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Abst r act

Recent theoretical and econonetric devel opnents al | ow esti nati on of
dynam c cost functions that include optinal adjustnent of quasi-fixed factors.
Such a cost functionis estinated for the U S. steel industry for the years
1954-1985 to investigate the cost of adjusting blue- and white-collar |abor
stocks, and to exam ne the inportance of the specificationof the

adj ust ment -cost functi on.
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|. Introduction

Advances i n both cost-functionanalysis and i n econoretric theory now
allowthe estimation of cost functions that explicitly include adjustnent
costs for quasi-fixed factors. P ndyck and Rotenberg(1983) estinate a
dynam c cost function for the U S. manufacturing sector that includes
adj ust ment costs for both capital and | abor. Their results indicate that
capital is costly to adjust, as expected, but that the cost of adjusting |abor
isinsignificant. In this paper we use their nodel (hereafter the PR nodel)
to estinmate a dynamc cost function for a single industry so that we nay
exam ne adj ustnent costs for labor and capital at a | ower |evel of
aggregat i on.

W are particularly interested i n the adj ustment cost of |abor. Fi nding
that capital is costly to adjust, but that labor is not, is intuitively
appeal ing for situations where firns are building new plants and i ncreasi ng
enpl oynent over tine. But it seens likely that these results will be
different if |arge, permanent reductions in enpl oynent are occurring: the
cost of adjusting the | abor stock will increase if job security provisions are
i ncl uded i n worker contracts and i f nore white collar workers, who nay be nore
expensive to lay off,! are included anong the termnations. |ndeed, our
results indicate that for at |least one declining industry, the cost of
adjusting | abor may be nmore inportant than the aggregate estinates suggest.

V¢ al so nake a prelimnary attenpt at eval uating the inportance of the
speci fication of the adjustnent cost equations. Adjustment costs are usual ly

nodel ed as a function of absol ute changes in factors, |argely because this
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specificationis analytically tractable. But it has been suggested t hat

adj ust ment costs are arguably nore closely related to the size of the

rel ative change in factor usage(Guld [1968]).2 Because the latter
specification can be easily accomodat ed wi thin the PR nodel franework, we are
able to investigate this possibility.

V¢ estinmate a cost functionfor the US steel industry using annua
industry data fromthe years 1954-1985. This industry seens |ikely to exhibit
hi gh | abor-adj ust ment costs because bl ue-col | ar workers are uni oni zed and
because | arge nunbers of both bl ue- and white-collar workers have been
pernmanently laid off by steel firns, particularly during the | ater years of
the sanpl e.

The industry's capital adjustnment costs, on the other hand, nay or nay not
differ fromthose experienced by the manufacturing sector as a whol e. The
sanpl e period includes years when the industry was still expandingits
capacity (nmostly the 1950s), years when industry investnent was | argely
devoted to capital deepening(the 1960s), and years when industry capacity
peaked and began to decline(the 1970s). Al so, the industry has a history of
mai nt ai ni ng excess capacity, a practice that coul d bi as adjustment cost
estimates. Qur difficulty in estinating the cost of adjusting the capital
stock during this period suggests that a nmore sophi sticated nodel of capital
stock adjustment than is general |y enpl oyed may be necessary.

V¢ estinate the nmodel using percentage changes in capital and | abor as the
argunents of the adj ustnent-cost equations, and then agai n using the nore

typi cal format of changes in the absol ute | evel s of capital and | abor stocks.
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Ve find much stronger evidence for the existence of adjustment costs when
using the forner specification, suggesting that exactly how factor changes are
speci fied i n adj ust ment-cost equations is an inportant factor.

The PR nodel is quickly reviewed in Section II. Section III is a
di scussion of the estimation technique, and Section IV contains a bri ef
description of the data. Section V presents the results, including the
esti mat ed adj ust ment cost coefficients and the inplied short- and | ong-run

factor elasticities. SectionM is the concl usion.

II. Mdel and Specification

The PR nodel assunes that firns use all available information as they
choose cost-m ni m zi ng factor conbi nations subj ect to adjustment costs for
quasi -fixed factors.® The factors are energy(E) , materials (M,),
white-col | ar | abor (LW.), blue-collar labor (LB,), and capital (K,),
with pricese, m, s, w, and v,, respectively. Both types of
| abor, and capital, are assuned to be quasi-fixed factors.

The function Cis the restricted cost functionto be mnimzed; it is

condi tional on capital, blue- and white-collar | abor, and output, all at tine

t:

(1) C(et, Int, Lwt; LBtr Kt’ Qt’ t)-

W first assune that adjusting capital or |abor stocks in either direction

becones increasingly costly as the proposed magni tude of change in capital or
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| abor rises. The quadratic adjustnent cost functions are thus witten:

(2) cl = (1/2)B (LW, - LW, )%,
(3) <2 = (1/2)B,(LB, - LB,_,)%
(4) €3 = (1/2)B (K, - K%

A ternatively, we assurme adj ustment costs are a quadratic function of the

percent age change in labor or incapital. FEquations (2), (3), and(4) becone:

(2a) cl

(1/2)B, [ (LW, - L¥W,_,) /LW, 1%,

(3a) 2 — (1/2)B,[(LB, - LB,_;)/LB 1%,

(4a) €3 = (I/2)B,[(K, - Ky )/Ke,y 1%

The dynam c opti m zation probl emis:

(5) min  E ) R,, [C(e,, m, LW, LB, K, Q)
K,LW,LB r=t
e, m + s, LW, + w,LB, + v,k + cl(£(LW,, LW _,))

+ c2(£(LBy, LB, ,)) + c3(£(K,, K.4))],

subj ect to the arguments of the adjustment cost functions cl, ¢2, and c3.

E is the conditional expectation operator, and R, is the discount rate;
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the expectation is taken over the future val ues of factor prices and out put
| evel s, all of which are treated as random

The first-order conditions of the cost m nim zation probl emare:

(6) E, = 6C,/8e,,

(7) M, = 6C./émg,

5C, §cl[£(LW,, LW, )] 6cL[£(LW,,,,LW,)] .
@) Fmw TSt 5LW, 5 5N, 1 =0
§C, §c2[f (LB,, LB,_,)] §c2[f (LB,.,,LB,)|
+ + t t-1 t+1 t
®) 13, T ™ Si:} - B (R, S8 ' -o,

§C §c3[£(Ky, Kiy)] §c3[£(K;,,,Ky)]
EKfJ'VtJ' 5K Y~ + E, (R, 6Kb1 } =

(10) 0,

where equations (6) and(7) are the result of Shepherd s Lemma, and equati ons
(8), (9), and(10) indicate that the optimal factor stocks are reached at the
poi nt where the margi nal benefit of adjusting the factor stock(from having
| onered vari abl e costs) equals the cost of the last unit plus the changes in

current and expected adj ust ment costs.
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These first-order conditions, plus the restricted cost function C, forma
set of equations that can be used to estimate the paraneters of the cost

function and the parameters of the adjustnent cost functions w thout actually

sol ving the nodel . *
W use a translog cost functionw th capital and | abor quasi-fixed. The

cost equation is:

(A1) In G, = + Inmy + o 1n(%) + a, 1nLW, + a,InLB, + a;lnK, + aglnQ, + AT
+ 1011 112 + v In(E) . InLW, + 4. .In(SY) . 1nLB
27 m, Ethi RERFTRE WA e
et et
+ 7141n(ﬂ) . oK, + 7,,1n (E) . 1nQ,

1 2
+ 7122 [InLW,]* + 7231nLWt . InLB, + 7241nLWt . 1nK,

+'1251nLWt . 1InQ,

+ % y33[1nLB,]* + v, 1nLB, . 1K, + v, InLB, . 1n Q,
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+ % y44[10K, 1% + v, 10K, . InQ, + %755 (1nQ,)2.

Under this specification, the Euler equations becone:

. E, . e 6lnG,
(12) e = e, E, + mM - &lne,

e
- a, + 7111n(ﬁ) + 12 1nLW, + v, 1nLB,

+ vy, 1ok, + v, 1nQ,,

(13) Spe = o™ omp = 1 - S

§£(LW,, LW,_,) §£(LW,,,, LW,)
(14) CySpye/LW, + s, + B, :StLWt 10 LB, (R, 5L, } =0,
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S£(LB,, LB,,) §£(LB,,,, LB,)

(15) CtSLBt/LBt + Wt + ﬂz SLBt 2y {Rtﬂz 6LBt = 0,

SEK, Kyy)

6Kt 6f(Kt+1’ Kb)} - 0,

(16) CtSKt. Kt‘, + vt + '33 t {Rt.ﬂs 6Kb

1

where f£(.)/ (.) depends on how changes in the factor stock are neasured, and where

Siwe: Siprs Sxe are equal to:

§1nC, e,
(17) SLwt. = STaLW, = + 7121n(m—t) + 'yzzlnLWt + 7,,1nLB,

+ 'yz[‘ant + 7251th’

C
(18) g _ 61nC,

o
1B, = STnLB. ~ % T TialD(E) + 7, 1nLW, + v,,1nLB,
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+ o, 10K, + v, 1nQ,,

61nC,
Ske = FIoR,

e
(19) as + 'yuln(mt‘) + v,,1nLW, + v, 1nLB,

+ 'y“].nl(t{ + ‘yasant.

(Note that the "share" equations for fixed factors will be negative, as they

represent the change i n variabl e cost caused by snall changes in the fixed

factors.)

III. FEcononetrics

V¢ use nonlinear, three-stage | east squares tojointly estimate equations
(11, (12, (14, (15 and(16). This procedure i s equival ent to using the
general i zed instrunmental variabl es techni que di scussed i n Hanson (1982), and
i n Hanson and Si ngl eton (1982), when the errors are conditional ly
honoscedastic. The technique is a natural one to use to estinmate this nodel
because actual future val ues of variables can be used as proxies for their
expected future values in the Euler equations. The residuals fromestinates
of the Euler equations can then be thought of as expectational errors, which
have nean zero, conditional on the infornation avail abl e to econonic agents at
time t.

The information available at time t is assumed to be adequatel y
represented by the set of instrunental variables. Thus, the generalized

i nstrument al vari abl es techni que, whi ch mninmzes the correl ati on between the
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residual s and the instrunmental variables, is designed for exactly this
application. Agents formng rational expectations based on an infornation set
given by the instrunental variables would al so act to mnimze the correl ation
between the residual s and the variables in their informationset.

The fit between this nethod of estimation and the static share equations
is less precise. Wile in principle the share equations shoul d hol d exactly,
inactual fact they will not, and the residual s can be expected to be
correlated with variables known at time t. W follow P ndyck and Rot enberg
(1983) by assunming that the share equations hold i n expectation with respect
to the conditioning set represented by our list of instrumental variabl es.

Thi s conditioning set excludes current variables fromentering the cost-
m ni m zat i on probl em

V¢ report Hanson's J-statistic for each specification estinated. These
statistics have Chi-square distributions, with degrees of freedomequal to the
nunber of instrunents multiplied by the nunber of equations, mnus the nunber

of estinmated paraneters. Large values of J |lead to rejection of the

overidentifying restrictions of the nodel .?>

V. Data

The data required for the estination are output, an output price, usage
and prices of naterial s(scrap steel and iron ore), energy(coal, natural gas,
electricity, and fuel oil), blue- and white-collar |abor, and capital

servi ces.
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Qutput figures are fromvarious issues of AISI Annual Statistical

Report (AR, and represent nillions of net tons of steel, of all grades,
produced by both integrated and nonintegrated mlls. The output price is a
price index for all steel-mll products, and is al so taken fromvarious i ssues
of the ASR

The materials data series is a Divisialndex of scrap steel and iron ore.
Price and consunption data for both these materials are reported by the Bureau

of Mnes in Mneral s Yearbook (M).

The energy data are a wei ghted sumof the quantities and prices of coal,
natural gas, fuel oil, and electricity, where all quantities are converted to
mllions of BTUs, and all prices to dollars per mllion of BTUs. The
guantities of coal (consuned naking coke), natural gas, fuel oil, and
electricity that the industry used are reported i n various issues of the ASR
Dat a on energy prices cones fromvarious issues of a variety of sources,

including: Munerals Yearbook, the State Energy Price and

Expendi ture Report, 1970-1982, and annual updates for subsequent years;

Platt’'s Gl Price Handbook and Gl manac; and the Stati sti cal

Year Book of the Hectric Wility Industry.

Data on total man-hours are reported in the Annual Survey of

Manuf act ures and the Census of Minuf actures for "Bl ast Fur naces

and Steel MIIs"(9C 3312). Hours of production workers are reported
di rect!y; nonproduction workers are assuned to work 2, 000hours each year.
The total cost per hour of labor is the industry's payroll, plus supplenentary

| abor paynents, divided by the man-hours used. Payroll and suppl enental | abor
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costs are also reported in the Annual Survey of Manufactures and the

Census of Manuf act ures. 8

Data on the hours and total cost of blue-collar workers al one are taken

fromA Sl Awnual Statistical Report. (The figures are adjusted to

correct for the changi ng percentage of the industry represented by the A Sl
figures.) The total hourly cost of white-collar workers is then cal cul ated as
the total cost of wage workers mnus the cost of all |abor, divided by

whi te-col | ar hours.”?

Capital services are assuned to flowin constant proportionfromthe
capital stock, so the annual val ue of the capital stock is used to neasure the
quantity of capital services consumed in a year. \¢ calculate the starting
(end-1953) capital stock by summing up investnents nade by all steel firns
since 1926. (Investrments nade before 1926 are assuned to have zero val ue by
1954.) Annual investnents are depreciated at a constant rate of 12 percent;
thus, the capital stock in any year is the sumof past net investnent.

The price of capital services is fromWarton Econonetrics, and is an
i ndex of the user price of capital inthe primary netals sector. Because this
“price" is an index, and because the fl ow of capital services is assuned to be
proportional to the capital stock, the cost share of capital is calculated as
the product of the index and the capital stock. W then adjust this figure to
equate the capital cost cal cul ated fromthese indices with an i ndependent
measure available in Deily (1988).8

Finally, the industry has a history of naintaining excess capacity, a

practice that coul d bias the adjustnent cost of capital downward and distort
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the neasure of capital services. V¢ therefore multiply the capital stock
figures by the utilizationrate for the iron and steel sector reported by the
Federal Reserve. The estinated adj ustnment cost coefficient for capital thus
nmeasures the cost of adjusting utilized capital, which equal s the cost of
changing the utilizationrate of the capital in place plus the cost of

adj usting the capital stock itself.

V. Estimation Results

The estimat ed adj ust ment-cost coefficients are presented on table 1, and
the cost function coefficients are reported on table 2. In both tables, the
estimationresults derived fromnodel s usi ng percentage changes i n factor
stocks i n the adjustnent cost equations are presented in colums 1 and 2,
whil e estination results for nodel s usi ng changes in levels of the fixed
factors are presented i n colums 3 and 4.

W consider first the estimation results using aggregate |abor (colums 1
and 3. Wen adj ustnents are neasured i n percentage terns, the
adj ust nent-cost coefficient for |abor is positive and significant; when
adj ustnents are neasured by changes in the I evel of |abor, the adjustnent-cost
coefficient is negative and significant. The results confirmthat the nethod
used i n neasuring the change in the | abor stock affects the estinated
adj ust nent cost coefficient substantially. And, if percentage changes i n the
| abor stock reflect actual costs nore closely, the results inply that

adjusting the | abor stock may be costly in some industri es.
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But, contrary to expectation, the estimationresults when | abor is
di saggr egat ed suggest that the cost of adjusting blue-collar | abor is higher
than the cost of adjusting white-collar labor. |n general, one mght expect
the opposite to be true, since hiring or |aying off white-collar workers
usual 'y invol ves costly reorgani zation. |t is possible, however, when | ayoffs
are occurring because of plant closings, that bl ue-collar workers mght be
nore costly to lay of f, because of severance pay and pensions, than the
rel atively unprotected white-collar workers.

It is difficult, however, to draw concl usions fromthe estinmations in
colums 2 and 4; tests of the restrictions based on the J-statisticslead to
overwhelming rej ection of the overidentifying restrictions for these nodels.
In contrast, of the nodel s estinated usi ng aggregat ed | abor, neither the nodel
speci fyi ng adj ust ment costs based on percentage changes nor the nodel
speci fyi ng adj ust ment costs based on changes in |evels I ead to rejection of
the overidentifying restrictions.®

Estimation of the adjustnent-cost coefficients for capital were |ess
successful than for labor: none of the estimated coefficients are positive
and significant. Additional estinates(not reported) of nodels using utilized
capital inthe restricted cost function and aggregate capital in the
cost -of -adj ust ment equation(so that the firmmninizes variabl e cost
conditional on a utilizationrate), or aggregate capital stock i n both
equations, give simlar results: while the cost of adjusting | abor is

positive and significant, the cost of adjusting capital is either positive but

insignificant; or, negative, and i n sone cases significant.10
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These results for capital are di sappointing, since it seens very unlikely
that capital can be adjusted wi thout cost. Rather, the rel ationship between
the flow of capital services and the aggregate capital stock in an industry
that matures and then declines nay be nore conpl ex than our rel atively sinple
adj ust ment -cost nodel can capture, despite attenpts to adjust for changes in
the utilizationrate. 1

In addition, the influence of technol ogi cal change is confined to its
effect on variabl e costs in these nodel s, even though several najor
capi tal -savi ng i nnovations nay have reduced fixed costs for steel firnms during
this period. Because we ignore the increased productivity of |ater vintages
of capital, the cost of adjusting the capital stock is underestinmated.

V¢ cal cul ated the short- and | ong-run elasticities inplied by the
estinations for each of the nmodels. Since the estinated cost functionis best
interpreted as representing the aggregate technol ogy of all the firns in the

industry rather than a particul ar steel maki ng technol ogy, we present price
rather than Allen elasticities.?? Table 3 presents the elasticities
calculated fromthe estinations in colums 1 and 3. (See tables Al and A 2
in Appendix Afor all the elasticities for each nodel .)

The short-run, own-price elasticities of all four nodel s are consi st ent
wi t h cost-m ni m zi ng behavi or by the industry. But the estinated | ong-run

elasticities give famliar evidence of noncost-m ni m zi ng behavi or by the

steel industry.!® Omn-price elasticities of quasi-fixedfactors are
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sonetines positive; in particular, this elasticity is always positive for
whi te-col lar | abor, and is sonetimes positive for capital and for bl ue-coll ar
| abor .

The short-runelasticities of substitutionare fairly simlar,
gualitatively, across estimations, and indicate that as a whol e the industry
uses | abor and capital as substitutes for energy and for materials. The
long-run el asticities, however, indicate that sone factor pairs, such as
capital and bl ue-col | ar | abor, nay be complements.*

In summary, the estimated el asticities, the J-statistics, and the
cost-of -adj ust nent paraneter estinates reveal that nodel 1, in which labor is
aggregat ed and adj ust ment costs are based on percentage changes, is the nodel
whi ch nost successfully fits the steel data. Adjustnent costs are positive
for labor and capital, although insignificant for capital ; short-run
elasticities are negative for both energy and materials; and | ong-run
elasticities for energy, materials, and | abor, though not for capital, are
al so negative

However, even this nodel is not entirely successful infitting a
neocl assi cal nodel to the steel industry. But as stated above, the result is
not entirely unexpected, given that prior researchers are al nost unani nous in
reporting violations of the neoclassical restrictions in estinates of steel

product i on t echnol ogy.



http://clevelandfed.org/research/workpaper/index.cfm
Best available copy

M. Concl usi ons

The evi dence presented in this paper indicates that the estinated
adj ust ment cost coefficients are very sensitive to the nethod used for
measuring changes in the factor stock. Though theoretically |ess tractabl e,
the percentage change in the stock seens nore likely to be related to the cost
of adjustment of the stock, and indeed the nmost sensible results for |abor
adj ust ment costs are achi eved when this method is used. Such a result
indi cates the need for further research into the underlying m croecononmcs of
adj ustnent costs, so that | ess ad hoc specifications may be tested.

Estinationresults obtai ned when usi ng the percent age-change speci fication
i ndi cate that | abor nay be costly to adjust in the steel industry. This
result may be peculiar to the steel industry, or nay be a consequence of the
industry's overall decline during the estinmationperiod. If the latter is
true, then costly |abor adjustrment rmay general |y occur in declining
industries, and policies that affect the output |evels of such industries,
such as quot as, nay have enpl oynent effects over several years, prol ongi ng
enpl oynent of both bl ue- and white-col | ar workers.

Finally, the poor estimates of the cost of adjusting capital probably
i ndi cate the need for a nore sophisticated nodel of capital adjustnent.
Further research is needed into the probl emof optinally adjusting capital in
a situation where utilizationrates nay be varied over sone range of out put,

and i n which overall industry capacity is contracting.
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Foot not es

1. See Soligo(1966) for a discussion of this point.

2. oul d(1968) mnakes this point about adjustnents to t hecapital stock, and
a simlar argurment can be nade for changes in the I abor force. In the steel
industry, for instance, the cost of laying off a worker rises with his
seniority(Deily, 1988). Thus, hi gher percentages of |ayoffs in any size firm
will be directly related to the adjustnent cost, since the probability of nore
senior workers being laid off nay be nore closely related to the overal |
percent age of persons laid off than to the absol ute nunber of |ayoffs.

3. The follow ng sectionis a very brief reviewof the PR nodel ; see Pi ndyck
and Rot enberg (1983), and references therein, for a nmore conpl et e di scussi on.
The nmodel presented here includes separate adjustnment costs for white- and

bl ue-col I ar [ abor, an extension that these authors did not pursue in their
original article. V¢ estinate nodels both with and without di saggregated

| abor series, but present the full nodel for the sake of clarity.

4. Three transversality conditions specifying that firns approach optimal use
of each fixed factor in the long run conplete the nodel. The infornationin
these conditions is not included in the estination. See Prucha and Nadiri
(1984) for an alternative method of estimating dynamc factor demands that
does include this information. V& do not enploy their nethod because the PR
nodel is nore robust with respect to alternative assunptions concerni ng

expect ati ons and the stochastic processes governing the distribution.

5. See Appendix B for a more detail ed description of the data set.

6. Data on suppl enental paynents were not reported until 1967. These
payments Were estinated by the authors for earlier years.

7. This convol uted nethod is used because the suppl enental |abor cost
reported by the Census is not separated into paynents nmade to bl ue- and

whi te-col | ar workers. The cost data for wage workers fromthe Al Sl incl udes
al | suppl emental paynents.

8. Miltiplication by .30 adjusts the cost share of capital so that it

approxi mat el y coi nci des with the share of capital costs inthe total cost of
steel production. The figure is based on the industry's total cost and total
vari abl e cost per ton of steel for the year 1976, as reported i n Deily (1988).
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9. Anatural questionis whether the J-statistics nay be used to test the
restrictionthat | abor may be aggregat ed specifically, perhaps using sone kind
of likelihoodratio test. But the two sets of nodel s enpl oyed here are not
nested, due in part to the | og-1 og specification.

10. W also estinated a nodel in which the utilization decision and the cost
of adjusting the utilizationrate were nodel ed separately, in addition to the
cost of adjusting the aggregate capital stock. The cost of adjusting the

| abor stock was again positive and significant, while the cost of adjusting
the utilizationrate was positive but not significant, and the cost of

adj usting the aggregate capital stock was negative and significant.

11. In addition, decisions nmade by firns about adjusting the capital stock may
be affected by such considerations as the useful ness of excess capacity as an
entry barrier, or by the necessity of naintaining excess capacity in an

envi ronment of random production and denand where a fl uctuating backl og of
orders functions as an inplicit futures nmarket (De Vany and Frey, 1982).

12. Three distinct steel maki ng technol ogi es were inuse in differing anmounts
during nuch of the sanple period, sonetinmes all three at the same tine in the
same plant. Thus, factor elasticities derived fromindustry data do not
represent factor-substitution possibilities available for users of particul ar
st eel naki ng technol ogi es. See Karlson(1983) for estinates of factor

el asticities within a given technol ogy.

13. See Karlson(1983) and Mroney and Trapani (1981). Moroney and Tr apani
specul ate that the reaction of firns to changi ng environmental regul ations nay
have affected their efforts to mnimze costs. |In our case, the exclusion of
the extra constraints in the transversality conditions nmay al so affect the
results.

14. This finding is interesting in light of the argunent in Law ence and
Law ence (1985) that the union was able to bargain up the real wage for

st eel wor kers because the industry's state of decline limted its ability to
substitute capital for |abor.
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Table 1: Adjustment-Cost Coefficients

Par anet er s (1) (2) (3) (4)
B, 6031.2 -- -.0184
(2.44) (-1.78)

’BLW -- 2195.2 -- -.0009

(4.73) (-.37)

B, -- 2807.7 -- .0548

(2.78) (3.99)

ﬁK 3026.51 -1236.9 .00003 -7.1E-05

(1.48) (-1.82) (.49) (-3.16)

Note: See text for definitions of parameters and col um headi ngs.
T-statistics in parentheses.

Source: Authors' cal cul ations.
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Table 2. Estimates of Cost-Function Paraneters

Model : (1) (2) (3) (4)
a -36.82 26.91 -17.62  18.78
a, .38 1.98 -.31 2.11
a -36.82 26.91 -17.62  18.78
a, .38 1.98 -.31 2.11
a, 1.22 43 -.10 1.30
o, - 1.06 -- -.15
as 8.41 .006  9.52  -2.52
ag 1.32 -9.38  -7.50 - .64
11 .21 .002 .30 -.09
¥12 .17 .04 .39 -.05
13 .- -.33 .- - .43
114 -.01 -.09 .001  -.08
15 -.08 .24 -.19 .38
¥22 -.29 -.26 .16 -.31
¥23 .- 12 .- -.03
¥24 -.76 -.14 -.85 -.27
¥25 1.49 .28 1.43 .52
33 - -1.22 -~ -1.13
v34 -- -.18 -- 11
135 -- 1.23 .- .96
A -2.36 -.10 -2.74 .47
145 3.55 .45 4.14 -.30
755 -8.50 -.23 -7.72 - .47
. -.02 -.02 -.02 -.02
J: 5.53el  5.99e5 5.68¢!  4.06e°

Note: When the nodel is estinmated over aggregate |abor, all terns in
equation(11) referring to blue-collar |abor drop out, and LWbecones L,
aggregate | abor.

Source: Authors' cal cul ati ons.
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Short- and Long-Run Elasticities

Model 1. Wth Aggregate Labor and Percentage Changes of Factor Stocks

Sour ce:

4 n OB 0O

~pPpog o

Mbdel 2:

AR oBs o

< O 80

Aut hor s'

.072
.072
.829
.517
.374

.091
.066
.986
.252
.096

Wth

E

.107
-.107
.684
.009
.363

.132
.042
.187
.035
.056

Elasticity of Demand For:

-1.226

M

.005
-.005
2.138

-.353

.050
.490
.869
.669
.129

.118
.413
.642
-.585
.053

L

K

-.114
-.203
1.364
.135
.182

Aggregat e Labor and Absol ute Changes in Factor Stocks

Elasticity of Demand For:

M

.090
.090
.467
.593
.369

.035
.520
.684
.129
.969

cal cul ati ons.

-.012
.428
.627

-.455
.046

L

-.070
-.190
1.354
.108
.153



Sour ce:

¢(E,e)
¢(E,m)
¢(E,Q)
¢(E,L)
¢(E,LB)
¢(E,LW)
¢(E,K)

e(M,e)
e (M,m)
e(M,Q)
e(M,L)
¢(M,LB)
e(M,LW)
¢ (M,K)

Authors' calc

Table A-1:
(L)
-.072
.072

1.829
-.517

-.374
.055
-.055

2.138
-1.226

-.353

ul ati ons.

Appendi x A
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Short-Run H asticities

(2)
-.633
.633
2. 950
-1. 856
-.051
-.585

.356
-.356
1.900
-.407
-.230
-.204

(3)
.107
-.107

1. 684
-.009

-.363

-.090
.090
2.467
-1.593

-.369

(4)

911
911
. 381

137

-.331

.537

487

-.487

.698

.230
.104
.164
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Source

Table A-2:
(1)
¢(E,e) -.091
e(E,m) -.066
¢(E,Q) .986
e(E,w) --
¢(E,s) .252
e(E,v) -.096
e(M,e) -.050
e(M,m) -.490
e(M,Q) .869
e(M,w) --
e(M,s) .669
e(M,v) -.129
¢(LB,e) --
€ (LB,m) --
€(LB,Q) --
¢ (LB,w) --
¢(LB,s) --
¢ (LB,v) --
e(LW,e) .118
e(LW,m) 413
e(LW,Q) .642
e(LW,w) --
€ (LW, s) -.585
e(LW,v) .053
e(K,e) -.114
€ (K, m) -.203
e (K,Q) 1.364
e (K,w) --
e(K,s) .135
e(K,v) .182

Authors’ calculations

24

(2)

-2.017

.389
824

1.333

470
.603
.219
.549

1.154

.753
.048
.063
.517
.519
.857
.582
.359
.095

1.023

.187
.995

-2.017

.593
.588
.637
.118
.812
.259
.285

7€1

Long-Run Elasticities

3)

.132
-.042
1 .87
-.035
-.056
-.035

-.520
.684

(4)
-3.696
.273
.131
3.111
.407
-.095
.146
-.541
1.200
.457
-.038
-.024
1.212
.333
1.177
-1.180
-.380
.016
.775
-.137
.846
-1.856
.677
541
-.112
-.053
.845
.047
.336

-.218
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Appendi x B

Scrap

Data on the quantity consuned are taken from"consunption by nanufacturers
of steel ingots and castings" (which represents consunption of both purchased
and hone scrap), reported in the Bureau of Mnes Mnerals Year book (M).
The price of scrap is represented by the conposite price for #1 heavy mel ting
scrap, as reported in M. For the years 1954 and 1955, prices from

Chilton's |l ron Age: Annual Report were used. For the year 1985 the

producer price index was applied to the 1976 Mneral s Yearbook pri ce.

lron Qe
Data on consunption of ironoreis from"Salient Iron Qe Statistics,"
alsoreported in M. Price data for iron ore is the average val ue at the

m nes, reported on the sane table in M.

Coal
Price data for the years 1954-1976 is the cost of coal at nerchant coke
ovens as reported in MY. The sane data for the years 1977-1980 cones from the

Energy I nformation Agency, Goal Data: A Reference, Cctober 1982, The

same data for the years 1981-1985 is fromthe Energy I nfornati on Agency,

Quarterly Coal Report, various issues.
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Nat ural Gas
Price data for the years 1954-1970 i s taken fromthe Bureau of M nes,

M neral Yearbook, Fuel s, which publishes data on the val ue, at point of

consunption, of natural gas used for fuel by industrial consumers. Prices for
the years 1970-1984 are fromthe Energy | nformati on Adm nistrati on,

State Energy Price and Expenditure Report, 1970-1982, and the Energy

I nformati on Admnistration, State Energy Price and Expenditure Report,

1984,
The 1985 price was cal culated fromdata reported in the HA

Natural Gas Annual 1985 on the quantity and val ue of natural gas

delivered to industrial consuners. Natural gas prices calculated fromthis

data are quite close to those reported in the State Energy Price and

Expendi ture Report, 1984, but are not identical. This source is used

because 1985 data is ot herw se unavail abl e.

Fuel Q|
Dat a on the average whol esal e price of residual fuel oil for the United

States are taken fromP att's Gl Price Handbook and G | nanac, 1985.

Hectricity
The electricity prices used are the average revenues per kil owatt-hour

sold by the total electric utility industry, and are fromthe Edison Hectric
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Institute, Statistical Year Book of the Hectric Wility Industry. For

the years 1954-1959, the "large light and power" figures are used; for

subsequent years, the average revenues fromindustrial consurmers are used.
Because of the publishing lag, the 1984 figure used is prelimnary and the
1985 figure is estimated fromthe price reported by the Energy | nfornation

Administrationin the Mnthly Energy Review, Septenber 1986. The price

is divided by .94, the average adjustnent factor that appears to have been

applied to the preceding five years of data in order to get the HA figures.

The Capital S ock

Investment data for early years is available i n Schroeder (1950), who
reports the dol lar val ue of gross property additions made by 12 steel firns
(which represented virtually all steel naking capacity) for five-year
intervals. The five-year totals are divided anong the years equal ly(in
nom nal terns), and then adjusted to 1958 dol lars using the inplicit price
deflator for producers' durable equi pnent. Data fromthe CGensus Bureau on
investment totals for the industry(SC 3312) is used for years after 1945,
with the exception of the years 1946 and 1948, for which investnent figures
were estinated by the authors.

The depreciation rate used--12 percent--i s a wei ght ed average of the
average national rate of depreciation for equiprent (13.5 percent) and for
structures(7.01 percent). These rates are froman CBE capital stock study of
US nanufacturing, 1929-1968, and are reported i n Berndt and Chri stensen

(1973).
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The wei ghts used to sumthese depreciationrates reflect the rel ative
si zes of investment in new equi pnent and new structures by the steel industry.
Industry investment patterns for the years 1947 and 1949-1985 were used to
cal cul ate the weights. Varying the years included does not change the inplied
depreciationrate significantly, even though the proportion of equi pment to
structures rises over time, as mght be expected i n a mature and subsequent!|y
declining industry.

Finally, we adjusted the capital stock to correct for | osses due to pl ant
closings. V¢ estinated the renaining depreciated val ue at tine of closing for
| arge plants that were shut down during the period, and subtracted it fromthe
capital stock at that point.
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