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Factors Influencing Employment in the U.S. Automobile Industry

Abstract

Section | will present a brief historical overview of the U.S. auto industry since the 1960s. Section Il will
discuss the theoretical arguments behind each of the four employment influencing areas mentioned
earlier. The empirical model based on this theoretical discussion will be presented in Section Ill, with the
results being given in Section IV. Finally, Section V will draw some conclusions and make some
suggestions for future research.
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Factors Influencing Employment in the

U.S. Automobile Industry
by Paul S. Davies

During the 1980s, increased attention was paid by the United
Aut o Workers union and politicians to the U. S. autonobile
I ndustry and the problens it was facing from Japanese
conpetition. Now, wth 1992 being a presidential election year,
the candidates are continuing to draw attention to what they see
as the problens of the U.S. auto industry. And this concern is
not without reason. The share of the U.S. market held by the Big
Three donesti c producers (@Y Ford, and Chrysler), has decreased
dramatically over the past three decades. As is shown in Figure
1, the market share of U. S. based producers has fallen froma
hi gh of 95.11%in 1962, to around 82%in the md-1970s, to a | ow
of around 64%in 1987 (MWNA Wrld Mtor Vehicle Data, 1990).
These figures become even nore alarmng if we |ook at the narket
share of foreign transplants (i.e.-foreign auto production plant
inthe US') and inports taken together. They accounted for 41%
of the market in 1990 (Singleton, 1992, p.22).

The problens of the Big Three can al so be seen in the
general |y declining | evel s of enploynent over the past 10 to 15
years (see Figure 2). Froma peak |evel of 1,004,900 enpl oyees
In 1978, enploynment fell to a Iowof 704,800 in 1982, and is now
j ust above 800, 000 enpl oyees (Mnthly Labor Review, various
| ssues). The purpose of this paper, then, is to explain these
drastic fluctuations in auto industry enploynent from 1960
through 1990. Both theoretical and enpirical analysis are used
to test several denand-side hYPotheses about these changi ng
enpl oynent | evels. Specifica X, enpl oynent is hypot hesized to
be influenced by 1) the level of international conpetition, 2)
the extent of union (UAW ﬁomer, 3) the inplenentati on of |abor
savi ng and producti vity-enhanci ng technol ogi es, and 4)
outsourcing arrangenents of the Big Three. Changes in these four
areas can be shown to shift or change the elasticity of the
demand curve for labor in the autonobile industry.

The rest of this paper will proceed as follows: Section |
wll present a brief historical overviewof the U S. auto
i ndustry since the 1960s. Section |l wll discuss the
theoretical argunents behind each of the four enpl oynent
i nfluencing areas nentioned earlier. The enpirical nodel based
on this theoretical discussion wll be presented in Section IlI,
wth the results being given in Section IV. Finally, Section V
will drﬁM/sone concl usi ons and nmake sone suggestions for future
researc

. THE U.S. AUTO | NDUSTRY: H STOR CAL BACKGROUND

In the late 1960s, the U.S. auto industry was very different
fromwhat it is now The Big Three (G Ford, Chrysler)
domnated the U S. narket for autonobiles, facing very m ninal
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foreign conpetition (Singleton, 1992, p.18). ly Vol kswagen was
conpet i ng inthe U S market, allowing U S producers to capture
bet ween 90 and 95% of the market for the majority of the decade.

Practically 100% of the enpl oyees in the industry were nenbers of

the United Auto Workers (UAW, giving the union a |arge degree of
"nmonopoly power” (i.e.—the ability to maintain wages above

Figure 1
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equilibriumalong a relatively inelastic demand curve for | abor).
Because the industry was highly concentrated with the Big Three
controlling alnost the entire narket, they coul d accept these
hi gher wage demands and nore strict work rul es, passing the high-
er |abor costs along to consuners in the formof higher product
rices (i.e.—the product demand curve was relatively inelastic).
n other words, the |ack of conpetition allowed the Big Three to
mai ntai n aut onobi | e prices hl%h enough to guarantee profit-
ability, even in the face of high union | abor costs.
~However, things started to change in the early 1970s with

the first oil shock in 1973. GOPEC restricted the supply of crude
oil, causing the price of oil and gasoline to skyrocket. Consumer
preferences began to shift toward smaller, nore fuel efficient
aut onobi | es which were not offered by the Big Three (S ngleton
1992, p.19). Enter Japan. Ofering a line of snaller, [ower
cost, fuel efficient cars and relying on a new image of technica
excel | ence and hi gh product quality, the Japanese began taki ng

| arger and larger parts of the U.S. market fromthe Big Three
(Tolliday and Zeitlin, 1986, p.197). This trend accel erated
through the 1970s, wth the Jaganese I ncreasing their market
§B$ge from7.6%in 1969 to 22. /% after the second oil shock of

As the Big Three tried to catch up in the production of
smal |, fuel efficient cars, they began working against their
cpnﬁaratlve advantage in the production of |large cars. Incurring
hi gh product devel opment and design costs for this new |ine of
small cars, the profits of the Big Three started to shrink. Labor
costs (as well as the costs of other inputs) therefore becane
more of an issue as the Big Three tried to maintain profits and
mar ket share. Wth the conPetitipn fron1JaFan_becon1ng nor e
intense, the |atest in nanufacturing technol ogi es were being
adopted "to raise productivity, |ower costs, and inprove quality"
(Bureau of Labor Statistics, 1985).

The auto industry by the 1980s had energed as a nore
conpetitive industry, very different fromthe highly concentrated
|ndustrﬁ of the 1960s. The hi gh union |abor costs could no
| onger be passed on to consuners, so enpl oynent began to fall and
Blant_c]OS|ngs were threatened. A period of concessionary

argaining began in the early 1980s as the UAWscranbled to save
the jobs of its nenbers.

More recently, U.S. producers have been increasingly noving
toward outside suppliers of parts and conponent s—aonuni on
suppliers |n.nang cases—to0 take advantage of |ower |abor costs.
Moves to Mexico by many parts suppliers have becone reality
rather than just threats, jeopardizing the jobs of nan% usS
wor ker s. _hEM/outsourC|ng arrangenents for parts have becone nore
and nore inportant as U S. auto producers strive to match the
Japanese.

1. THECRETI CAL FRAMEWCRK
Fromthe overvi ew presented above, four inportant areas
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energe as being strong influences on enploynent in the U S. auto
i ndustry: 1) international conpetition, 2) union power, 3)
t echnol ogi cal change, and 4) outsourcing arrangenents. The
followi ng discussion illustrates how changes in these areas wl|l
theoretically effect the demand for |abor in the auto industry.
Changes in these areas are shown to either shift or change
the elasticity of the demand curve. Basic demand theory is used
to illustrate shifts in the demand curve, while the Hicks
Marshal | Laws of Derived Demand are used to explain changes in
the elasticity of demand for |abor. These laws state that the
wage elasticity of demand for a particular category of [abor wll
be hi gh under the follow ng circunstances:
"1) when the price elasticity of demand for the product
bei ng produced is high;
2) when other factors of production can be easily substituted
for the category of |abor;
3) when the supply of other factors of production is highly
el astic...; and
4) when the cost of enploying the category of l|abor is a
| arge share of the total costs of production" (Ehrenberg and
Smith, 1991, p.109).

It is inportant to note here that the four areas under
consi deration as determ nants of enploynent are all demand-side
vari ables. The follow ng argunments are made under the assunption
that the supply of l|abor curve in the auto industry is upward
sl oping and held constant. Because the UAWis a trade union
rather than a craft union, it cannot restrict the supply of |abor
in the industry. The auto makers are assuned to be able to hire
t he demanded quantity of |abor at the negotiated wage rate and to
be able to adjust the quantity of |abor enployed as market
conditions change. |In other words, ignoring the supply side of
the | abor market as a determ nant of enploynment seens reasonable
because t he negoti ated wage i s, no doubt, above equilibrium Evi-
dence of this is persistent unenploynent (i.e. excess supply) in
the industry as well as the fact that the ratio of auto
wor ker-to-total manufacturing wages is greater than one (see
Cline, 1986). Therefore, enploynent is determ ned by equating
t he wage to the demand for |abor curve. Workers will always be
avail abl e at uni on-scal e wages, so supply considerations are not
i nportant.

I nternational Conpetition

As can be seen fromthe discussion in Section | and the
graph of U.S. market share presented in Figure 1, the structure
of the auto industry has changed dramatically since the 1960s.
Whereas there were only three major conpetitors (GM Ford,
Chrysler) inthe U S. market in the 1960s, controlling up to 95%
of the market, there are now at |east ten strong conpetitors.
Only three of these conpetitors are U. S. corporations (the Big
Three), with foreign auto makers having taken over 35% of the
mar ket by the late 1980s (see Figure 1).
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The hi gh concentration of the industry in the 1960s and
early 1970s, along with the nature of the product narket, is
i ndi cative of the nonopolistically conpetitive narket structure,
whi ch |ies between nonopoly and perfect conpetition. Wth this
type of market structure, the producers are able to set their
prices above the intersection of the marginal cost and nargi nal
revenue curves, say at P (see Figure 3A) . In this situation,
the Big Three were able to acquiesce to the UAWs denmand for
hi gher Wa?es and stricter work rul es because these hi gher |abor
costs could be passed on to consuners in the formof higher
prroduct prices. That is, the high profits earned by the Big
Three (shown as the area of P,ABC in Fig. 3A) nade room for wage
I ncreases to uni on workers.

FIGURE 3 PR CE DETERM NATI ON UNDER MONCPCLI STI C CGOMPETI TI ON

A)  Piee

-]

ATC

0*«. ». V. K

& P-.*«

Illinois Wesleyan University 45



However, as Japanese firns began to enter the U S. narket
with the oil shocks of the 1970s, the situation facing the B g
Three began to change. Wth nore conpetitors in the market, the
nmonopol i stic conpetition nodel would predict that two thin?s
shoul d happen. First, the product denmand curve for each of the
Big Three firnms should shift to the left as they wll be able to
sell fewer autonobiles at any given price (see Figure 3B).
Second, the product denmand curve facing each firmshoul d al so
becone nore elastic as nore and nore autonobiles are avail abl e
for consuners to choose from The demand for autonobiles will
before sensitive to price changes due to the increased options of
consuners. The new dermand curve will look like D in Figure 3B
(see Varian, 1986 for a nore conplete di scussi on of nonopolistic
conpetition).

Big Three producers will nowonly be able to charge P, for
their output due to the increased conpetition fromJapanese
firnms. Profits will be squeezed (area of PPA B Cin Fig. 3B) as
firns nove toward zero long run economc profits (Varian, 1986,
p. 438). Labor demands for hi gh wages can no |onger be as readily
accepted as in the 1960s and early 1970s if the Big Three firns
want to nmaintain their nmarket share.

The effects of this change of market conposition on denmand
for labor will be as follows: First the demand curve for | abor
facing U. S. producers will shift left in response to the leftward
shift in product demand (renenber, |abor demand is derived from
product demand)e Second, the demand for |abor curve will becone
nore elastic according to the first of the H cks-Marshall Laws of
Derived Demand. Overall, then, the increase in internationa
conpetition that began in the early 1970s and has conti nued
t hrough the present shoul d cause enploynment in the auto industry
to fall and becone nore sensitive to changes in wage and benefit
demands by the UAW Certainly, this reIationshiP seens pl ausi bl e
froma quick analﬁsis of Figures 1 and 2. It will be enpirically
tested later in the paper.

Uni on Power

The United Auto Wrkers (UAW union has historically been
very strong in the U.S. auto industry (at |east back to 1960, the
begi nning point of this study). Al though the UAWenjoys very

cooperative relations with managenent these days, "its cl out—at
the bargaining table and in the political arena—s waning"
(Lowel I, 1985, p.l). This loss of power can be seen by | ooki ng

at four areas: wunionization rates, real wages, pattern
bar gai ni ng, and donestic content.

The | evel of unionization by the UAWhas been decreasi ng
recently. UAWnenbership was at 1.2 million in 1985, wth
aut onot1 ve hourly enpl oyees accounting for 587,307 nenbers. This
figure represents a 22.5% decrease from 757,328 autonotive nmem
bers just ten years earlier in 1975 (Lowel |, Sept. 1985, p.2).
Furthernore, Japanese transplants inthe U S. (wth the exception
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of the Mtsubishi plant in Bloom ngton/Normal, IL) have been very
reluctant to even recogni ze the UAW as a bargai ni ng agent
(Lowel |, 1985, p.5). Although this reflects a choice by

enpl oyees rather than by the enployer, it still represents a gen-
eral trend away fromthe power that the UAWonce held in the U S.
auto industry. This [oss of union power can al so be seen by

| ooking at Figure 4. Over the past six to eight years, union
wages have failed to keep pace with inflation, having decreased
rat her steadily since 1984. And in the early 1980s, the UAWwas
forced to abandon its goal of high wages during the period of
concefsionary bargaining in order to save jobs (Ready, 1980,
p.272).

Figure 4
REAL WAGES
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Pattern bargaining is a nore difficult issue, however.
Whil e pattern bargaining during the 1960s and 1970s strongly
i nfluenced settlenents in general, the 1980s saw wage settlenents
that varied across firns and that were driven by increased
conpetitive pressures (Ready, 1990, p.272). The auto industry's
pattern bargaining took the formof wage | eadership, where one of
the Big Three would settle with the UAWand then the other two
would fall in line. While Ready (1990) argues that pattern
bargai ning in general increased over the 1977-1983 period, she
concedes that the auto industry was a strong exception to this
trend. Interestingly enough, an exam nation of the 1987 and 1990
contracts between the Big Three and the UAW seens to show a
return to pattern bargaining (Mnthly Labor Review, various
i ssues). In 1987, Ford settled first, and in 1990 GMsettl ed
first, but the |anguage and provisions of the others closely
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paral l el ed the | eader's contract in both years. Wat exactly
this neans in terns of union power, | amnot sure, but it may be
a reflection of the nore cooperative uni on-nmanagenent rel ations
alluded to earlier.

_ Finally, the decrease in union power can be shown by the

I ncreasing anounts of foreign parts in U S. produced cars. This
w |l be covered later, but it is useful to point out here that
non-U.S. suppliers are expected to provi de 36% of auto conponents
in 1990 (Tolliday and Zeitlin, 1986, p.204). These newout-
sourcing arrangenents put the jobs of up to 70,000 UAWnenbers in
j eopardy (Sorge, 1991, p. 20).

Overall, then, it would seemthat the UAWhas been | osing
sone of its "nonopoly power" over the past ten to fifteen years.
As uni on nonopol y power generally results in a nore inelastic
demand for |abor curve, allow ng for wage increases with snal
reductions in enploynent, this [oss of nonopoly power by the UAW
should result in a nore elastic demand for [abor curve (Davies,
1991, p.3). The effect on enploynment of this nore el astic denmand

for |abor curve should be negative, as enploynent is now nore
sensitive to increased wage and benefit demands by the UAW

Technol ogy

The intense conpetition fromJapanese auto nmakers has been
causing U.S. auto nmakers to nmake many changes, one of which
I nvol ves the inplenentation of new technologies. Industrial
robots, conputers, and programmable controllers are all being
used to a greater extent by the Big Three these days in efforts
to raise productivity and quality and to reduce costs.
Utimately, these changes will affect the | evel of enploynent in
the U.S. auto industrg._ But will new technol ogi es serve to
reduce enPonnent (substitution effect) or increase enpl oynent
(scale effect)?

The substitution effect is probably the nore common of the
two when thinking about capital-for-labor substitutions. This
effect will be negative according to the second Law of Derived
Denmand; that is, an increase in technol ogy inplenmentation will
reduce enpl oynent. Capital and |abor are substitutes in the pro-
duction process. In the auto industry, this effect can be seen in
the fact that new technol ogies generally replace certain types or
categories of workers. For exanple, conputer-aided design and
manufacturing (CADCAV) systens tend to "reduce unit |abor
requi renents for engineers, drafters, machine operators, and
t ool - and-di e makers” (Bureau of Labor Statistics, 1985, p.37).
Simlarly, industrial robots are said to performthe work of
about 1.5 workers per shift for spot welding, and of one worker
per shift for materials handling (Bureau of Labor Statistics,
1985, p.36). According to one study (Alen, 1987), the principa
notivation for robotic welding is |abor savings.

_ O course, while sone categories of workers will be
di spl aced by the use of new technol ogies, there will also be new
j obs associated with these technol ogies. These new jobs will
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primarily be in skilled areas such as mai nt enance, progranm ng,
and electrical control (Alen, 1987, p.91). Although his study
is sonewhat dated, Allen (1987) predicted a |oss of 73,200
unskilled jobs and a gain of 6200 skilled jobs due to robots
al one by 1990 (no current nunbers were available to confirmthis
prediction). This would anmount to an overall net |oss of 67,000
jobs, illustrating the negative effects on enploynent of capita
for-1abor substitutions.

The opposite effect, the scale effect, would predict an
increase in enploynment due to technol ogy inplenentation. The
scale effect in the auto industry would work as follows: The

i mpl ementation of new technologies will increase the productivity
(out put per hour) of enployees. Fewer units of |abor will be re-
quired to produce the sanme anmobunt of output. This will result in

| ower product prices and, according to basic demand theory, a

hi gher quantity of autonobiles demanded. Consequently, the
demand for labor will increase because it is derived fromthe
demand for autonobiles (see Ehrenberg and Smith, 1991 for a nore
conpl ete di scussion of the scale effect).

VWhet her the substitution effect or the scale effect wll

dom nat e cannot be known fromtheoretical discussion alone. But
| abor theory does give us sone idea about conditions under which
capital and | abor are likely to be gross substitutes based on the
Hi cks- Marshall Laws of Derived Denand (i.e.—onditions under
whi ch the substitution effect dom nates the scale effect):

1) the substitution effect will be stronger to the extent
that capital is a substitute for labor in the production process
and that it is relatively easy for firms to make the
substitution; and

2) the scale effect will be relatively weak if there is an
i nel astic product demand and if capital constitutes a small share
of total cost in the industry experiencing automation (Ehrenberg
and Smth, 1991, p.125).

These conditions suggest that both the substitution and
scale effects may be strong in the auto industry. Condition 1
seens to hold based on the |abor displacenment estimtes due to
robotics given above, pointing to a strong substitution effect.
However, condition 2 does not hold for the auto industry, as
product demand is relatively elastic (sensitive to fluctuations
in price) and capital would appear to constitute a relatively
| arge share of total cost in the industry. This points to a
strong scale effect as well.

Theoretically, then, we cannot predict whether the
substitution or scale effect will domnate in the auto industry.
The answer to this question is left to the enpirical nodel
devel oped in the next section. Certainly, though, the argunent
that new technologies will affect enploynent is theoretically
sound, regardless of the direction of the change.

Qut sourci ng
The issue of outsourcing (i.e.—auto producers going outside
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t he conpany and nmany tines outside the country for parts) has
been hotly debated over the past ten years. Fromthe enployer's
perspective, it makes perfect sense to go outside the conpany and
%et the sane parts for $10 an hour in |abor costs instead of the
27 an hour that UAWworkers get (Smth, 1989). But fromthe
vi ewpoi nt of the auto workers and the UAW these new out sourcing
arrangenents put jobs at stake—the jobs of up to 70,000 UAW
nmenbers, to be nore precise (Sorge, 1991, p.20),

Al t hough recent union contracts have beefed-up incone
protection packages for laid-off workers and restrictions on
outsourcing (G mni, 1991, p.20), outsourcing by the Big Three
either to non-union suppliers or to over-seas suppliers wll
reduce the demand for [abor in the industry. Essentially, the use
of foreign-built parts reduces donestic enpl oynent by
transferrin? denmand abroad. Inports of auto parts by the Bi
Three rose from$2.7 billion in 1982 to $5.6 billion in 198
(Singleton, 1992, P.26). Tol liday and Zeitlin (1986) estinated
that non-U. S. suppliers would provide 36% of auto conponents by
1990, up from26%in 1985 (current figures were not available to
confirmthis forecast).

Anot her effect outsourcing could have on the demand for
| abor is to increase the elasticity of the demand curve.
According to the second of the H cks-Marshall Laws of Derived
Demand, the elasticity of demand for auto workers will be high
“when ot her factors of production can be easily substituted" for
aut o workers (Ehrenberg and Smth, 1991, p.109). The
substitution taking place in the case of outsourcing would be one
of non-union labor for union |labor or unskilled for skilled |abor
as auto nakers increasingly nove toward foreign supPIiers for
parts and conponents. As this substitution takes pl ace,
enpl oynent in the auto industry beconmes nuch nore sensitive to
changes in the wage rate.

To the extent that the demand curve for |abor shifts to the
| eft and becones nore elastic as outsourcing by the Big Three
i ncreases, enploynment may be drastically reduced. However, if
ei ther of these changes occurs independently, enploynent shoul d
still be reduced, albeit by a snaller anount.

I11. Enpirical Mdel

The theoretical discussion above highlights four hypotheses

concerning the denand for enploynent in the U S. auto industry:

1) changes in the share of the U.S. narket held by donestic
producers are hypothesized to directly affect the denand
for labor in the industry;

2) changes in the power of the UAWare hypothesized to
Inversely affect the denmand for | abor;

3) changes in technology i npl erentation will affect |abor
demand either negatively (if the substitution effect
prevails), or positively (if the scale effect prevails);
4) changes in outsourcing arrangenents shoul d
inversely affect the denmand for labor in the U S. auto
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I ndustry.
These four hypotheses are built into and tested by the nodel

devel oped in this section (wth the exception of Hypothesis 4,
which wi Il be explained | ater). _ _ _ _

QLS mul tiple regression analysis is used with industry-w de
data from SIC 371 covering the 1960-1990 period. The regression
equation takes the form

Enpl oy* a; + aj Mkt Sh + azReal WAge + a,Qutput/ H't + asUnenp
The vari ables are defined in Table 1, and their sources are

given. Below, each variable and its expected coefficient is
explained in the context of its respective hypothesis.

TABLE 1—VARI ABLE DEFI NI TI ONS

VARABLE DEFINITION
Emplo Number of employees In the motor
oy vehlcles and R l)J/lpment industry, SIC 371
Saource: nt ly Labor Review,
various |ssues
MktSh % of the U.S. market for automobiles

held by domestic producers. Measured

by t e % of naN vehlcle registrations
OIyear in the U.S._(SourCe:

Worl Motor Vehicle Data, 1990)

ReaWage e wage of production workers in
SIC 3 1 lelded y the CR (Source:
Labor Statlstlcs Business

Stat|st|cs)
tput/H Aver e output per employee hour in
Output/Hr ag7 gasur%d as |Fr)1d(>e/x with 1977=
100 (Source Handbook of Labor
Statistics)
Unemp Total unemployment rate in U.S. econo
(Source: Buglness Statistics) i

Hypothesis 1

The coefficient a, on the market share variable should be
positive according to Hypothesis 1. That is, as the share of the
U.S. market held by domestic producers decreases, the demand for
labor by domestic producers should decrease. This will be re-
flected graphically by a shift to the left and/or an increase in
the elasticity of the demand for labor curve. The market share
variable is measured as the percent of new vehicles registered in
the U.S. that were domestically produced. The only shortcoming
of this measure is that it also includes vehicles produced in
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foreign transplants in the U S. [If cars sold by transplants

di spl ace inported sales, the net effect on enploynent in the U S
not or vehicle industry would be positive. However, if transplant
sal es di splace the sales of the Biﬂ Three (i.e.—add to the
sales of Inports), enploynment inthe U S. auto industry will de-
crease (Singleton, 1992, p.23). Inthe latter case, the
coefficient a, will understate the effect of |oss of market share
on |l abor demand in the U.S. auto industry; in the fornmer, the
effect will be overstated.

Hypot hesis 2

The effects of chan%es I n uni on power are neasured by a
proxy, the real wage in the notor vehicle and equi prent industry
(SSC 371). This should be a reasonabl e proxy, as union power
will be shown partly by its ability to increase wages in an
i ndustry. However, it does fail to take into account fringe
benefits such as suppl enental unenpl oynment benefits and job
security prograns negotiated for by the UAW This exclusion nay
bias the estinated coefficient az, but its sign should still be
negative. As the UAWnegotiates wage increases, the demand for
| abor should fall according to basic demand for |abor theory.
Si nce changes in union power will result in changes in the wage
elasticity of demand for |abor rather than a shift in the denand
curve, the expected negative coefficient woul d be shown by a nove
to the left along the demand for |abor curve.

Hypot hesis 3

Unfortunately, neasures of the nunber of technol ogi es used
by auto producers (such as robots or conputer-ai ded design and
manuf acturi ng systens) was not available for the tinme period of
ny study. Therefore, aver%ge out put per enpl oyee hour for SIC
371 is used as a proxy based on the follow ng reasoning: As the
i npl enent ati on of new technol ogi es increases, enployee _
productivity or output per enployee hour should increase. This
I s, however, an inperfect proxy as output per hour is influenced
by things other than just chan?es i n technol ogy i npl enentati on.
At any rate, the sign for coefficient a, can be either positive
or negative, depending on whether the scale or substitution ef-
fect domnates. But if a positive (negative) coefficient re-
sults, it does not nean that there is no substitution (scale)
effect. It sinply nmeans that the scale (substitution) effect is
st ronger.

Hypot hesi s 4

Once again, this variable has fallen victimto data
avai lability problens. No neasures of outsourcing arrangenents
were avail able, as the auto nmakers and the UAWnai ntained this
was "private information” (fromtel ephone conversation with Lydia
Fi scher, Research Division, UAW. Neither was an acceptabl e
proxy found, so this variable was omtted in conputer runs of the
enpirical nodel. However, outsourcing is controlled for to a
certain extent in that the data for the other variables cover the
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Mot or Vehi cl es and Equi prent | ndustry as a whole, not just the
auto producers. |In other words, changes in outsourcing
arrangenments will in part be accounted for in the enpl oynent,
real wage, and output per hour variabl es under the "and _
Equi prent” part of SIC 371. Increases in outsourcing by the Big
Three should still result in a leftward shift or an increase in
the elasticity of the demand for |abor curve of the auto
producers. Strong theoretical support for this argunment was
given in the previous section.

~ Finally, the unenpl oyment rate was included to control for
cyclical nmovenents in enploynment |evels in the auto industry.
Since autonobiles are big ticket itens, sales fall off
dramatically in economc downturns. And because the denmand for
auto workers is derived fromthe demand for autonobiles, em
ployment will also naturally fall off during recessionary
periods. The coefficient as should therefore be negati ve—as the
unenpl oynent rate in the econony increases, enploynent inthe
auto industry shoul d decrease.

V. Results

The results of the regression equation presented in the
previous section as obtained through OGS estinmation are given in
Table 2. In short, the results were generally favorable, wth
t he exception of the Real WAge coefficient, which had the opposite
of the predicted sign. Al coefficients are significant at the
.01 level, the adjusted R2 is relatively high (=.9344), and the
Dur bi n-Wat son statistic (2.175) suggests that there are no prob-
lems with auto-correlation. The estinated coefficients and their
neani ngs Wi Il be discussed in the foll ow ng paragraphs.

Hypot hesis 1 was upheld by this enpirical nodel, as is
shown by the positive coefficient a, for the market share
vari abl e. Al though the size of the coefficient su%gests that its
effect is relatively small, it neverthel ess has the predicted
effect and is significant beyond the .01 level. The nmarket share
decreases experienced by U S. auto nakers during the 1970s and
1980s, and now into the 1990s, have indeed negatively influenced
the level of enployment in the industry. The results denonstrate
that a decrease in the nmarket share held by U S. producers of 1%
wll result in a decrease in enploynent of 4330 jobs (enpl oynent
varabl e i s nmeasured as thousands of enpl oyees). It seens then
that there is nerit inthe UAWs, the Big Three's, and pol -
iticians’ concerns about the increasing levels of inport pene-
tration in the U S. autonobile market, not to nention the
concerns of enpl oyees fearing for their jobs. _

Ski ppi ng kypothesis 2 for the nonent, the estinated
coefficient a4 Ttor the Qutput/H variable turned out to be
positive and significant at the .01 level. Al else constant,
this coefficient suggests that an increase in technol ogy
| npl enentation will cause enploynent to increase. The scale
effect dom nates, although the substitution effect nay still be
present. According to this coefficient, an increase In output
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per hour of one index point (output per hour was neasured as an
Index with 1977=100) wll lead to an increase in enploynment of
1540 wor ker s.

TABLE 2—REGRESSI ON RESULTS

| NDEPENDENT CCEFFI A ENT
VARl ABLES
Mt Sh 4.33
(3.51)*
Real Wage 98. 17
(13.59)*
Qut put/ H 1.54
(2.68)*
Unenp - 36. 38
(10.86)*
Const ant - 568. 89

(t-statistics in parent heses)
* significant at .01 |eve

Adj usted Rsquared - .9344
Degrees of Freedom» 23
Durbi n-Vdtson Satistic - 2175

The unenpl oynent rate variable al so perforned favorably,
with its coefficient being | arge, negative, and significant
beyond the .01 level. As expected, enploynent in the auto
i ndustry noves with the business cycle, falling during downturns
and rising during recoveries. The inclusion of this variable was
inportant as it controlled for the cyclical conponent in the
nodel and allowed the other variables to predict nore accurately.

Back to Hypothesis 2. The estinated coefficient az; was
puzzling at best. It turned out to be a |large positive nunber
that is highly siPnificant, contradictin? basi ¢ | abor denand
theory. Essentially, this positive coefficient postul ates an
upwar d sl opi ng demand for |abor curve, with an increase in the
real wage causing a large increase in enpl oynent.

Wiile this result is disappointing, there are severa
possi bl e expl anations for coefficient as having the opposite of
the predicted sign. The first and nost obvious reason coul d be
that the real wage of auto workers may not be such a reasonabl e
nmeasure of or proxy for union power after all. UAWpower can
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al so be seen by changes in the level of fringe benefits, changes
in the percent of industry enpl oyees unionized, the extent of
pattern bargai ning, and changes i n the anmount of "donestic
content” in donestically produced aut onobiles. The use of a

uni on- nonuni on wage difrerential variable nmay have given a better
estimati on of union power, but such data were not avail abl e.
Looki ng at the graphs of auto industry enploynment (Figure I) and
real wages (Figure 4), it is nosurpriseto find az to be posi-
tive since both have a generally downward trend over the past ten

to fifteen years. InterestingIY enough, nominal auto worker
wages (before adjusting for inflation) had the predicted negative
si gn.

Second, the real wage variable may be infl uenced bg ot her
vari abl es outside the nodel, causing its coefficient to be

bi ased. For exanple, since the denmand for auto workers is
derived fromthe denmand for autonobiles, it should be effected by
both the price of autonobiles and consuners' disposable incone.
Either of these mght be correlated with wages, causing the wage
coefficient to pick up their effects. Sim arly, the real wage
variabl e may actual |y be endogenous to the nodel, although it is

bei ng represented as an exogenous variable. |n other words, real
wages may actual |y depend on narket share, output per hour, and
t he unenpl oynent rate. |In this case, a nore sophisticated two

stage nodel nmay be nore useful.

Final |y, union power nay actuaIIK be a shift paraneter,
rather than just causing a change in the elasticity of or a
novenent al ong the demand for |abor curve. In this case, the UAW
woul d operate nore like a craft union, influencing both the |eve
of enploynment and the |level of wages. An increase in the
negoti ated real wage may be acconpani ed by an increase in
negot i at ed enpl oynment, thereby causing an outward shift in the
demand for |abor curve (or what m ght appear to be an upward
sloping short-run demand curve). Needless to say, sonme work
nﬁ?ds to be done on this union power variable in future research
efforts.

Overall, the results of the nodel were favorable.

Hypot hesis 1 was uphel d, the technol ogy effect was decided in
favor of the scale effect, and the unenpl oynent rate perforned
well as a control for cyclical variations. Furthernore, the
estimated coefficients were highly significant, and the adjusted
R was hi gh.

V. Concl usions and Suggesti ons

The purpose of this paper was to explain fluctuations in
enpl oynent in the U.S. autonobile industry through both
theoretical and enpirical analysis. Four hypotheses of factors
effecting auto industry enpl oynent were devel oped through a | ook
at changes in the industry over the past 30 years. Al four of
t hese h¥potheses were strongly supported theoretically using
demand for |abor analysis and the H cks-Marshall Laws of Derived
Denmand. Three of the hypotheses were tested enpirically using
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mul ti ple regression analysis, two of which were supported and one
of which was found to contradi ct basic demand for |abor theory.

In support of the theory were the findings that a positive
rel ati onship exists between nmarket share and enpl oynment in the
auto industry. This finding inplies that the increasing
conpetition from Japanese auto producers does indeed cause
enpl oynent of U. S. auto workers to fall* Increases in technol ogy
i mpl enentati on were also found to increase enploynent in the
industry. This is an encouraging result in that new technol ogi es
can be used to increase productivity and catch up to the Japanese
wi t hout displacing as many workers as m ght be expected. The
real wage variable was the only one that did not performwell,
with the nodel predicting a positive relationship between
enpl oynent and real wages. However, this variable was subject to
sonme problens (discussed in the previous section) that may have
influenced its estimated coefficient. Finally, the argunent that
i ncreasing outsourcing by the Big Three shoul d decrease
enpl oynent was theoretically supported, but could not be
enpirically tested due to data constraints.

Future efforts in this area should concentrate primarily on
four things:

1) a nore conplete and reliable measure of UAW power should
be found that takes into account fringe benefits as well as other
aspects of union power (pattern bargaining, donestic content, %
uni oni zed, etc.). Furthernore, a two-stage nodel may be
appropriate to avoid the endogenous/exogenous problem of the real
wage vari abl e;

2) a better nmeasure of technology inplenmentation should be
used, such as the number of robots in use, which would nore
directly measure the effects of technol ogy changes;

3) sonme quantitative neasure of outsourcing should be used
to make the nodel nore conplete. A possibility would be the per-
cent of donestically produced autonobiles that comes from foreign
sour ces; and

4) a less aggregated neasure of enploynent should be found
that would include only domestic autonobile production workers
rat her than enpl oyees in the entire industry (SIC 371).

However, 1 did find a significant relationship between
enpl oyment in the auto industry and international conpetition
which is consistent with economc theory. Enploynment was al so
found to be positively effected by productivity enhancing
technologies. This seens to indicate that perhaps the best way
to head-off the adverse effects of international conpetition on
enploynent in the U. S. auto industry is to pursue policies that
will increase |abor productivity. The effects of these two
vari abl es may of fset each other so that enploynment can be
somewhat stabilized, even in the face of a decreasi ng narket
share for U. S. auto producers.
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