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Abstract

In this paper, we use a multi-sector specific factors model with sector-specific capital and two mobile factors,
production and non-production labor, to examine the effects of trade, technology, and factor endowments on the skill
premium in U.S. manufacturing industries. A key feature of this model is that factor-price insensitivity does not
hold, and thus endowment changes and factor-specific technological change affect relative factor returns, and hence
the skill premium. Using this model and data for the U.S. manufacturing sector from 1958-92, we calculate changes
in the skill premium and then carry out a decomposition to identify the changes caused by product price changes
(trade), technological progress, labor and capital endowment changes. We find the model to be a fairly accurate
predictor of both the direction and magnitude of changes in the skill premium. The decomposition reveals that trade
effects, working through product price changes, caused the skill premium to increase during the ’70s and ’80s, while
changes in capital endowments (new investments) had a positive effect on the skill premium throughout the entire
sample period. Technological change, both sector and factor-specific, also had a positive impact on the premium.

Finally, changes in relative labor endowments caused a decline in the premium throughout the sample period.



1. Introduction

The sharp rise in the skill premium in the United States and other industrialized countries since the
early ’80s has been a subject of intense study by economists!. This research, focussing primarily
on the U.S., has examined whether supply-side factors such as changes in the supply of skilled
and unskilled workers or demand-side factors such as total factor productivity (TFP) growth, skill-
biased technological change (SBTC), and globalization were responsible for the observed rise in
the skill premium?. A related question concerns the relative strength of each of the above factors.
Studies that have been primarily concerned with the effects of globalization on relative wages
have typically used the Heckscher-Ohlin (H-O) model of a small open economy as the theoretical
framework. One of the main results of the H-O model is the Stolper-Samuelson (S-S) theorem. The
strong 2x2 version of this theorem predicts that, for skilled-labor abundant countries, product price
changes caused by a reduction in trade barriers will induce wage gains for skilled and losses for
unskilled workers. An empirical implementation of the S-S theorem, the so-called ‘mandated-wage
regression’ method, has been used in a number of studies on relative wages in the U.S. and other
developed countries (Leamer [22], Baldwin and Cain [2], Haskel and Slaughter [11]).

The choice of the H-O model as the theoretical framework, however, is not without shortcomings.
First, the critical assumption behind the S-S theorem’s unambiguous predictions about relative
wage movements is the perfect mobility of factors between sectors. While this assumption can be
justified as a valid long-run characterization of an economy, its validity in the short-run is rather
questionable. In the short-run, it is likely that some factors are sector specific and thus immobile.
In this case, the predictions of the S-S theorem would no longer be valid, a result confirmed in

the well-known study by Magee [23]. Second, as pointed out by Engerman and Jones [8], in a

!The skill premium is defined as the wage gap between skilled and unskilled workers.
2For a survey of this research, see Cline [6].



small open economy H-O model, factor endowments and SBTC do not affect relative wages. This
‘factor-price insensitivity’ implies that empirical studies based on the small open economy version
of the H-O model can only analyze the effects of product price changes and TFP growth on relative
wages, but not the effects of endowment changes and SBTC.

In this paper, we address both shortcomings of the H-O/mandated-wage regression approach
by analyzing a multi-sector Specific Factors (SF) model®. The SF model assumes at least one
immobile sector-specific factor, typically capital, which makes it better suited to characterize an
economy in the short run. In addition, ‘factor-price insensitivity’ does not hold in this model*. Even
in the small open economy version of the SF model, changes in the endowment with skilled and
unskilled workers, changes in capital endowments (i.e., new investment) as well as factor-specific
technological change, in addition to product price changes and TFP growth, can affect relative
wages®.

Our model is an extension of the multi-commodity specific factors model analyzed by Jones
[13]. We formulate a small open economy version of the SF model with capital as the immobile
factor, and skilled and unskilled workers as the mobile factors. As in the mandated wage regression
approach, we identify trade effects through changes in product prices. Due to the small open
economy assumption, movements in product prices are considered exogenous. The solution to
this multi-sector SF model yields changes in equilibrium factor prices as functions of endowment
changes, changes in product prices, TFP, and factor-specific technological progress. Using estimates
of factor-demand elasticities and data on U.S. manufacturing industries from 1958 to 1992, we

calculate the change in the skill premium predicted by the model and compare the predicted with

% Analyzing the issue of trade and wage inequality in a SF framework was strongly suggested by Leamer [22]. Kohli
[17] estimates a SF model for the U.S. economy and shows that this model has greater explanatory power than the
H-O model. However, he does not consider the issue of rising skill premium in his paper.

4For further properties of this model, see Jones [12].

SSince it is factor-specific technological change rather than SBTC that is readily defined in the multi-sector SF
model, we will use the former rather than the latter expression from now on.



the actual change®. We then calculate the contribution to the predicted change by four important
exogenous components: trade, labor endowment, capital endowment, and technical change.

Our main results are as follows. First, we find the predictions of the SF model to be fairly
accurate in both direction and magnitude, in particular in the early sample periods. Second, trade
operating through product price changes had a positive impact on the skill premium, in particular
during the later half of the sample. Third, increases in the supply of skilled workers relative to
unskilled workers worked towards lowering the skill premium, while changes in capital endowment
had a positive effect throughout the sample period. Fourth, the combined impact of all technological
change measures on the skill premium was positive, but moderate. Finally, sensitivity tests reveal
that our results are robust to an alternative measure of TFP.

Our empirical results can be related to previous findings of the literature studying the rise in
the skill premium. With the labor economics literature, as exemplified by papers such as Berman,
Bound and Griliches [3], Berman, Bound and Machin [4], and Krueger [19], we share the conclusion
that technological change and new investments in capital goods are driving forces behind the
increase in skill premium in the U.S. economy. Similarly, like a number of papers from the empirical
trade literature’, such as Sachs and Shatz [26], Leamer [22], Krueger [20], and Dasgupta and Osang
[7], we find support for the hypotheses that trade effects working through product price changes
contributed to the actual rise in the skill premium. Therefore, while our approach differs from
either of the two strands, the result that technological change, new investments, and trade are
mainly responsible for the rise in the skill premium in U.S. manufacturing industries since the early
'80s, is in line with the findings from each strand.

The paper is organized as follows. The theoretical model is derived in section 2. In sections 3

STt is still an open question whether the U.S. can be considered a small open economy. However, recent research
by Magee et al [24] convincingly rejects the hypothesis that the U.S. is a ‘large open economy’.

“For instance, Leamer designates the *70s as the ‘Stolper-Samuelson decade’, while Krueger finds the same effects
for 1989-94. See Slaughter [27] for a detailed review of these and other related papers.



and 4 we discuss data issues and empirical results, respectively. Sensitivity results are presented in

section 5. Section 6 concludes.

2. The Model

We consider a small open economy which produces m commodities in as many sectors of production.
There are three factors of production in each sector: sector-specific capital (K), production labor
(P), and non-production labor (NP). Capital is immobile, while both types of labor inputs are
mobile between sectors. Production functions are continuous, twice differentiable, quasi-concave
and exhibit diminishing returns to all factors. Domestic prices are exogenous and are assumed to
be affected by globalization shocks. Production sectors are indexed by 7 =1, ...., m, and factors of
production are indexed by i = K, P, NP. Aggregate factor endowments are denoted by V;. Thus,
there are a total of m + 2 factors of production in the economy. Let ag;,apj,anp; denote the
quantity of the three factors required per unit of output in the jth sector, i.e., a;; denotes the unit
input coeflicient of factor 7 in sector j. Let p;, ¢; represent price and output of the jth sector, and
r;, wp,and wyp denote factor prices, with r; being the returns to capital in the jth sector. In
what follows, we describe the equilibrium conditions for this model. The factor market clearing

conditions are given by
aKjq; = VKj \V/j (21)
Zaquj = Vp (22)

ZGNPij = Vnp (2.3)
J

Sectoral unit input coeflicients are variable and are subject to technological change. In partic-

ular, changes in these coefficients can be decomposed as in Jones [14]%:

SHere X = dX/X.
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aj = Cij — bij Vj, i, (2.4)
Here, ¢;; denotes changes in input coefficients as a result of changes in relative factor prices,
while l;; denotes exogenous technological progress (i.e., the reduction in the amount of factor 4

required to produce one unit of output j). Holding technology constant, input demands in each

sector depend upon factor prices:

CKj; = CKj<Tj,wp7wNp) \V/j (25)
Cpj = CPj<Tj7 wp, wNp) \V/j (26)
enpj = enpj(rj, wp,wyp) Vi (2.7)

The sectoral zero-profit conditions are given by
p; = ax,;rj +apjwp + ayp;wnp V7. (2.8)
Using hat-calculus and denoting factor shares by 6, equation (2.8) can be written as
p; = 07y +0p;jWp + Onpsonp — 11 Y, (2.9)

where I1; = 3", Qijgi; is a measure of technical change in sector j. To derive (2.9) we made use

of the Wong-Viner Envelope Theorem, which implies that:
Orjr; +0picp; + Onpicnp; = 0Vj (2.10)

Using hat calculus, the factor market clearing equations (2.1)-(2.3) can be rewritten as

G = —tr; + g, + Vi Vi (2.11)
J J
Z/\ijqu + Z/\ij@ =Vnp +lpyp (2.13)
J J

where I, =} /\ijgi; represents the reduction in the use of factor 7 across all sectors of produc-



tion and \;jdenotes the fraction of factor ¢ employed in sector j. Following Jones [14], we refer to
I1; as factor-specific technological change and to I1; in equation(2.9) as sector-specific technological
change or, alternatively, as total factor productivity (TFP). Note that both these terms measure
technological change at constant factor prices. Replacing ¢; in equations (2.12) and (2.13) with

(2.11) we get:

S Apicrs = 3o Arti + D0 Aeg (Vi + 1) = Vo + 11 (2.14)
j j j
Z/\NPjC/NFj — Z/\NPJ‘C/K\J‘ + Z/\NPJ‘ <VKj + HKj) =Vnp +1yp (2.15)
j j j

From equations (2.5)-(2.7) we get:

Cxj = BTy + B j0p + EX; WNp V) (2.16)
Cpj = Bp,T5 + Bp;0p + BR[ WNp V) (2.17)
enp; = EXpiT5 + ENpsONp + ENp NP V) (2.18)

where Ef] = <gf;i> <?’—k> for k = K, P, NP is defined, following Jones and Easton [15], as the
5
elasticity of ¢;; with respect to changes in wy, holding all other factor prices constant. Note that
due to the zero-homogeneity of ¢;;, >, Ef] =0ViVjand ), QijEfj = 0 VEk, 3. Further, by symmetry,
Oni 14 s -
Ef = %E,@j Vi, 4.
To solve this model for mobile factor prices, substitute equations (2.16), (2.17) and (2.18) in

equations (2.14) and (2.15). This yields:

Z Apjek T + wp Z/\PjEPj + Wnp Z ApjENPj = ‘//IE — Z/\Pj@ (2.19)
J J J J
Z/\NPjUKjTAj + wp Z/\ijﬁpj + Wnp Z/\NPjnNPj =Vip— Z/\NPij}j (2.20)
J J J J

VF — 1 e — Fi L _ R - R (s
where V}* = V; + 1, &;; = Ep; — Fy; and n;; = Eyp; — By, . Therefore, e (7;;) measures

the effect of a rise in the return to factor ¢ on the production-labor (non-production-labor) to



capital ratio. We make the standard assumptions about own and cross-price elasticities such that

ex; 2 0,ep; < 0,enp; 2 0,mK; 2 0,mp; 2 0, and nyp; < 0. From equation (2.9) we have:

1 — e .
0 (pj + H ijwp — QNijNP) Vg (221)
Kj

Using (2.21) in equations (2.19) and (2.20) yields

> AP gt (B + 1) + WP (305 Apiep; — 325 ApigOp;) 22)
2.22

+ONP(Y; Apjenps — Y APigtOnp;) = Vi = Y piVi
> AN PGt (B7 + 105) + Wp (30, AN pinps — 35 ANPigiOp;)
(2.23)
HONP(X ANPIINPG = 2 ANPigtOnps) = Vip = 35 ANpiVi,
which can be simplified to:

> Api0piA; 3 ApiOnpiB; wp

> i ANPiOpiCi > ANPiONP;D; Wnp

_ Z/\Pm (pJ+H) V;‘I'Zj/\PjVigj (2.24)

| AN (B + 1) = Vi + 3, Aves Vi,

WhereAj:<ﬁ_ﬂ>7Bj: <m_w>70j: <m_w>7pj: <m_m>'solv_

05 Op; OK Onp; 0K Op; 0K OnP;

ing equation (2.24) for wp and wyp yields:

op = Z/\p] pj +10) = VE+ Y ApiVie 3O AnpiOne;Dj) —
j j
1K o o
{Z Awpig 2 pg 1) = Vip + > AveiVie YO ApiOne; Bj)] (2.25)
j j
WNp = {Z Avpig = LS pg L) = Vip + 3 Avei Vi 3O ApifpiAy)
: j
{Z /\Pj%(pj +10;) = Vi + Z/\PjVi’%j}(Z Anp;0p;C5)] (2.26)
J J J

where A = (Z] /\PJQP]AJ)<Z] /\NPJQNP]D]) - (Z] /\PjQNP] )(Z /\NPJQP]C ) which is pos-

itive under plausible conditions. The solutions from (2.25) and (2.26) can then be used to solve for



7; using (2.21).

Equations (2.25) and (2.26) confirm what was noted in the previous section: changes in factor
prices are functions of sectoral price changes, changes in labor and capital endowments, and both
factor- and sector-specific technological change. In addition, changes in the skill premium depend
on sectoral factor intensities (A) and sectoral differences in factor demand elasticities (e, 7). Unfor-
tunately, it is not possible, in general, to determine the sign of the partial derivatives of the skill
premium (171\/\1: — wp) with respect to changes in product prices, endowments, and technological
change®. However, under certain, plausible conditions regarding factor intensities and elasticities
(see Table 1), we find that the skill premium increases with the supply of production workers and /or
production labor specific technical change. Likewise, the skill premium decreases with the supply

of non-production workers and/or non-production labor specific technical change.

Table 1: Comparative Statics

Vvp | Ve | Lyp | IIp

o 1 1

wWNp —wWp | — +2 | — +2

llf Zj /\PjEKj — Zj Z% - Zj €Kj Z 0

P D gt — 2ok + 2o Ak 2 0
3. Data

To obtain quantitative results for the equilibrium factor price changes, we first write out the full

system of equilibrium equations as given in (2.9), (2.19) and (2.20) in matrix format:

9The ambiguity of the change in the skill premium with regard to changes in output prices is a result that can
also be found in Burgess [5] who investigates a SF model with intermediate inputs and in Thompson [?] who analyzes
a SF model with two shared inputs similar to ours.

10



| pi+ 10 ] I 01 o . . 0 Op1 Onp1 1T 71 ]
0
= . .. . .0
P + 1y, 0 Co 0 Ok Opm Onpm m
‘//1\; = APj@ APIEK1 .« . APmEKm > APjEP; > APENP; Wp
i ‘Z\*f\p - Ej ANPj@ ] i ANPINKL - - - ANPmNKm Ej ANP;NP;j Ej ANPFNINP; 1L WNP

(3.1)

To calculate equilibrium factor price changes, we use data from the NBER-CES Manufacturing
Database from 1958 to 1992 [1]. This database contains annual information for 448 U.S. manu-
facturing industries at the 4-digit 1972 SIC. Due to missing data, we exclude SIC 2384, 2794 and
3292 from our analysis. We define the growth rate in period ¢ as the change between period t + 1
and ¢ relative to period ¢ (see Leamer [22] for a similar definition). Growth rates are thus forward
looking. As a result, we lose observations for 1992. The e and 5 variables in the matrix above
are functions of factor-demand elasticities. These elasticities are not directly observed and must
be estimated. A detailed description of how we estimate these elasticities is given in Appendix A.
Appendix B contains a brief description of how we construct the remaining variables as well as
descriptive statistics for the key exogenous variables (Table 2).

A number of data issues related to the construction of the exogenous variables need to be
discussed at this point. First, we use the production and non-production labor classification from
the NBER data set as a proxy for unskilled and skilled workers. This approximation has been
criticized on the grounds that production worker category may include workers with high education
levels or skills, while the group of non-production workers may include workers with low education

levels or skills. However, we maintain this classification since it is a reasonable approximation

11



used widely in the literature. In addition, results by Kahn and Lim [16] show a high correlation
between cost-shares based on the two classification schemes indicating that the two schemes are
close substitutes. Second, due to the lack of (manufacturing) sector specific data on changes in
factor endowments, we use growth rates of labor employment and capital stock instead. The error
caused by this approximation will be small if there is sufficient co-movement between endowments
and actual factor utilization per industry. Kosters [18] (Table 1-6) presents estimates for changes
in the proportion of the work force from 1973-88 for workers with 12 years of education or less,
and for workers with 16 or more years of education. Translated into annual growth rates, his
estimates show that the endowment of unskilled and skilled workers grew at a rate of -.0076 and
.0048, respectively. The corresponding growth rates for unskilled and skilled workers using average
manufacturing employment data are -.0078 and .0104, respectively. Third, as in Feenstra and
Hanson [9], capital factor shares are computed as 1 minus labor and materials factor shares ,
ie., as a residual'®. Fourth, our theoretical model does not include intermediate inputs. In the
empirical analysis, we account for the impact of intermediate inputs on product prices by deriving a
value-added price change measure. This is done, as in Leamer [22], by subtracting from the vector
of product price changes the inner product of a diagonal matrix with material cost-shares on its
main diagonal and a vector of growth rates of material deflators. Fifth, using the estimated factor-

demand elasticities (see Appendix A), we derive an estimate of ¢;; using the following equations!!:

Cr; = BR7; + Exip; + ER wnp; Vi (3.2)
ép; = BEXF + ERwp; + EN N p; V) (3.3)
inp; = EXpi + EN ponp; + ENEwnp; V) (3.4)

1B rrors in the NBER dataset resulted in a negative rental price of capital for a few industries. These values were
exogenously fixed at an uniform rate of 10%.

"Note that there is a difference between (2.16)-(2.18) and (3.2)-(3.4). While the returns to the mobile factors are
uniform across industries in the former set of equations, they are industry-specific in the latter. This adjustment is
necessary to perform the estimation procedure described in Appendix A.

12



where clx] is the predicted value of ¢;;. We use this estimate together with (2.4) to derive a
measure of l;; Finally, the assumption of perfect mobility of production and non-production labor
across sectors conflicts with the observed variation of factor prices across sectors. To adjust for this

empirical fact, we rewrite equation (2.9), following Feenstra and Hanson [9], as

]5} = QKJ'?:;‘ + 0Pj@ + QNleTN\P - ﬁj \V/j <3'5)

where ﬁj =11, — 0p; (wp; — wp) — Onp; (Wp] — m) . We will refer to ﬁj as effective TFP.
With these caveats in mind, we calculate the predicted skill premium growth rate as the difference
between Wy p and Wp using (3.1), followed by a decomposition of the total effect into the changes
caused by globalization, endowment, and technological change. To calculate the impact of a par-
ticular factor, say product price change, we set all other exogenous variables in the LHS vector of

(3.1), Le, Vi =S Ap Vi, Vi p — 305 Anpi Vi, 11, to zero.

4. Empirical Results

Our main results are presented in Tables 3-6. Table 3 contains the observed and predicted an-
nual skill premium growth rates together with the decomposition of the predicted series by major
components: trade, technology, capital and labor endowments. Based on the results in Table 3
we calculate a number of summary statistics, presented in Tables 4-6. The informational content
of Table 3 is also presented in a series of graphs (see Figures 1-6). As Table 4 shows, the actual
average annual growth rate of the skill premium from 1958-91 is .12% per year. We also report skill
premium growth for three sub-periods: 1958-68, 1969-78, and 1979-91 which correspond to episodes
with different trends in the skill premium. While there was modest skill premium growth of .35%
per year over the first sub-period, the skill premium actually declined by .30% over the next decade.

In the last sub-period, the skill premium again grew at an annual rate of .25%. Comparing the

13



actual growth rates with the growth rates predicted by our model, we find that the model correctly
predicts the direction of changes in the skill premium for the overall sample period as well as for
two of the sub-periods. Only during 1969-78 the model predicts a very modest rise in the skill
premium while the actual skill premium growth rate is negative.

In terms of the magnitude of the predicted change, the model overpredicts the average annual
increase in the skill premium over the sample period (.12% actual growth compared to .81% pre-
dicted growth). While actual and predicted values are nearly identical for the 1958-68 period, the
model overpredicts skill premium growth slightly for 1969-78 and more pointedly for 1979-91. In
terms of standard deviations, predicted and actual values are very close during the first two sub-
periods indicating a good fit of the model in terms of volatility. In the last sub-period the volatility
of the predicted values exceeds actual volatility. Table 4 also shows that the correlation between
actual and predicted skill premium is reasonably high for all periods. The residual shares reveal
that for the entire sample period, roughly 58% of the observed variation in the skill premium is
explained by the model'?. Similar results hold for the three sub-periods. Figure 1 depicts observed
and predicted growth rates for each year. The graph clearly shows the strong co-movement between
the two time series, especially during the earlier periods.

Table 5 contains the decomposition of the predicted skill premium growth rate. Trade effects
working through product price changes had a positive effect on the skill premium, both for the
entire sample period as well as for most sub-periods. Only during the 1958-68 period did changes
in product prices lead to a decline in the predicted skill premium. Besides trade effects, changes in
sector-specific capital endowments were the other significant driving force behind the increase in

the skill premium. Just like changes in prices, changes in capital endowments had a rather small

12 . . . abs(actual —predicted) : :
The residual share is defined as: The(actaal—predicied) Tabs(pr edicted) This give us the % of actual growth rates that

is unexplained.
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impact on the predicted skill premium during the first two sub-periods but a stronger effect during
the last sub-period. Changes in labor endowments had a negative impact on the predicted skill
premium for all sub-periods. This result can be easily understood if one considers the relative
increase in the endowments with non-production workers vis-a-vis production workers in each sub-
period documented in Table 2. The average annual growth rate of the skill endowment differential
(‘Z\[\P —‘//1\:) is positive for the entire sample period (.96%) as well as for each of the three sub-periods
(.24%, 1.35%, and 1.26%, respectively). Finally, technology increased the predicted skill premium
for two of the three sub-periods. Over the entire sample period, the impact of technological change
on the skill premium was positive as well though small in comparison to the effect of trade and
capital endowment changes.

The actual skill premium growth rates and predicted changes by each of the four components
are shown in Figures 2-5. These graphs show that the magnitude of skill premium changes caused
by changes in output prices and capital endowments is less severe than those caused by changes
in technology and labor endowments. This result can also be seen from Table 5 which contains
relative contribution to the explained variation by each component!3. Of these, price movements
account for only 19% of the variation in the predicted skill premium over the sample period.
Technology and labor endowment changes account for 27% and 39%, respectively, while changes
in the endowment with capital contribute only 15%. These relative contributions vary little across
sub-periods. However, while the variation accounted for by trade and capital endowment changes

increases continuously over sub-periods, the opposite is true for the variability contributed by

technology and labor endowment changes.

abs(predicted;)

13The contribution by exogenous factor ¢ is defined as: T abs(predicted,)
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5. Sensitivity Results

The question arises how sensitive our findings are to changes in the calculation of the various
exogenous variables presented in Table 2. Unfortunately, due to the lack of suitable alternative data
sets covering a comparable number of industries and time periods, sensitivity tests of our results
are difficult to perform. However, since the NBER-CES data set includes a variable that measures
TFP, we replace our own TFP measure with this variable. The new results for predicted versus
actual skill premium growth as well as the decomposition of the predicted values by component
are given in Tables 6 and 7, respectively. As Table 6 shows, the use of the NBER measure of TFP
does not change the predicted values in any major way with one exception. For the period 1969-78,
predicted and actual values now have the same sign. While this difference may be considered an
improvement, it has to be noticed that the correlation between actual and predicted values is now
negative for this sub-period. In addition, the correlation coefficients for all sub-periods as well as
for the overall sample period are now substantially lower than before. Further, the residual shares
indicate that the model now explains less than 50% of the overall variation in the observed skill
premium, a small but noticeable decline. Table 7 generates further evidence that our results are
robust with regard to alternative TFP measures. As the decomposition values for the technology
column indicate, neither signs nor magnitudes differ markedly from those in the corresponding

column of Table 5.

6. Summary and Conclusions

This paper contributes to the trade and wage inequality literature in two ways. First, by choosing
a specific-factor framework instead of the more frequently used H-O model, we use a theoretical
model that allows a larger number of exogenous factors to affect relative wages. In addition to the

effects of product price movements and TFP accounted for by the H-O model, the SF model allows

16



for capital and labor endowment changes as well as factor-specific technological change to affect the
skill premium. Second, applying the theoretical model to data for U.S. manufacturing industries,
we are able to provide evidence on the relative contributions to changes in the skill premium for
each exogenous component.

The paper has several important results. First, trade operating through product price changes
had a positive impact on the skill premium, in particular during the later half of the sample. Second,
increases in the supply of skilled workers relative to unskilled workers worked towards lowering the
skill premium, while new investment in capital goods had a positive effect throughout the sample
period. Finally, the combined impact of all technological change measures on the skill premium
was positive, but moderate.

The analysis presented in this paper lends itself to several extensions. The SF framework
presented here could be easily applied to data for other countries, just as ‘mandated-wage regression’
analysis of U.S. industries was later applied to investigate wage inequality issues in other countries
such as the UK and Sweden. Given the shortcomings of the H-O/mandated wage regression method,
it would be interesting to compare the results from these studies with the decomposition results from
the SF framework. Another extension would be to include service sector industries in the empirical
analysis. The services sector has witnessed significant SBTC over the last two decades, and the effect
of this change in technology on the skill premium could be identified in our framework. Lastly, the
SF framework could be used to account for globalization effects other than those working through
product price changes. In particular, the model could be used to study the effects of increased

international capital mobility on the skill premium.
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Appendix A
To calculate the predicted skill premium in equation (3.1), we need values for €;; and 7;;. Since
€15 = E]ijj — E}'(j and n;; = E]ivpj — E}‘(j, we need to find values for Ef] Since a;; = ‘//; — @;,We

can use equations (2.4) and (2.16)-(2.18) to write the following:
Vij — Q; = BE;75 + ER;p + ENTUnp — by i (A.1)
Moving the @\] term to the right, holding technology constant, i.e., [;; = 0, and indexing factor

returns to labor by sector j,we get:

o~

Vij = Bt + E%?j@ + E%f@ +Q; Vi (A.2.)

The Ef] on the RHS of this equation are factor demand elasticities. Following the labor demand

literature, summarized in Hamermesh [10], we estimate these elasticities with the following model '4:
ln‘/;‘j = Zﬁl In w; + 5 anj + 05 <A3)
i

where p; is the error term. As noted in the literature (see Roberts and Skoufias [25]) equation
(A.3.) must be estimated in long time-differences to avoid the potential errors-in-variables problem.
Accordingly, we estimate (A.3.) using 10-year time differences. Using time-series data we estimate

industry-specific factor demand elasticities in a SUR framework. According to our theoretical

model we impose the following constraints: > ., = 0 (homogeneity),~v; = 1,and Ef] = ?Z E,@ y
Vi, j (cross-equation symmetry). The industry averaged estimates of the nine demand elasticities

are given in Table Al. As expected, all own price elasticities are negative and lie within the range

reported in Hamermesh [-.15, -.75].

l4glaughter [28] uses a similar approach to estimate factor demand elasticities for industry groups.
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Table Al: Factor Demand Elasticities

(Average across industries)

EE EEX  EE, -33 39 34
EE EE EPL | =| 23 —43 12 (A4)
I ENP pRP pNE | [0 32 45

Appendix B

Here we describe the construction of the variables used in our analysis. All growth rates are
annual growth rates. Variable names in capital letters denote NBER-CES data set variables, a
detailed description of which can be found in the NBER documentation [1]. Industries are indexed

by j.
Vnp; : Non-production employment in jth industry = EMP; - PRODE;

wy p(actual); : Non-production labor wage rate in jth industry = (PAY; - PRODW;)/Vyp;
r; : User cost of capital for jth industry = (VADD-PAY)/CAP

Vp : Total production employment = ) jPRODEj

Vivp : Total non-production employment = > j Vnpj

Vi ; : Total capital stock = CAP;

‘//1\: : Growth rate of total production employment = growth rate of Vp

‘7]\;\1: : Growth rate of total non-production employment = growth rate of Vi p

‘7K\j : Growth rate of total capital stock = growth rate of Vi

Apj : Share of jth industry in total production labor force = PRODE/Vp

Anpj ¢ Share of jth industry in total non-production labor force = Vyp;/Vip

Ak; :equals 1 by as capital is a specific factor
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0p; : Revenue share of production labor for jth industry = PRODW/V SHIP;

Onp; : Revenue share of non-production labor for jth industry = wyp/VSHIP;
Okj=1—0p; —Onp; — Op;

Onr; © Materials revenue-share for jth industry = MATCOST/V SHIP;

@; : Growth rate of real value added

ap; : growth rate of production labor-input coeflicient for industry j = (P@Ej) - @\]
cﬁv?j : growth rate of non-production labor-input coeflicient for industry j = (@) - @\]
ar; : growth rate of capital-input coeflicient for industry j = (C/A?J) - @\J

11, : Total factor productivity growth in jth industry = >, @Z-jgi;.

11; : Measure of factor-specific technological change for i-th factor = ) y /\ijgi;

Par; : growth rate of PIMAT for industry j

p;D : adjustment term for intermediate inputs = product of an mxm matrix with materials

revenue-share 07, on its main diagonal with the mx1 vector of paz;
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Table 2: Descriptive Statistics

Variable Year Mean | S.D. Min Mazx Variable Year Mean | S.D. Min Mazx
Di 1958-91 | .0390 | .0729 | -.4220 | 1.8696 1Ip 1958-91 | .0287 | .0514 | -.0987 .1140
1958-68 | .0135 | .0383 | -.2286 | .2813 1958-68 | .0392 | .0397 | -.0136 1131

1969-78 | .0734 | .0996 | -.4220 | 1.8696 1969-78 | .0179 | .0605 | -.0987 1077

1979-91 | .0341 | .0595 | -.3986 | .9710 1979-91 | .0280 | .0548 | -.0585 .1140

ﬁj 1958-91 | .0083 | .0674 | -.3473 | 2.5477 Hyp 1958-91 | .0220 | .0624 | -.1300 1134
1958-68 | .0137 [ .0539 | -.3468 | .5402 1958-68 | .0317 | .0501 | -.0497 .0978

1969-78 | .0018 | .0675 | -.2995 | .8045 1969-78 | .0194 | .0822 | -.1300 1134

1979-91 | .0088 | .0767 | -.3473 | 2.5477 1979-91 | .0159 | .0585 | -.0811 .1079
\//1\: 1958-91 | .0003 | .0410 | -.1002 | .0575 5 1958-91 | .0015 | .1571 | -5.6512 | 9.4348
1958-68 | .0184 | .0278 | -.0336 | .0575 1958-68 | .0106 | .1063 | -.8433 | 1.1159
1969-78 | -.0023 | .0531 | -.1002 | .0517 1969-78 | -.0147 | .1397 | -1.6152 | 1.0124
1979-91 | -.0139 | .0351 | -.0838 | .0408 1979-91 | .0063 | .1993 | -5.6512 | 9.4348

Vnp | 1958-91 | .0099 | 0240 | -.0422 | 0488 | Vi, | 195891 | .0302 | .0531 | -.1494 | .9359
1958-68 | .0208 | .0194 | -.0229 | .0488 1958-68 | .0493 | .0651 | -.1447 9359

1969-78 | .0112 | .0305 | -.0422 | .0422 1969-78 | .0345 | .0466 | -.1494 | .5071

1979-91 | -.0013 | .0169 | -.0316 | .0287 1979-91 | .0106 | .0376 | -.1447 .3955
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Table 3: Observed and Predicted Annual Skill Premium Growth Rates

Labor Capital
Year Observed Predicted Trade  Technology endowments endowments
1958 0.0397 0.0429  -0.0049 -0.0257 0.0659 0.0076
1959 0.0016 0.0110 0.0126 0.0455 -0.0593 0.0122
1960 0.0053 -0.0045  0.0008 0.0501 -0.0656 0.0102
1961  -0.0074 -0.0159  0.0004 -0.0393 0.0147 0.0083
1962  -0.0375 -0.0270  -0.0190 -0.0409 0.0327 0.0002
1963 0.0045 0.0034 0.0023 0.0040 -0.0067 0.0038
1964 0.0157 0.0270  -0.0051 -0.0088 0.0453 -0.0045
1965 0.0120 0.0052  -0.0091 0.0030 0.0091 0.0022
1966 0.0133 0.0102 0.0209 0.0258 -0.0465 0.0099
1967  -0.0058 -0.0196  -0.0093 0.0090 -0.0257 0.0065
1968  -0.0030 0.0070 0.0033 0.0204 -0.0199 0.0032
1969 -0.0194 -0.0197  0.0238 0.0244 -0.0701 0.0022
1970  -0.0069 0.0043 0.0091 -0.0003 -0.0048 0.0003
1971 0.0107 -0.0086 -0.0186 -0.0688 0.0868 -0.0080
1972 0.0050 0.0065 -0.0144 -0.0029 0.0269 -0.0032
1973  -0.0077 -0.0063  -0.0389 0.0925 -0.0612 0.0012
1974 0.0054 0.0121 0.0453 0.0697 -0.1058 0.0029
1975  -0.0091 0.0061 0.0138 -0.0621 0.0509 0.0035
1976  -0.0068 0.0019 0.0041 -0.0123 0.0031 0.0070
1977  0.0068 0.0085 0.0012 0.0025 -0.0059 0.0107
1978  -0.0076 0.0014  -0.0027 0.0242 -0.0391 0.0189
1979  -0.0054 0.0130 0.0370 0.0963 -0.1431 0.0229
1980 -0.0044 0.0110 0.0259 -0.0076 -0.0326 0.0254
1981  -0.0270 -0.0104  0.0444 0.0758 -0.1606 0.0300
1982 0.0196 0.0173 0.0547 -0.0959 0.0308 0.0277
1983 0.0144 0.0399 0.0353 -0.0754 0.0447 0.0353
1984  -0.0085 0.0164 0.0281 0.0253 -0.0755 0.0385
1985  -0.0021 -0.0158  0.0156 -0.0049 -0.0571 0.0307
1986 0.0000 0.0627 0.0099 0.0087 0.0170 0.0270
1987  0.0132 0.0090 0.0043 -0.0255 0.0098 0.0204
1988 0.0217 0.0356 0.0165 -0.0148 0.0124 0.0216
1989 0.0054 0.0141 0.0296 -0.0011 -0.0308 0.0166
1990 -0.0031 0.0258 0.0396 0.0029 -0.0308 0.0142

1991 0.0084 0.0096 0.0195 -0.0287 0.0067 0.0121




Table 4: Observed and Predicted Average Annual Skill Premium
Growth Rate

Years Observed Predicted Correlations  Residual Shares (%)

1958-91 Mean  0.0012  0.0081 0.56 42.31
(S.D.) 00143  0.0190

1958-68 Mean  0.0035  0.0036 0.89 38.04
(S.D.) 0.0189  0.0203

1969-78 Mean  -0.0030  0.0006 0.50 47.21
(S.D.) 0.0094  0.0095

1979-91 Mean  0.0025  0.0176 0.42 42.14

(S.D.) 0.0133  0.0205

Table 5: Decomposition of the predicted skill-premium growth rate

Years Trade  Technology Labor Capital
Endowments Endowments

1958-91 0.0111 0.0019 -0.0172 0.0123

1958-68 -0.0006 0.0039 -0.0051 0.0054

1969-78 0.0023 0.0067 -0.0119 0.0036

1979-91 0.0277 -0.0035 -0.0315 0.0248




Table 6: Observed and Predicted Average Annual Skill Premium
Growth Rate (NBER TFP measure)

Years Observed Predicted Correlations  Residual Shares (%)

1958-91 Mean  0.0012 0.0074 0.19 54.69
(S.D.) 0.0143 0.0252

1958-68 Mean  0.0035  0.0053 0.18 46.71
(S.D.) 0.0189  0.0293

1969-78 Mean  -0.0030  -0.0021 -0.49 58.68
(S.D.) 0.0094  0.0186

1979-91 Mean  0.0025  0.0166 0.32 58.38

(S.D.) 0.0133  0.0246

Table 7: Decomposition of the predicted skill-premium growth rate
(NBER TFP measure)

Years Trade  Technology Labor Capital
Endowments Endowments

1958-91 0.0111 0.0013 -0.0172 0.0123

1958-68 -0.0006 0.0056 -0.0051 0.0054

1969-78 0.0023 0.0040 -0.0119 0.0036

1979-91 0.0277 -0.0044 -0.0315 0.0248




Figure 1: Observed and predicted annual skill premium
growth rates in U.S. manufacturing industries, 1958-91
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Fig 2: Trade effects on the skill premium
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Fig 3: Technology effects on the skill premium
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Fig 4. Labor endowment effects on the skill premium
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Fig 5: Capital endowment effects on the skill premium
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Figure 6: Relative contributions (%)
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