l_’__l
TILBURG & %}?ﬁ ¢ UNIVERSITY
l\;’fl

Tilburg University

Estimating the impact of endogenous union choice on wages using panel data
(Revised version)

Vella, F.; Verbeek, M.J.C.M.

Publication date:
1992

Link to publication in Tilburg University Research Portal

Citation for published version (APA):
Vella, F., & Verbeek, M. J. C. M. (1992). Estimating the impact of endogenous union choice on wages using
panel data (Revised version). (CentER Discussion Paper; Vol. 1992-32). Unknown Publisher.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
« You may freely distribute the URL identifying the publication in the public portal

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 01. Nov. 2022


https://research.tilburguniversity.edu/en/publications/de9739c3-cc6f-46b0-b52f-c3fc05c3f3a6

= wtFR Discussion
?;;; :mtl:glilesearch paper




No. 9232
ESTIMATING THE IMPACT OF
ENDOGENOUS UNION CHOICE ON WAGES
USING PANEL DATA

by Francis Vella
and Marno Verbeek

October 1992

ISSN 0924-7815



Estimating the Impact
of Endogenous Union Choice on Wages
Using Panel Data*

Francis VELLA
Department of Economics
Rice University
and
Marno VERBEEK
Department of Econometrics
Tilburg University

August 1991
Revised October 1992

*This paper was partially written while Vella was a visitor at the CentER for Econornic
Research at Tilburg University. We have benefited from useful discussions with John Antel,
Donald Deere, Richard Freeman, Bertrand Melenberg, Whitney Newey and Adrian Pagan.
We are also grateful to Peter Hartley, Jorn-Steffen Pischke and Theo Nijman for comments
on an earlier version and to Craig Strain for preparing the data. Vella acknowledges the
financial assistance from the Netherlands Organization for Scientific Research (N.W.0.).
We alone are responsible for any remaining errors.



Abstract

The primary focus of this paper is the estimation of the union premium for
young males in the U.S during a period of declining unionization and in-
creasing income inequality (1980-87). We estimate the premium through a
procedure developed by Vella and Verbeek (1992a), which is an extension to
panel data of the control function approach based on the method of Heck-
man (1979). This approach enables the identification of several sources of
endogeneity such as unobserved heterogeneity and business cycle effects. For
the sample period examined the union premium is of the order of 30 percent.
The results suggest that unionism and collective bargaining appear to pro-
tect relatively lower productivity workers from low wages. The parameters
capturing the selection process indicate that the relatively less productive
workers join the unions as a means of increasing their wages. Moreover,
negative shocks in the economy which induce higher rates of unionism simul-
tancously reduce the general level of wages. The results also indicate that
the decline in unionization has not signilicantly contributed to the observed
increase in income inequality.



1 Introduction

Recent growth in the union premium (see Linneman and Wachter (1986)) and
substantial increases in the degree of income inequality, generated by move-
ments in the returns to education and the skill premium (see Juhn, Murphy
and Pierce (1989)), have been accompanied by a decline in the unionization
rate in the United States. One may infer that the decrease in unionization is
causally related to the change in the income distribution. That is, it is pos-
sible that the changes in the union and skill premia have combined with the
reductions in unionization to jointly alter the income distribution. Freeman
(1991) presents evidence indicating that the decline in union membership has
had only a minor role to play in the increasing degree of income inequality.
Card (1991), however, concludes that twenty percent of the increase in wage
inequality during the period 1973-1987 is due to the decline in unionization.
To shed further light on this question it is useful to: 1) examine the factors
determining union status during the later half of this period and the impact
of union status on wages; 2) determine the extent to which the decline in
unionization has contributed to the increase in inequality. To analyze these
questions it is particularly useful to employ panel data to examine the de-
terminants of union status, and its subsequent impact on wages, within the
same group of individuals over the period of interest.

In evaluating the wage differential attributable to union membership it
is common practice Lo account for the endogeneity of union status (for a
recent survey see Robinson (1989)). The argument in support of this po-
tential endogeneity is that individuals possess unobservable characteristics
which influence their productivity in union versus non-union employment
and, hence, both their ultimate wage and their choice of union or non-union
employment. If union membership is endogenous the error term in least
squares wage regressions is correlated with union status. In the absence of
appropriate adjustments this will produce inconsistent estimates of the effect
of union membership on wages. For observations on individuals several sim-
ple methods of adjusting for such endogeneity are available and involve the
use of instrumental variables, control functions or, in the case of longitudinal
data, the use of differencing from time or individual means.

Methods based on panel data typically assume the error attached to each
unit of observation has a fixed component, correlated with union status, and
a random component which is uncorrelated with union status (for a recent



example see Jakubson (1991)). In that case, simple individual differencing,
or treating the data as departures from individual means, will eliminate the
fixed component and purge the error term of the component correlated with
the union status regressor. However, these procedures, known as fixed ef-
fects estimators, are quite restrictive in the manner in which they treat the
unobscrved heterogeneity. In particular, it is likely that the economy will
experience time speciric shocks to the labor market which will also influence
the union membership decision and, perhaps, the impact of union member-
ship on wages. A preferable approach would allow a flexible decomposition
of the unobserved wage equation error into an individual specific effect, a
time period effect common to all individuals, and an individual/time specific
effect with each of these potentially correlated with the unobserved influences
determining union status. Another interesting issue is the time variation of
the union effect. If, as the evidence suggests, unions compress wages then the
union premium is likely to be counter-cyclical. However, as the composition
of the union may vary over the business cycle it is possible that accounting
for the endogeneity of membership may eliminate this effect.

In this paper we examine the impact of union status on wages while
allowing a flexible composition of the terms capturing the heterogeneity and
endogeneity. We examine which components of the error term generate the
observed cndogeneity thereby providing greater insight into the economic
mechanism generating union membership. We also examine how the relative
bargaining strength of unions fluctuates, il at all, with the level of economie
activity and the business cycle.

We employ a new procedure proposed by Vella and Verbeek (1992a) to
estimate parameters from panel data models with censored endogenous re-
gressors. The estimator is a generalization to panel data of the control func-
tion procedure popularized by Heckman (1979). We examine data on young
males taken from the National Longitudinal Survey (Youth Sample) for the
period 1980 to 1987. We conclude that, contrary to earlier work, the selection
bias observed in union models is not solely driven by fixed individual specific
effects. Furthermore, attempts to correct for the selection effects through fo-
cusing on the individual specific effects produces underestimates of the union
effect. We provide evidence that incorporating a more flexible structure into
the error term produces an increased estimate of the union effect. We also
find that the union effect does not vary over the sample period despite signif-
icant changes in the level of activity in the economy and the pro-cyclicality



of the real wage level. Our results also suggest that the decline in union-
ization has contributed significantly to the increase in income inequality. As
the method of estimation is an important issue we discuss the biases arising
from various estimators employed in examining union effects in Section 2.
WIS also discuss the conventional methods of estimating union wage effects
from cross sectional data. In Section 3 we introduce the empirical model
and the the estimation procedure, while the empirical results are presented
in Section 4. In section 5 we perform some counter factual “simulations” to
assess the impact of the decline in unionization on the increase in income
inequality. Section 6 contains some concluding comments.

2 Estimating Union Effects from Cross Sec-
tional and Panel Data

Characterize the determination of an individuals wage rate in the following
simple manner

wie = Xa+68Us+ex t=1.Tii=1.N (1)

where w;, represents the wage of individual ¢ in time period ¢; Xj; is a vector
of characteristics determining the wage level; Uy, is a dummy variable taking
the value | if individual 7 is a union member at time ¢; g is a vector of
parameters; § is a parameter; and e;, is a zero mean error term.

It is commonly assumed that the error term can be decomposed into a
fixed individual effect, denoted o, and a time and individual specific random
effect €;;. However, to enable greater flexibility assume the error term also
contains a time specific effect g, common to all individuals. It follows from
our introductory comments that «; may be correlated with U; and least
squares estimation of (1) will produce inconsistent estimates of # and é. To
overcome this, the fixed effects estimator is used which employs deviations
from individual mean behavior annihilating the o; term. The differencing
does not, however, eliminate the p; or &; and failure to account for these
terms, and their potential correlation with U;, may mean that the bias in
the estimated effect of union membership on wages has not been eliminated.

The parameters in (1) can also be estimated using “control function”
procedures based on the methods developed by Heckman (1979) and Lee



(1978). This requires the specification of a union status equation and the
joint distribution of the error terms in the union and wage equations. These
procedures are usually confined to cross sectional studies as they are more
difficult to implement in longitudinal data’.

Control function procedures are often referred to as “alternatives” to the
instrumental variable procedure. However, given the parametric assump-
tions, it is generally true that the estimates obtained using control function
methods and the instrumental variable estimates are similar by construction.
Vella and Verbeek (1992b) illustrate that although the control function and
instrumental variable procedures generally identify different effects, they are
vey closely related. To illustrate this consider, in addition to (1), an equation
explaining union membership and a censoring mechanism, ignoring for the
time being the time aspect of the data by focusing on one cross section

wi=pf'Xi+6Ui+e (2)
Ul =+Zi+ (3)
U; = 1(U7), (4)

where U} is a latent variable denoting some propensity to join the union; U; is
the dummy variable generated by the censoring function I; Z; are exogenous
variables; v is a vector of parameters to be estimated; and 7; is a normally
distributed mean zero error term which is potentially correlated with e;.

Consider the conventional methods of estimating the parameters from
(2). The first is based on instrumental variable methods and projects U;
onto the exogenous variables in the system to_obtain U;. Equation (1) is
then estimated by OLS after replacing U; by U;. This produces consistent
estimates as the correlation between U; and e; is purged through the first
step.

An alternative procedure employs the control function approach. This
requires first step estimation of equation (3) by probit. Having obtained
the estimates of 7 we construct the inverse of Mill’s ratio, denoted A;, and
estimate equation (1) by OLS using A; as an additional regressor. This

1For example, while the simple two step estimators can be easily employed in cross
sectional data it is inappropriate to argue that the observations are independent in the
longitudinal context as is required to compute the conditional expectation of the error
from the simple probit model.



methodoloy also produces consistent estimates as the inclusion of A; accounts
for the correlation between U, and ¢,

Vella and Verbeek (1992b) argue that the control function and instru-
mental variables approach are essentially the same thereby explaining the
similarity in estimates (see Robinson (1989)). The intuition behind this re-
lationship is the following. As shown by Hausman (1978), the endogeneity
of regressors can be accounted for by: a) replacing the endogenous regressor
in the primary equation with its predicted value from an auxiliary regres-
sion; or b) including both the endogenous variable and the residuals from
the auxiliary equation in the primary equation. Having acknowledged that
the inverse of Mill’s ratio is the generalized residual from the probit model
(see Gourieroux et al. (1987) and Vella (1992)), the link between the control
function and instrumental variable methodologies is immediately apparent?.

Our discussion has highlighted the possible forms of bias in estimating
(1) when Uj; is measured without error. Freeman (1984), Chowdhury and
Nickell (1985) and Card (1991), however, suggest that the mismeasurement
of union status may be a common problem in the estimation of union effects
from longitudinal data. Consider the impact of such measurement error.
First, consider ordinary least squares estimation. As unions increase wages
misclassification will reduce the estimated union effect. Second, consider the
impact of measurement error on the fixed effect estimates of the union wage
premium. Assume individuals who report frequent changes in union status
are those most likely to misclassify while those who do not change status are
classified correctly. The fixed effects estimator “eliminates” those observa-
tions which do not change status as the regressors appear in deviation from
individual mean behavior form. Thus the fixed effect estimator places greater
weight on the mismeasured observations. The influence of measurement er-
ror in the fixed effect model is to further bias downwards the estimate of the
union effect. While the above mentioned studies propose methods to miti-
gate the problems of measurement error the method of estimation we now
develop is not capable of incorporating these features. However, our method
of estimation has other advantages which make it desirable. Having noted
this, however, it is useful to consider methods which may make our proposed

2Another common method of accounting for endogeneity is to substitute U; with
Pr(U; = 1). Vella and Verbeek (1992b) also discuss this procedures relationship with
IV and control functions.



estimator robust to such mismeasurement.

3 Empirical model and estimation procedure

Let us consider the following three equation model of wage determination
and union status

wie =P Xu+8Ui+ai+p+ex t=1.T;i=1.N (5)
Ui=9Ziu+0: + o0 + nit t = 1T =10V (6)
Ui = 1(U3) t=1.Tii=1.N (7

where w;, is the log of the hourly real wage rate of individual 7 in time period
t: Uy is a dummy variable denoting whether individual i’s wage in period ¢
was determined through collective bargaining; X and Z are vectors of exoge-
nous variables; U}, is a latent variable from which Uj is derived through the
indicator function I denoting a positive gain from union membership for indi-
vidual #; B, 6 and v are parameters to be estimated; a; and 6; are individual
specific effects; p, and ¢, are time specific effects common to all individuals;
and €;; and 5, are random error terms due to individual time specific shocks.
We assume that these individual and time specific effects and the error terms
are distributed in the following manner: (o, 0, fte, @1, €ty 7it)’ ~ MVN(0, ),
where ¥ has the variance of the various effects on the principal diagonal and
the following covariances, @q¢, 7., and a,, are allowed to be non zero. All
other covariances are set equal to zero. Consequently, we allow for correla-
tion between the individual specific effects in the two equations, correlation
between the aggregate shocks and correlation between the contemporancous
transitory shocks. Thus the correlation between the error terms in different
time periods is due to (time constant) individual heterogeneity and all con-
temporancous correlation between the errors of different individuals is due
to aggregate macro shocks.

Consider the economic implications of this model. First, the é coefficient
is subscripted by ¢ to indicate that the returns to collective bargaining are not
constrained to be constant across time periods. This allows us to examine
whether the union effect is constant over time and whether the time variation
is an artifact of the changing composition of union membership. Second,



the introduction of individual and time specific effects in both the union
and wage equations enable a flexible selection process. The individual and
time effects are allowed to be correlated across equations as are the error
terms which are unique to individuals and time periods. Consequently, the
structure of this model allows a rich relationship between the unobserved
influences in the economy which are simultaneously determining union status,
the use of the collective bargaining and the level of wages. This represents
a substantial departure from previous empirical studies endogenizing union
status in earnings equations. Moreover, the structure of our model enables
the estimation and identification of all these separate time and individual
effects.

To estimate the model we employ the methodology developed by Vella
and Verbeek (1992a), which combines the procedures in Ridder (1990), Nij-
man and Verbeek (1992), Verbeek and Nijman (1992) and Vella (1992). The
former papers present estimation procedures that correct for attrition bias in
models estimated from panel data, while the latter one suggests an estimator
for models in cross sectional studies where the regressors are censored and
potentially endogenous.

To proceed, rewrite (5) conditional on the vector U, of length NT, de-
noting the union status of each individual in each period

E[w; | U) = B'E[Xi | U] + & E[Us | U] + Ela; | U]
+E[p | U] + Elei | U] (8)

where U represents the vector of observed outcomes over the entire history
of Uy, for each individual i. As the X’s are exogenous they are unaffected by
the conditioning. Furthermore, in the presence of conditioning on observed
union status, the dummy variables denoting union status are also unaffected.
To estimate equation (8) we need to generate estimates of the conditional
error terms. To obtain these terms it is necessary to first estimate equation
(6).

Given the structure of the error term appearing in (6) an appropriate
means of estimation is the random effects probit estimator. The endogeneity
bias operates in (8) through the correlation across the errors in the different
equations. Once we estimate the parameters from (6) we are able to adjust
for this bias by obtaining estimates of the conditional error terms. We replace



10

the error terms with their conditional expectations and obtain a form of (8)
that can be estimated by least squares.

A feature of this model is that the economic behavior of agents is partly
captured in the correlation of the error terms across equations. This correla-
tion reflects whether union status is weakly exogenous to the wage level. The
test of endogeneity is based on the coefficients associated with the respective
error terms as this reflects the normalized elements of the covariance matrix.
Each test is a separate t-test on each coefficient as each variable captures a
different form of endogeneity.

To implement our method we first estimate + from (6). Conditional on 6
and ¢, the likelihood function is given by

' ! Uie 17, ) 1-U;,
L=]]¢ (‘YZ'_‘+0"‘"_"’") (] - ¢(ﬂio'+_¢‘)) )
it

Oy oy

where ® denotes the cumulative probability function of the standard normal
distribution. Maximizing (9) requires optimization over k+N+T parameters.
However, it is possible to integrate out §; by employing our distributional
assumptions. This gives

= H/H¢(7’Zﬂ +0; +$”l)u_,x
i [ Tn

1 7. i 1-Us L
(l—d»(”’—z"im)) Lo Zan (10)

oy,

and this produces consistent estimates of v, gf and @, (given some normal-
ization on o). The integral in (10) has to be determined numerically, which
is fairly straightforward using Gaussian quadrature procedures (el Butler
and Mollitt (1982)). Given our distributional assumptions regarding ¢, it is
also possible to integrate out these parameters. However, for computational
simplicity we did not do so. With these estimates of ¥ and ¢ we obtain the

conditional expectations of the residuals in the following manner®

T
E[a; '(_]] = Oa8 mE[f),‘, IQ] (11)
n

3The derivation of these terms is provided in the appendix.
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Bl 1) = oy [ sz P ] (12)

g+ N

E[Eil |Q]=a,,, [ 2I'J["u IQ] #jbh& IQ]
No?

where vy = 0; + @ + 7, Vi = F E, 1Vic and 0, = N ,-'i, Vit

Due to the normality assumption the conditional expectations are linear
in the covariances. The remaining expressions in (11)-(13) are known func-
tions of the parameters in the probit model (6) and can thus be estimated
consistently once the probit model is estimated. The mathematical form for
these functions is given in the appendix and involves one dimensional numer-
ical integration. Thus the estimation procedure is straightforward. First we
estimate the union status equation by employing the random effects probit
estimator. With these estimates we then generate the conditional expecta-
tions of the error terms. We then estimate the primary log wage equation by
least squares with the conditional error terms appearing as additional regres-
sors. Our procedure is clearly an extension of conventional cross sectional
control function procedures, although the time dimension afforded through
the use of panel data enables greater insight into the form of the endogeneity
of union choice and thus the economic behavior of the agents in this model.

A major limitation of the control function approach, or any method based
on the use of conditional expectations to replace latent variables, is the re-
liance on strict distributional assumptions. Our approach is no different
although we now employ some results from the semi-parametric and diag-
nostic Lesting literature to restrict the importance of our assumptions. First
note however, that the estimation of (9) requires that we correctly specify
the distribution of the latent effects. Although this assumption cannot be
easily relaxed it is possible to test the normality assumption by employing
the conditional moment framework of Newey (1985) as discussed with re-
spect to normality tests in cross sectional probit models by Pagan and Vella
(1989) and in panel data probit models by Vella and Verbeek (1992b). In
our application we perform seperate normality tests for 6; and 7;, as well as
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a joint normality test for both effects, based upon the LM test against the
Pearson family of distributions (cf. Ruud (1984)).

We estimate the random effects model under the assumption of normality
and the distributional assumption is employed again in generating equations
(11), (12) and (13). The normality assumption allows us to express the latent
elfects in the wage equation as linear functions of the first moments of the
random latent effects in the union equation.  However, using the results of
Lee (1984), Gallant and Nychka (1987) and Pagan and Vella (1989) it is
possible to capture sensible departures from normality in (5) by expressing
the latent effects in the wage equations as higher order functions of the latent
effects from the union equation. To capture these potential departures from
normality we augment (8) with powered values of the latent effects. By
employing this approach we not only obtain estimates which are consistent
in the absence of normality but a test on the statistical significance of the
higher order terms is a test of normality.

4 Empirical Results

To estimate the model we employ data taken from the National Longitudinal
Survey (Youth Sample). We examine a sample of full time working males
who have completed their schooling by 1980 and follow their paths over the
period 1980 to 1987. We exclude individuals who fail to provide sufficient
information to be included in every year over the eight year period, leaving
a sample of 545 observations. The summary statistics for the total period
are reported in Table 1. Our measure of union membership is based on
the question reflecting whether or not the individual had his wage set in a
collective bargaining agreement®. This measure of union statns displays some
year to year variation indicating movement in and out of union membership®.
Overall, union members enjoy an unconditional wage premium of around 15
percent.

The random effects probit estimates of union membership are reported in
Table 2. Several of the explanatory variables have a statistically significant
impact on the probability of union membership. The negative coefficient on

4We will refer to those who responded yes to this question as being union members.
5For the period examined union membership in the private sector, in our sample, ranged
from 21 % in 1986 to 26 % in 1982 and 1987.
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the industry dummies reflects the sizable unionization rate in the control
group which is the public sector. The time dummies display an increasingly
negative pattern with respect to the control group of 1980, but only 1985
and 1986 are significant at the ten pereent level. This is consistent with the
aggregate data which indicates sizable decreases in unionization over this
period. It should be noted however that the observations in our data display
a weaker tendency to leave unions than is revealed by aggregate data.

The coefficients on the dummy variables denoting that the individual is
black or hispanic are both positive and statistically significant. Furthermore,
the coefficients are large in magnitude. This is consistent with earlier studies
and also consistent with our introductory comments regarding the composi-
tion of unions. If these groups suffer from discrimination, they are likely to
look to unions for protection in the labor market.

An important result is captured by the magnitude of the estimate of
a3, This estimate of 0.73 indicates that seventy three percent of the total
variance is due to across individual variation®. This indicates a great degree of
unobserved heterogeneity and highlights the importance of using the random
effects probit model in preference to the conventional probit model”. This
also highlights the inappropriateness in models from panel data of the use
of the conventional inverse Mill’s ratio as the additional regressor to account
for the endogeneity.

The conditional moment tests for normality of the error components in
(6), excluding the time effects, gave the following results. The separate tests
against normality of 0; and n;, resulted in values of 0.96 and 7.08, respectively.
Under the null hypothesis the test statistics are Chi-squared distributed with
2 degrees of freedom and, consequently, we do not take our results as evi-
dence against the null®. The joint test on normality of both components,
which corresponds to a x? with 4 degrees of freedom, yields the insignificant
value of 8.59.

Focusing on estimation of the wage equation, we first estimate equation
(5) by ordinary least squares and constrain the union effect to be time invari-

®The normalization used is o7 + 02 = 1.

"It should be noted that several of the estimates reported in Table 2 were significantly
different from the estimates obtained from a conventional probit model estimated over the
data set obtained by pooling the cross sections.

8Note that 7.08 is not significant at the 2.5 % level.
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ant. This estimate of the union effect, along with the additional regressors, is
shown in column (1) of Table 3. The point estimate of the union effect is of
the order of 15 percent and, given the evidence in Robinson (1989), appears
to be quite low. Recall, however, that this estimate is contaminated with the
endogeneity generated by the various latent effects.

We now estimate equation (5) using the fixed effects estimator, recalling
that this procedure accounts only for the individual specific endogeneity and
suffers significantly in the presence of measurement error. These estimates
are reported in column (2) of Table 3 and, consistent with previous results,
the most recent being Angrist and Newey (1991) and Jakubson (1991), the
estimate of the union effect falls markedly. The point estimate of 7.9% is
approximately half of the already downward biased least squares estimate.
It is difficult to assess the merit of this equation as the fixed effects estimator
annihilates many of the variables. It is interesting to note however that
the coefficient on the experience variable appears to be unusually high and
the rural effect, while not significant at the five percent level, has a sign
inconsistent with our a priori expectations.

In column (3) of this table we re-estimate the OLS equation and include a
variable capturing the state of the economy, the unemployment rate, and an
interaction of this cyclical variable with union status. Due to multicollinear-
ity the union effect, as measured by the coefficient for the union variable,
now is not statistically different from zero. Also note that the coeflicient on
the unemployment rate, included to capture cyclical influences, is insignifi-
cant. This does not support the results of Bils (1985) and Keane, Moffitt and
Runkle (1988) who concluded that the real wage was pro-cyclical although
the large standard errors attached to our estimates make it impossible to be
precise. There is also no evidence that the union effect is affected by the
level of unemployment.

Column (4) reports the estimates of the wage equation when we include
the three correction terms discussed in the previous section. We only include
the variables in their first moments so there is no scope for non-normality to
be captured. The estimates indicate that the union effect increase dramati-
cally to 46 percent. While this estimate is in the range of previous estimates it
seems somewhat high. Furthermore, at this stage all three corrections terms
are statistically significant and negative?. This indicates that not only fixed

9Standard errors in Table 3 are computed taking into account the covariance structure
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9Gtandard errors in ‘Table 3 are computed taking into account the covariance structure
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individual effects are important but there are also time and individual/time
effects influencing the union effect.

Consistent with our discussion in section 3 we include powered up values
of the residuals to capture the possibility of non-normal disturbances in equa-
tion (5). The order of the non-linear terms was chosen by cross-validation.
The cross-validation criterium we use is the sum of squares of prediction er-
rors from predicting one observation using coefficient estimates based on all
other observations'?. Table 4 gives the cross-validation criteria for values of
k, the power of the highest order residual, between 0 and 6. The value of k
which minimizes the CV criterium is 3 or 4. However, because the criterium
value for k = 2 is close to the minimal value, and because the differences in
point estimates for k = 2 and k = 3 are small, we prefer to choose k = 2. This
choice preserves degrees of freedom and reduces collinearity in the model.

The results of the wage regression with linear and squared residuals in-
cluded are shown in column (5) of column 3. They reveal that the coefficient
on the union dummy variable is now 32 percent. The coefficients on the
included correction terms are jointly statistically significant, revealing the
operation of strong selection forces in the economy and the higher order
terms indicate the presence of non-normality in the wage equation. While
this union effect also appears high it is in the range of reported estimates of
the union effect!!. Furthermore, as the sample comprises only young workers
and as unions flatten the age profile it is expected that their union premium is
relatively higher. This is consistent with the results of Card (1991) who esti-
mated that workers at the lower end of the wage distribution received a union
premium in the order of 30%. Given that younger workers will comprise a
majority of the workers in the lower tail of the distribution our estimates are
remarkably similar to those reported by Card. Finally, we estimate (5) with
all three correction terms and their second orders along with the unemploy-
ment variable and the interaction term. These results are reported in column

of the error terms and, for the two-step results, using the appropriate formulae given in,
for example, Newey (1984) or Pagan (1986). Ignoring the fact that the included residuals
are based on a first stage estimation, produces standard errors that underestimate the
correct ones by a factor between 1 and 11 %.

10A recent discussion on the optimality of several cross-validation criteria is given in
Andrews (1991).

1 Robinson (1989) reports an estimate of 43 percent and Linnemann and Wachter (1986)
present estimates in excess of 50 percent.



16

6. This results suggest a union effect of a similar magnitude to the previous
column. The point estimate of 30% is significant at the 5 percent level, while
the cyclical effect is not. There is no sign of any interactive effects.

Let us first focus on the interpretation of these corrections’ coefficients
in this preferred model. The evidence here, and in many other studies, indi-
cates the union effect is downward biased by the presence of selection effects.
The statistically significant and negative coefficients on the selection terms
indicate that the workers who receive lower wages, after conditioning on their
characteristics, and in the absence of unions, are those most likely to be in
the union. The union appears to act as a protector for lower paid workers.
This is consistent with the findings of Heywood (1990) that minorities dis-
played a greater tendency to queue for union jobs than whites. It is also
consistent with Robinson (1989) who concluded that there was no support
for the popular argument that better workers are chosen from a queue by the
union. However, while this evidence does not support the queuing hypothesis
it does not refute it. It is possible that the less productive workers queue to
join the union and the union chooses the better workers from among these
candidates.

Further support for our “protective” view of unions is captured by the
coefficient on the time specific correction. This indicates that negative shocks
to the economy which induce higher rates of collective bargaining also lead
to lower levels of wages. Thus, in times when wages are negatively affected,
more workers seek union membership. This result appears consistent with
decreasing union membership during the eighties when economic growth was
higher than in the previous decade.

It is worth noting that in column (4) under the strict assumption of
normality it appeared that all three latent cffects were having an impact on
the wage level. When the departures from normality were accounted for,
through the inclusion of the powered up residuals, this is still the case, while
the residual capturing the individual specific effects has a significant higher
order effect. Consequently, we have to reject the normality assumption of «;
in (5).

The coefficient on the unemployment rate is negative, though not signifi-
cant. This result is consistent with previous work which found a pro-cyclical
real wage following the selection bias adjustment. Although the adjustments
in Keane et al. (1988) and Bils (1985) took a different form it is possible that
the selection mechanisms share some component pertaining to the effect of
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the business cycle on real wages. It is also worth noting that the interaction
term between union status and the unemployment rate is statistically in-
significant in this preferred equation. This result, consistent with that found
by Meghir and Whitehouse (1992) for the United Kingdom, indicates that
the union differential does not appear to be influenced by cyclical factors.

We noted above that much of the controversy in the union wage differ-
ential literature has focused on the range of estimates of the union effect.
However given that the cffect is typically assessed using cross section, and
more recently, panel data, this debate would only be valid if the time pe-
riods being examined were identical or the union effect was time invariant.
We have noted that in addition to our results substantial empirical evidence
has been provided, see for example, Bils (1985), Keane, Moffitt and Runkle
(1988), that the real wage shows some relationship with the business cycle. It
is not immediately apparent how the union differential should respond to the
business cycle, if at all, and how the union wage should differ from the non-
union wage although there is empirical evidence to suggest that the union
premium is counter cyclical (see Wunnava and Honney (1991) for a recent
discussion). To explore this possibility we estimate our preferred equation
while including a dummy variable denoting union membership in a partic-
ular year. While there appeared to be some time variation there was no
instance where the time varying union effect was significantly different from
the average (time-constant) union effect.

It has also been established that union members often receive different
returns to their various characteristics (see Perloff and Sickles (1987)) and, in
particular, face a lower rate of return to education. To incorporate this pos-
sibility we re-estimated our preferred education and included an additional
term capturing the interaction between education and union membership.
The coefficient on this additional regressor was not statistically significant
from zero. We also examined whether the union premium differed by indus-
try. However, due to the relatively small sample size compared to the large
number of industries this methodology only produced imprecise estimates of
the union premium.
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5 Unionization and Income Inequality

An important issue in labor economics is the substantial increase in the
degree of income inequality which has occurred in the last decade (see for
example Juhn, Murphy, and Pierce (1989)). It is possible that the decline in
unionization has contributed to this increasing inequality and thus it is useful
to employ our estimates to examine the extent to which this has occurred in
our data.

In assessing wage inequality most studies have primarily focused on the
standard error in wage equations. We, however, examine this issue by per-
forming the following simple experiment. Using our random effects probit
model estimates we predict union status for the observations over the eight
years in our data period. Using this predicted nnion status and our wage
equation estimates we then predict the wage of cach individual for cach year
of the sample. We then compute the empirical wage distribution and the
corresponding Gini cocllicient for cach year. Having established these mea-
sures of income distribution we now focus on a counter factual case of some
interest. We examine how the income distributions would appear if there had
been no decline in unionization. To obtain these counter factual distribution
we predict union status for each individual in each period after we have set
the time effects in the random effects probit model equal to zero. If we are
willing to attribute the decline in unionization to these effects this is a rea-
sonable way to generate the counter factual union status. We then predict
the wage each individual would receive in each time period and compute the
income distribution and Gini coefficient for each year.

We now have the Gini coefficients for the actual and counter factual cases
and by generating their ratio we are able to examine the impact of declining
union status on wage distributions. It should be noted that as predicted wage
distributions will generally have less variance than actual wage distributions
our estimates of inequality will be biased downward. However bearing this
in mind it is still useful to make this comparisons across distributions.

In generating this distributions we treated union status in two ways. First
we generated the predicted union status. That is, we generated the latent
variable and then assigned values of one for union status to those with positive
values and zero for union status to those with negative values. This ratio of
actual/counter factual is in column (1) of Table 5. An alternative approach
is to generate the predicted probability from the random effeets model with
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and without the time dummies being set to zero and use the probability as
the appropriate value for union status. This ratio is reported in column (2) of
Table 5. A third alternative is based on predicting union status as a random
drawing from a binomial distribution with the probability of success equal
to the predicted probability based on the random effects probit model. This
approach results in a fair amount of noise in the Gini coefficients without
giving quantitatively different results. Results of this approach are therefore
not presented.

The results in Table 5 reveal that the decline in unionization has not
contributed to an increase in income inequality over the period 1980-1987.
Independently of the way in which union status was predicted (either as a
discrete value or as a probability), our measure of income inequality hardly
differs between the actual and the counterfactual case. A possible expla-
nation for this finding may be that in our sample of young males both the
decline in unionization as well as the increase in income inequality arc not
as pronounced as in the entire economy.

6 Conclusions

The primary focus of this paper is the estimation of the union premium for
young males during a period of declining unionization and increasing income
inequality. We proceed by employing a new methodology for evaluating the
impact of unions on wages using panel data. The estimator we employ is
an extension of the commonly employed control function approach. The
estimator controls for the fixed and specific time effects operating through
the union membership decision. We also test for sources of endogeneity which
present greater insight into the mechanism driving union membership.

Our empirical work identifies several important results. First, for the
data period examined, the union premium is in the order of thirty percent.
Second, the parameters capturing the selection process indicate that the less
productive workers join unions as a means of increasing their wage. Moreover,
the negative shocks in the economy which induce higher rates of unionism
simultaneously reduce the level of wages in general. In this context, the
union movement can be seen as a form of protection to the workers against
a declining economy and negative personal shocks. The results also indicate
that, for the sample period examined, there is no evidence of time variance
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in the union effect after accounting for the endogeneity of membership. Fi-
nally, a simple simulation indicates that the decrease in unionization has not
contributed to the inerease in income inequality.
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Appendix

In this appendix we follow Vella and Verbeek (1992a) and sketch the esti-
mation method and derive the appropriate correction terms. Represent the
respective error terms in the following manner

e = o + e+ €i; Vi = 0; + o1 + Mit (14)

We need to compute the conditional expectation of the elements of ¢;; given
the NT vector U (i.e. given the inequality constraints on all elements of v;).
Employing our assumption of joint normality the conditional expectation of
e given the vector v can be derived from the standard formulae for the
conditional expectation of two normally distributed vectors. This results in

r o GINT o ae
Yil— v,
o2+ To} (624 To})(o2 + Toj + No2)

Ela; | v] = s [

N GINT i
TR — [a; N e BT - Na;)"~~] (16)

and
To} ~ Na? 5
- T v,
o3(a? + T'j) o}(o2 + No2) .

1
E[Eil | "] = O¢y [0_2v“ =

"

To} Neol 20} +Ta}+ No)
o2+ Tal a2 + NoZ o3(a? + T2 + Na3)

(17)
where v = W‘T }:"r=, 2.-’:1 v;;. To obtain the conditional expectations given
the vector U replace the v;,’s in (15)-(17) by their conditional expectations
given the U. These conditional expectations are complicated because U is
determined by an NT-variate probit model. To simplify computations we
condition on the time effects, ¢;, in addition to U. Note that, conditional on
@1, the error terms in the probit model are independent across individuals.

To derive the conditional expectations of v;, given U we first note that
Elvi | U, ] = Elvic | U, ), where U, is the T vector of observed outcomes
for individual 7 and @ = (¢4, ..., o7)" Next we use

E[6; + i | Usy 0] = /_: [0; + Elnie | Us, 0, 0:]) £(6: | U, )db;, (18)
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where E[n; | Us,,0:] = E[nic | Ui, 1, 0] is the usual generalized residual of
the probit model given by

#(bit)
(b))’ (19)

Elni | Uiy, 0] = (2U3 = 1oy,

where b; = (2U; — 1)(v'Zie + 0; + @1)/0,. In (18) we integrate over the
conditional distribution of 8; given U; and ¢, which is given by

T ®(bi,)a5 ' $(6:/06)
JTIT, ®(bi)og ' $(0:/06)d0;”

Consequently, given the parameter estimates for the probit model (includ-
ing the variance components) the generalized residual for the random ef-
fects probit model can be computed from (18) using (19) and (20). This
requires numerical integration over one dimension (both in (20) and (18)).
By construction of the generalized residuals the average residual has mean
zero. Consequently, in computing the correction terms from (15)-(17) the
last terms (involving v.) are identically zero and can be deleted.

10| Usyp) = (20)
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variable | definition mean | standard
deviation

School Years of schooling 11.76 1.75
Exper Age-6-School 6.51 2.83
Exper2 | Experience Squared 50.42 40.78
Union Wage set by collective 24 43

Bargaining
Mar Married A4 .50
Black Black 12 .32
Hisp Hispanic .16 .36
Health | Has health disability .02 13
Rural Lives in rural area .20 .40
NE Lives in North East .19 .39
NC Lives in Northern Central .26 44
S Lives in south .35 .48
Wage Log of hourly wage 1.65 .53
EWage | Hourly Wage ($) 5.91 3.20
Wdif Union differential 0.87
Industry Dummies
AG Agricultural .03
MIN Mining .02
CON Construction .08
TRAD | Trade 27
TRA Transportation .06
FIN Finance .04
BUS Business & Repair Service | .08
PER Personal Service .02
ENT Entertainment .02
MAN Manufacturing 28
PRO Professional & Related

Service .08
PUB Public Administration .04

Table 1: Descriptive statistics, 1980-1987
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Variable | Estimate || Variable | Estimate
Constant -.667 NE .281*
(.486) (.113)
Exper .079 S -.003
(.043) (.108)
Exper2 -.004* NC .194*
(.002) (.088)
School -.010 AG -.466*
(.034) (-120)
Mar .079 MIN -.109
(.045) (.150)
Black .505* CON -.406*
(.142) (.106)
Hisp 334 MAN -.154*
(.143) (.077)
Rural .023 TRA -.041
(.064) (.086)
Health -. 156 TRAD -.486*
(.118) (.080)
DRI -.081 FIN -1.149*
(.073) (:201)
D82 -.107 BUS -.648*
(.092) (.108)
D83 -.199 PER -.505*
(.124) (.159)
D84 -.223 ENT -.176
(.156) (.143)
D85 -.324 PRO -.109
(.187) (.084)
D86 -.406 (13 .736*
(.219) (.023)
D87 -.231
(.247)
Log-Likelihood Value -1590.1

Table 2: Random Elfccts Probit Estimates of Union Membership
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Variable m ) ®) @ ® @A)

OLS FE OLS OLS OLS OLS

Constant 219 - .293* 230 277 .406*
(.128) (.148) | (.166) | (.167) | (.201)

Union .146* .079* .103 461* 31T .299
(.026) | (.018) | (.099) | (.126) | (.138) | (.169)

Unemployment - - -.008 - - -.011
Rate (.007) (.008)

Unemployment - .005 - - .002
Rate* Union (.012) (.012)
School .091* - .089* .088* .087* .085*
(.008) (.009) | (.009) | (.009) | (.009)

Exper .075* J112* 077* .057* .055* .054*
(011) | (.008) | (o11) | (.016) | (.017) | (.017)

Exper2 -.002*% | -.004* | -.002* -.001 -.001 -.001
(.0008) | (.0005) | (.0009) | (.0009) | (.0009) | (.0009)

Hisp -.058 - -.058* | -.086* -.067 -.067
(.041) (.042) | (.045) | (.046) | (.046)

Black -.154* - 154% | -.203* | -.179* | -.178*
(.044) (.044) | (.050) | (.051) | (.051)

Rural -.131* .050 JA31% | =:188% | <134% | =133*
(.031) | (.027) | (.031) | (.032) | (.032) | (.032)

Mar 110* .039* .110* J10* .106* .106*
(.024) | (.017) | (.024) | (.024) | (.024) | (.024)

P : - ~074% | -.062 | -.062
(.036) | (.037) | (.037)

" : -.004* | -.004* | -.004*
(.002) | (.002) | (.002)

€ - -.110* -.069 -.069*
(.038) | (.041) | (.041)

o? .036* .036*
(.015) | (.016)

u? -.0002 .0003
(.0001) | (.0002)

g -002 | .001
(.004) | (.004)

Adjusted R? .260 .186 .260 .264 267 267

Table 3: Wage Regressions with Union Effects

Note: All regressions include industry and region dummy variables.
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[Mighest order k | Est. Union Effect | CV value
0 0.146 920.8
1 0.461 916.1
2 0.317 913.2
3 0.316 913.1
4 0.422 913.1
5 0.400 914.2
6 0.408 915.4

Table 4: Cross-Validation for Order of Residuals

Year | GiniA | GiniB
1980 | 1.000 | 1.000
1981 | 1.002 | 1.000
1982 1.007 1.001
1983 | 0.987 1.999
1984 | 0.991 1.004
1985 | 0.980 | 1.000
1986 | 0.995 | 0.999
1987 | 1.006 | 1.000

Table 5: Impact of Union Decline on Wage Inequality

Presented are ratios of Gini coefficients based on predicted wage distributions with
and without time effects in the unionization process. GiniA is based on zero-one
predictions of union membership while GiniB is based on predicted probabilities.
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