepancy.
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in ways that are hard to sign a priori2°

In Panel B of Table 3 we analyze the empirical importance of this issue for the
various estimators by reporting estimates using year t wages with year t tenure. In
columns 13-15 we include observations with T;;; < 1, use Realearn as the wage
measure, and exclude the time trend. Comparison of columns 2 and 14 shows that
when one uses year t wages with year t tenure the IV1 estimate of the effect of ten
years of tenure declines from .246 to .177. Comparison of columns 3 and 15 reveal
that the Topel estimate of this effect declines from .255 to .186.

The results in columns 16 and 17 are also based on the use of year t wages with
year t tenure but use Logearn as the dependent variable and include an endogenous
time trend. They may be compared to columns 8 and 9 in Panel A of Table 3, which
use year t-1 wages and year t tenure. Both the IV1 estimates and the Topel estimates
decline substantially. For example, Topel's estimate of the effect of ten years of
tenure declines from .223 (column 9) to .161 in column 17.

The problem that Logearn is a mixture of wages on the old and new jobs when
a job change occurs remains even when one uses the average hourly wage with tenure
from the same year. For this reason, we exclude observations with T;<1 in columns
18 and 19. This reduces the estimates of the effect of ten years of tenure by about .05.
In columns 20 and 21 we exclude observations if T < 1 or if the job ended between
the survey in t and the survey in t+1. This IV1 estimate of the effect of ten years of
tenure is .007 and the Topel estimate is .118. Excluding the first year would tend to
bias downward the estimated return if a large part of the return occurs in the first year
or two.

As a further check and to get around the problem posed by the fact that the
average hourly wage may be a mixture from different jobs, in Table 4 we report
results using Logwage as the wage measure, where Logwage is the log of the reported
hourly wage at the survey date for persons paid by the hour and is based on the salary

per week, per month, or per year reported by salary workers. Unfortunately, Logwage

20 1f the tenure effect is nonlinear, the use of a time aggregated wage measure may affect the
interpretation of the tenure coefficients even when the wage and tenure measures refer to the same
year. However, our major concern about the use of wages that are an average of the wage on the old
job and the new job is that wage growth in the first year on the job may be overstated. This would
bias the returns to tenure upward.
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is unavailable prior to 1970, is limited to hourly workers prior to 1976 and is capped at
$9.98 per hour prior to 1978. The results in Table 4 are based on an endogenous time
trend. Observations with Ty < 1 are included since the reported wage refers to the job
held at the survey, which is when tenure is measured. The IV1 estimate of the effect
of ten years of tenure is .023. The Topel estimate is .090, which is far below the
comparable estimate of .223 (Table 3, Panel A, column 9) based on Topel's dating
convention. It is a bit lower than the results obtained using tenure and the wage from
the same year and excluding wage observations that are likely to be a mixture of two
jobs (Table 3, Panel B, columns 19 and 21).2!

We conclude that the use of the period t-1 wage with period t tenure leads to a

large upward bias in Topel's results for both the IV1 and Topel estimator.

6. Functional Form
Although not discussed by Topel, the AS and Topel papers used different

functional forms?? AS use a dummy for whether T;;

iit > 1 and a quadratic in Ty,

Topel excludes the indicator variable (which would always be 0 given his sample
selection rules and the fact that he uses tenure at the survey date with the wage from
the previous year) but includes a quartic in T;,. AS includes an interaction between
Xj; and years of schooling and a cubic in X}, while Topel excludes the interaction but
includes a quartic in Xj;.

In Appendix Table B-1 we report OLS, IV1, and 2SFD estimates using both
Topel's functional form and the AS functional form. The results in columns 1-3, and
7-9 are based on Topel's functional form and columns 4-6, and 10-12 are based on
AS's functional form. We use Logearn with an endogenous time trend and take tenure
and wages from the same calendar year. The estimates are not very sensitive to the
functional form used, regardless of whether the observations with tenure less than 1

are included. We conclude that functional form assumptions explain little of the

2! In the analysis in Section 11 we replace the top coded values for 1975-1977 with imputed
values from a regression of the nominal values of Logwage on Logearn in 1978 for the sample in
which the nominal value of Logwage exceeds the topcode value of $9.98.

22 In an earlier version of his paper Topel did report results for a functional form similar to
AS's.
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differences in the results of the two studies.

7. Measurement Error in Tenure

As noted earlier, Topel considers measurement error in the AS tenure measure
to be a major factor leading to the differences in the conclusions of the two studies.
Topel (Table 7) reports that the estimated effect of tenure rises from .074 at ten years
of tenure to .122 when he uses the IV1 estimator with an exogenous time trend and
replaces AS's tenure measure with his tenure measure, a ratio of .607. The difference
at 20 years of tenure is .052 versus .161. AS were aware of problems with the tenure
data and performed several experiments to check on the seriousness of the problem??
They found that eliminating the effects of bracketing of tenure values in the early
years and unusual changes in tenure or smoothing the tenure variable increased their
basic estimate from .027 to about .044, a ratio of .61. They concluded on the basis of
these calculations and other results that measurement error is important but has little
effect on their substantive conclusions2*

How can AS’s and Topel’s results about effects of measurement error be
reconciled? As the numbers provided above suggest, the bias from measurement
error seems similar in the two samples in percentage terms. The difference between
the studies in the absolute magnitude of the bias from measurement error reflects the
fact that Topel's use of period t tenure information with period t-1 wage information

leads to a larger value in the IV1 estimator. A similar bias in percentage terms leads

23 AS used a complicated procedure to identify job matches and separations and to measure
T. They included programming checks to make sure that tenure refers to the employer rather than
the job and to try to guard against cases in which persons left an employer and then returned.
However, they chose not to smooth tenure during the years 1968-1974 when it is bracketed and did
not require tenure to increase by 1 for each year on the job. These were bad decisions.

24 They obtained the .044 value when they restricted the sample to 1975-1981, which
excludes the years in which tenure is bracketed and eliminated observations in which the change in
tenure is less than .9 or greater than 1.1 (unless a separation took place between surveys). Second,
they experiment with a procedure to smooth the tenure data and impose the restriction that tenure
grow by 1 for each year on a job. This lead to an estimate of .04. (See AS, Tables 2 and 3.) Asa
final check on measurement error bias and as a general specification test, they computed the mean of
predicted wage growth by level of tenure in the previous year for job stayers, quits, and layoffs
(using the cell means of tenure) and compared the predictions to actual growth. Random
measurement error in tenure should have little effect on these sample means. Tthe IV1 estimator
performs well in these prediction tests. The OLS estimator performs miserably, with a pattern of
errors that suggests that the OLS estimator has a strong positive bias.
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to a larger bias in absolute terms. 23 26

8. Differences in the Estimators

Although Topel finds little difference between the [V1 estimator and his
estimator, our results show that when the trend in the PSID is accounted for and
earnings and tenure are taken from the same year, Topel's estimator is consistently
larger than the IV1 estimator, although both are much smaller than OLS. In the
replicated Topel sample the gap between IV1 and the Topel estimator is about .10 at
ten years of tenure and .15 at twenty years of tenure. As discussed above in sections
2.3 and 2.4, both the IV1 and Topel estimators are biased down by job match
heterogeneity, and the Topel estimator is biased up by individual heterogeneity. In
this section we investigate the relative importance of these biases in the IV1 and Topel
estimators.

As noted above, Topel shows that the downward bias from correlation with the

job component ¢;; is likely to be larger for IV1 than for his estimator. The IV1*

25 1t would be useful to show how the results in the replicated Topel sample change as one
alters the dating the wage and tenure and treatment of the time trend, but we are unable to closely
replicate Topel’s results in column 1 of his Table 7 that use AS’s tenure measure. We obtain
estimates of the effects of 10 and 20 years of tenure of .106 and .129 when we replicate that column,
while Topel’s estimates are .074 and .052. We are able to replicate column 2 and the other columns
of his table, which uses his tenure measure, quite closely. In replicating Topel’s results in column 1
that use AS’s tenure we assume that he excluded observations for which this measure is less than 1
since he made this exclusion with his own measure of tenure. However, AS’s measure is missing for
a substantial number of observations for which Topel’s tenure measure is available, and vice versus.
Consequently, the samples underlying column 1 and the other columns in Topel’s Table 7 are
probably different. (Topel does not report sample sizes.) We suspect that the differences between
our replication and Topel’s results in column 1 of his table are due to minor differences in the
samples that we use and Topel used. We also re-analyzed the issue of measurement error using the
AS sample after imposing the constraint that tenure within a job increases by 1 per year and
eliminating all jobs in which the implied starting value of tenure is negative and eliminate all jobs
that start in the sample and have an implied starting value of tenure that is greater than 1.25. In this
data set we find that the absolute value of the effect of measurement error on I'V1 rises when uses a
treatment of the time trend or the timing of wages and tenure that leads to a large IV 1 estimate. For
example, when we estimate that model with Realearn rather a time trend in the AS sample, the
estimated effect of 10 years of tenure is .0936 using AS's tenure measure and .172 using the
smoothed tenure measure.

26 Brown and Light (1992) provide a thorough and somewhat harrowing account of the
quality of the data on job seniority and job mobility from the PSID, although they also emphasize the
many advantages of this data set. It is important to note that they obtaining results similar to AS for
various treatments of the tenure data, although they criticize AS's methodology. Our conclusions
about measurement error seem quite consistent with theirs.



23

estimator is an attempt to correct IV1 for the effects of ¢; under alternative
assumptions about the gain from quits. We follow AS and compute the IV1*
estimator, which incorporates a crude adjustment for the correlation between X; and
d)ij. We assume a job match gain per quit of .05, which was consistent with AS's data.

Because we ignore layoffs, which tend to reduce the growth in chj with X... , we

ijt »
overstate the relationship between ‘hj with X;;, and overstate the size of theJ bias. The
IV1" estimate of the effect of ten years of tenure is .12 (not shown), while the
comparable IV1 and Topel estimates are .031 and .161 (Table 3, Panel B, columns 16
and 17.) We conclude that the IV1 estimator is biased downward by job match
heterogeneity, although we wish to stress that the adjustment in the IV 1* estimator is
not rigorous.

The Topel estimator is also biased down by job match heterogeneity, although
to a lessor degree than the IV1 estimator. This downward bias is offset by an upward
bias from individual heterogeneity. In section 2.4 we showed that this upward bias in
the Topel estimator is about %3 of the bias in tenure in the OLS or IV-exogenous
tenure estimators. If the upward bias is small, however, the Topel estimator might be
more accurate than IV1. As noted previously, Topel investigated this issue by
instrumenting X0 with X in the second step of his estimator, and concluded that
unobserved individual heterogeneity did not substantially bias his estimates upward.

In columns 1, 5, and 9 of Table 5 we use X as an instrument for X0 for
alternative treatments of the time trend and the timing of wages and tenure. When we
use Realearn and measure wages at t-1 and tenure at t, the estimate of the value of ten
years of tenure is .223 (column 1). This is close to the value for the Topel estimator
(with X0 exogenous) of .255 in column 3 of Table 2. These results closely replicate
those reported by Topel and are the basis of his conclusion that upward bias from
correlation between p, and X0 is not much of a problem. However, when one corrects

the dating of W;;; and T;;

drops from .223 to .126 (column 5), which compares to .186 (Table 3, Panel B,

so that they are from the same calendar year, the estimate

column 15) using the Topel estimator with X0 exogenous. When we replace Realearn
with Logearn, estimate the time trend and instrument X0 with X, the effect of ten
years of tenure falls to .044 (column 9), which compares to .161 (Table 3, Panel B,

column 17) when X0 is treated as exogenous. From the facts that the instrumenting
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X0 with X is similar to the IV1 estimator and that the Topel estimator is also biased
downward by job match heterogeneity and the fact that correcting IV1 for job match
heterogeneity closes only a small part of the gap between IV1 and OLS, we conclude
that individual heterogeneity is important. We also conclude that much of the
reduction in the tenure estimates that results when X is used as an instrument for X0 in
the second step of Topel's estimator is due to a reduction in bias from individual
heterogeneity.?’

Taken together, the evidence suggests the downward bias in the Topel estimator
from job match heterogeneity is more than offset by an upward bias from individual
heterogeneity. However, the difference between the IV1 and IV1* estimators and the
Topel estimator is minor compared to the difference between these estimators and
OLS.

9. Conclusions about AS and Topel's Analyses

The two main sources of the difference between AS and Topel's results are
Topel's use of the t-1 wage with year t tenure and his detrending procedure. In
addition, the differences between the IV1 estimator and Topel's 2SFD estimator is
partially responsible for the gap. Using 2SFD leads to higher estimates in the
replicated Topel sample. When the trend in the PSID is properly accounted for and
the timing of the wage and tenure measures are consistent, Topel's testing procedure
suggests that the upward bias from individual heterogeneity in his estimator is
substantial. On the other hand, the IV1 estimator is biased downward by job match
heterogeneity. Given this fact we think weight of the evidence for the samples and
wage data used by AS and Topel points to an intermediate value for the effect of ten

years of tenure of perhaps 11 percent. This is above AS's IVI" estimate of .066 but far

27 Columns 2, 6, and 10 of Table 5 are the Topel estimator with the first difference equation
(2.8) replaced by an equation for the deviation of the wage from the mean for the job. The estimates
are basically similar to the estimates for the corresponding specifications in columns 3, 15 and 17 of
Table 3. Columns 3, 7, and 11 of Table 5 are analogous to columns 2, 14 and 16 of Table 3 but treat
experience as endogenous. The difference in the estimated effects of ten years of tenure when the
time trend is included and the correct dating is used is about .10. The results are very similar to the
IV1 estimator in all cases, which is shown in columns 4, 8, and 12 of Table 5. As Topel notes,
consideration of the effects of the time varying error component n;j; might lead one to prefer the use
of first differences, particularly if it is a random walk. On the other hand, the use of deviations from
job means might be less sensitive to minor misdating of job start and end dates.
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below Topel’s results. Our results in table 4 for the reported wage measure at the
survey date, which is preferred to average hourly earnings over the year, imply a

return to 10 years of tenure of about .06.

10. Topel's Analysis of the Abraham and Farber estimator
AF add an estimate of the expected completed tenure T;j of each job to (2.1) as
a control for heterogeneity and obtain estimates of the return to tenure by estimating

the equation

(10.1) w,, = Byt + BX,, + B+BYT,, + VT, + €,
OLS estimation of (10.1) leads to estimates of the returns to seniority well below
estimates that exclude T:-’j . Partly on the basis of this evidence AF conclude that the

returns to tenure are relatively small. Topel notes (10.1) is equivalent to estimating

(102) W = Byt + BX, + (B, +BYT-T) + B, +B)T + YT* + €
by OLS with the coefficientson T and T- T restricted to be same. He notes that

T may be correlated with the unobservables conditional on T' in a sample that

includes incomplete longitudinal histories. Imposing the parameter restrictions

implicit in (10.1) on (10.2) will lead this bias to be transmitted to the coefficient on T -

T . When Topel estimates (10.2) he strongly rejects the restrictions implicit in

(10.1) and obtains estimates of the tenure parameter that are similar to the OLS value
that he obtains when using the linear specification of the tenure effect. Note that the
OLS estimate of .138 for the linear specification if far below the estimate of .302 that
Topel obtains using a 4th order polynomial for tenure. In Appendix 1 we confirm
Topel’s findings, although we also show that they are somewhat sensitive to his use of
the period t-1 wage with period t tenure. More importantly, we show that when one
relaxes the linear specification of the tenure effect in (10.1) and (10.2) by using

parameter estimates from a within job wage growth equation to remove the nonlinear
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tenure and experience effects prior to estimation of these two equations, the OLS
estimates rise dramatically, but the estimates of the tenure effect based on (10.2) rise
only slightly. The use of an estimate of job duration to control for heterogeneity
yields an estimate of the return to ten years of tenure between .06 and .13 even if one
uses the unrestricted version of AF estimator that Topel advocates. These values are
between /s and 2 of the OLS estimates for the Topel's 4th order polynomial

specification.

11. Results for a More Recent Sample

It is possible given dramatic changes in the returns to schooling and experience
documented by Murphy and Welch (1992) and others that the returns to tenure have
changed. Furthermore, the quality of the tenure data and the data on the survey wage
(Logwage) are better after 1975 and there are further improvements in the tenure data
in the 80s. For all of these reasons, we examine a more recent period.

In Table 6 we present estimates for calendar years 1975-1982 (panel A), which
overlaps Topel’s sample period of 1967-1982, for 1983-1991 (panel B), and for the
combined sample (panel C)2® In columns 2-4 of Table 6 we present results for the
various estimators using Logwage as the dependent variable for the two sample
periods. The specifications are the same as those in Table 4. (The results with
endogenous year dummies are almost identical, and we exclude them from the tables.)
The estimator that instruments time with T but treats tenure as exogenous yields a
return to ten years of tenure of .234 in the first period and .292 in the latter period. In
contrast, the [V1 estimate of the value of ten years of tenure is .013 in the first period
and .043 in the second period. As was noted earlier, these estimates are probably
downward biased by job shopping. They are consistent with a small increase in the
return to tenure. The Topel estimates of the effect of ten years of tenure are .114 for
75-82 and .120 for 83-91. These latter estimates are slightly larger than the estimate
of .090 in Table 4 obtained using Logwage in the replicated Topel sample. Since the

28 We use the algorithms developed in Altonji and Williams (1996) and Devereux (1996) to
create the experience and tenure measures, which we believe to be superior to both AS’s and
Topel’s. Our computer programs and data are available on request. Both the Logwage sample and
the Logearn samples use data that refer to the calendar years 1975 to 1982 and 1983 to 1991.
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analysis in section § suggests that the Topel estimates are upward biased by individual
heterogeneity, we would take a value of .09, which lies between the IV1 and Topel
estimates for 1983-1991, as our point estimate of the return to ten years of tenure
based on this wage measure.

When we use Logearn in columns 6-8, the estimates for all 3 estimators are
larger and increase between periods. When tenure is treated as exogenous the
estimate of the effect of ten years of tenure rise from .336 to .406. The IV1 estimate
rises from .054 to .139 between periods, and the Topel estimate rises from .143 to
219. 2% These are subject to the problem that Logearn is a mixture of wages from two
jobs, and the results based on the survey wage rate should be preferred a priori3? 3!

There is a large literature showing that much of the rise in inequality has been
within education/experience cells, and there is some evidence that the return to
aptitude and achievement measures have risen over time32 There is also evidence that

the relationship between unobserved personal characteristics and wages has changed.

29 The IV-exogenous tenure estimator produced estimates of .334 in the first period and
.4054 in the second, but overstates the combined effect of the first ten years of experience and tenure
by .22 for the years 1975-1983.

30 There are minor differences in the samples for the two wage measures that stem primarily
from the fact that persons must be employed or on temporary layoff to have a survey wage. We re-
estimated the models on the set of observations for which both wage measures are available and
obtained results that are similar to those in Table 6. The differences between the results for the two
measures have to do with the division of returns between experience and tenure, because the two
wage measures yield similar estimates of the total return to experience when we exclude tenure from
the model. These results are in Appendix Table A-2 and suggest that the total return to experience
from general skill accumulation, accumulation of tenure, and the returns to job shopping are higher
in the later period.

31 The IV1 estimator produces larger estimates for the 1975-1991 period than for either
subperiod and is not simply an average of the results for the two subperiods. We have investigated
this and determined that it is related to the fact that T;; - Tijt is constructed using all of the data on
job match ij to compute Tj;,. Consequently, the IV1 estimator puts more weight on long jobs when
we use the 1975-1991 period. When we literally pool the observations on the variables in the wage
equation and the instrumental variables, we obtain results that are intermediate between those for the
subperiods. This raises the possibility that there is heterogeneity in the tenure and/or experience
slopes, and persons who move less often have higher slopes. When we replace (2.8) with a deviation
from job means equation, the Topel estimator for the pooled sample moves closer to the estimate for
the 83-92. When we implement Topel's 2SFD estimator but instrument X0 with X, the effects of ten
years of tenure of .045 for log wage and .041 for Logearn for the 75-1991 period, and these estimates
lie between the estimates for the two subsamples.

32 gee the survey by Levy and Murnane (1992).
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This would imply that the market price on the individual heterogeneity component g,
and/or the variance in the distribution of | has increased. Secular increases or
decreases in the distribution of the job match heterogeneity component or its
relationship with experience and tenure will affect all three estimators.

One way to isolate the change in the return to tenure and experience from the
above changes is to compute the combined return to ten years of experience and tenure
using the within job wage change equation (2.8) for different periods because these
estimates are not affected by p, .>> We use the estimate of the time trend obtained
using the IV-exogenous tenure estimator to remove the effect of secular growth. The
within job estimates for Logwage in column 1 of Table 6 imply a combined return to
ten years of tenure and experience of .522 for 1975-1982, and .497 for 1983-1991.
The corresponding results for Logearn are .551 and .580. Thus, the change in the sum
of the effects of tenure and experience appears to have been small and may even have

been negative.

12. Other Evidence

Because of space considerations we do not provide a comprehensive survey of
other studies of the return to seniority that have been conducted since Topel (1991).
Much of the recent work examines displaced workers. (See footnote 1). Topel (1991)
presents evidence that wage losses rise with seniority of workers at the time of
displacement, but Topel (1990) finds little relationship between wage losses and
seniority prior to a layoff. Carrington (1993) reports wage growth equations for
displaced workers using several panels of the Displaced Worker Survey. His models
are parameterized in terms of experience and tenure at the time of displacement rather
than prior experience and tenure, but for purposes of comparison we used his
estimates to evaluate the effect of tenure holding prior experience constant. His
estimates imply that the wage loss is about .16 larger for a person with ten years of
seniority than a person with 0 years. (See his Table 7, column 1.) This number is not

directly comparable to ours, because it represents the combined effect of ten years of

33 We normalize p, to have a mean of 0 in the sample, but if the mean of p. is higher for
i P By
stayers than movers, an increase in the factor loading relating wages to p; could lead to an increase
in the estimate of within job wage growth that has nothing to do with the return to experience or
seniority.
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tenure and experience on the wage level given the job match component plus the
effects of tenure and experience on the change in the job match component. Neal
(1995) examines industry stayers and industry changers with the same data. His
finding that the value of tenure before and after a dislocation is about the same is
consistent with only a small return to firm seniority. In contrast, he finds that industry
specific returns may be important, a result that is consistent with the work of
Carrington and Parent (1995). Using French data on individuals matched to firms,
Abowd, Kramarz, and Margolis (1994) obtain relatively small estimates of the average
return to seniority. Finally, Altonji and Williams (1996) use a different estimation
method to obtain lower and upper bounds on the returns to seniority of .06 and .14
using the PSID and obtain similar results using the NLSY. In summary, most of the
other recent studies point to a modest return to job seniority that is consistent with the
evidence we present.

13. Conclusion

Our main conclusion is that the data used by both AS and Topel imply a return
to ten years of tenure of about .11, which is much closer to AS's preferred estimate of
.066 than Topel's estimate of .245 or the OLS estimates. Use of the survey wage rate
in place of average hourly earnings leads one to revise this estimate back downward to
about .06. The OLS type estimators lead a large overestimate of the return to tenure
and should not be used.

The return to tenure is probably a bit larger over the 1983-1991 period than
over the period analyzed by AS and Topel, but our estimate of the size of the return is
sensitive to the choice of wage measure. For the later period we are able to perform a
more complete analysis using the survey wage rate, which is the preferred wage
measure because it does not average wages across jobs. Using this measure we obtain
a return of .043 using IV1, which is probably downward biased, and a return of .120
using Topel’s estimator, which is probably upward biased. We would choose an
intermediate value of .08 or .09 as our estimate based on this wage measure. We
would revise this estimate upward to perhaps .13 because the I[V1 and Topel estimates
are both substantially higher for the problematic average hourly earnings meausure of
wages. We conclude that the return to job seniority plays only a modest role in the

determination of wages.
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Appendix 1. Topel's Analysis of the Abraham and Farber estimator: Empirical
Results

Topel reports estimates of (10.1) and (10.2) based on a somewhat different
sample than that used elsewhere in his paper. In these models he used year dummies
to control for the secular time trend rather than the Murphy-Welsh wage index. The
analysis uses data from the 1968-1981 surveys rather than 1968-198334 To improve
comparability with AF, he reports estimates of a model that includes only a linear and
quadratic in experience and only a linear effect of tenure. He used period t-1 tenure
with period t wages for this analysis. In panel A of Table A-1 we present the
estimates of the return to ten years of tenure and thirty years of experience implied by
the estimates Topel reports in his Table 7. The first column is OLS applied to
equation (2.1) with a linear tenure specification and quadratic experience
specification. The second column and fourth columns are based on versions of (10.1).
The second column replaces T* with observed completed duration Tl*, and the
interaction between T, " and the indicator JC for whether the job was censored at the
end of the panel. The fourth column sets T* to Tz* for jobs that end in the sample and
the sum of T, " and an estimate of the predicted residual life of the job that is based on
a proportional hazards model (See Topel, footnote 24). Columns 3 and 5 are estimates
of the "unrestricted" model (10.2) corresponding to columns 2 and 4. The estimates in
the replication sample (for the years 1968-1981) are reported in panel B. They tend to
be a bit higher, particularly in column 5, but are close to those reported by Topel.

In panel C we report results using period t tenure with period t wages. The
restricted estimates in columns 2 and 4 are already small and do not fall by very much.
The unrestricted estimate of the value of 10 years of tenure is still .113 when the
estimate of T* based on the proportional hazards model is used (column 5), which is
not that much smaller than the OLS estimate of .131 in column 1. On the other hand,
the estimate is only .055 in column 3, which is close to the corresponding IV 1
estimate of .062 (not reported). Consequently, the results for Topel's unrestricted
version of the AF estimator become sensitive to the specific job duration control once

one corrects the timing of the data.

3% Topel's article does not mention this, but he provided us with the computer printout
underlying his Table 7.
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The fact that the OLS estimates are so low in this analysis raises the possibility
that the use of a linear tenure specification plays a role in these results. We
investigated this by implementing 2-step versions of the restricted and unrestricted AF
estimators in which we use within job variation to estimate the nonlinear tenure and
experience coefficients (based on quartic specifications for both tenure and
experience) in the wage level equation and then subtract these terms from the wage
prior to estimation of 10.1 and 10.2. The results are in Panel D of Table A-1. As
expected given our other results, the OLS estimate of the value of 10 years of tenure in
column 1 rises substantially, from .131 to .268. However, the restricted AF estimators
in columns 2 and 4 rise only slightly---to .030 and .053 respectively. Furthermore, the
unrestricted estimates are only .092 in column 3 and .126 in column 5---much closer
to the IV1 estimate of .06 for this sample and specification than to the OLS estimate.
(If we add the second, third, and fourth powers of T to the restricted model in column
4 and the unrestricted model in column 5 the estimates are .109 and .103 )3

In summary, after one relaxes Topel's functional form assumptions and uses
wages and tenure from the same period, the use of an estimate of job duration to
control for heterogeneity yields an estimate of the return to tenure between .06 and .13
even if one uses the unrestricted version of the AF estimator that Topel advocates.

These values are between Y4 and ¥ of the OLS estimate.

35 We use the 2-step version on the pragmatic grounds that it is difficult to think about how
biases from individual heterogeneity and job match heterogeneity work out after one adds the means
and the deviation from job means of the second, third, and fourth powers of tenure to the equation.
The one step estimates of the restricted model are very close to the two step estimates after one
includes the higher powers of t*. The unrestricted 1-step estimates corresponding to the estimate in
column 4 do not make much sense. They imply a large negative return to 30 years of experience
equal to -.559 along with a return to ten years of tenure of .681.
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TABLE 1:

Summary Statistics

Rc'];:::ca:.ed Samples Using Year t Wage,
pe Year t Tenure
Sample
Topel
(1991) Tenure
Sample Tenure <1 | Tenure <1 Tc:t;re E <Ild ed
Excluded Included Xxeluc
Excluded Omit
Last.Job
(1) (2) 3 4) %)
Realearn 1.131 1.529 1.496 1.553 1.566
(0.497) (0.442) (0.462) (0.434) (0.429)
ARealearn 0.026 0.026 0.026 0.019 0.020
(0.229) (0.235) (0.224) (0.221)
Logearn 1.636 1.604 1.659 1.672
(0.443) (0.462) (0.436) (0.430)
(0.229) (0.235) (0.224) (0.221)
Experience 20.021 19.817 18.187 19.495 19.785
(11.045) (10.592) (10.656) (10.375) (10.343)
Tenure 9.978 10.659 8.989 10.576 10.870
(8.944) (8.966) (8.904) (8.749) (8.782)
Educi 12.645 12.675 12.660 12.648 12.642
(2.809) (2.837) (2.812) (2.851) (2.852)
Mrdnow 0.925 0.925 0.919 0,932 0.933
(0.263) (0.264) (0.273) (0.252) (0.250)
Unm 0.344 0.335 0.322 0.340 0.344
(0.473) (0.471) (0.465) (0.472) (0.474)
SMSA 0.644 0.635 0.646 0.645 0.647
(0.478) (0.482) (0.478) (0.478) (0.478)
Dsablh 0.074 0.074 0.069 0.070 0.070
(0.262) (0.261) (0.253) (0.255) (0.255)
Wage Change 86831 9315 9831 8765 8441
Observations
Wage Level 10685 11374 12499 10620 10134
Observations

Notes: Standard deviations in parentheses. Topel (1991) reports the number of wage
change obscrvations in the notes to his Table 2 (page 157) and the number of wage
level observations in the notes to Table 3 (page 158).



TABLE 2: OLS, IV1 and Topel 2-Stage Estimators on Replicated
Topel Sample (Dependent Variable is Realearn)

Replicated Topel Sample Topel (1991)
OLSs V1 Topel OLs Vi Topel
n 2 3) 4 (5) ©)

Linear 0.0529 0.0343 0.0623 0.032 0.0545
Tenure (0.0079) (0.0063)  (0.0078) (0.006)  (0.0079)
Coefficient
Linear
Experience 0.0479 0.0458 0.0634 0.0713
Cocfficient  (0.0119) (0.0124)  (0.0169) (0.0181)
2 Years of 0.0918 0.0565 0.1040
Tenure (0.0124) (0.0102) (0.0126)
5 Years of 0.1863 0.1048 0.1975 0.2313  0.098 0.1793
Tenure (0.0214) (0.0190) (0.0227) }(0.0098) (0.017) (0.0235)
10 Years of  0.2702 0.1296 0.2545 0.3002 0.122 0.2459
Tenure (0.0245) (0.0270) (0.0274) | (0.0105) (0.024) (0.0341)
15 Years of  0.3147 0.1354 0.2712 0.3203 0.131 0.2832
Tenure (0.0256) (0.0356) (0.0286) | (0.0110) (0.028) (0.0411)
20 Years of  0.3564 0.1582 0.3065 0.3563  0.161 0.3375
Tenure (0.0280) (0.0471) (0.0304) | (0.0116) (0.035) (0.0438)

5 Years of 0.2028 0.2088 0.2502
Experience  (0.0395) (0.0409) (0.0571)

10 Years of  0.3391 0.3723 0.3931
Experience  (0.0515) (0.0535) (0.0769)

30 Yearsof 0.4480  0.5680  0.4779
Experience  (0.0507) (0.0607) (0.0748)

Notes: White standard errors in parentheses for the OLS, [V with tenure exogenous,
and IV1 estimators. Standard errors for the “Topel” or 2SFD estimator account for
the fact that it is a 2-step estimator and for person specific heteroscedasticity and serial
correlation in the error terms. Columns 1 through 3 use the replicated Topel sample,
while columns 4 through 6 contain estimates reported by Topel (1991). The
specifications in column 1 and 3 do not contain a time trend. The specification in
column 2 contains an exogenous time trend. Columns 4 and 6 are taken from Table
3 of Topel. Column 5 is taken from Table 6, column 2 of Topel. All specifications
include a quartic in tenure, a quartic in experience, years of education, marital status,
a union membership variable, current disability, residence in an SMSA, residence in
a city with a population of more than 500,000 and eight Census regions.
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TABLE 4: Logwage Regressions

2 Years of Tenure

5 Years of Tenure

10 Years of Tenure

20 Years of Tenure

5 Years of Experience

10 Years of Experience

30 Years of Experience

Endogenous Time Trend
Year t Wage, Year t Tenure

T < 1 Included

IV, Tenure

Exogenous Vi Topel

M ) (3)

0.0675 0.0224 0.0454
(0.0103) (0.0079) {(0.0100)
0.1362 0.0343 0.0814
(0.0176) (0.0149) (0.0182)
0.1957 0.0226 0.0903
(0.0215) (0.0226) (0.0234)
0.2539 0.0072 0.0733
(0.0277) (0.0423) (0.0302)
0.1589 0.1876 0.1863
(0.0315) (0.0328) (0.0414)
0.2639 0.3312 0.2734
(0.0393) (0.0406) (0.0568)
0.3651 0.5447 0.3111
(0.0415) (0.04485 (0.0541)

Notes: Standard érrors in parentheses—see Table 2. The specification is as
described in the notes to Table 2. The mean of logwage is 1.48. The first
stage of the Topel two-step estimator uses 6462 within job first differences,

while the [V with tenure exogenous, IV1, and second stage of the Topel
estimator uses 9183 observations.
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TABLE A-2: Experience Effects When Tenure is Exciuded (IV with
endogenous time trend)

Dependent Variable

Logwage Logearn

1975-1982 19831991  1975-1991]| 1975-1982 1983-1991 1975-1991

m @ @) @ &)] ©
10 Years 0.469 0.530 0.497 0.496 0.568 0.532
Experience
30 Years 0.710 0.826 0.769 0.772 0.859 0.818
Experience

Time Trend 0.0094 -0.0082 -0.0018 0.0093 -0.0052 0.0006

Notes: The dependent variable is Logwage in columns 1-3 and Logeam in columns 4-6. The
sample sizes are given in Table 6. The cstimation method is IV with the time trend treated as
endogenous with t;, and the estimation method and specification of the wage cquations are
identical to columns 2 and 6 of Table 6 except that all terms involving tenure are excluded from
the wage cquation and instrumental variables set.
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