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INTRODUCTION

The ses;rch theory of unemployment suggests that workers, after expending time and
resources in the search proce.ss, may accept a position that provides compensation at a
l.evel below that which is appropriate to the worker's true capability. In this regard the
worker is "underpaid” in the sense that there is unused worker capacity which could be
productively employed if there was a perfect match between the worker and the actual job
accepted.?2 This underpayment occurs because information abou{ jobs is costly to acquire,
because searchers possess positive discount rates, and because searchers have time
horizons of finite length. As a result, searcher‘s stop their job hunting before discovering
the highest-paying job for which they are qualified.

From an overaﬁ United States econémic perspective, the degree of underpayment
-Tepresents lost output (reduced GDP). Since this loss is a result of inefficient matches in
the labor market, the issue of federal policies to reduce such inefficiencies and improve
national output may be important. Whether this issue is nationally important depends on
the answers to two principal questions: (1) Does the amount ;:>f underpayment represent a
major loss in U.S. GDP? and'(Z) Does the amount of underpayment in the United States
compare favorably or unfavorably with our principal international competitoré for the
Global Market? If the answer to either of these questions suggests policy action by the
U.S. government may be productive, appropriate policy alfematives should be considered.

Such alternatives might be 2 national/regional "Job Bank" of readily available up-to-date

2 Mortensen (1970) makes this idea explicit and Ehrenberg and Smith (1988, p. 614) refer
to this phenomenon as “underemployment.” This type of "underemployment", however, is
distinctly different from the more popular usage of the term: workers involuntarily
working part-time when they prefer full-time jobs or workers holding jobs well beneath
their capabilities. In order to distinguish between the concept to which we refer, i.e., the
shortfall of wages below what workers could conceivably eamn after a thorough search of
the labor market, and the common definition, we shall call the former "underpayment' in
this paper.



employment information (to reduce the information collection time) and/or increased
unemployment benefits (to reduce the marginal search costs to the worker and make the
job seeker more selective in final efnployment choice).

Hofler and Murphy (1992) {hereafter H&M (1992)] apply the stochastic frontier

technique originated by Aigner, Lovell and Schmidt (1977) to the measurement of

underpayment in the United States. H&M (1992) use the 1983 Cilrrent_ Population

Survey data to address the first of the two questions posed above. Their results suggest
the average U.S. worker achieves just over 90% of the potential (highest possiblé) wage.
This equates to approximately 10% underpayment. -

The primary purpose of this paper is to extend the research of H&M (1992) to the
second Aquestiorll above regarding the comparative perfon.nan_ce' of the .U. S. in the

international labor market. A secondary purpose is to compare the performance of the

1J.S. at different times.

SEARCH THECRY AND UNDERPAYMENT

THEORY

We assume that employment seekers use a sequential stopping method in their
search proc:ess.3 - This ‘approach presumes that each job seeker understands the lower

order parameters of the wage distribution but does not possess job-specific information.

To obtam the missing mformatmn the person searches for a job. Each: job offer received
during the search process must be accepted or rejected at the time of offer and the
decision cannot be deferred or reconsxdered at a latter date (the worker cannot "recall” an

. offer). The worker’s problem is to decide when to stop the sampling process by acce_ptmg ‘

3 This section paraphrases section I1. of Hofler and Murphy, 1992.
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an offer. The degree to which the wage of the accepted job is different .ﬁom the Wage of
the job which i)erfectly matches the skills of the worker is underpayment. This represents
lost economic output to the nation. ,

- McCall (1970), Mortensen (1970) and Lippman and ’vIcCa.ll (1976) propose that
under these conditions the optimal tactic for the job seeker is to adopt a reservation wage
strategy. That is, the job seeker sets a reservation wage w(r) so that the first offer equal to
or greater than w(r) will be accepted at wage w(a) and all lower offers will be rejected.
The worker determines the reservation wage w(r) by equating the marginal benefits and
the marginal costs of incremental changes in w(r). | -

The wage which an employer will pay is assumed to be a positive function of the
required worker skills (q) for proper job performance. The hwher the required skills, the
h.lgher the wage that an employer will pay to a worker with those required skills.
Therefore, the potential wage for any worker is based on required skllls is w(q). Since

required job skills will differ by employer the potential wage [w(q)] offered by employers

(and for specific jobs) will also differ.

Each worker possesses a umque set of skills (qo) which. represents the worker's
accumulated human capital and predetemunes the thhest possible compensatxon avallablc
[i.e. the potential wage w(qo)]. Given the worker's human capital (qo) and the
availability of appropriate employment paying w(qo) the optmnzatlon process for the
worker is to match his or her skxlls with vanous _]Obs until the potentxal wage w(qo) is |
found. In a perfect world with costless information this empIOyment in the worker's most
productive ﬁse could be found. However, informatiozi is not cos.tless,. Therefore, the
worker will follow the reservation wage strategy until an aéceptablé position paying
w(a) 2 w(r) is found. Underpayment for the individual worker is represented by the

difference between the potential wage and actual wage for the position accepted:

Underpayment = W(qo)~ W(a) 20 1)
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Figure 1
Theoretical Wage Distribution for Job Seeker

From Figure 1 above, the area under the density function f{w) between w(r) and

_w(qo) represents the job seeker's probability of finding acceptable employment. Above

yv(qd) the worker does not possess the job skills required by the employer (i.e. is not

qualified for the position) and will theoretically not receive an offer of employment ina

- competitive market. This prbbab_ility (Pr) of finding an acceptable job (Ja) is:

. W(ae)
Pr,, = |f(wdw | ®
(o)

and given a reservation wage w(r), the conditional expected job seeker’s wage will be:
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From the above it is clear that, given a distribution of available jobs and wages, the
expected wage will be dependent on the costly information obtained by the worker to set
the reservation wage w(r). This e:-.pected wage wﬂl fall between wi(r) < E[w]w 2 w(r)] <
w(go). It also follows that a larger reservation wage leads to both a larger expected actual
wage and a ‘srnalrler degree of uﬁdérpayment. {Appendix A présents the proof of this

statement.} Therefore, factors that systematically determine reservation wage rates will,

in turn, determine the degree of underpayment.

As noted above, the reservation wage is determined by equating, at the margin, the

benefits and costs of a further increment to the reservation wage, as in Figure 2.

Marginal Cost

Marginal
[14]

Wim)

wir)

Figure 2
Reservatlon Wage Determmatlon for Job Seeker

The benefits of a further increment to the reservation wage are greater lifetime
earnings once employment is secured. The height of the marginal benefit curve in the

graph depends on the usual factors such as the, searcher's discount rate and the amount of

time the searcher expects to remain employed.



The cost of a further increment to the reservation wage consists of higher out of

pocket costs and additional foregone earnings resulting from a longer duration of

unemployment. The height of the marginal cost curve depends on the worker's search
efficiency, the worker's skill level (which determines the opportunity cost), the worker's

wealth level, and the availability and amount of social welfare payments (such as

unemployment benéﬁts) that can be collected during a spell of unemployment.
HYPOTHESES

‘Workers differ in terms of the various factors that determine the marginal benefits
and marginal costs of increments to the reservation wage. Because of this, the search
model discussed earlier implies many testable hypotheses about differences in the degree .

of underpayment found across workers. In the empirical portion of this paper, we test four

hypotheses. 4

‘ Hypothesis 1 ,
Demographic groups with high rates of time preference will exhibit more
underpayment than groups yvith low rates of time preference.

This hypothesis intimates that prime-age males will suffer less underpayment than
other groups such as females and young workers. Such differences could arise because the

former group is less hard pressed to work sooner than later, expects to work longer in the

,n'ext job, and faces a more extensive geographic labor market.

Hypothesis 2
More-educated workers will exhibit less underpayment.

This prediction follows for se-veral reasons, two of which follow. First, higher

education reveals patience in investing in schooling, which is likely to spill over into

4 &M (1992) test two additional hypotheses. We do not test their Hypotheses 2 dnd 6
because the required data were not available for this study. See their section II for

elaborations on the rationales behind each hypothesis.



patience (and greater selectivity) in seeking employment. Second, direct search costs faced
by the more-educated job seekers are likely to be lower than for the less-educated persons

for two reasons. They are likely to be more efficient searchers and they are likely to have

access to better information networks.
Hypothesis 3
Workers in urban areas will exhibit less underpayment.

Search costs, and therefore underpayment, are lower in urban locales than in rural
area for two reasons. Firms are less dispersed geographically in urban locations and urban
transport networks are generally better. .

Hypothesis 4 '
Workers with greater wealth will exhibit less underpayment.

Wealthier seekers can consume part of their wealth while job hunting and, thus, be

more selective,

This study estimates and then uses the underpayment levels for the United States {in

1986) and Canada (in 1987) to empircally test these 1"1ypot'hesv.°.s.5

METHODOLOGY

STOCHASTIC FRONTIER ESTIMATION TECHNIQUE

The stochastic frontier model was originally presented in Aig_ﬁer, Lovell, and

Schmidt (1977). It has been expanded by Jondrow, Lovell, Materov and Schmidt (1982)

5 The original intent of this research was to compare underpayment for the G7 nations
(US, Canada, Germany, Japan, UK, France and Italy). However, Japan does not

contribute to the program which is our data source and three of the countries did not

report all of the required data. Germany's residuals were skewed positively; indicating
"overpayment" rather then underpayment. In other studies using different data, this kind
of strange result has been traced to data measurement €rrors . Thus, we did not analyze
Germany. These factors left us with only two countries to analyze fully.



and many others (seé Bauer, 1990 and Battese, 1992) for application to production
maximization and cost minimization cases. Further developments of the techniqﬁe for
app]icat‘ion with nonproduction and noncost applications have been made by Polachek a.n&
Hofler (1985), Hofler and Murphy (1989),' and others (again, see Bauer, 1990). This
study will estimate a frontier giving a potential (maximum possible) x;fage, w(qo), for each
worker. Based upon this frontier, each individual's unique level of underpayment will be
calculated. |

Following H&M (1992), the relationship between y and x can be expressed as:

- ' y,=a+Bx,-f-s, | - 4)
Where: B N(O,csz) '

The above model assumes that it is the mean of y that is of interest to the researcher.
However, the challenge in some economic research is to identify either the maximum
possible value of y (i.e. production or income) or its minimurm possible value (i.e. cost). In
measuring underpayment, the goal is to calculate the maximum value that a job seeker's
wage could take given that individual's accumulated human capital. We call this wage the
"potential wage." The analogué to equation (4) is obtained by speéifying an error term
with two components: a normal componént (v aﬁd one-sided component bonstra.ifxed to
be equal fco. or less than zero (¢; < 0): |

| o= +BE Y ' ®
| Whe';e:
eg=ritdi
v; = the two-sided component where ¥; is N(0,02)
g the one-sided component where ¢; <0 and E¢;j =p < 0

Equation (5) contains both a wdeterministic frontier" and a "stochastic frontier.” The

deterministic frontier for observation i is )
Yiper = +Bx, = (a—1) f"ﬁxl . (6)

- Where: Edj=u



" This represents the "average maximum" y for all observations at a specific level of x,

say Xj-

The frontier in equation (5) is stochastic because, even if two observations have the

same level of %, they likely will differ in the unmeasured factors captured in the two-sided

CITor,

«. In such cases each observation will have its own individual frontier. Th.lS

stochastic frontier, ¥; 510 » 1S the maximum value of y for one specific observation whose x

=x;. The stochastic frontier is:
Visto = ' +Bx, +Y, l (7)

Using the stochastic -frontier approach permits us to estimate ¥,s70 for each

observation. This, in tum, permits us to estimate each individual's unique level of

underpayment, &;.

Based on the above, a two-step precess is necessary to learn the individual levels of

underpayment:
1) The model's parameters are estimated by maximum likelihood.

2) These parameters are used to estimate the individual levels of
underpayment from ¢;, the one-sided eryor term.

The software LIMDEP will be used for this purpose.
'MODEL SPECIFICATION

- The proper estimation model must be selected. Murphy and Welch (1990)

_ [hereaﬂer M&W (1990)], expand on the W1dely accepted Mincer (1974) earmngs function

to develop a model expressing worker income (defined as the logarithm of waoe/penod)

as a quartic (a quadratic in a quadratic) function of accumulated human capital. The

general model developed by M&W (1990) is:
Vi = % F BT * Bain ‘ @

Where: .
2, = +Bx +pox’ L ®
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And: :
: y Income (Ln wage/week)
i = Education (Category)
X = Years of Experience
t = Time (year of observation)

After some manipulation, equation (8) becomes the following mode! for estimation

[see M&W (1990), Equation (18), paoe 221%: _
¥ =a+px+(B, +B,I)x* +2IB.x S B x* (10)

Where I = 1/60 in M&W (1990).
M&W (1990) present empirical evidence on 1964-87 data which suggests that this

restricted quartic function would perform better than commonly-used earnings functions.
Equation (10) will be the determi.riistic part of the estihation model. In other words,
~ equation (10) will be the o + fx part of equation (5) for estimating underpayment ¢i and

for subsequent testing and analysis.

ESTIMATION AND TESTING PROCEDURE

As stated above, the model must first be estimated by maximurn likelihood.

According to Aigner, Lovell and Schmidt, the distribution of g can be pa.rarnetenzed as:
f(e) = (2/0‘)1‘(8 [o)1- F(el'o™)] (11)

Where

r'=°/
UT

and fand F are, respectwely, the standard noxmal den51ty and

-

-

7?2

distribution functions.
The log-likelihood functionis . '
N
InL = Constant +NIno™ +Zln[1— (e To™ )] (%)0’22812 & (12)

From (12) estlmates for all coefficients, I, and 02 are obtainable. The parameters T’

" and o2 can be solved for cr¢2 and G’Y which are useful in the next step discussed below.
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This study's approach is to estimate the model once for each country and then
compute person-specific ¢j estimates.The &; error component plays a crucial role in this
analysis. ¢; will equal zero and underpayment will be zero, if the worker finds the perfect .
job-skills match; the actual wage will equal the potential wége for that worker. ¢; will be
negative and underpayment will exist, if the worker finds an imperfect job-skills match;
the actual wage will fall short of the potential wage for that worker. The work of
Jondrow, Lovell, Materov and Schmidt (1982) provides a technique for obtaining

~ individual worker estimates of ¢;. Equation (13) below presents the conditional estimate

A

of ¢; given g1

(13)

T
lzcy.
GT

and f and F are, respectively, the standard normal density and
distribution functions.

With an estlmate of ¢; in hand, the estimate for each individual's unique potentxal
wage, w(qo); is simply the individual's actual wage, w(a); plus the 1nd1v1dua1'
underpayment estimate, ¢;. From this point, testing various hypotheses for dlﬁ'ermg
worker characterlstlcs becomes straightforward. | |

Given the above potential wage the actual wage d1v1ded by the potent1a1 wage for
cach individual can be calculated. This variable will be termed RATIO. RATIO measures

each person's success in attaining his or her potential wage. Therefore, it should take
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values between 0% ~ 100%.6 Mean values of RATIO can be calculated in total and for -
various subsets o_f workers 50 that- Hypotheses 1-- 4 may be tested.

Standard pairwise t-tests (when only two subsets of data within a group are
compzired) and ANOVA F-tests (when more than two subsets of data are compared) will
be used to test for significant differences (FHo: Mean RATIOs are eqﬁal) among sample
subsets within the countries.” .Wheﬁ there are more than two subsets of data (categories)
within a group-(i.e. age é.nd education each have more than two categories) an additional
Waller-Duncan K-Ratio t-test for subset pairs and a Tukey Studentized t-test will be
performed to identify significant differences between pairs of categories within the group.

A level of significance of 5% will be employed in all tests for statistical significance.

THE DATA

The Luxembourg Income Study (hereafter LIS), originated in 1983 and based_ in
Walferdange, Luxembourg represents the best data found. The LIS is a Division of
CEPS/INSTEAD and represents an ongoing, cooperative consortium of researchers in the

social sciences from eleven member nations.®

6 This should be true under normal economic conditions over time in competitive markets;
but it may be possible for RATIO to temporarily exceed 100% for a limited period of time
in imperfect markets or under severe labor shortages.

7 Neither the normality nor equal variance assumptions usually made with the use of t-
tests hold in cases of one-sided error estimation. The t-test may nevertheless be applied for
large samples since such samples allow considering the sampling distribution of the
difference of each pair of means to be normal.

8 The major functions of LIS are to: (1) develop and maintain a database containing data
from economic household surveys for the project's member countries, (2) provide remote
data access services to the database, and (3) promote research on the economic status of
populations in different countries. The- member nations in LIS and the most recent
reference database years are: Austi‘alia -1986, Norway - 1986, Canada - 1987, Sweden - -
1981, Germany -.1984 Switzerland - 1982, Israel - 1987, United Kingdom - 1979,
Luxembourg - 1985, United States - 1986, Netherlands - 1987. In addition to the member -
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The original intent of this research was to apply the stochastic frontier approach and
compare underpayment among the G7 n_ations (US, Canada, Germany, Japan, UK, France
and Italy). Japan does not participate in the LIS and not all countries report all the data
needed for the analysis. Con‘sequently, survey data for only the U.S., Canada and
Germany were collected andv analyzed for this study. The resriduials ﬁ'ém Germany's
estimated model were skewed positively, suggesting "overpayment” | instead of
underpayment. In other studies using different data, this kind of strange result was traced
to data measurement errors. Thus, we did not analyze Germany. These factors left us with
only two countries to analyze fully. |

The specific data variables and definitions reqﬁested from LIS are presented in Data
Addendum A: Luxemboﬁrg Income Study (LIS) Variables. From the LIS data, random
samples for the U.S. (sample size = 2000 observations), Canada (sample size = 2000
observations) and Germany (sample size = 1997 observations) were obtained for use in
this paper. The total random samples for each nation were further reduced because of
missing data. |

| The above data were converted to a consistent currency (US$) using the average
annual exchange rate from the International Financial Statistics‘ Yearbook published by the
International Monetary ‘Fuhd for the year of the reported data. The data were further
adjusted to minimize any inconsistencies among reporting categories (i.e. education,
occupatiohs) and new analyéis variables were created from the LIS data for use in this

* research. These new analysis variables are presented and defined in Data Addendum B:

Analysis Variables.

nations abové, the LIS database also contains information from the following countries:
Italy (1986), Poland (1986), Czechoslovakia (1988), Ireland (1987), and Hungary (1988).
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PRESENTATION OF RESULTS

OVERALL

The estimated models for both the United States in 1986 and Canada in 1987 are
presented in Results Table 1. The overall quality of these models is suggested by two
measures; a chi-square statistic and a pseudo-Rz. The chi-square statistic, which tests
whether there is an overall relationship between the dependent variable and tﬂe set of
independent variables, shows that theré is such a significant relationship in each model.
The pseudo-R2 reveals a value of 0.178381 for the United States model in 1986 and a
value of 0.203988 for the Canada model in 1987.

These two estimated models are similar to many earnings functions found in the
literature. Like most earnings functions, these models confirm that age, education, and
experience influence earnings. We cannot extract the magnitude of those influences
because of the "quadratic within a quadratic” nature of these variables. See equations (8)-
(10). Some of the earnings adjustment variables play their expected roles. For instance,
béing female sigtﬁﬁcéntly lowers earning§ per hour in both countries and earnings
differences across occupations do exist in Canada. Greater wealth (as proxied by home
ownership: the variable OWN) increases earnings as expected in the United States. The
incidental parameter lambda is significantly greater than zero in both countries,
foreshadomng the underpayment results which are discussed below.

The results for the United States (1986) and Canada (1987) are presented and also |
are com'pared to the H&M (1992) results based on 1983 data for the United States. In
this discussion, the term underpayment refers to (- RATIO) where RATIO is the actual
wage divided by the potential wage That is, the underpayment results show -the
percentage shortfall of actual wages below potential wages. Results “Tables 2-6 show

findings for RATIO only. Underpayment can be calculated as described above.



Table 2A below presents selected information from Results Table 2 in the Summary
of Results section. The results from the H&M (1992) paper for the U.S. in 1983 are also |

presented for comparison.

- Table2A
National Comparisons
United States in 1983 & 1986 (US83 & US86) and Cqmda

RATIO- 83‘683 Yo 83. 143% 90.43%

Underpayment ' 16315% 16.857% 9.57%

Wage/hour $11.69 US $10.39 $9.09

UNDWAGE $1.5759 1JSS1.6811 . $0.96

Worker Age . 40.15 38.78 38.26
| Worker Education (years) 13.16 11.04 - 1423

The results show very similar labor market characteristics for the United States and
Canada, with some changes in the United States from 1983 to 1986. The highest level of
underpayment is in Canada - although the U.S. in 1986 is very close. The highest actual

* wages are in the United States in 1986.
HYPOTHESIS TESTS

The specific results of the hypotheses' tests are presented in Results Tables 2-6 in
the Summary of Results section. In the following sections the results of the significance

testing for each hypothesis for both nations and for H&M (1992) for the U.S. in 1983 are

summarized.
HYPOTHESIS 1:

Underpayment Differs by Demographlc Cateoory
Gender, marital status, and age are all related to significant differences in
' underpayment in the United States (1986) and Canada. In both the United States (1986)

and Canada lower underpayment was expenenced by workers who were males, married,

~
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and in the category prime-age married males. In both the United States (1986) and
Canada the lowest undefp_ayment was in the prime-age married males category. These
results support the ﬁndingsl-of H&M (1992) for the United States in 1983, o

The specific results for each nation sampled are:

United States (1986):

1) Male underpayment (15.08%) is less than female underpayment
(21.25%).

2) Married workers have less underpayment than single workers:
14.48% vs. 19.24%. '

3) Underpayment varies across age categories: prime age workers have
" the lowest underpayment: 14.50%; young workers have the highest
underpayment: 24.17%; old workers have underpayment between
those  others: 18.88%,  Middle-aged workers (45-55) have
underpayment of 16.01% that is also different from young and old
workers but is not different from prime age workers. '

Both the Waller-Duncan and Tukey tests reveal that prime-age and
middle-age workers differ statistically from both the young and old

- workers' groups in their underpayment.

4) Prime-age married males have less underpayment than young males:
13.15% vs. 22.11%. '

5) Prime-age rném'ed males (13.15%) are less underpaid than females
(21.25%). '

Canada ( 1981);

1) Males (15.94%) are less underpaid than female workers ( 21 .08%).

2) Single workers suffer greater underpayment than married workers:
19.75% vs. 15.41%. '

3) Underpayment differs over age categories. Middle-aged workers
have the lowest underpayment: 15.48%.; young workers have the .
“highest underpayment: 24.57%; and old (19.52%) and prime age
(15.81%) workers have underpayment between those others.
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The formal tests show that the strongest differences from other
groups occur in the young workers. They are significantly different
from all three other groups. Furthermore, the prime-age workers
suffer similarly to middle-aged workers. '

4) Prime-age married males suffer less underpayment than young males:
15.18% vs. 23.33%. '

5) Females (21.09%) experience gréater underpayment than pdme-ﬁge
married males (15.18%).

United States (1983):

1) " Prime age married males (7.93%) endure less underpayment than
young workers (12.45%).

2) Prime age married males (7.93 %) experience less underpayment than
female workers (11.08%).

HYPOTHESIS 2:

Workers With More Educﬁtion Will Have Less Underpayment
For the United Stdtes (1986} and Canads, educational differences were associated
with underpayment differences. This result supports H&M (1992) for the United States in
1983, The results for each country for the sample years are: |

United States (1986):

1) Underpayment decreases progressively with higher education: 0-8
years: 22.24%,; 9-11 years: 19.21%; 12 years: 17.25%; 13-13 years:
15.85%,; 15+ years: 13.35%. ‘ .

The Waller-Duncan and Tukey tests reinforce each other in revealing
patterns in the levels of underpayment by education. The highest
educational level has lower underpayment than any other group. The
middle groups (9-11,12, 13-15) endure similar underpayment.

Canada (1987):

1) As in the U.S,, underpayment, in general, decreases progressively
with higher education: 0-3 years: 19.31%:; 9-11 years: 17.15%; 12
years: 13.78%; 13-15 years: 16.94%; 15+ years: 12.95%.



 significant when based on population but is s
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The formal tests show that the three middle educational groups suffer
roughly equal underpayment. Only the extreme groups (0-8 and 15+)
exhibit significantly different levels. The most-educated workers
endure the lowest underpayment whereas the least-educated workers

suffer the most.

United States (1983):

1) Workers with college education (9.29%) do betterlthan high school
graduates (10.85%). -

2) High school graduates (10.85%) suffer less than those'v../ho never
enter high school (12.78%).

HYPOTH_ESIS 3

Workers in Urban Areas-Are Less Underpaid '
For the.United States (1986) the location (urban vs.. rural) of the worker, when

measured by population { MSA vs. non-MSA) or land use (farm vs. nonfarm), is not

significantly connected to underpayment. For Canada the location of the worker is not -

ignificant when measured by land use

(nonfarm workers have less underpayment). These results are weaker than the findings of

H&M (1992) for the United States in 1983. The specific results for each country sampled
are: | '

United States (1986):

- 1) Significant differences in underpayment by location are not found.
This is true for both population (MSA. vs. non-MSA) and land use

(farm vs. nonfarm) distinctions.

Canada (1987):

1) Urban-rural differences in underpayment, when measured by
population, are not significant. '

2) Urban-rural differences in underpayment, when measured by land
use, are significant. Non-farm workers experience less

underpayment: 15.92% vs. 20.33%.
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United States {1983):

1) Workers in urban areas (whether measured'by population or land
use) endure less underpayment than rural workers: population -
9'.10% vs. 10.58%:; land use - 9.49% vs. 12.84%.

. HYPOTHESIS 4:

Workers with Greater Wealth Will Have Less Underpayment
Wealth is proxied by home ownership under the assumption that homeowners have
greater wealth than nonhomeowners. In both countries for the sample periods, home
ownership was significantly correlated with lower underpayment. This result supports the
findings of H&M (1992). The specific sample results for each nation are:

United States (1936):

1) Homeowners have less underpayment than nonhomeowners: 14.67%
vs. 19.00%.

Canada (1987):

1) Homeowners have less underpayment: 15.62% vs. 19.18%.

United States (1933):

1) Homeowners have less uﬂderpaymént: 9.05% vs. 10.84%.

CONCLUSIONS |

The general conclusion from the data is that the United States -and Canada have
similar underpayment performance and determinants for the s.arnple.years. Furthermore, |
the findings are consistent and logicg.l and confirm the résearch performed by Hofler and
Murpﬁy (19‘92) on 1983 data fdr the United States.

Viewing natiénal underpayment as a measure of a country's lost GDP, the 16.315%

underpayment for the United States for 1986 represents a'pote-ntial gain of $826.9 Billion,



.16.857% underpayment represents a gross potential gain of $81.5 Billion. !

recent information become
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if effective policies could be carried out to eliminate the underpayment.9 In Canada, the
0

Comparing the 1986 United States results with the findings of H&M (1992)
suggests that between 1983 and 1986 the underpayment perfomance oflthe United States
worsened from 9.57% to 16.3 19%.11  This suggests that efficiency in processing job
market inforrﬁatioﬁ in the United States dropped during this perniod and resulted in lower

GDP growth than rriight have been achieved. No attempt has been made in this paper to

‘identify the reasons for the estimated decline in United States national performance or t0

identify policies that might lead to absolute domestic improvement or relative international

improvement.

Possibilities for further research are many. First, the reasons for the decline in the
ﬁnderpayment performance of the United States could be investigated. Second, as more
s available from LIS, other nations could be édded and trends in

performance among countries could be studied. Finally, the stochastic frontier technique

could be used in new domestic and international applications.

9 Note that we are not saying that eliminating underpayment completely is possible. We
are simply pointing out the extent of the shortfall in each instance and implying where the

biggest gains from reducing it might be found.-

10 GDP data was obfained from International Financial _Statistichearbook published by
the International Monetary Fund. o y
11 Some of the difference could be due to using different models. However, the

robustness of the hypothesis test conclusions about which factors matter, even across

different models, is encouraging.



EXHIBITS

APPENDIX A

Hofler and Murphy (‘91) Proof: (E(wl w2 w(r)) > w(r))

Prove: The higher the individual reservaﬁon wags (W(r)) selected the higher the
conditional expected job seeker’s wage (Efwlwzw(r)D and the lower the level of
underemployment (u). Since the potential wage (W(qo)) is fixed based on the value of the

job seekers accumulated human capital, the higher the individual’s expected wage, the

lower the level of underemployment [1t = W(qo) - W(a)]. The challenge is to prove that:

Prove:
E(wlw 2 w(r)> > W,
¢
and B
b‘E(wIw > w(r)y '
A >0
G"‘W(r)
Given:
Wiqe)
[ wi(w)aw
hd )] '

(] wip)- -
Wiaw
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Then:

. (w(fa)
N L pwli(w)dw
0E<wlw = W(r))/ _ 0 | wy
ow o (e
(r) oW,
) [£(wydw
k Y

)r(fﬂwf(w)dw}—[w(,)f(w(,))]{

Y{ae)

_[f(w)dw}

{0 *()
>0

6E<w|w = w(ry _ f(W(,)
oW,

f(w(,,){

()
Jf(w)dw

Yie)

¥{ga} ¥ [qe)

‘[ wi(w)dw —w, j f(w)dw

Y jl

i)
( >0

: aE(wlw 2 w(ry _
| oW ()

Because:

E(w|w2w)

Therefore: {Proof)

¥ (g0}
[ [rewyaw

i)

|

(g}
jwf(w)dw

= Yir)

Y iqet
j f(w)dw

Vi

E(wlw 2 ""m) > Wi



DATA ADDENDUM

A. LUXEMBOURG INCOME STUDY (LIS) VARIABLES

Identified and defined below are the variables obtained from the Luxembourg

Income Study (LIS) for the United States (86), Canada (‘87) and Germany (‘84):

oD :
D1 Age: Head of Family

D3 Sex: Head of Family

D4 . | Number of Persons in Family

D5 . Family Structure (Single/’MultipIe/Economic/Ta.x/etc.)

D7 Geographic Location Indicator A (F arm/NonFarm)

D10 Education Level: Head of Family

D12 Occupational Training: Head of Family

D14 Occupational Classification: Head of Family

D16 Industry Classification: Head of Family

D18 Type of Worker Group: Head of Family
(Ac_rrichonAgﬁc/Govt/etc.)

D20 Geographic Location Indicator B (Urban/Rural)

D21 Marital Status: Head of Family :

D22 Tenure (Owned or Rented Housing)

D27 Children under age 18

COUNTRY Country
HWEIGHT Family Unit Sample Weight

GI Total Gross Annual Income: Family
SOCI Social Insurance Income: Family
LFSHD Labor Force Status: Head of Family
~ HRSHD Hours worked per week: Head of Family
SOCRHD Social Retirement Income: Head of Family

UNEMPHD Unemployment Income: Head of F amily
PRVPENHD Private Pension Income: Head of Family
PUBPENHD Public Pension Income: Head of Family
WEEKHDFT Full-time weeks worked per vear: Head of Family
WEEKHDPT Part-time weeks worked per year: Head of Family
WEEKHDUP Unemployed weeks per year: Head of Family
V39 Gross Annual Wage/Salary: Head of Family
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B. ANALYSIS YARIABLES

The varables below were created from the LIS data for input and generated as
output from the L.IMDEP stochastic frontier technique for use in the empirical analysis of

international underemployment:

Model Variable Variable Name |Variable Definition
Input Variables:
Y LNWAGEHR Ln of Wage per hour (Dependent Variable)
X1 AGEQT Murphy-Weich Age Variable (Gamma = 0.0188887 = 1/60}
X2 AGEQTSQ Murphy-Welch Age Variable Bquared _
X3 EDQT Murphy-Welch Education Variable (Gamma = 0.0166687 = 1/60)
X4 £DQTSQ . |Murphy-Welch Education Variable Squared
X5 - |EXPQT Murphy-Welch Experience Variable (Gamma = 0.0166867 = 1/60}
X8 EXPQTSQ Murphy-Welch Experience Variable Squared
X7 NRKIDS Number of Children under age 18 in Family
X8 FAMINC Other Family Income {Not Head of Family)
X8 MSA Dummy Variable (Population >ar< 100,000)
X10 ~{LANDUSE Dummy Variable (FarmMonFarm)
X1 " MARSTAT Dummy Variable (Married/NonhMarried)
X12 SEX Dummy Variable (Male/Female)
X13 OCCMP Dummy Variable (Occupation: Mgmt/Professional)
X14 CCCSTCH Dummy Variable {(Occupation: SalesTech/Serv/Admin)
X15 OCCCRFT Dummy Variable (Occupation: Crafts/Skills)
Xi6 OCCCPER Dummy Varable {Occupation: Operator/ Assembler/Test)
X117 OCCUNSK Dummy Variable (Occupation Unskilled)
X18 INDMIN Dummy Variable {Industry: Mining)
X1i9 - {INDCON Dummy Variable (Industry: Construction)
" 1X20 INDDUR Dummy Vardable {Industry: Durable Goods)
X21 INDNON Dummy Variable (Industry: NonDurable Goods)
X22 INDTPU Dummy Variable (industry: Transpor/Commy/Utilities)
x23 INDTRD Dummy Variable {{ndustry: Wholesale & Retail Trade)
X24 INDFIRE Dummy Variable (Industry: Fin/ins/RE)
X25 INDSERV Dummy Variable (Industry: Service)
X26 - |OWN Dummy Variable (Homeowner)
Qutput Variables:
: RATIO Ratio of Actual Wage to Potential Wage

WAGEHR Wage per Hour (Currency) ‘

UNDWAGE Measure of Underemployment (Currency)

UTMNF Natural Log of Measure of Underemployment
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Results Table 1

SUMMARY OF RESULTS

Frontier Regression Results: Dependent Variable is Ln Wage/Hr

United States in 1936 (US86) & Canada in 1987 (CN87)
(Observations: US36 =

1122; CN87 =1087)

Constant 0.45735 1.123 1.3272 7.856
AGEQT 0.94311E-01 2.703 0.98533E-01 3.345
AGEQTSQ -0.24446E-03 -3.695 -0.17961E-03 -3.185
EDOT -0.26150E-01 -0.385 -0.16838 -3.256
EDOTSQ -.067790E-02 -0.639 0.28351E-02 3.804
EXPOT -0.96906E-01 -2.114 -0.11801 -3.120
EXPOTSO 0.32383E-03 2.285 0.33210E-03 2.790
NRKIDS -0.11298E01 -0.494 -0.32059E-01 -1.501
FAMINC 0.11540E-05 1.881 -0.22811E-05 -1.394
MSA 0.21375 4,116 -0.18385E-01 -0.400
LANDUSE -0.20424 -1.163 -0.10751 - -2.096
MARSTAT 0.56633E-01 1.008 0.14031 2.080
SEX -0.18623 -3.140 -0.13723 -2.174
OCCMP 0.22304 1.745 0.88046 9.679
OCCSTCH -0.11487E-01 -0.091 0.74498 8.780
OCCCRFT 0.79607E-01 0.639 0.71700 7.352
OCCOPER -0.49412E-01 -0.349 0.77336 8.197
OCCUNSK -0.93720E-01 -0.698 N/A N/A
INDMIN 0.38015 1.026 0.31162 - 3,187
INDCON 0.20195 - 1.836 0.37173E-05 0.000
INDDUR 0.14466 1.331 0.42743E-01 0.449
INDNON 0.13427 1.137 0.51555E-01 0.490
INDDTPU 0.11073 - 0.937 0.13972 - '1.570
INDTRD -0.23752E-01 -0.229 -0.77021E-01 -1.080
INDFIRE -0.35816E-01 -0.304 -0.49676E-01 -0.445
INDSERV -0.18414 -1.898 -0.10803 -1.501
OWN . 0.16347 3.232 - 0.79221E-01 1.584
LAMBDA (2) 1.8334 14.326 2.6491 14.034
SIGMA (o) 0.87193 53.859 0.93278 55.661

25




26

RESULTS TABLE 1 (CONTINUED)

] Log-Likelihood (Unrestricted) -0.9819075E+03
Log-Likelihood (Restricted) -0.1265367E+044 -0.1233533E+042
Pseudo-R? 0.178381° 0.203988P
Chi-Square Statistic 451.436¢ 503.251¢
Number of Observations 1122 . 1087

a) The Log-Likelihood (unrestricted), denoted by In Ly, is the value of the
logarithm of the likelihood function at the optimum (maximum). The Log-
Likelihood (restricted), denoted by In Ly, is the value of the logarithm of
the likelihood function when all slope coefficients equal zero.

b) This is calculated as 1-(In Lyr/In Lg). It is interpreted roughly the same as

' the usual coefficient of determination.

c¢) This is calculated as 2(In Lyg - In Lg). It tests the null hypothesis that all
slope coefficients equal zero. It also implicitly tests a second null that the -
Pseudo-R2 equals zero. Both null hypotheses are rejected in both the
US86 and CN87 models. :

ResSULTS TABLE 14
UNITED STATES IN 1986

- Fia: b el
LOG- -1039.6490
LIKELIHOOD .
1 RATIO , .83685 -.14133 4145E-03 .9956
| _ WAGEHR 11.687 11.296 3077E-01 - 2404
B UNDWAGE 1.5759 '2.5821 1.061 74.20
| LNWAGEHR 2.2049 74773 3.481 5.482.
UTMNF 34793 29476 .5953E-01 4.307
. . RESULTS TABLE 1B
CANADA 1IN 1987
B Mea
_ : LOG- -981.9075
| ' LIKELIHOOD :
RATIO .83143 16363 .2142E-03 9838
WAGEHR 10.386 63444 .| .2357E-01 63.98
UNDWAGE 1.6811 - 4.0790 1.036 110.0
LNWAGEHR 2.1324 75301 -3.748 4.159
UTMNF 32274 38751 3525E-01 4.700
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Results Table 2:

QOverall

108"

Number of 1122
Observations
Analysis Variable
RATIO 83.685% 83.143%
WAGEHR $11.687| US$10.386
UNDWAGE $1.5759| USS1.6811
LNWAGEHR 2.2049 2.1324
UTMNF(In undwage) 0.34793 0.32274
Indiv.Gross Wage $23,419| US3$20,806
Other Family Income $11,244| USS$10,535
Total Income $34,663| USS$31,341}
Exchange Rate : 1.326
Age 40.153 38.777
Average Education 13.157 11.044
H.S. (Attended) 11.77% 29.81%
H.S. (Graduate) 36.28% 1.66%
College (Attended) 20.41% 25.58%
College (Graduate) 27.72% 17.3%%
- |Other Educ. © 3.83%| & 25.58%
All Education % 100.00%| - 100.00%
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Results Table 3

Hypothesis 1: Demographic Group

Male T-Statistic (=) | Prob>[ T} (=
- US86 8492 5.5960 .0001
CNS7 8406 3.5503 .0003

Single Married T-Statistic () | Prob>|T| ()
US86 8076 8552 -5.4388 0001
CNS7 8025 8459 -3.9163 .0001

ge 25-44 | Age 45-55 | Age >55 | F-Statistic (=) | Prob> [Fl ()
US86 7583 .8550 .8400 8112 16.4261 .0001
CN8&7 7554 8424 8455 8041 9.46 0001
Prime Age Young Males | T -Statistic (=) | Prob> |T| ()
Married Males (Age < 25) g :
(Age 25-44)
US86 .8685 7789 -5.0232 0001
CNR7 .8482 7667 -2.8160 00638

Prime Age Females T-Statistic () | Prob> | T] ()
Married Males (All Ages)
(Age 25-44)
JS86 .8685 .7875 -7.0235 .0001
CIN87 .8482 7891 -3.8679 .0001
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_Results Table 4
Hypothesis 2: Level of Education

08 Yoars | O.11 | 12 |13-15| 15 + | F-Statistic (=) | Prob>F| ()
Years | Years| Years| Years
US86 7747 8080 ].8275].8415(.8664 7.5462 .0001
CN87 .8069 8285 |.8622|.8307.8703 4.4988 .0013

Results Table 5
Hypothesis 3: Urban vs. Rural Location

Non-MSA. T-Statistic (=) | Prob>T| ()
TUS36 3238 8416 _1.8645 0628
CN87 8246 3407 -1.6457 1001

ariab ,

: Non-Farm Farm T-Statistic (=) | Prob> |7l ()
US86 .8376 .7806 1.2649 2249
CN87 .8409 7967 3.0476 .0025

Results Table 6
Hypothesis 4: Wealth

Non- | Homeowner | T-Statistic (#) Prob>|T| ()
_ Homeowner : ' :
US36 .8100 .8533 -5.1093 .0001
CN87 .8082 .8438 -3.4481 .0006
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DATA ADDENDUM (SUPPLEMENT) .

A1l. REQUIRED VARIABLES (LIS) “NOT REPORTED” BY COUNTRY

Listed below by nation and year of most recent report are the desired LIS variables

for the underemployment research using “Stochastic F rontiers.” Those desired variables

which were not reported are indicated “NR.“ Note that Japan does not participate in the

program.

Z,

V39 R

D1
D3
D4
D5
D7
D10
D12 NR NR
D14
D16
D18

D20
D21
D22
D27

COUNTRY
HWEIGHT
.Gl
SOCI-
LFSHD '
HRSHD _ NR
SOCRED - ' - . NR
UNEMPHD
PRVPENHD _
PUBPENHD - . ,
“WEEKHDFT ' NR NR
WEEKHDPT - NR NR
WEEKHDUP _ - NR NR

%

4|55 |5|5|7
z

2
|

eIl
E
E






