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Adjustment in General Equilibrium:
Some Industrial Evidence

Farhad Rassekh*
Henry Thompson

Abstract

The link between output changes and factor-mix adjustments in general equilibrium iz examined for each of
nine industries using pooled data from 12 developed countries over the years 197085, Specifications of the
Stolper-Samuelson theorem and the specific-faciors medel of production are built on the assumptions and
scructure of theory with each industry isclated in turn. In their simplest version with anly cupital and labor
input, these competitive general-equilibriwm models explain a good deal of the observed variations in
industrial factor mixes. The specific-factors model performs betier.

1. Introduction

The theory of production and trade is built in large part on the competitive paradigm
contained in general-equilibrium models of production. The Stolper-Samuelson theo-
rem (1941) of the Heckscher-Ohlin model captures the link beiween an industry’s price
and the return to its intensively used factor of production, illusirated in Edgeworth box
and Lerner-Pearce diagrams. The specific-factors model assumes every industry is
characterized by productive capital used only in that industry, creating a direct link
between the price of an output and its specific factor.

This paper provides some empirical evidence for the Stolper-Samuelson theorem
and specific-factors model. Model specifications are estimated using data for each of
nine manufacturing indusiries across 12 QECD countries from 197085, In the Stolper-
Samuelson specification, a rising price in an industry causes the capital-labor ratios to
adjust according to factor intensity. In the specific-factors model, a higher price in an
industry is expected 1o increase labor input,

There are data available for many industries, suggesting a mode! with many poods.
When the prices of goods are exogenously given at world levels, however, a production
mode!l with two factors shared by each industry is overdetermined. Introducing de-
mand allows a tractable model, but relaxes the inlensity links. The present paper
isolates each industry and aggregates the others into a single sector, developing 2 series
of two-sector models to coincide with the Stolper-Samuelson theorem.

Leamer (1994a) argues that an idea needs an issue, a theory, and evidence to survive.
The Stolper-Samuelson theorem meets the first two conditions, but lacks much of the
third. The thearem was originally presenled and applied largely in the context of
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international trade theory. The general-equilibrium model can, however, describe a
totally closed economy experiencing demand-driven price changes. If the demand for
a good rises, its price increases and the Stolper-Samuelson theorem predicts relative
factor-price adjustment. This link between prices of goods and prices of factors
through the preduction structure, holding technology constant, is the heart of the
Stolper-Samuelson theorem. When the price of a good changes, outputs adjust as
productive factors shift between industries. The present paper adopts this general
perspective without a direct link to trade or frade policy.

The appeal of the Stolper-Samuelson theorem stems from its clear identification of
winners and losers. Economists concerned with income redistribution due to trade
policy often invoke the theorem. Tariffs are generally thought to favor relatively scarce
factors of production and harm relatively abundant factors. Whether and how this
intuiton applies to an economy composed of many industries remains an iatriguing
puzzle. This paper provides one approach to interpreting and applying the theorem.

2. The Isolated-Industry Model and the Specific-Factors Model

With many factors and goods, there are unambiguous factor-intensity rankings only
under very restrictive conditions, as developed by Chang (1979) and Ethier (1984).
Qutput in industry ; is a function of capital and lubor inputs, x; = x; (K, ). Assume
homothetic neoclassical production functions. With competitive pricing, cost equals
price. Unit-value isoquants represent the amount of good j worth one unit of
numéraire, namely one US dollar. The isolated-industry model simplifies the economy
to only two sectors, leading 10 unambiguous predictions depending on industrial factor
intensity, Other manufacturing output is aggregated into x,.

The isolated industry j is Jabor intensive if (K/L), < (K/L),. Let the price p, of this
labor-intensive good rise, holding constant the price of the other good and total
endowments of capital and labor available in manufacturing. The expanding industry
hires more labor per unit of capital than in the contracting sector, relative wages rise,
and both indusiries become more capital intensive. Qutput of the labor-intensive good
increases while output in the other sector drops. Symmetrically, higher price for a
capital-intensive good would result in lower relative wages and capital-labor ratios.
This dependence on factor intensity captures the essence of the Stolper-Samuelson
theorem.

Suppose capital is a specific factor, as in Jones (1971), Samuelson (1971}, and Neary
(1978). Some of the capital equipment used in these indusiries cannot easily be con-
verted for use in other industries. Except for some technical workers, the majority of
labor in most groups (janitors and economists, for mstance) can work in different
industries. There are nine industries in the present specific-factors model, each with its
own specific capital input. Labor is the common faclor, being mobile between indus-
tries. Labor and each industry’s capital are fully employed and a unique labor input is
determined in every industry. A higher price in industry j would shift the unit-value
isoquant toward the origin. The supporting isocost line in industry j becomes sieeper,
as the return (o capital rises proportionately more than the wage. Labor enters the
sector and output increases, with specific capital fixed.

3. Previous Empirical Studies

Empirical studies of the Stolper-Samuelson theorem are relatively rare, perhaps be-
cause the real world does not appear to conform to assumptions of the theory. It is
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known that there are more than two separable inputs in these production processes.
Brapson and Monoyios (1977) argue that skilled labor is an important input in ob-
served trade, Clark, Hofler, and Thompson (1988) show that there are at least nine
separable skill types of labor in a cross-section study of US manufacturing. Leamer
(1984) successfully specifies a model with different types of labor, capital, and resoarce
inputs.

Magee (1980) makes the first attempt at empirical investigation of the Stolper-
Samuelson theorem, pointing oul that the theorem predicts labor and capital would
lobby on opposite sides of trade policies. Testimony of groups representing labor and
capital before the US Congress on the Trade Reform Act of 1973 shows that lobbying
activity occurred along industry lines rather than factor lines. Magee points out, how-
ever, that lobbying is more concerned with the short run, while the Stolper-Samuelison
theorem is a long-run proposition, Magee's interpretalion is in accord with the point of
Leamer (1994a) that trade theories should not be “tested” in order to be accepted or
rejected. Leamer argues that tests should simply suggest conditions under which a
theory is applicable and capable of making predictions.

Leamer (1984) points out that direct econometric estimation of Stolper-Samuelson
effects is ditficult because of the high degree of collinearity between prices of goods
and prices of factors. Detailed and reliable data on factor prices, especially capital, are
not available. Moreover, a change in technology or other exagenous supply shocks
would alter the relation between prices of goods and factor prices. Leamer appeals to
Samuelson’s reciprocity relation between the Stolper-Samueison and Rybczynski
theorems in order to estimate Stolper-Samuclson effects, focusing on the effects of
tariffs on factor prices. The model 15 not judged by the estimates but is used as the
Iramework for estimation. Leamer (1994b) applies the same procedure to estimate the
wape effects of free trade between the US and Mexico.

Gaston and Trefler (1994) directly estimate the effect of tariffs on US manufacturing
wages, which they find to be negative. They believe less efficient resource allocation
under protection may be the cause, Workers may also receive economic rent from
tariffs by avoiding the cost of searching for new jobs.

Krugman and Lawrence (1994) examine the factor-price equalizalion theorem based
on the lagic of the Stolper-Samuelson adjustment process. If factor prices across
countries are to become equal through trade, they would generslly have to move in the
direction predicted by the Stolper-Samuelson theorem. [nereased international trade is
expected to raise the price of a country’s abundant factors and reduce the price of its
scarce factors. Such a change would lead all industries to substitute scarce factors for
abundant factors as trade increases. In the US, relatively scarce unskilled workers
should be substituted for abundant skilled workers. Krugman and Lawrence find that
this prediction does not hold between 1979 and 1989, a period when international trade
increased. Thompson (1985) points out, however, that models of production with as
few as three factors do not have such straightforward predictions.

Lawrence and Slaughter (1993) set out to determine whether international trade has
caused the slow growth in real hourly compensation and the increase in income
disparity in the US since 1973, using the Stolper-Samuelson theorem as a conceptual
framework. Their empirical analysis suggests that increased trade and the Stolper-
Samuelson process had little influence on relative wages in the US during the 1950s.

Bhagwati and Dehejia (1993) critically evaluate several recent empirical works,
mostly by labor economists, whick rely on the Stolper-Samuelson mechanism to deter-
mine the impact of international trade on US wages. They find major theoretical



TGO el YR

ety

Riar g PaT

) B et T e, TR | RIB R SR T N T A e TR e T

FOnRT T

INDUSTRIAL ADJUSTMENT IN GENERAL EQUILIBRIUM 23

pitfalls in these works, and contend that the Stolper-Samuelson theorem is not an
adequate guide to reality.
In summary, there is little consensus in the empirical literature. The present paper’s

contribution lies in specifying empirical models built directly on the theory, controlling
for exogenous variables.

4, Industrial Factor-Intensity Rankings

The International Sectoral Databank (QECD, 1989) provides data for nine manufac-
turing industries in 12 developed countries. Two advantages of this data set are consist-
ency across countries and the inclusion of capital input. The data cover the years
1970-85, and are expressed in 1980 US dollars.

The firsi step in implementing the Stolper-Samuelson theorem is to raak industries
in each country by factor intensity. The average ratio of capital to labor over the entire
time period is calculated. Table 1 presents the rankings by capital-labor ratios. For
each industry, the first number shows its ranking, with 1 as the most labor intensive.
The number following in parentheses is the capital-labor ratio in thousands of dollars
of capital per worker. Industries are compared with the capital-labar ratio in total
manufacturing, which appears in parentheses along the last row. Each industry is
calssified as cither L (labor imtensive) or K (capital intensive) relative to aggregate
manufacturing in each country.

There is a fairly consistent factor-inteasity ranking of industries. In every
country, textiles (TX), other manufactures (OM), wood (WD), and machinery and
equipment (ME) are labor-intensive industries. Chemicals (CH) and nonmetallic
minerals (NM) are capital intensive in every country. Basic metals (BM) and food
(FD) are also classified as capital-intensive indusiries, because BM is labor
intensive only in the Netherlands and FD only in Canada and Japan. Paper (PA) is a
borderiine industry, capital intensive in half the countries. Comparing the distance
between the capital-labor ratios and the average in mapufacturing, countries with
capital-intensive paper industries lie farther from the average. Thus, PA is classified as
capital intensive.

Industries can alsc be consistently compared across countries. For instance, aggre-
gate manufacturing (MF) is the most capital intensive in the Netherlands and Sweden,
and the most labor intensive in the UK and Japan. Textiles {TX) is the most labor
intensive in the US, and chemicals (CH) the most capital intensive in the Netherlands.

The varigtion in the capital-labor ratio across countries is largest in paper (PA) and
basic metals (BM).

5. An Empirical Model of the Stolper-Samuelson Theorem

The empirical model incorporates the assumptions and structure of the underlying
theory. Variables which are exogenous in theory are included as indepeadent variables
in the regressions. Imperfections in the labor market are controlled by the use of
independent variables. The key to specifying a theory is to include the structure of the
mode! which leads to the theoretical outcomes.

In the Stolper-Samuelson theorem, the ratio of wages to rents is the dependent
variable, while output prices and factor endowmeuts are independent exogenous vari-

ables. Including influences due to imperfections in the labor market, consider the
following log linear model:



Tabie 1. Industrial Facior Intensity, Average for 197085+

Rank (8 K/L) K or L intensivst

Country®

Indusrry® BL CN DU DN FR IT JP NL NR SW UK us

TX 234)L  124)L 300 2260 1GD)L  2Q00L 4L ASOL  125)L  203)L  224L  108)L
oM 4S5 2028)L W24)L  109)L  348)L — WL 101L 23)L (DL WL 2AB3)L
WD — 450)L  A(39L  4(9)L  — 120L  — — KL a(0)L — 3(48) L
ME 1(31)L 3(42)L 225)L 330)L 2339 L 3(3NL 227L 3(s6)L 3(35)L 3(50)L 3(26)L 4(32)L
PA 3(S1)L 612K 5(A6)K  S@LL  AGNK  4G6)K  6(ONK  248)L  5A9)L  Y(UISK  4BLL  548)L
FD 5(68)K 5(58)L 6(55) K 6(55)K 8(715)K  6(65)K 329)L 6(718YK 6(64)K 6(18)K 5(33) K 6(54)K
NM 75K 9(282)K  3(62)K 985K  G(7TDK 561K 5(50)K 7(82)K T(T6)K 5(72)K 6(56)K  7(66)K
CH B(104)X  T7(120)K  7(538)K BRO)K 7(73}K 709K 74K B145)K  9(12HX  T(106)K  B(BAK  8(109)K
BM GTOK  S(IBHK  9INK  TTHE 560K 8191)K  B(45K  S(60)L  8(108)K 816K 159K  IITIK
MF (56) (60) (1) @) (1) (52 39) (68) (55) (68) (39 (s0)

*Saurce: OECD Internarional Secioral Darabank, 1989,

1-9, ranking fram the mast labor intensive to the most capital inceusive industries; (-}, thousands of dollars of X per L; K or L intensive, capital or laboc intensive relative

to average in manulacturing (MF)} in cach country.

<BL, Belgium; CN, Canada; DU, Germany, DN, Denmark; FR, France; 1T, Italy; JP?, Japan; NL, NetherJands; NR, Norway; SW, Sweden; UK, United Kingdom, US, United

States.

ATX, textiles; OM, other manufactuces; WO, wood, wood products; ME, machinery, equipment; PA, paper, pnating, pubﬁahing; FD, faad, beverages, tabacco; NM,
nanmetallic minecals; CH, chermicals; BM, basic metals, M, apgrepate manufacturing.
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(w/r) =y +a pi*+a,pi,+a Kl +aLi+a.cl +agul g, (1)
where industries are indexed by j=1,...,9; countries by i=1,...,12; and time by ¢
=1970, ...,1985. YVariables in equatxon (1) are expressed in lOgdl'lth.TﬂS and defined as:

(w/r)}, the wage relative to the return to capital in manuvfacturing;
i the lagged price of output in isolated industry j;

Dhir the aggregate price in the other sector;

K, the capital endowment;

L, the labor endowment,

¢, coefficient of variation in wages across industries within each country;
i, the unemployment rate; and

&l randorm error.

The Stolper-Samuelson theorem predicts &, will be positive (negative) if the isolated
industry j is labor (capital) intensive. The aggregate price of other goods p, is included
as an exogenous variable, To construct this price index for industry j, output in industry
j 1s first subtracted from manufacturing output, y, = yy — y,, where y represents the
value ol output in 1980 US dollars. The size of industry f relative to the other industries
is 0, = y/y,. For industry /, the aggregate price index of the other goods is p, = X,,0,p,
Aggregation reduces the model 1o two industries. In theory, the price of this other good
is held constant to isolate the Stolper-Samuelson effect for the industry in question. In
the data, there is variation in prices across cauntries and time. Including p, allows
interpretation of the other coefficients in (1) as though the aggregate price ot other

goads were constant. The parameters are thus partial derivatives in the comparative .
static model.

In the Heckscher-Ohlin model, changes in K and L should have no etfect on wir, the
factor-price equalization result. Including K and L in (1) effectively holds endowments
constant to concentrate on the effect of price changes captured by a,.

The coefficient of variation of wages c is the standard deviation of the wage divided
by its mean. In theory, wages are equal across industries within a country due to the
assumptions of labor homogeneity and mobility. Ideally, c would be zerq, but there is
some vanation in wages across industries. Including the coefficient of variation has the
effect of controlling this industrial wage variability. The price coefficient 4, can be
interpreted as though wage variability were constant.

The unemployment rate u is included because of the theoretical assumption of full
employment. There is, however, variation in unemployment across countries and lime
in the data. Chaages in unemployment might affect the general-equilibrium ratios of
wages to rent or capital 10 labor. Including « makes the other coefficients, most
importantly a,, partial derivatives holding unemployment constant.

Reliable figures for the return to capital, included in the dependent variable in (1},
are not available. The ratio of wages to rents, however, directly affects the ratio of
capital to labor, which is reported in the data. In the following estimations, the endog-
enous capital-labor ratio in each industry serves as a proxy for the ratio of wages to
rents.

In the Stolper-Samuelson theorem, any change in p,should be due to a change in the
international market or in the demand for good /. An observed change in P, could,
however, be caused by a shift in technology or supply. Deardorif and Hakura (1993, p.
27) point out that in studying the Stolper-Samuelsorn process, the source of price
changes must be known. A negative technology shock, for instance, would decrease
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domestic supply and raise the price of output. There is then some ambiguity with
respect Lo the final position of the unit-value isoquant, which would shift away from the
origin with the technology shock, but toward the origin with the resulting higher price.
The net effect could be a unit-value isoquant farther from the origin, which would
mean & lower relalive wage occurting along with the higher price of the labor-intensive
good. A price change would thep be associated with the opposite of the predicted
Stolper-Samuelson effect.

Qutput of industry j 1s used as a proxy for price. The assumption is that technology
changes have larger effects on the unit-isoquant position than the related price changes
when supply shocks occur. This assumption works better with more elastic demand. In
these competitive models, the 1ypical assumption is petfect competition, which fits this
high level of aggregation. If isclated industry j is 1abor intensive, higher output is then
accompanied by an increase in the ratio of wages to rents. In the process, the capital-
labor ratio nises. Higher outputs in capital-intensive industries are associated with
lower capital-labor ratios.

Industrial output is normalized by total manufacturing output. The share of industry
J output in total manufacturing output, 5, becomes the exogenous variable of interest.
Output shares control for the different sizes of the same industry across countries,
reflecting performance of each industry relative to all manufacturing. Output shares
are not used to proxy the price of the other sector because s, = 1 - s,

This analysis {eads to the estimation of

(K/L};‘_ =by + by +b,ph + B K|+ by L+ bscl + bt + 715, (2)
where 75 is the random error term. The Stolper-Samuelson variable s, the share of
isolated industry j in manufacturing, is lagged te allow for adjustment over time.

6. Results of the Stolper-Samuelson Estimation

Equation (2) is estimated in a pooled regression for each industry across the 12 sumple
countries over the 16 years. Although the countries are all developed industrial econo-
mies, they differ in institutions, public policy, and business laws. To control for this
heterogeneity, (2} is estimated with a separate constant term for each country.

Preliminary tests indicate heteroskedasticity and first-order autocorrelation. The
Parks (1967) method is applied because it assumes residuals are heteroskedastic,
contemporaneously carrelated, and serially correlated of first order in pooled data. The
model is estimated in logarnthms, and the coefficients are interpreted as elasticities.

Regression estimates of (2) are reported in Table 2. The Stolper-Samuelson theorem
in the present model predicts that in the labor-intensive industries (TX, OM, WD, ME)
an increase in 5, would cause an increase in the capital-labor ratio. In the capital-
intensive industries (PA, FD, NM, CH, BM) an increase in 5; should lower the capital-
labor ratio. This prediction holds for five of the nine industries: OM, ME, PA, NM, and
BM. The coefficients for WD and FD have the right sign, but are insignificant. Signifi-
cant opposite signs are found m only TX and CM. The Stolper-Samuelson prediction
is thus rejected in only two of nine industries. Amoung the labor-intensive industries,
OM and ME have correct and signiticant positive signs, and WD has the correct sign
but is insignificant. In three of the five capital-intensive induostries, correct significant
negative effects occur, The signs of the other two indusiries do not coincide with
theary, and CH has a significant positive sign. The Stolper-Samuelson mechanism
performs about as well in both labor- and capital-intensive industries.
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Table 2. Stolper-Samuelsan Estimation: Regression Results of Equation (2) with Dependent
Variable (K/L);

In variable® (+— statistic)

Industry? S; DY K L4 c! ut R MSE

TX -008  -0.04 1.08 -084 020 005 016 102
(164)  (473) (409) (319)  (11.2)  (623)

OM 004  —0.03 0.51 066 -012 007 072 101
(181}  (4.17) (166) (153)  (395)  (7.40)

wD 007 0002 0.0 ~1.59 007 003 097  1.05
(124)  (0.17) (242) (116) (@z21) (302)

ME 025 0.1 0.95 -1.04 010 001 069 105
(313)  (L70)  (1067)  (826) (186)  (231)

PA 027  -0m 0.64 —0.93 0.02 004 097 103
(986)  (2.00) (234) (352) (Q44)  (550)

FD 005 -0.2 0.73 -068  -0.02 005 097 102
(146)  (3.12) (274)  (208) (113)  (420)

NM 035 004 0.77 -0.77 0.05 006 098 1.0
(30.8)  (19.3) (53.5)  (636) (9.01)  (226)

CH 005 004 (.84 077 006 002 056 107
(228)  (0.63) (31.1)  (198) (481)  (3.18)

BM 024 0Mm 0.77 ~1.24 001 0002 09 099

@67)  (5.16) (564) (54.5) (0.61)  (0.62)

*5;, output share; pf, other prices; K, capital endowment, L}, labor endowment; ¢, coefficient of variation in
wages, i, unemployment.

¢TX, 1extiles; OM, other manufactures; WD, wood, woad products, ME, machinery, equipment; PA, paper,
printing, publishing; FD, [ood, beverages, 1obacco; NM, nonmetallic minerals; CH, chemicals; BM, basic
mmetals; MF, aggregate manufacturing.

¢R?, gaodness of fit.

{MSE, mesn square error.

The capital endowment K coefficient is significantly positive in every industry, and
the labor endowment L{significantly negative, which indicates that factor endowments
affect input ratios and underlying factor prices. A higher manufacturing capital endow-
ment means a higher ratio of wages 10 rents and a higher capital-labor ratio in each
industry. A higher labor endowment lowers both the wage-rent ratio and the industrial
capital-labor ratio. This result implies that the static factor-price equalization property
does not hold in this data set. Factor prices depend on factor endowments. Rassekh
(1993) uses the same data, however, and finds dynamic wage convergence in each of
these industries.

The coefficient of variation in wages ¢ is significant except in FD and BM. Signifi-
cance means that enough wage variation occurs across industries and time to affect the
industry’s capital-labor ratio. The significance of ¢} indicates that labar is not homo-
geneous or completely mobile across industries. There are ways to modify the
Heckscher-Ohlin model to include imperfections in the labor market and maintain the
basic intuition of the Stolper-Samuelson theorem. Including ¢ as a variable allows
the share coefficient to be interpreted as though the variation in wapges were constant,
The unemployment term #! is significant in every industry except BM, which indicates
that unemployment generally affects the capilal-labor and wage-rent ratios.
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Table 3. Specific-Factors Model: Regression Results of Equation (3) with Dependent Variakle Lg

In variable® (+— stutistic)

Industry” Y [ Ky, L c! u Ru MSE:

TX 0.07 —0.03 0.63 1.20 Q.28 ~0.03 0.93 0.004
{0.79) (1.90) (7.18) (12.4) (6.55) (2.37)

OM 0.06 0,002 -0.01 0.44 0.11 -0.06 0.99 0.008
(2.00) (0.20) {0.64) (4.34) {(2.60) (4.54)

WD 0.33 0.01 =(0.02 1.4 -0.10 0.05 0.99 0.002
(6.69)  (0.67)  (022)  (143)  (208)  (3.28)

ME 0.05 =0.02 011 1.16 -0.02 Q.02 0.99 0.001
(262) (725  (175)  (436) (156)  (7.16)

PA 0.17 0.004 =0.09 0.53 0.06 =0.03 0.99 Q.003
(5.52)  (043)  (L89)  (7.99)  (261)  (5.67)

FD 0.06 0.02 Q.19 0.52 .06 -0.01 0.99 0.002
(229)  (267) (359 (121)  (331)  (2.50)

NM 0.22 0.04 —0.05 1.18 —0.08 0.01 0.99 0.007
(9.21) {(5.04) (2.88) (21.1) (3.02) (1.39)

CH 0.07 —0.02 0.23 0.77 -0.0¢ 0.04 0.99 0.001
(3.66) (395  (931) (199)  (289)  (629)

BM 0.02 0.02 0.08 1.10 -0.06 0.02 0.99 0010

Q17 @S (126  (157) (193  (@17)

*This model i& estimated with capital inpuis of other industries individually included, but these coellicients
are not reported

¢ 8., output share; g, other prices; K, capital stock in industry j; LY, labor endowment; cj, coefficient of
variation in wages; i, unemplovment.

¢TX, textiles; OM, other manofactures; WD, wood, woad products; ME, machinery, equipment; PA, paper,
printing, publishing: FD, food, beverages, tobacco; NM, nonmetallic minerals; CH, chemicals; BM, basic
melals; MF, apgregate manufacturing.

dRt, goadness of Gt

¢MSE, mean sguare error.

Adjustment in the capital-labor ratio and the underlying wage-rent ratio can be
expected to take some time. Equation (2) was also estimated including various combi-
nations of several lags of the share vanable. To determine the loag-run impact, an
econometric procedure described by Harvey (1990, chapter 7) is applied. Accordingly,
(2) is estimated for each industry with the first and second lags of the share variable.
The equation is then re-estimated with three lags. To determine the optimum lags, the
Akaike Information Critecion described by Harvey (1990, p. 176) is applied. Results
suggest thal OM and WD need three lags, while the other industries need only two
lags. The reported parameters for the share variable in Table 2 are calculated by
summing the coefficients of the optimum lags.

7. An Empirical Specific-Factors Model

In estimating the specilic-factors model, the capital input X/ is assumed to be the
specific factor in the isolated industry, and should be held constant. Therefore, K}
becomes an exogenous variable, Industrial labor input L} is treated as the dependent
variable. Capital input in each of the industries is also separately held constant. The
following specific-factors equation is then estimated for each industry j:
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Li=cy+ a5+ o pli+ Ky + chh[{,g, e Lb 4 cs0f +ogul + ph (3)

Most variables in (3) are repeated from (2), and uj; represents a random-error term.
Equation (3) is also estimated with a separate intercept for each country. The same
discussion about using output shares as the Stolper-Samuelson variable applies in the
specific-factors model.

A higher price in any industry in the specific-factors model lowers the ratio of wages
to rents in the industry, In the present estimation, a higher output share in an industry
should raise labor input. A paositive ¢, is expected for every industry.

The total endowment of manufacturing labor is included as an exogenous varizble,
Coefficients for the total labor endowment and the capital inputs are not predicted to
be zero as in the Heckscher-Ohlin model. Other industrial capital K} (f # /) represents
the input of capital in each of the other industries. An increase in the capital of another
sector causes labor to be drawn away from sector j. Thus, the coefficients for K} are
expected 1o be negative, An increase in the labor endowment L{ causes every industry
to hire labor as wages fall. Thus, the coefficient ¢, should be positive.

Table 3 presents results from the pooled estimation of the specific-factors model in
(3) for each industry. Heteroskedasticity and serial correlation of order one are again
detected, and the Parks method is applied. The model is estimated in logarithms.

The coefficient ¢, of the output share s}, is positive in every industry and significant
except in TX and BM. The fact that ¢, is not negative in any industry is strong support
for the specific-factors model.

An increase in the capital input K& in an industry should raise the labor input in the
industry, as labar is attracted from other industries. Significant paositive coefficients for
K ocour in five industries (TX, ME, FD, CH, and BM) and only two significant
negative signs occur (PA and NM). These coefficients are not reported to econumize
on space.

Increases in the labor endowment would be spread across industries, as the consist-
ently significant positive coefficients indicate. The coefficient of variation in wages ¢! is
significant for every Industry, as is unemployment «! except for industry NM.

The Parks method used to estimate the two models does not automatically report
the R? To calculate measures of goodness of fit, actual values of the dependent
variables are regressed on their fitted values. The resulting measures are reparted in
Tables 2 and 3. These values should be interpreted only as an indication of goodness of

fit because they may not have the usual distribution associated with ordinary least
squares.

8. Conclusions

The specification in this paper caplures the general-equilibrium predictions of the
Stolper-Samuelson theorem and the specific-factors model using industrial data. In the
Stolper-Samuelson theorem, the dependent variable is the ratio of capital to labor in
each industry. Independent variables in the estimalion are suggested by the assump-
tions of theory. In five of nine industries, results conform with the Stolper-Samuelson
theorem, and ifs basic implication is rejected in only two industries. Treating industrial
capital as specific and exogenous, an empirical specific-factors model is specified. Seven
of nine industries conform with the basic prediction of the specific-factors model, and
no industry presents a contradictory significant resull.

The present paper’s focus is on the general-equilibrium siructure of production, not
on differences 1n countries ar on levels of international trade Variation in ontput
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prices, positively correlated with outputs, typically have the predicted general-equilib-
rium effecis on inputs, The Stolper-Samuelson theorem and specific-factors model
apply across 2 wide range of comunon circumstances, These core theoretical models
should not be dismissed otfhand as empirically irrelevant.

The factor-proportions model springs from the way economists since Ricardo and
Walras view an economy. There is a continuing challenge to formulate general-
equilibrium models with many goods which clarify links between the prices of goods
and the prices of factors. The present study shows that the Siolper-Samuelson theorem
and specific-faclors model, even in their simplest iwo-factor versions, have empirical
content. Comparing the performance of the two models, the specific-factors model
generates somewhat stronger results.
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