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ABSTRACT

This paper examines the welfare gains from strategic trade and
industrial policy in the U.S. steel industry, focusing particularly on the
potential gains from capturing labor rents. I take into account product
market distortions such as price-setting firms, factor market distortions
in the form of union-created labor rents, and the presence of fixed
capital and underutilized capacity in U.S. steel production.

The existence of underutilized capacity means that firms respond
to protection by reducing the share of labor in production, eliminating
the rents targeted by the policy and thus reducing the potential gains.

At the same time, the union takes advantage of protection to "skim off"
rents, further reducing the effectiveness of the optimal policy. Taking
into account these endogenous responses substantially reduces the welfare
gains from optimal policies. And simply reducing domestic labor market
distortions results in a welfare gain nearly as large as that from optimal
policies. This suggests that the focus on labor rents as the subject of
U.S. trade and industrial policy is overstated, at least in manufacturing

industries such as integrated steel.



Union Behavior, Industry Rents, and Optimal Policies

Phillip Swagel *

1 Introduction

The long decline of large US manufacturing industries such as steel and automobiles has brought
continued calls for protection from import competition. Many of the industries for which import
restrictions have been sought are “high-wage/good-job” manufacturing industries. These are often
unionized industries characterized by tense labor relations in the context of declining employment.

These calls for protection appear to be supported by recent empirical work, which indicates
that there are relativey large welfare gains to be had from strategic trade policies when labor rent
is taken into account. As noted by Katz and Summers (1989a) and Dickens and Lang (1988),
even though there is only a small amount of product market rent to be captured, factor market
distortions can mean that the very act of producing is desirable, since this brings with it labor
rents. In Dixit’s (1988) study of the U.S. automobile industry, for example, the gains from optimal
policies are about eight times larger when labor rents are taken into account—$2 billion versus

$250 million when they are ignored.

*The author is a staff economist in the Division of International Finance. I thank Judith Hellerstein, Kala
Krishna, Ana Revenga, and Tan Ling Hui for extremely useful discussions, Alberto Alesina, Ernst Berndt, Don
Davis, Joe Gagnon, Ann Harrison, Bill Helkie, Dale Jorgenson, Larry Katz, and Cathy Mann for helpful suggestions,
and Catherine Morrison for both discussions and for generously providing data. I am grateful to many seminar
participants for comments which led to improvements throughout this paper, which is substantially revised from
an earlier version. The views expressed here are solely those of the author, and are not necessarily shared by the
Federal Reserve System or its staff.



Katz and Summers (1989b) document the existence of labor rents, particularly in manufactur-
ing industries. Proponents of activist trade policies use this evidence to argue that the existence
of industry-specific labor rents leads to socially inefficient underproduction and thus underemploy-
ment, and seek to remedy the inefficiency through trade protection or industrial subsidies.

This paper evaluates the focus on labor rents by simulating the effects of optimal trade and
industrial policies in the U.S. market for integrated carbon steel. The steel industry is among the
most likely industries in which labor rents are to be found. All production workers belong to a
single urion, and wages are substantially above those for other manufacturing industries.

I model competition between US, Japanese, and European (EC) firms in the US steel market
over the years 1973 to 1986. 1 explicitly model the wage-setting process in order to take account
of the possible source of labor rents, as suggested by Eaton (1988). I obtain measures for union
bargaining power vis-a-vis the firm, and then examine the implications of the union’s strategic
behavior on the gains from optimal policies. As shown by Eaton and Grossman (1986) firm inter-
actions are crucial to the determination of optimal policies in imperfectly competitive industries.
A firm which acts collusively will raise prices more than a competively-behaving firm in response to
protection; this behavior affects consumers surplus and thus the gains from policies. Rather than
assuming a particular form of behavior, the model is used to obtain measures of firm behavior.

I also explicitly take into account the existence of fixed capital and underutilized capacity in
the steel industry. Since labor and capital are complements in steel production, the presence of
fixed but underutilized capital leads firms to employ “too much” labor relative to what they would
use were capital fully employed. This increases union bargaining power, and allows the union to
capture a larger share of industry rents.

In addition to allowing the union to capture rent, underutilized capacity leads to declining
average costs, as increased production allows firms to choose an input mix closer to what would be
optimal were capacity fully utilized. However, taking firms’ cost-minimizing behavior into account

reduces the gains from optimal policies. This is because firms adjust their input mix to reduce the



share of labor as utilization increases, lessening the importance of labor rents as compared to the
case with constant marginal costs.

Moreover, the existence of a strategically acting union acts as a drain on the effectiveness of
policies, because the union raises its wage and thus “skims off” rents captured by government
policy. This in turn affects firms’ pricing decisions, so that optimal policies result in less reduction
in prices, and thus less of an increase in consumers surplus. When the actions of both firms and
unions are considered, labor rents provide a far smaller welfare gain than that indicated by previous
studies which neglected these endogenous responses.

Finally, substantial gains are to be had not only by capturing factor market rents, but also
by eliminating the underlying distortions. Reductions in union power typically lead to gains in
welfare of about two-thirds the size of the most active (and perfectly informed) trade policy. This
paper thus serves to reaffirm that US policy should focus first on the domestic sources of any
competitive disadvantage. I thus conclude that the focus on labor rents as the object of trade
policy is overstated, at least in large-scale manufacturing industries such as integrated steel.

The paper proceeds as follows. Section 2 sets forth the model, after which I describe the data
in Section 3. Implementation of the model and calibration results are in Section 4. In Section 5,
I then use the model to simulate the effects of optimal trade and industrial policies. Section 6
presents sensitivity analysis, after which Section 7 concludes with a discussion of implications for

policy.}

2 A Model of the Steel Industry

I model competition in the US steel market between US, Japan, and EC integrated steel producers

over the years 1973 to 1986. I do not include steel produced by mini-milis, which have become

!Fuss, Murphy, and Waverman (1992) examine the impact of trade policies and exchange rate shocks on the
U.S., Canadian, and Japanese automobile industries in a model which includes some of the same elements as this
one. In particular, they allow for both imperfect competition between firms as well as scale effects in production,
the latter through the use of the cost function methodology of Fuss and Waverman (1992). However, they do not
model the wage-setting process, but instead take labor rent as fixed, as in Dixit (1988).



increasingly important in the latter part of the 1980’s. These mini-mills tend to produce more
sophisticated alloys, and are thus differentiated from the carbon steel industry. Though other
nations have become important in US steel imports, as late as 1986, Japan and the EC accounted
for 51% of US steel imports, down from 80% in 1973.

Figure 1 shows the timing structure of the model. The U.S. government moves first, and
commits to policies—specific production subsidies and tariffs—before wages and prices are set. Of
course, the government takes union and firm responses into account in setting optimal policy, and
the union takes into account firms’ response in setting wages; that is, the equilibrium is subgame
perfect.

Since steel contracts typically last three years, I assume that wages in each year are set before
firms set prices. The union and firms bargain over wages, using the Nash Bargaining Equilibrium
as the solution concept. I first calibrate for the union’s bargaining power vis-a-vis the firm, and
then use this wage-setting process to simulate the response of wages to government policies.

Firms then compete by setting prices to maximize profits, taking wages and other factor prices
as given. As discussed in Crandall (1981), Hogan (1983), and OlId (1985) it is generally acknowl-
edged that US firms face substantially underutilized capacity as a result of fixed capital such as
plants and equipment. To model this, I estimate a cost function in which fixed capital results in
short-run diminishing average costs. The estimated cost function is then used to simulate the effect
of changes in wages on US firms’ costs and thus on pricing decisions and demand. I do not model
production in Japan or the EC, but rather assume that wages and thus costs in those countries do
not respond to US policies. While not strictly correct, this is probably not too bad an assumption,
since exports to the US account for less than 7% of Japanese production and less than 6% of EC
production over 1973 to 1986.

After firms set prices, demand is satisfied as the steel market clears. As usual, the model is

solved backwards: the details follow in similar order.



2.1 Demand

Figure 2 presents an overview of the demand side of the model. Consumers of stecl services choose
between US steel (U, on the left) and foreign steel (F°, on the right). The parameter o denotes the
elasticity of substitution in demand between the two. The longer lead times and warehousing costs
associated with ordering foreign steel are often cited as giving rise to this differentiation. Within
foreign steel, consumers choose between Japanese steel, J, and EC steel, E, where o denotes the
elasticity of substitution between the two. This form considerably simplifies the demand equations,
at the expense of imposing particular restrictions on cross-clasticities between goods from the three
countries. Because data are available for only a limited number of years, the model is calibrated a
year at a time.

Steel is produced within the US, Japan, and EC by ny, ny, and ng firms, respectively, with
ou, 07, and og denoting the elasticity of substitution between the steel produced by different firms
within each of the countries. This last level of differentiation is crucial, since any markup of price
over marginal cost with homogenous goods implies behavior less competitive than Bertrand, and
I do not want to restrict firms’ behavior.

Demand is parametrized with constant elasticity of substitution (CES) functional forms; this
is similar to Krishna, Hogan, and Swagel (1990) (henceforth KHS). A level of steel “services” S is
demanded by an aggregate consumer who receives all profits and revenues, and maximizes a utility
function of the form:

U=m+pS°

where m is a numeraire good, and S is the level of steel services consumed in the US market.

Steel services are “produced” from the US and Foreign aggregate goods U/ and F using the

CES household production function:
S=(U"+ Fp)l/p

where p (which equals =%7) parametrizes the elasticity of substitution o between domestic and



foreign steel.

The US aggregate good U is in turn composed of the outputs of ny domestic firms, each of

ny 1/pu
U= <Z (Q?})pu)

i=1

which produces gi;:

where py parametrizes the elasticity of substitution (e within US goods.
The foreign aggregate good F' is composed of the aggregate Japan good J and the aggregate

EC good E, with pp parametrizing the elasticity of substitution, o, between foreign steels:
F = (JPF + EPF’)l/PF‘

The aggregate Japan good J and the aggregate EC good E are in turn made from individual

firms’ outputs ¢§ and g%, with p; and pg parametrizing the elasticities of substitution oy and og:
ny 1/ps
(o)
i=1
ng 1/pE
()

i=1

The demand for the stéel produced by an individual firm in any of the countries is a derived
demand, and can be obtained by calculating the demands for the corresponding aggregate goods in
the demand for steel se;vices S. Unit input requirements for aggregate goods U, F, J, and E, and
for individual firms’ goods ¢f;, ¢%, or ¢k are obtained by differentiating the cost functions implied
by the corresponding demand functions.

The CES production function for S generates the cost function, C:
a
C=(Cy+Cp)™

where and Cy and CF are the costs of the aggregate US and Foreign goods U and F, which are not
directly observable. The marginal cost of producing steel services, C, is similarly unobservable. As
noted above, the elasticity of substitution between US and foreign steel is o = 1/(p—1); elasticities

of substitution between Japan‘and EC steel (cr) and within each country (ou, 0y, and og) are

analogous.



Equating the marginal utility of S with its marginal cost gives the demand for steel services:

N\
S:(Ea)

The price elasticity of demand for services, ¢, is then:

_ 0sC 1
CS l1-a
From the cost function for services, C, 3—6—% is the number of units of the aggregate US good

U needed to produce a service S. If py is the price of a ton of steel produced by a US firm, then
%%;L 1s the unit input requirement for each US firm in the aggregate US good U. The demand for

a particular US firm’s product qi; is thus:

oC 6Cy
0Cy Opy

=S
The partial derivatives are easily obtained from the corresponding CES cost functions. These are
fully derived in Appendix A.
Demands for Japan and EC firms are slightly more complicated, since the unit-input require-
ments of aggregate goods J and E in the aggregate foreign good F must also be considered.
Let C; and Cg denote the costs of the aggregate Japan and EC goods, and p; and pg denote

the price of the steel produced by individual Japan and EC firms. The demand for the steel

produced by each Japan and EC firm is thus:

i _ o 8C 8Cp 9Cy
Y= 2 Cr 3C; opy
. _ o 0C aCr OCg
£ = °3Cr 9Cr pp

Again, Appendix A provides the fully worked out functional forms.

I next assume symmetry between the firms within a country, and use the numbers-equivalent
of the Herfindahl index to calculate the nummber of firms. Since the steel produced by each firm
is different, however, this should be taken as an approximation, since the equivalent number of
symmetric firms would be endogenous. Again, what is most important is that I do not assume

homogenous goods, for to do so is to restrict firms’ behavior to be more collusive than Bertrand.

~I



Summing the demands for US steel ¢, over the nyy domestic firms gives the total demand for

domestic steel, which I denote as Q-

1—].7U 1-a)o41l
Qu = U5 (Gl + Cpo) @ 1)

 (af)F

Similarly, summing the demands for Japan and EC steel over the n; and ng firms gives total

demands @ and Qg:

l-op

1—-0 —OF (Q=-o ail
Qs = "Z ﬁ)p—*—J —Cp? (C7 + Cp7) =70 @
o a1
:—UE o € )o+
ng Zpp’F _ -0 -0\ LoDt
Qp = faﬂ)p;*—?_l Cr (Cym7 + Cp7) =70=o )

The three markets are assumed to clear, so that Qu, Q, and Qg are observable as actual
sales. The data on the number of firms ny, ns, and ng, and prices py, pJ, and pg are described

in Section 3.

2.2 Price-Setting

The next step is to examine firms’ pricing decisions. A US firm i sets price pi; to maximize profits
e
max Ty = (P + s)ak (Bv, s, 5e) — TC(qs)
U

where TC(g},) is the total cost for firm ¢ and s is the specific subsidy to domestic production.
The vector notation for py, py, and pg indicates that demand for each firm’s steel depends on
the prices of all firms, both foreign and domestic. The existence of underutilized capacity leads to
declining average costs as output expands towards full capacity, so that marginal cost ¢y is not
constant, but is instead a function of output, cu(gi;). Of course, output depends on prices, so that

profit-maximization must be solved simultaneously with cost-minimization.

Profit maximization gives the first order condition:

egu =77 = piy /(Ply — culdly) + s) (4)



where €ii;; is the US firm’s own-price elasticity of demand:

i = _aqg} @
vu — 3 ]
apU 9y

Demand elasticities depend on the prices of all competitors, both the other ny — 1 domestic firms,
and Japan and EC firms. Appendix B derives the exact form of the demand elasticities. There are
four of these for each country: firm i’s own elasticity, the price elasticity of firm 7 with respect to
the price of firm j in the same country (c’gu for US firms), and the two “cross-country” derivatives
(63_, and egE). Price elasticities for Japan and EC firms are denoted similarly.

The second term on the left hand side of the U.S. first-order condition, YV, is an aggregate
conjectural variations (CV) parameter which summarizes US firms’ competitive behavior. Note
that CV-’si a;e ﬁsefl;here ohly as a convenient means by which to parametrize firm behavior in this
static vfnédei: ‘

The aggregate CV 7U is made up byl tHe firm’s specific reactions to its domestic and interna-

tional competitors:
j j PU i PU
7Y = (v = Degpr"Y +nued ;=Y + npefp—1"F
e ' ps YEpp
where the 7%%’s are the conjecture of a firm in country a over the response of firms in country b:

,YUU_% 7UJ_% UE_%
opy Opy Py
Note that y¥ = 0 corresponds to Betrand behavior, ¥ < 0 reflects behavior mor;a competitive
than Bertrand, and 'yU > 0 implies behavior more collusive than Bertrand. I discuss the calibrated
va}_lues for th¢ CV’s i}l Sec’tivgn 4.2.

First order conditions for Japan and EC firms are:
fr=v =/ —es-t). - (5)
€5p— 7" = p/(Ps — e~ 1) | (6)

where ¢; and ¢g are-the constant marginal costs of production, and ¢ is a specific tariff on steel

lmpqrts. . .
LSt SOt i i ’ 3 2



The aggregate Japan and EC CV’s are:

ij PI_gu ij o JJ ij PJ _JE
v = npefy, =Y + (ny =D ;77 +npefp—y
pu PE
ij PE_EU ij PE_EJ ij _EE
vE = nyedy —7FY + nyed; =" + (ng - D)egpy
bu pJ
where:
Ju _  ord J o JE _ Org
‘Y - 3,,‘1 7 - 3Pt 7 apIJ
EU  _ O EJ _ o) JEE = [T
T ey 7 T Bry

2.3 The Cost Function for Steel

I estimate a restricted (or “partial static equilibrium” (PSE)) translog cost function for US firms.
The capital input is assumed to be fixed in each year, while firms optimize over the variable inputs
of labor, energy, materials, and services.? One can think of the “short-run” as the period over
which the capital stock is fixed (not necessarily at the optimal level), while the “long-run” is the
period over which firms adjust investment so that capital is at the cost-minimizing level. In the
short-run, capital can be “underutilized” in the sense that the level of the capital stock is higher
than it would be if capital was not fixed but was rather in long run equilibrium. Note that firms
do not actually leave capital idle; the stock of capital is simply larger than optimal.® Underutilized
capital results in short-run declining average costs, since a higher level of output means that the
stock of capital moves closer to the cost-minimizing level.

Morrison (1988) estimates a similar cost function for the steel industry, though she assumes
perfect competition, includes capital used to comply with environmental regulations as a second
fixed factor, and omits services. In general my results are similar to hers, though her assumption of

perfect competition means that some rents which are the result of firms’ market power are instead

2 As Dale Jorgenson has stressed, fixing the capital stock means that this is an incomplete model, since over time
firms do in fact choose the level of investment. Morrison (1991) and Berndt (1990) discuss models which incorporate
investment dynamics into a PSE framework.

3The existence of fixed costs associated with shutting down (buying mothballs, for example) and then restarting a
plant (taking out the mothballs) might explain why firms do not concentrate production sooner in a smaller number
of plants. In the spirit of the literature on hysteresis and irreversible investment surveyed by Pindyck (1991), if
plant restarts involve a fixed cost, then keeping an underutilized plant on-line has an option value which arises from
the possibility that demand might pick up.
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attributed to capital. This makes capital appear to be more valuable, and thus less underutilized.
I allow for imperfect competition, and find slightly larger scale effects.

Denote total variable cost by VC, so that total cost TC equals variable costs plus the fixed cost
of capital: TC = VC+ Px K, where Pk is the price per unit of capital, K. The restricted translog

variable cost function is:

logVC = Bo+ Y _log(Pi/Pu)+log(Pa) + Bx log (K/Qu) + it + log(Qu) (7

+0.5Y  7ij log (Pi/Par) log (Pi/ Par) + 0.5vut® + 0.57k k log (K/Qu)*

ij
+> " ik log (Pi/ Py)log (K/Qu) + 3 virt log (Pi/ Px) + vkt log (K /Qu)
i i

where P; is the price of factor i, where i = L, E, and S for labor, energy, or services, Py is the
price of materials (the normalizing input), K is the beginning of period quantity of capital input,
t is a time counter to allow for exogenous technological change, and Qu is the output level.

I impose the restrictions of symmetry, v;; = 7;i; homogeneity, >, 8i =1, >, 7ij; =Y _; 7iQu =
> vt = Y_;vik = 0; and constant returns to scale (CRS) at full capacity, 8g, = 1 — Bk.

I also estimate share equations for the variable factors, dropping one share equation (materials).

The share equation for factor 7, where 7, j arevagain L, E, and S:

Share; = B; + E %ij log(Pj/Pm) + ik log(K/Qu) + vist
~ .
In order to allow for imperfect competition, I add an equation for the “shadow” share of capital.
This equates marginal cost (MC) with marginal revenue (MR), where MR is derived from a CES

demand function for US steel:*

Ba+1

=1-pk — ) _log(P;/Py) — 7k log(K/Qu) = kit + 1 B2 Q\“/C
J

pUQu

where 3; and (2 are demand parameters to be estimated.
Preliminary estimation indicated the presence of first-order serial correlation (AR1), so'I im-
plement a Berndt-Savin' AR1 correction. As discussed by Berndt (1990), the error terms can be

thought of as arising from Tiistakes made by firms in cost minimization.

4Lack of pre-1973 data for EC and Japan precludes estimation of the entire demand systemv(l) - (3).
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The data used to estimate the cost function are BLS data from 1949 to 1986 for SIC 3312,
blast furnaces and steel mills. These data are slightly different than that used by Morrison (1988):
I use a few more years (Morrison pools overlapping samples of US and Canadian data) and have
the extra factor input of services, but do not differentiate between capital used for production and
capital used to comply with environmental regulations.

Since wages and other factor prices are set before firms set prices, these are properly taken as
exogenous. Firms’ market power, however, implies that output decisions are not exogenous with
respect to costs. I thus employ Zellner’s Iterated Three Stage Least Squares (I3SLS), using the
log of aggregate US real investment, the log of the Money Supply (M2), and the log of industrial
production for final goods as instruments for the log of steel output, Qu.

Since the actual coefficients are not particularly interesting (though 18 of the 26 are significant
at the 5% level, with two more significant at the 10% level), I report only the summary statistics

shown below.

COST FUNCTION ESTIMATION

R2 from Iterated 3SLS

Equation Capital Fixed No Fixed Faclors
log Cost 93 .65
Labor share .85 .94
Energy share 97 .95
Services share .87 .78
Capital share .98 .94

The column on the left of the table above is for the PSE cost function with capital fixed; the
column on the right is for the translog cost function where all factors can adjust. It is clear that
the cost equation, which is used in the simulaLioﬁs, fits much better when capital is fixed.

Figure 3 shows the estimated cost function p]otied for 1978 (with quantity shown as a proportion

of actual output), while Figure 4 plots the variable and total cost elasticities for all years. Since
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the variable cost elasticity is always greater than one in Figure 4, the slope of the marginal cost
curve in Figure 3 is always positive.

If capital were fully utilized, the total cost elasticity would equal one from the assumption of
CRS; a value less than one indicates underutilized capacity and thus declining short run average
costs. The degree of utilization corresponds to the gap between marginal cost and average cost in
Figure 3. Until 1968 capacity was generally overutilized in the sense described above that average
cost was less than marginal cost. The decline in capacity utilization from 1968 to 1970 and then
again after 1981 were accompanied by calls for protection from steel imports. I leave aside the
question of why firms apparently overinvested in capital after 1968. That they did, however, has
implications for trade and industrial policies, since protection not only captures product and factor
market rents, but also changes firms’ input mix and lowers costs through increasing utilization.

Capital and labor are complements in production, which matches the results for U.S. manufac-
turing industries discussed in Berndt (1990). After 1968 this means that US firms’ optimal choice
of inputs is overly labor intensive relative to what would be optimal were capital at its long run
level. For the short-run in which capital is fixed, complementarity in production between labor
and capital combined with underutilized capital thus gives the union more power to capture rents
in the form of a higher wage bill, since the union knows that the firm will be biased towards labor

use.

2.4 Wage-Setting: Bargaining between Union and Firms

Wages are determined after the government sets policies, but before firms compete, so that firms
take wages (and other factor prices) as given in setting prices. Wages are determined by bargaining
between a union which maximizes labor rents and firms which maximize profits.® An infinite supply
of labor is available, so that employment is determined by labor demand, which is in turn derived

from the demand for steel. This is thus the “right to manage” model, since workers and firms

®Oswald (1985) provides an excellent survey of the literature on unions.
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bargain only over wages, after which the firm is free to determine the level of employment.

This is not “efficient bargaining” in the sense of Leontief (1946) or McDonald and Solow (1981),
because the union and firms bargain only over wages, and not over both wages and employment.
Efficient bargaining turns the US firm into a Stackelberg leader vis-a-vis foreign firms, since it
fixes the amount of the labor input and thus restricts the range over which US firms choose their
cost-minimizing bundles of the remaining factors. While not completely satisfactory, bargaining
only over wages avoids this asymmetry. The other possibility, assuming that wages are set at the
same time as prices, is also unsatisfactory, since wages do not change as often as prices.®

I employ the Nash Bargaining Solution to find the equilibrium.” The union maximizes its labor

rent, while firms maximize profits:
max [(w — ) L)’ ((pv + $)Qu — TC(Qu)]'™*

where w is the alternative wage for steel workers, L is hours of labor input, and 6 indicates the
bargaining “power” of the union.

The wage w is the hourly compensation rate for steel workers, including benefits and pensions.
I take W as the average wage for US manufacturing workers.® Section 3 details data sources. It
is then straightforward to use the demand equations (1) - (3), firms’ first order conditions (4) -
(6), and the estimated cost function (7) to solve for union power, 8, in the first order condition of
the Nash Bargaining equation.® A value of § = 1 indicates a monopoly wage-setting union which
maximizes its labor rent, while smaller values for 6 correspond to wages lower than those set by a

monopoly union.

6MaCurdy and Pencavel (1986) and Brown and Ashenfelter (1986) test bet ween efficient and inefficient bargaining
in the typesetting industry. While both find support for efficient bargaining, neither is able to reject the labor demand
model of wage determination.

7A note of caution is in order here. The Nash Bargaining Solution is a cooperative solution, and the union-firm
wage-setting process is not necessarily best described as cooperative. While the Nash Bargaining Soluticn can be
obtained as the outcome of a non-cooperative game—Binmore, Rubinstein, and Wolinsky (1986) is the canonical
example—it might be best to think of this wage-setting process as a descriptive device rather than as a strict
behavioral assumption.

80f course, some of the wage premium of steel workers over other manufacturing workers might be a consequence
of specific skills possessed by steel workers, in which case w is too low.

9Because the equations for price-setting are nested within the wage-bargaining, the resulting first order condition
is a mess of algreba. The details are available from the author.
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The results of calibrating for union behavior are discussed in Section 4.3, and then used to
simulate the effects of government policies in Section 5. I also experimented with a wage-setting
process in which a monopoly union sets a wage to maximize a Stone-Geary preference function
over wages and employment. Because the union holds a large degree of bargaining power in most

years, this gives very similar results for the optimal policy simulations.

3 Data

Data other than the BLS data used to estimate the cost function come from Paine-Webber World
Steel Dynamics (WSD), the American Iron and Steel Institute (AISI), and the International Iron
and Steel Institute (IISI). All figures are per metric ton, and all prices and costs are deflated by the
Producer Price Index to 1978 dollars. The non-BLS data is available from 1973 to 1988, though
lack of the BLS factor input data precludes use of the post-1986 data. Unfortunately, foreign data
are not available for the years prior to 1973.

For US firms, I use AISI total shipments for quantity Qu, and domestic list price for py. For
Japan and EC firms, I use AISI figures for total imports @ and QE (converting all quantities to
metric tons), and Japanese and EC export prices plus freight costs (both from WSD) for p; and
pe- In all years, Qg includes imports from all eventual EC members—imports from the UK and
Spain are included before either joined the EC. The EC price is the production share-weighted
average of prices in the UK, France, and Germany.

Toobtain average US costs, I divide the price givenin WSD by the markup of price over average
costs implicit in the BLS data. Marginal costs are then calculated from the cost function. For
Japan costs, I multiply the US marginal cost by the percentage cost advantage (or disadvantage)
of Japanese firms cited in WSD. Costs for EC firms are obtained in the same way, with the EC
cost differential being a weighted average as with price.

For hourly wage, w, I use the per hour employment cost of US firms at the actual operating

rate from WSD for 1978, and multiply this by the BLS employment cost index for steel for the
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other years. The WSD employment cost includes the estimated value of all benefits and pension.
Over 1973 to 1986, the simple correlation between BLS and WSD employment costs is 0.987. I
use the average wage rate for manufacturing workers from the BLS for the reference wage w.
US Herfindahl-numbers equivalents come from AISI production data, while number-equivalents
for foreign firms are calculated from production data available in various IISI publications.
Finally, I specify a tariff of $20 (in 1978 dollars) on both Japan and EC goods for each year;

this roughly corresponds to the actual ad valorem MFN tarifl rate which varied from 5 to 6%.

4 Calibration

The data are calibrated to equations (1) through (6) (3 demand, 3 supply) and the cost function
(7). There are 10 unknowns to determine: firms’ behavioral parameters vV, v/, and vZ, the
elasticity of demand € (which determines o), the scale parameter 3 which reflects the strength of
demand, and the substitution parameters o, oy, o, 07, and og.

The calibration method is similar to that of KHS. Values for ¢, ¢, o and g are taken from the
literature, and then the model is solved for year-by-year values for the remaining six parameters.
Section 6 provides sensitivity analysis over a range of estimates for the assumed parameters.

An alternative calibration strategy would be to assume Bertrand behavior on the part of firms,
so that ¥ = 47 = 4E = 0. This would leave only one parameter to be taken from outside
sources. As shown by Eaton and Grossman (1986), however, the nature of competition between
firms is crucial to the direction of optimal policies, and there is no reason to believe that firms
behave Bertrand. Similarly, there is no reason to believe that firms in the three nations behave
symmetrically. Rather than pin down behavior in an unrealistic way, I assume plausible values for
the elasticities and then use these to measure behavior.

De Melo and Tarr (1992) cite estimates for the price elasticity of demand for steel, ¢, which

range from 0.42 to 1.64, with a central figure of 0.81. For utility to be concave, ¢ must be greater

than one. I thus take ¢ to be 1.1. For the elasticity of substitution betwe:n US and foreign goods,
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they cite a range from 1.1 to 5.0; I use their central estimate of 3.05.

This leaves ap, and og. I assume that ¢ < op < og; that is, from the point of view of a steel
consumer in the US, there is a greater distinction between choosing US versus foreign steel than
in choosing between the particular type of foreign steel. The second inequality, o < o, specifies
that within foreign steel, EC firms are more similar to one another than they are to Japanese firms.
Iset op = 5.0 and o = 7.0. Again, the sensitivity analysis of Section 6 shows that the results do
not depend on these numerical choices.

Given these values, the other parameters are easily obtained. I Solve for ¢; by dividing (3)
into (2), and then for oy by dividing (2) into (1). The first order conditions (4) to (6) provide vV,

v7, and v€, after which any of the demand equations (1) - (3) can be used to obtain 8.

4.1 Calibration Results

Table 1 contains the results for the calibrated parameters. The demand shift parameter § scales
the utility function to match the actual size of the market, and gives an indication of the strength
of demand in each year. The values for # show that 1982 marked the beginning of a string of lousy
years for the steel industry. This matches the analysis given in World Steel Dynamics, as well as
the measure of capacity utilization in Figure 4.

The next two columns are the elasticity of substitution within US goods oy, and the elasticity
of subst:tution within Japanese goods, ;. For all years, oy is smaller than &, which is in turn
smaller than op, 05, and 0. US goods are thus more differentiated from one another than they
are from all foreign goods, both in aggregate and within Japan and EC firms. The elasticity of
substitution within Japanese steel, o, is typically slightly smaller than og, the elasticity within
EC steel. It is important to note again that varying the assumed elasticity values do not greatly
affect the optimal welfare results. Better estimates for ¢, o, op, and ocg would, however, help to

more accurately measure firm behavior.
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4.2 Firm Behavior

The right three columns of Table 1 show the conjectural variations parameters (v’s) which measure
firm behavior. US behavior is always more competitive than Bertrand (v¥ < 0), while foreign firms
are always more collusive than those in the US, and nearly always more collusive than Betrand.
Note that the much-maligned Trigger Price Mechanism (TPM) put into place in 1978 coincides
with a one-year increase in the degree of collusiveness exhibited by firms in all 3 countries. This
is not the case when “voluntary” import restraints are imposed in 1983, as all three competitors
behave more competitively, not more collusively as would be expected from Krishna (1989). This
may stem from the drastic fall in demand for steel in the 1980’s, which may have made the import
restrictions far from binding. This would reduce the degree to which the quota facilitates collusion
between firms. Since the TPM was imposed during a period of relatively healthy demand, it seems
to have had a stronger anti-competitive effect.

To more easily interpret the calibrated results for firm behavior, Table 2 shows actual prices
and costs as well as the prices that would have resulted had firms conjectures been Bertrand
or Cournot. Appendix C explains how to calculate the Bertrand and Cournot-equivalent prices.
Actual US prices are far lower than both the Bertrand and Cournot-equivalent prices, showing
that US firms seem to act quite competitively. Price of firms in Japan and the EC, on the other
hand, are typically substantially above those for both Bertrand and Cournot behavior. The prices
consistent with Bertrand and Cournot behavior are not that far from each other; this highlights
the arbitrariness of assuming a particular type of behavior such as Bertrand or Cournot in a
differentiated products oligopoly. On the whole, these results provide evidence that US firms

behaved more competitively than their Japan and EC rivals.

4.3 Union Behavior

Table 3 presents the results for union behavior. The first column, 4, denotes the union’s bargaining

strength in the Nash Bargaining equilibrium. The rise in union power starting in 1982 coincides
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with the beginning of several very bad years for the industry. The combination of rising wages
but declining profits has led observers to believe that the US steel industry is in an “end game”
(Lawrence and Lawrence (1985)). In an end game, the union, realizing that the domestic steel
industry and thus steel jobs are in inexorable decline, takes advantage of fixed capital to extract
rents, even though this hastens the industry’s decline. Lawrence and Lawrence point out that this
explains why real wages in steel have far outpaced average wages of other manufacturing workers,
even while firm profits and employment in steel have fallen. Demand eventually falls enough to
cause firms to shut down plants, thereby reducing overcapacity and limiting union power. This
may correspond somewhat with the slight dropoff in union power after 1984, as steel firms shut
plants and slightly reduced their underutilized capacity.

The remaining columns in Table 3 show the wages and the division of rents between workers and
firms which result from the following two experiments. The 50% columns present the values that
result if the union power parameter 6 is reduced by half, while the max columns show the values
that result if union power is increased halfway to § = 1. The columns labelled “s.q.” show the
actual, status quo, values. The “AWelfare” columns show the change in US welfare (in $billions)
from these experiments, while the “Labor’s Share Rent” columns show the fraction of rent captured
by the union, with the next two columns indicating the magnitude of the rents. Consistent with
the end game, the union indeed captured an increasing share of total industry rents in the face of
declining demand and capacity utilization after 1981.

The results of the 50% columns show that even without activist trade or industrial policies, a
less powerful union would have resulted in substantially lower wages and lower steel prices, and
a welfare gain of 1 to 2 billion dollars. Increased profits offset about 60-656% of the drop in labor
rents, while the increased consumer surplus equals another 45-50%, accounting for the gain in
welfare. This net increase in welfare suggests that reducing labor market distortions is not merely
a matter of dividing up rents between the two narrow interest groups of workers and firms, but

is instead of general economic concern. The “max” results show a similar picture, but in reverse,



though the high initial levels of union power mean that the welfare losses from larger labor market
distortions are somewhat smaller.

The results of these two experiments imply that policies which alleviate domestic factor market
imperfections—that is, which “bust the union”—are likely to have substantial welfare benefits

without the need for policies which bear the risk of retaliation by trading partners.

5 Optimal Policies

I next use the calibrated model to simulate the effects of optimal tariffs and subsidies. The
government sets its policy to maximize welfare, which is the sum of consumer surplus, labor rents,
firm profits, subsidy costs, and tariff revenues. Note that the actual level of welfare is uninteresting,
since this depends completely on the CES parametrization. Instead, I focus on comparing the
changes in welfare from various policies and assumptions.

Tables 4 to 7 show the policies, wages and welfare results for several different cases: for wage
setting I use both the Nash-Bargaining wage-setting process as well as the assumption that wages
reflect the marginal product of labor, so that there is no labor rent. I also examine the extent to
which the welfare gains from optimal policies are affected by taking into account the diminishing
average costs which come about from underutilized capacity, as compared to the fixed cos:s used
in previous work.

Table 4 presents results for an optimal tariff when the difference between the steel wage and the
average manufacturing wage is taken as labor rent, both with wage-bargaining and underutilized
capacity (top) and with fixed wages and costs (bottom). The first thing to notice is that in all
years the welfare gains from an optimal tariff are very small, reaching $100 million in only one
year. This lack of responsiveness of welfare to tarifls is familiar from Dixit (1988), and comes
about because trade policies are simply not efficient instruments with which to target what are
essentially domestic distortions of firm and union market power. Because of this, I do not report

results for an optimal tariff in the case without labor rents, for which the welfare gains are even
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smaller.

When wage-bargaining occurs, as in the top half of Table 4, the optimal tariff in all years but
1974 is actually lower than the status quo level of $20. Essentially, the government lowers tariffs
in order to “hurt” domestic firms. This induces lower wages and thus the setting of lower prices.
While these slight changes have only a small effect on domestic production, imports rise by 10%
to 20% (not shown in the tables). This gives the net gain in welfare, as the increase in consumers
surplus offsets lower profits and labor rents.

Optimal tariffs are typically much larger in the botlom of Table 4, which corresponds to the
assumptions used in previous studies: labor rents exist, but wages are fixed and capacity utilization
ignored, so that costs are fixed at the initial level. With wages fixed, the sum of tariff revenues,
firm profits, and labor rents dominates the loss to consumers surplus. Again, however, the welfare
gains involved are small, particularly compared to the size of steel industry.

Tables 5 through 7 show the effects of an optimal production subsidy to domestic firms. Welfare
gains here are potentially substantial. Table 5 shows the results when underutilized capacity is
present, both with wage-bargaining and labor rents (top) and without (bottom). Table 6 shows
the analogous results without underutilized capacity, so that costs and factor shares are fixed. In
both tables, considering labor rents results in a stronger policy (larger subsidy) and larger welfare
gains.

Comparing Tables 5 and 6, however, shows that taking wage-bargaining and underutilized
capacity into account dramatically reduces the gains from the production subsidy. Whereas the
top of Table 6 (with labor rents) shows over a four-fold increase in welfare gains over the bottom
(no labor rents), the welfare gain in Table 5 with labor rents is typically only about twice that
without labor rents.

The principal reason for the smaller welfare gain than in previous studies is that firms adjust
their input mix in response to the subsidy. As discussed above, with underutilized capacity, firms

start from a position of using “too much” labor compared to the amount they would use were
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capital fully utilized. As the production subsidy causes domestic production to rise, tae cost-
minimizing input bundle shifts away from labor, so that the share of labor falls. In Table 5, the
labor input increases by only about half as much as output, while in Table 6, the labor share is
fixed, so that labor grows proportionately with output. In seeking to capture labor rents, policy
diminishes their importance. This is particularly true in later years when there is a larger amount
of underutilized capacity, so that the initial labor share is farther above firms’ desired level.

The response of wages and price-setting to the subsidy also contributes to the smaller welfare
increases of Table 5. As in Brander and Spencer {1988), the union “skims” the rents from the pro-
duction subsidy by negotiating a higher wage. This offsets the cost-reducing benefits of increased
utilization, so much so that average costs rise in all but two years of Table 5. As a result, clomestic
firms pass through less of the subsidy in the form of lower prices, so that the quantity of U.S.
steel, rises by less than when wages and costs are fixed. Even in 1985 and 1986, when there is
enough underutilized capacity so that average costs fall, the drop in prices is proportionately far
smaller than when costs are fixed. In the top of Table 6, where wages and costs do not change, the
optimal policy is both stronger and more than completely passed through; that is, domestic prices
fall by more than the amount of the subsidy. This again shows the importance of not constraining
firm behavior, since the degree of competition between firms determines the degree to which prices
change in response to costs.

This interaction between the wage-setting process and firms’ price-setiing provides an empir-
ical counterpart to Rodrik (1987), who shows that all relevant distortions must be considered in
determining the effects of policies.

Table 7 presents results for another possible mechanism for wage determination: that a wage
differential exists, but that the gap is fixed and does not change with trade policy. This might
occur if steel firms paid workers a premium over other manufacturing workers for “efficiency wage”
reasons, as in Krueger and Summers (1988). An optimal subsidy is slightly more effective in

raising welfare when the wages are fixed because the union does not raise wages and skim off the

22



policy However, the welfare gains are still dramatically lower than in Table 6. This shows that
underutilized capacity and the resulting changes in input demand in response to protection is the
principal factor in explaining the smaller welfare gains shown here.

I also experimented with a labor subsidy paid to the firm per hour of labor hired. Since this
more directly targets the largest market imperfection, it gives slightly larger welfare increases than
the production subsidy. However, the wage subsidies required are extremely large—over $100 per
hour. This entails expenditures of $10 to 15 billion for a net welfare gain of only about $1 billion.
Although this is a partial equilibrium model, if one factors in a distortion created by raising the
revenues needed to fund this subsidy, then the far less costly production subsidies are preferable.

Finally, note that the optimal policy results depend crucially on the timing structure—on
the gcvernment’s ability to move first. Matsuyama (1990) examines the case where wages are
determined before policy, and shows that the union and firm would collude in a way which would
leave the government no choice but to “rescue” the affected industry. Further work might be of
interest here, particularly to measure the size of the change in welfare which results from the ability

of the government to precommit.

6 Sensitivity Analysis

Table 8 shows the effects of varying the elasticity of demand, €, and elasticities of substitution, o,
or, ard op. For the sake of brevity, results are shown only for 1978—other years yield similar
results. Also, rather than varying each of the parameters individually, I present two cases which
are representative of the extensive sensitivity analysis performed: a “low” elasticities case with
demand and substitution elasticities smaller than the base case, and a “high” case with larger
elasticities.

Thz top half of Table 8 shows sensitivity analysis for the demand parameters used in model
calibration. The most important implication of changing these parameters is the effect on the

measures of firm behavior (yy, 75, and &), since differences in behavior affect firms’ responses to
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government policies. Smaller elasticities make the goods appear more differentiated, so that firms
have more potential price-setting power over their particular product. Since the data specifies a
fixed markup of price over costs, firms appear more competitive in the low elasticities case, with
the opposite effect for the high elasticity case. While the values of the CV’s change, their ranking
does not, so that US firms consistently act more competitively than their foreign rivals. Similarly,
varying the demand parameters has only a very small effect on the parameter for union power, 6.
Obtaining marginal costs from an econometrically estimated cost function eliminates a major
problem with the previous literature, which relies on ad-hoc estimates of marginal costs.!® This
is important because in Dixit (1988) and KHS (1990) the simulation results are most sensitive to
the marginal costs, since the price-cost markup directly affects the measures of firm behavior.
The bottom part of Table 8 shows sensitivity results for the policy simulations. While varying
the elasticities affects the size of the welfare gains, the main result does not change that there are
much smaller welfare gains once wage-bargaining and underutilized capacity are taken into account.
As before, the relevant comparison is the difference between the simulations corresponding to the
top and bottom of Table 5, and the simulations corresponding to the top and bottom of Table 6.
For all three sets of elasticities, when wages and costs fixed as in Table 6, taking labor rents into
account gives a welfare gain about four times larger than when labor rents are ignored. In Table
5 where wages and costs are endogenous, taking labor rents into account only slightly more than
doubles the welfare gains from the optimal subsidy. And for all three cases, a reduction in the

union power, 6, as in Table 3, gives almost as large a welfare gain as the optimal subsidy.

7 Conclusions

The results above indicate that previous models neglect crucial aspects of import-competing man-

ufacturing industries such as steel.

10 As noted before, Fuss, Murphy, and Waverman (1992) independently combined a cost function with a calibrated
model of competition in the automobile industry.
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In particular, while taking labor rents into account gives more scope for activist policy to
improve welfare, the gains to be had are far smaller than previously shown. First, the existence of
underutilized capacity means that firms shift away from labor in response to protectionist policies,
reducing the amount of labor rent to be captured. Second, explicitly considering the source of the
rents lessens the welfare gains, since strategic union actions decrease the effectiveness of optimal
policiss. At the same time, the interaction of the wage-setting process and price-setting by firms
means that optimal policies result in less of a reduction of prices and thus a smaller increase in
consumer surplus than when wages and costs are fixed. This confirms the general point that all
relevant distortions, and particularly all agents with some degree of market power, must be taken
into consideration in setting policy.

Lastly, I show that there is a significant benefit from simply reducing domestic distortions such
as the union wage effect. While “busting unions” should not be taken as a literal prescription for
policy, it is important to note that the gains from doing so are nearly as large as the gains which
result from optimal trade and industrial policies. And policies which explicitly target domestic
distor.ions are less likely to elicit retaliatory responses from other nations.

Ttese results suggest that actively targeting industries with labor rents should not be the
primary aim of US trade policy, and that the focus on preserving “good jobs at good wages” is

overstated.
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A Appendix: Demand Equations

This appendix derives the functional forms for the demands described in Section 2.1.

Let p;,...,ppY denote the prices of US goods ¢/, ..., qp"; let p},...,p7}”" denote the prices of
Japanese goods ¢},...,¢}”; and let pk,...,pR® denote the prices of EC goods ¢f,...,qg¥. For
ease of notation, let gy denote {g},...,q;"}, let py denote {py,...,p}"}, and similarly for ¢y,
ﬁ-’y (TE, and I—;E-

Let C (py) denote the marginal cost of producing the aggregate domestic good U, and Cr (Cys, CE)
denote the marginal cost of producing the aggregate foreign good F. Let C;(py) denote the
marginal cost of the aggregate Japan good J, and Cg (pg) denote the marginal cost of the aggre-
gate EC good F.

Let a}; (pr) = 0Cu (pv) /Opi; so that ai;(-) is the unit requirement of a particular gj;, needed
to make a unit of U. The demand faced by a single US firm, ¢}, is thus a derived demand given
by:

qt; (Pu,P71,PE) = ayQu

To obtain the demand for gi;, then, the demand for U must be found. This is also a derived

demand, as it results from the demand for steel services. If C(Cy, Cr) denotes the marginal cost

of services S, then Ay(Cy,Cr) = dC/3Cy is the unit input requirement of U needed to make S.
If D(C(-)) denotes the demand for S, then:

qb (ﬁU7ﬁlyﬁE) . a;'jAUD

Factor demands are similarly derived from goods demands, with the unit input requirements
for each factor coming from the cost function estimated in Section 2.3.

The differentiation between Japan and EC goods creates an additional level of derived demands
involving the input requirements of Japan and EC goods in making up the aggregate foreign good
F. Similar to US steel, let Ap = 8C/OCF denote the unit-input requirement of F in steel services,
S. Let A;(Cs,Cg) = 0CFp/8Cy, the unit input requirement of J needed to make F, and let
Ag(Cy,Cg) = 8Cr /ICE, the unit input requirement of £ in F.

As before, we can now calculate the unit input requirements of a particular ¢% or g in J or
E. Let ay = 9qy/0pY, the requirement for Japan firms, and ag = dqE; | 9p', the requirement for
EC firms. Demands for ¢’ and ¢%; are then:

¢y (Pu, Py, PE) = a5 Ay ApD

qu' (ﬁUaﬁJ)ﬁE) = a‘EAEAFD

The assumption of symmetry between firms in a country combined with the production func-
tions for U and F gives rise to the associated cost functions for the aggregate US and foreign
goods:

1/(1-0(;)

ny 1/(1-0ou)
] =puny

CU(ﬁU) = [Z (p;})l—au

1=1
and g
CF(CJ,CE) = (C}‘UF +C;_;—a'p) /(1—0oF)

The cost functions for the aggregate Japan and EC goods similarly are:

ny 1/(1—01)
Cj(ﬁ_]) - [Z (pb)l—ajjl = pJ"_ll/(l—aJ)

i=1
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and

l/(l—UE)

1/(1-0g)
] =PENgp

Ce(pE) = {Z (pi) 7"

Differentiating Cy () gives unit input requirements for US firms:

ny ~1/oy
aby () = (o)~ [Z(pw*”v} =ngr/loe =y

i=1

Differentiating Cp(-) gives the unit input requirements for Japan and EC goods in the aggregate
foreign good:

Ay = (Cyor 4 Clor) r /1m0 osor

and or/(1=or)
44E — (C}—-UF +Cvé:—-up) F F CEOF

Similarly, differentiating costs Cy(-) and Cg(-) gives input requirements for each Japan and
FC firm:

(nj 7s/(1=0y)
[t iN~0 ) - 1~
ay (py) = py)~"’ Z(p-l)l "J] :nzl/( o)
Li=1

and

ng o5/(l=0ay)
i (= P i1l s
ap(Pe) = (P) 7% | 3 () OE} = ngH/177)

Li=1

The production function for S gives rise to the associated cost function for steel services:
4
C() — (Cllj-a + CII;-_U) T—o

Note that Cy(+), Cr(-), Cs(-), and Cg(-) are the costs of the aggregate goods U, F, J, and E,
and are thus not directly observable. The marginal cost of producing services, C(-), is similarly
unobservable.

LCifferentiating C'(-) gives the input requirements of U/ and F per service S:

AU — (C[l]-a + CII;_O)OU/“—-UU) Cv[;o
AF (Cllj—o + CIIF—U)UF/(-[‘UF‘) C;o

Putting the unit-input requirements together and summing over the ny, n;, and ng firms gives
demend equations (1), (2), and (3).

B Appendix: Elasticities of Demand

In this appendix I derive elasticities of demand for each nation’s goods, taking advantage of a
number of relationships implied by the CES structure of the model, along with the assumption of
symmetry between the firms within each nation.

Given symmetry between the firms within each country, production shares for individual US,
Japan, and EC firms equal:

0 :M:L
v Cu ny
g = ayps - 1
d Cy ny
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gi = 9kpe _ 1
E™"Cg ng
Krishna and Itoh (1988) show that aggregate domestic and foreign shares of expenditure, de-
noted by 8y and éF, respectively, equal:

Ay C
s
br = TFF = s

and that price elasticities of demand for the aggregate inputs to services equal:

. — _8AyCy _ a
WU = —5CyAc T T
_ _B8ArCr _ o8
Hu = 9Cr Ar — 14¢
where o
o= (L
Cr

Similarly, let ¢; and yg denote the expenditure shares of Japan and EC goods as a proportion
of expenditure on the aggregate forcipii good. These then equal:

,w — A C — 9]

Y o = 140

w — AgCg 1
E - Cr 140

where

3 CJ l-op
4= (c—)

These relationships considerably simplify the elasticities of demand for goods. In what follows,
an elasticity such as €, denotes the elasticity of demand for the good produced by firm ¢ in country
a with respect to a change in the price of the good produced by firm j in country b.

Differentiating ¢, gives domestic elasticities of demand:

.. 8ai. pi .
11 = Yy ry = 1 - oted
6UU BPEJ q('j ny [UU("U l)+ 1+¢
o= %Py _ 1 _ gte
fuu apl, 9, no 7V T Te
e = dqy EZL - 1 ( Q g—¢

uJ apJ_, qb ny \ Q41 14¢
Pl — a(I;'g EJE_ - 1 1 g—e

UE dp, 14 np \+1 1+¢

Differentiating ¢ gives elasticities of demand for Japan goods:

N 8 N +

1t — _9q;P; — 1 _ 9] op+e (Y]
€5s Py 0 ns [‘”("’ D+or (1 + 1+n) N ( 1+¢) <1+n)]
ij _ ¢y Py 1 _ Q ) _ (oote Q
L = I Y8 G O v i+ ) \1+a

3 73
fyU — 6q! E!:L — 1 |[(e=e)¢
opl, 15 ny 1+¢
o %4y Pr 1 1) _ (odte 1
CJE o o5 = ns |(OF) (13w i+¢ ) \T3a

Similarly, differentiating ¢%; gives price elasticities of demand for EC goods:

.. 94t [ [ rl e {

i = _%YegPp _ 1 - _1_ i oS 1_
EE oL 0t nm _UE(nE D+op(l+ n) * (755 ) (o=
ij _ dpPr  _ 1 1 adte 1)

€ = g = — — —) - _—

EE L, 0 ns |98 —oF {1+ g 1+é ) \1+a1)

"gu = Pl _ 1 [(e-)¢

opl, 9k nu 1+¢
o= 29gPr _ 1 0\ _ (gete) (_a_
CEy ap) 45— ns |F \T4a T+é 1+0
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The symmetry between the aggregate US good and the aggregate foreign good, and the symmetry
between the aggregate Japan good and the aggregate EC good constrains €y to equal €22,

C Appendix: Bertrand and Cournot-Equivalent Behavior

In this appendix I present the equations needed to calculate Bertrand and Cournot-equivalent
prices.

Bertrand-equivalent prices are calculated by setting vV, 7, and vE to0 0, and solving the FOC’s
(4) - (6) siruultaneously for prices py, py, and PE. Prices affect U.S. marginal costs, ¢y, and also
enter the demand elasticities ¢i;,, €f,. and €fi, so the system is highly nonlinear.

Cournot-equivalent prices are more difficult, because T must restrict price-setting firms’ beliefs
over changes in quantities. For a US firmn to believe that other US firms hold output constant, it
must believe that prices change such that:

1] 3 7 i 2104 U ij pu
fz'}u(l + (ny — Z)'YU( ) - fz}(r‘l'm + ”J(lggJ'YUJI;_J + "Eft['}E’YUEE =0

For a US firm to believe that Japanese firms do not change their quantity:
. U ur [ s g U g
T+ (o =177 + 507 [ (g = 1) = ey | 4+ PLyVB el = 0
by PE
And for a US firm to believe that EC quantity is constant:
egU(l + (ny — 1YYV + 1;—11171”711631 + ‘I;j—g—‘yUE [eiEjE(nE —-1)- C%E =0

Three analogous equations must also hold for Japan firms, and three more for EC firms. To
find the Cournot-equivalent prices, these nine equations are solved simultaneously with the three
FOC’s and the U.S. cost function, where py, ps, and pg, as well as the 9 component ¥*’s are
endcgenous.
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Figure 1: Timing of the Model

Government sets policies: subsidy s, tariff t

1
!
|

\

Wage determined by
union-firm bargaining: wage w

Firms set prices, which also
determines US costs: prices R P, Pe

US cost ¢ U

Steel market clears: Qu Q " Q .
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Figure 4: C(Capacity Utilization
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Table 1: Calibration Results

year

Demand

Shift

Elasticity of
Substitution

Firm Behavior

Oy 0y

,YU

(Conjectural Variation:)

,YI

E

Y

1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986

6.8
83
6.3
6.5
7.0
7.5
7.8
6.7
6.7
4.8
4.6
52
4.8
4.6

241 1 612
272 1 471
224§ 414
214 i 3388
219 i 524
230 i 6.16
227§ 554
224 | 442
225 1 4l
227 ¢ 5.71
199 579
207 i 557
209 1 620

233 ;1078

=277
-2.25
-2.32
-2.54

043 i
2.05
253 ¢

-2.76

284

-2.41
-2.91
-2.97

225 |

159 |

259 |
0.67 |
0.07
091 :
1.76 |
4.02 |
2.80
1.80 |
1.73 |
1.83 |
121
1.78 |
287 |

775

3.35
1.89
2.06
2.24
2.09
3.04
2.49
2.16

-0.40
1.79
1.69
0.54

1.71

2.93

Note:

B XIO‘O
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Table 4: Optimal Tariff

tuiff { AWelf | ACS | AProfit { ALR | AL Aw i AQy | Aprice, ||
s i s i sb i s ' ' '

year

1973 5 4 0.01 : 0.36 i -0.08 -0.11
1974 29 0.00 -0.18 0.05 0.05
1975 19 0.00 0.02 0.00 0.00
1976 7 0.00 0.28 -0.06 -0.10

1977 7 0.01 0.37 -0.06 -0.13

1978 | -8 006 |  1.00 022 031
1979 30 001 042 -009 013 |
1980 24 o001} 037F 007 012

81 | 10 000! o024i -005i 007
1982 s i o001 i o032 004 0.13
1983 20 002 033 -002 0.15
1984 20 003) 050 i -006 019 |
1985 4 002 | 043} -006 0.16

1986 | -2 i 004 L 008 | '

o o0 o © o o ©o o o o o o o ©
(=]

1973 42 i 002 -030 % 007 i 0.09 i 1 i - 1
1974 | 91 012 | -0.83 023 024 4
1975 | 60 i 004} -040 i  0.10 0.13 | 2§ -

1976 43 002 i -029 0.06 0.10 1 - 1

1977 | 39 % o002} -031% 006! 010 1. 1
1978 25 § 000 i -0.10 0.02 0.03 0o - 0
1979 40 i o002} -028 0.06 0.09 1l - 1

190 | 40 i o001} 024} 005 o008 S R B
981 | 411 o002 L 030 i 006 L 000 | ' T B
1982 | 28 000 | 010 i 001 L 003 | 0 ! Lo
1983 | 24 { 000} 004 000 Y 0 | Lo
984 | 20 o000 -005i 000 001 ; 0f - i o
185 | 18 1 000 L 003 i 000 L 01 | 0 ! 0

o o o o o o o ©o o o o o <o o

1986 | 10F 000 o016i -002i 005 -1i - i -

Notes: t taniff Welf  Welfare CS Consumers Surpius
LR Labor Rent L Labor (hours) w wage ($/hr)
Qu Quantity of US Steel
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Table S: Optimal Subsidy
Underutilized Capacity

s { AWelf i ACS i AProfit i ALR | AL i Aw { AQ i Aprice,, I
year H H H H H H H :

$b $b $b

1973 | 102 i 210 i 1008 : 237 8 322F 27 i 11§ 44 % 249 92

1974 | 117 i 266 i 1180 332 1 3.60 29 i 10 46 i 251 i -105
1975 | 121 i 246 | 1074 2.24 3.34 30 i 11 51 278 1 -116
1976 | 120 i 240 i 1089 2.03 3.55 27 i 12 a9 i 2721 -114

1977 | 123 260 i 11.56 2.01 4.05 27 i 14 50 i 269 § -117
1078 | 123 i 304} 1294 | 262 i 3.83 30 i 11 52 1 281 & -121
1979 | 122 § 263 i 1226 } 240 F 3784 26 12} 46 i 2591 -5

1980 | 116 { 209 % 1017 189 3201 24} 13 44} 250 b L107
o1 | 10} 19 i 967 i  201f 2007 241 12} @i 2421 -ioe
g2 | 1o i 1e2i 7s2i  ose ! 287 231 17} 4 | 264 t 105
1983 | 109 147f 7200 037 3200 19i 2] mi 255i an

1984 | 102 i 140 i 725 i 083 i 271 % 19 17 41 i 2351 95
1985 | 106 | 172§ 791 i 093 i 259 24 i 16i 50} 274} -107

1986 | 109 i 199 i 849 : 095 |

253 i 304 |

27

15

58

1973 | so i o9 i em i 1s3 i - i 18 i - i 26 -l61 i 59
1974 | T} 103} 742i 215 - § 20i - | 28} -169} 70
1975 | 74§ 100 | 68 Coussto- b 200 -1 3l oase i a9
1976 | 73 099 i 698 Coasod - b b - f a0 ass i g
1977 | 715 109 i 75 160 - i 20f - 3} sl s

1978 | 79 i 135 863 i 194} - 20 - i 34 200% g6
1979 76 § 110 i 803 179 | - 19 F - 1 20 -180 -80
1980 | 71 i o8 i 661 i 14si - i 7] - i 270 73] -74

1981 | 67 i 080 | 622 148 | - 7 i - i 261 -165 69
1982 | 68 i 071} 508i 094 i - 8 - i 31 -85} 75

1983 | 66 i 065i s02f o074} - | 17} - i 290 -a8<i

1984 | 64 i o065} 505 095 - 6 - § 2§ 1721 -69
1985 | 70 i 085 se1 i 099 i - | 19i - | 34i 205 -80

1986 | 76 i 105i 625 103i - i 2i - i 4 237! -

Notes: s subsidy Welf Welfare Cs Consumers Surplus
LR Labor Rent L . Labor (hours) w wage ($/hr) -
Qu ° Quantity of US Steel
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Table 6: Optimal Subsidy
Costs Fixed

s | AWelf i ACS | AProfit i ALR | AL i A | AQ, i Aprice,,
ycar — H - . . H

$ i sb i s i sb $b

% i %

%

1973 | 112 i 428 ¢ 1717 i 087 i 499 i 81 i - i 81 i -378 i -139

1974 127 5.31 20.34 1.24 5.94 86 - 86 -3 8f4 -160
1975 135 5.08 18.23 1.00 5.81 95 - 95 -41.6 -174
1976 137 5.19 18.99 1.00 6.10 93 - 93 -41.4 -175
1977 142 5.80 20.63 1.18 6.96 99 - 99 -42.3 -182

1978 140 6.29 2228 1.34 7.01 99 - 99 -42.4 -183

1979 | 140 | 563 | 2142 | 110 | 647 88 - 88 | 400 i -178
1980 | 134 4.65 18.01 0.88 5.47 85 - 85 -39.2 -168
1981 | 125 | 422§ 1686 oss i 481 s} - | s | 375 L 1ss
1982 131 3.84 13.74 0.75 4.66 97 - 97 -42.0 -167
1983 | 135 3.86 14.03 0.62 494 95 - 95 42.4 -170
198 122 33 13.71 0.71 4.24 85 - 85 389 -156
1985 126 3.86 13.85 0.82 431 97 - 97 -42.0 -165
1986 | 128 i 422 | 14190 00 ' : ' ' :

448 | 108 446 |

108

-173

1973 57 &1 095 i 747} 044 1 - i 32 % - i 32% -192 i -71

1974 | 68 i 128 931F 066 i - | 36i - i 361 205 -8
1975 | 720 1isi sa1i  o0s2 i - i o3 - | 38} 22} .0
976 | 7 owas i osas i ostio- } o360 - 1 o3t 214) 9
977 | 13 126 sse ! oe0 i - G os i oo 1 w27 s
1978 | 77 0 1s7i 1034 om i - i o4} - | a1} 233
1979 | 731 1300 948 ose ! - | 35 i - | 351 208! w93
198 | 68 i 101 776 L 04 T B TYS B BSOS TN N

1981 | 65 i 096 i 753i o0a4i - i ;i - i 3% .195i -1

1982 | 66 ; o080 577 037 i - i 361 - i 3% 211 -5
1983 | 65 i om i sel i ozt - 1ol - 1 o3l 204
1984 | 63 i o074} ss6i o035 - i ;i - | 3} 06 9
1985 | 69 i 095i 641! o04si - | a0l - | 40! 230F -9

1986 | 74 i 115 692 i osli - i 46 - i 46 258 i -100

Notes: s subsidy Welf Welfare CS Consumers Surplus
LR Labor Rent L Labor (hours) w wage ($/hr)
Qu Quantity of US Steel
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Table 7: Optimal Subsidy

Underutilized Capacity and "Efficiency Wages"

year

i AWelf | ACS

AProfit

ALR

AL

$b

$b

$b

$b

%

Aw i AQy i

% %

1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986

98
114
118
117
119

120 i

120
113
107
106
106
101
103
105

270 i

271

298 i

295 |
239 i
2.19 i

P11

185 |
174 |
197 |
220 |

232
288 |

334 |

10.68

1252 §

1149 |

11.82 i

1263 |

13.82 i
1334 |
11.06 |

10.41

838 |

8.54 i

839 i

870 !

9.08 i

2.96

397 |
290 |

2.83

298 |

3.41

329 i
269 i

271
1.71

144 |
174 |
169 |
162 |

199 i
238 |
2.19
222
243 |
250 i
236
1.96
1.77
1.52
1.55
139
138
139

32
35
36
34
35
35
32
30
29
32
30
28
31
34

a4
R
S i s
S s3
S s
i ose
R P
R R
R R
S s
Sl s
R NP
R
R

-26.1
-26.3
-293

288 |

-29.1

296 |
217 |
268 |
257
288 |
290 |
265 |
296 |

-32.1

Notes:

s
LR

Qu

subsidy
Labor Rent

Quantity of US Steel

Welf

L

Welfare
Labor (hours)
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Table 8:

MODEL PARAMETERS

Sensitivity Analysis for 1978

Elasticities o oy oF oy o
low 2.00 170 i 300 | 4.52 5.00
base 3.05 230 | 500 6.16 7.00
high 5.00 311 700 i 8.01 9.00
3 v’ Y ¥ 0
low 1.01 260 213 094 0.644
base 1.10 205 402 3.04 0.643
high 1.50 -127 614 i 516 0.643
Note: * = assumed parameter
OPTIMAL POLICY SIMULATIONS
Assumptions for Elasticities Subsidy AWelfare ALabor | AWage AQy Apy
Wages and Costs ¢ h) $b % % % Y%
Table 3: 50% cut low 0 - 2015+ 202 | 377 1 120 | 96
in 6, pararieter for i yr F— .
union power base 9 218 32 G 312 1136 i 92
high 0 2635 | 233 | 361 i 175 | -83
Table 5, top: Jow 121 2760 276 G 69 | 471 | 293
Wage-bargiaining ~ j7rrrmiesississs s s geasasen e H Tty ! :
and underatilized base 123 3036 § 296 | 1Ll 524 i 281
capacity, with labor [T s F F e
rent high 131 3836 i 355 229 i 677 | -255
Table 5, tottom: low 79 1188 i 186 - i 294 i 205
Wages fixed and [ FE— . ‘ ““““““““
underutilizzed base 79 1345 © 212§ - i 335 i 2200
capacity, no labor 3 Y e
rent high 81 1844 | 289 i {459 i -19.0
Table 6, top: low 139 5363 | 833 | - 833 | 422
Wages an‘:i COStS ------ amen E ---------- ? ------------------ devovscmnccaneracen ‘E ----------------
fixed. wit labor base 140 6290 i 993 i - i 993 | 424
rent high 140 9453 i 1524 ¢ - 11524 | 423
Table 6, bottom: low 77 1.355 346 1 - i 346 i 234
Wages and costs H H 3
fixed, no labor rent base 77 1.571 40.8 i - i 408 i -233
high 77 2304 596 : - i 596 i 232
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