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Thi s paper integrates the Heckscher-GChlin, specific-factors, and
Ri cardi an nodel s of production with applications to internationa

trade and | abor economics. |In international trade, factors of
production need not be divided over trade policy and factor price
equal i zati on need not prevail. In |Iabor econom cs, we show that

the earning of economc rents is not inconsistent with
conpetitive markets in general equilibriumand that process and
skill -based i nnovations have contrasting effects on wage

i nequality.

While the ratio of skilled to unskilled wages was ri sing
sharply in the United States during the 1980s (Juhn, et. al.
1993), the sane was not true in Japan, France, and the United
Ki ngdom (Butl er and Dueker, 1999). This divergent behavi or
cannot be expl ained by a standard Heckscher-Onhlin nodel of
production; for changes that drive factor prices in one econony
also drive themin all economes in an integrated world. Thus, if
the world econony is favoring goods that use skilled workers,

skilled workers around the world woul d experi ence an i nprovenent

in their relative incones. This paper presents a nodest revision
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of the Heckscher-Chlin nodel that is conpatible with these facts.
The nodel | explore is one in which in the | ong-run under
condi tions of perfect conpetition capital is nore nobile between
i ndustries than labor. The enpirical justification for this
assunption is that workers possess conparative advantage, while,
in the long-run at |east, capital is perfectly fungible. For
exanpl e, Sattinger (1978) points out that the skewed distribution
of earnings arises fromconparative advantage in individuals.
Accordi ngly, this paper devel ops a tractable nodel that
i ntegrates three well-known general equilibrium nodel s--the
Heckscher-Onlin nodel, the Ricardi an nodel of worker conparative
advant age, and the specific factors nodel. Such a nodel sheds
sonme fresh light on a nunber of inportant issues in |abor
econonics and international trade and allows a sharp distinction
bet ween skill-based productivity gains and process innovations on
the industry level. The nodel also has refutable inplications
that can be conpared to alternative hypotheses.
The Heckscher-Onhlin (HO nodel of production is useful for
the insights it yields into the relationshi ps between conmodity
and factor prices, output and factor supplies, and the role of
factor intensities. The Ricardian nodel of conparative advantage
is useful for highlighting the role of relative productivity
di fferences in determ ning how factors specialize in particul ar

i ndustries (Rosen, 1978; Ruffin, 1988). Finally, the specific



factors nodel has been used to focus on the contrast between
nobil e and i mmobile factors within an econony (Sanuel son, 1971;
Jones, 1971a; Mussa, 1974; Neary, 1978) and their role in
determining the course of real factor returns. By conbining the
three nodels, a change in the relative price of, say, the

capital -intensive good can can affect the ratio of skilled to
unskill ed wages differently between countries that are identica
in all respects except factor endownrent. Leanmer (1995) and
Jones and Ruffin (1975) deal with a simlar nodel--Leaner with a
set of Leontief production functions for each type of |abor and
Jones and Ruffin with a set of neoclassical production functions
for each country. But the present nodel achieves sharper results
by maki ng the sinplifying assunption that each type of labor is a
perfect substitute within a single neoclassical production
function for each industry.

Section | presents an overview of the nodel and its
applications; and section Il specifies the detailed equilibrium
condi ti ons. Sections Il and IV exam ne the Stol per-Sanuel son
and factor price equalization theorens. Section V investigates
the Rybczynski theorem Section VI summarizes the inpact of
di fferent kinds of technol ogical change. Section VII sketches
how to include the case of many types of |abor, including a
continuum Finally, section VIII summarizes the paper.

I. Preview and Applications



A specific factor is one that is always used in a particul ar
i ndustry and has an effective value of zero in any other
i ndustry; a quasi-specific factor is one that has a positive
val ue in another industry and, thus, can be induced to | eave the
i ndustry if its economc rents vani sh.

Now consi der a standard two-sector nodel in which there are
two goods (1 and 2) and three productive factors: capital, quasi-
specific effective |abor for industry 1; and quasi-specific
effective labor for industry 2. The two types of quasi-specific
effective | abor are produced under constant returns by either
type 1 labor or type 2 | abor. However, type 1 | abor has a
conparative advantage in producing effective |abor for industry 1
and type 2 has a conparative advantage i n producing effective
| abor for industry 2. For sinplicity, we will refer to type
wor kers as having a conparative advantage in industry i, although
strictly speaking such a conparative advantage is indirect.
Capital is perfectly nobile between the two industries. Each
type of | abor can be used in either industry, but because of
conparative advantage it may be the case that each | abor type is
conpl etely specialized. When each | abor type is conpletely
specialized it is because economc rents are being earned, and
there is no incentive to work in the other industry. Each good
is produced by a standard constant-returns-to-scal e production

function with two inputs. Fact or endowrents are fixed.



Figure 1 shows the production-possibility curve for the
econony. In the range, AB, industry 1 is very snmall because the
price of good 1 is low. This nmeans that there are no econonic
rents earned by the workers who have a conparative advantage in
that industry: they nmust work in industry 2 as well|l because
ot herwi se they woul d be unenployed. If w is the wage of type i
effective labor, in the range AB the ratio w/w, is fixed. This
is so because when two types of l|labor are used in an industry, in
this case industry 2, wages exactly reflect productivity
di fferences (which are assuned fixed). Now as the price of good
1 rises, eventually economic rents will appear for workers with a
conparative advantage in that good; at that point, all type 1
workers will be in industry 1. W now enter the BC range of the
production-possibility curve. In this range, both types of
wor kers are conpl etely specialized and the nodel works exactly
i ke the specific factors nodel (Jones, 1971a; Sanuel son, 1971).
As the price of good 1 rises, the wage ratio w/w, nust also
ri se because capital is attracted away fromindustry 2 towards
i ndustry 1, driving down the return to type 2 labor just as in
the specific factors nodel. It is in this range that changes in
wage i nequality occur in response to relative price changes. As
the price of good 1 continues to rise, the econonic rent of type
2 workers eventual ly evaporates and sone of these workers nove

into industry 1. This is the CD range of the production-



possibility frontier; again, the ratio w/w is fixed. 1In the AB
and CD ranges the nodel works exactly the Heckscher-Chlin nodel;
but one of the factors is earning an economc rent. The |ink
bet ween real wages and commodity prices is then entirely governed
by factor-intensity conditions. Now price changes cause
magni fi cation effects--or Stol per-Sanuel son effects--on | abor and
capi tal incones (Jones, 1965).

Clearly, the testable inplication of the nodel is to show
that after controlling for technol ogi cal change periods in which
wage i nequality is changing would be one in which the returns to
capi tal would not be changi ng according to the predictions of the
St ol per - Sanuel son nodel. A sinple nmethod woul d be to show t hat
during periods in which wage inequality is not changing very
much, wages are highly correlated across industries; whereas in
periods of rapidly changi ng wage i nequality the correlation of
wages across industries would be significantly smaller. | do not
in this paper conduct such a test.

The advantage of including R cardian conparative advant ages
i nside the Heckscher-Chlin nodel of conpetitive production is
that one preserves the sinplicity of Heckscher-Onlin wthout
sacrificing a sonmewhat richer and nore intellectually satisfying
interpretation of econom c data.

Trade econom sts should find such a nodel useful because they

can work with a nodel that allows themto get away from sone of



the nore peculiar results of the HO nodel, such as factor price
equal i zati on or the Stol per-Sanuel son theorem These
propositions inply that in an integrated world market what
happens in one country will happen to all; so divergent trends in
the ratio of skilled to unskilled wages woul d be i nexplicable.

In the present nodel, the fact that the skill premumrose in the
United States in the 1980s but did not in France, Japan, and the
Uni ted Ki ngdom woul d be expl ained by differences in factor
endowrent .

Mor eover, the Stol per-Sanuel son theorem states that factor
intensities, not conparative advantage, determ nes the course of
real returns when prices change. Thus, in a Stol per-Sanuel son
world all workers would want to protect the | abor-intensive
i ndustry, whether working in that industry or not. In the
present nodel, each worker may want to protect the industry in
whi ch he or she has a conparative advantage (we will say nore
about this issue later).?

Turning to the | abor economcs literature, the sharing of
econonmic rents has been interpreted as indicating non-conpetitive
| abor markets (e.g. Blanchflower, et. al., 1996). However, in
the present nodel no such interpretation is warranted because

econonmic rents are price-determned in a conpetitive environnent.

2Magee (1980) presents evidence that in 19 out of 22
i ndustries capital and | abor agreed on protection versus free
trade.



The literature on the behavior of the ratio of skilled to
unskil | ed wages has been extensive. For exanple, in Juhn, et.
al. (1993), it is reported that the ratio of skilled to unskilled
wages stayed roughly constant in the 1960s but rose sharply in
the 1980s. The 1970s were a transition period in which the
education premumfell while the unobserved skill prem umrose.
Juhn, et. al. (1993) report that from 1960 to 1989, the wage
prem um for skilled workers rose by approxi mately 45 per cent.
This issue has been linked to trends in international trade,
demand, or technology that favor skilled workers (Bernman, et.
al ., 1994). The present nodel shows that pernmanent trends in
relative conmodity prices or technol ogi cal progress even in
i ndustries in which skilled workers have a conparative advant age
will only result in tenporary changes in relative wages.?® Thus,
over very long periods, the ratio of skilled to unskilled wages
may not show a secular trend. There is sonme evidence for this.
In the first half of the century, a nunber of studies found the
skilled wage premumfell. In particular, Keat (1960) finds that
from1900 to 1949 the ratio of skilled to unskilled wages fell by
roughly 33 percent. Thus, taking the entire period 1900 to 1989
into account, there is remarkable stability in the ratio of

skilled to unskilled wages.

For the view that the rise in wage inequality may continue
i f present trends persist see Gegg and Manni ng, 1997.
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1. The Model

Let us begin with a specific factors nodel. Two sectors use
nobil e capital and specific effective |abor to produce goods
under constant returns to scale. For given commopdity prices and
gi ven endowrents of capital and the two types of effective |abor,
capi tal noves between the sectors until its rental rate is
equal i zed; this determ nes both the outputs of the two goods as
well as the returns to the effective | abor supplies.

Formally, industry i (i = 1,2) has the constant-returns-to-
scal e production function with all the usual concavity
properties:

i = F(K, E),
(1) where E is the effective | abor used in industry i

A convenient way to analyze the nodel is to utilize the
constant-returns-to-scal e assunption (Sanuel son, 1953; Jones,
1971a). Let ay and ag denote the anpbunts of capital and
effective | abor per unit of good i. The price of each good, p;,
nmust equal the unit cost of production; thus,

agr + agW = p, (2)
where r and w are the prices of capital and effective | abor.
To keep the notation sinple we suppress the dependence of the
a;;' s depend on the factor prices w and r. The two equations in
(2), for given coomodity prices, are not sufficient to determ ne

the three factor prices. As in Jones (1971a), we nust add the



full enploynent conditions
auX, + auX, = K (3)
agX; = E (i =1,2) (4)
The five equations (2)-(4) suffice to deternmine the two x;,'s, the
two wages, and r for given values of the p,'s, the E's, and K
To introduce Ricardi an conparative advantage we need only
suppose that effective |abor is produced by the Ricardian
production function:

E = L;/by; + Ly/by (5)
where L;; is the amount of type j |abor enployed in the
production of effective |abor of type i. The b;;'s are the fixed
Ri cardi an production coefficients; and, of course, represent the
amount of raw | abor required to produce a unit of effective
| abor. W could, of course, assune any nunber of such Ricardian
factors (even a continuun); however, in the interests of
sinmplicity, we will restrict our present analysis to only two
such I abor types. Later we shall indicate the inplications of
addi ng nore Ricardian factors.

We assune that

b11/ b12 < b21/ b22' (6)
We are here assuming that type i | abor has a conparative
advantage in industry i, that is, in producing the effective

| abor used in industry i.

We cannot solve the nodel as in the specific factors nodel
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because the quantities L;; are not yet determ ned. However, in
the range BC of Figure 1 each |abor type is specialized in the

industry in which it has a conparative advantage, that is L;,= Ly

= 0. We can then solve for the factor prices by appending the
equati ons

E = Li/b;
(7) where L; is the supply of type j labor to the

econony. The resulting effective wage rates (the w's) can now
be det erm ned.
This solution will in fact prevail (for given p;"s) provided

no worker has an incentive to work in another industry. Let w;
denote the wage type | worker earns in industry i. OF course,
wor kers earn the value of their margi nal product in producing
effective labor. Gven (5), it is easy to see that

W= w/b;; (8)
In general, however, we cannot have workers of both types earning
hi gher wages in sane industry if both industries are to be
vi abl e. Type 1 workers cannot earn higher wages in industry 2,
that is:

wy/ by, W,/ by, (9)
Simlarly, type 2 workers cannot earn higher wages in industry
1, that is:

wy/ by, w,/ by,

(10) The differences between the two sides of the
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above inequalities sinply nmeasure the econom c rents earned by
each type of labor. Both (9) and (10) will hold provided

b,./ by, w/w b/ by, (11)
This, of course, is exactly the sane as the |ink between
commodity prices and cost ratios in the Ricardian theory of
international trade, with effective |abor prices replacing
commodity prices. It is inpossible for the effective wage
ratio to be outside the range depicted in (9); for, otherw se,
all 1abor would be in one industry.

When the commodity price ratio is such that strict
inequalities prevail in (11), the nodel will work exactly like
the specific factors nodel. Let us denote the relative price of
good 1 as p = p,/p,. In the open range defined by (11)--
repl acing the weak inequalities by strict ones--as p rises, so
will the effective wage ratio w/w,. However, in the specific
factors nodel a change in p has an anbi guous effect on the rea
return to capital--the nobile factor in this case--and clear-cut
effects on the specific-factors (see Ruffin and Jones, 1977).
However, in our case the quasi-specific factors, raw | abor, may
| eave an industry if the return falls to the point of w ping out
their economc rents. Now, as p rises, the output of good 1 wll
rise solely due to the attraction of capital out of industry 2
into industry 1. As the effective wage ratio rises, however,

it will eventually hit the upper bound of (11). At this point
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type 2 workers are indifferent between working in the two

i ndustri es. It now seens clear that at this particular price
ratio the nodel takes on a quite different flavor. |ndeed, the
nodel now becones Heckscher-Chlin with some of the attendant
characteristics.

This conclusion is very significant because it neans that in
a nodel with quasi-specific factors, we do not get sinple
rel ati onshi ps between commodity prices and real factor returns,
as in either the HO or specific factors nodel. If, for
exanpl e, the price of the capital-intensive good rises, at first
the workers that have a conparative advantage in that good
benefit while all other workers are hurt. But as the price
continues to rise a point will be reached where all workers are
hurt. On the other hand, if the price of |abor-intensive good
rises, the workers who have a conparati ve advantage in that
i ndustry benefit, other workers are hurt; but eventually al
wor kers are hel ped as the price continues to rise.

These are useful results. W know from enpirical studies
that when profits in an industry rise, so-called skilled workers
in that industry also benefit whereas the unskilled do not
benefit so nmuch (see Bl anchflower, et. al, 1990). This fact may
be expl ained by the current nodel. The current nodel inplies,
however, that such a relationship eventually depends on the

factor-intensity of the industry in question, and that at extrene
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val ues factor intensities matter. This may hel p expl ai n why
St ol per-Sanuel son effects are difficult to observe (see footnote
2); they apply to the extrenes, not to the "normal" cases.

|f capital is regarded as the nobile factor--i.e., the factor
wi t hout | ong-run conparative advantages--then this nodel also
suggests that for mddle ranges of commodity prices the |ink
bet ween commodity prices and the real returns to capital is
anbi guous. This, too, has sone explanatory value. Few seemto
care about the effects of tariffs, taxes, or subsidies on the
returns to capitalists as nuch as the returns to labor. One
expl anation woul d be that |abor's returns are nore profoundly
ef fected because it is the quasi-specific factor.

Let me now show these results fornmally. Suppose p changes
so that the ratio of effective wage rates equals the | ower or
upper bound of (11); that is, w/w = b;,/b,. Now t he pri cing
equations (2) becone:

al + agbjw/ b, = p
Al + agpw, =1 (12)
The input-output coefficients a; = a;(r, w), | =K E. Using
the subsidiary relation w/w, = b;;/b;, we can obviously solve for
r and the w's for any given commodity prices. Notice that as p
rises, w/w eventually rises fromb,,/b,, to b,/b,,; in the seque
it will be necessary to study the ramfications of this

phenonenon.
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How can we solve for outputs? Wen p is high enough so that
w/w, = b,,/b,,, where both |abor types work in industry 1, the

out put equations are:

aX; + apx, = K
agXy = Ly /byt Ly/ by (13)
apX, = (Ly- Ly /by,

However, if we conbine the last two equations in (13) we obtain

A X, + apx, =K

ap Xy T apXoby/ by = L/ by + Lyl by (14)
In the low p case, where w/w, = b;;/b;, so that both |abor types
work in industry 2, the output equations are:

A X, + apX, = K

agX.;b /by, + agpx, = L/ b, + L/ by, (14")
Equations (12) and (14) or (14') parallel the standard HO nodel
in the sense that we solve the pricing equations, (12), first and
then the output equations, (14) or (14'), for the x;"s. W wl]l
subsequently have occasion to analyze the quantity L,/ b+ L,/ by,
whi ch i s maxi mum anount of type j effective |abor that the
econony can generate. Wth this interpretative difference in
factor endowrents and the presence of economic rents in the
earni ngs of one of the |abor types it remains to study whether
the standard properties of the Heckscher-Chlin nodel hold.
[11. Stol per- Samnuel son

The rel ati onship between commodity prices and factor prices

15



in the HO region of the econony is enbedded in equations (12).
It m ght appear that Stol per-Sanuel son nmight have to be nodified
owing to the presence of the ratio b;,/b;,., However, it is there
because w, = wb;,/bj,; therefore, W = W, where the circunflex
over a variable neans a logarithmc derivative, e.g., p = dp/p.
Totally differentiating equations (12) we find that the equations
of notion are identical in all respects to the standard HO node
(see Jones, 1965):

€qf + €W, = P

Eof + €W, =0 (15)

W define €¢ = rag/p;, and €5 = wag/p;, where the shares nust add

to unity. To solve it is convenient to define

D(j) = €u€e - €t (16)
W | et D depend on | because, rewiting:

D(j) = (wr/p)[agag - awagb;/ b,] (16")
The index j in equation (16") denotes the |abor type that is used

in both industries. Thus, we have

W/ p = -€f D(j) (17)
FIp = €l I(j) (18)
We must, of course, determine the sign of D(j). |If the capita

share is higher in good 1 than in good 2, good 1 is capital-
i ntensive so that €/ € > €,/ € or that D(j) is positive.
Here it is inmportant to note that we nust define the capital-

intensity of an industry by the financial ratios rather than the
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physical ratios, ag/ag; for the physical ratios cannot really be
conpared since the denom nator is in different units. Cearly,
the effects of relative prices on real returns not only fit into
t he Stol per-Samuel son nold, they are of the sane order of
magnitude in the lowp (where w/w, = b;;/b;,) or the high-p case
(where w/w, = b,/ by,).

There is, however, one key difference between the present
nodel and the standard HO nodel: factor intensity reversals are
possible with fixed factor endowrents. This is clear from (16').
Conmparing with (16) we see that if the production functions are
Cobb- Dougl as, where the €;;"s are constant, factor-intensity
reversal s are not possible; however, in general, we nust admt
this possibility. As an exanple, if the production functions
are Leontief, as bj,/b;, jumps fromb, /by, to by/by, it is
possible for the sign of D(j) to change. Therefore, the |ink
bet ween commodity prices and factor prices can differ in the two
HO regi ons of the econony.

Since factor intensity reversals are irrelevant for our
pur poses, we nake the assunption that the sign of D(j) does not
change. This will be the case if the elasticities of
substitution are not too nuch different fromunity. The workings
of the nodel are shown by Figure 2 under the assunption that good
1 is capital-intensive. In the upper panel, we show the

rel ati onship between the comodity price ratio and the effective
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wage ratio. In the range p (p',p") we have the specific-
factors nodel, with all type 1 labor in industry 1 and type 2
| abor in industry 2; as the relative price of good 1 rises, so
does the effective wage of type 1 | abor conpared to type 2
regardl ess of any factor intensity conditions. In the | ower
panel, we show that the relationship between the relative price
of good 1 and the real earnings of type 1 | abor is nonotonically
decr easi ng. This is so because when p < p' or p > p" the node
takes on the key Heckscher-Chlin characteristics; with good 1
capital -intensive, the real return to |abor falls with the
relative price of good 1. On the other hand, the relationship
between p and the real return of type 2 |abor is non-nonotonic;
for in the specific-factors range of the nodel as the price of
good 1 rises the return to type 2 labor falls regardl ess of
factor intensities. Indeed, it nust be the case that for one of
the types of |abor there is a nontonic relationship; while for
the other it is non-nonotonic. Thus, Figure 2 is perfectly
general when there are no factor-intensity reversals, although
t he conparison between the real wages of the two types of workers
can be anything (dependi ng on absol ute advant age).

What is interesting about this nodel is that the Heckscher-
Ohlin character of the nodel appears at the extrenes. This is
not really surprising. The power of HO cones from conpetition

fromnobile factors: unless relative prices are at an extrene
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enough | evel to bring about conpetition between factors of
different types, factor specificity will rule the day.
I V. Factor Price Equalization

Suppose we now have two countries, honme and foreign,
identical in all respects except factor endowrents. The hone
country is well endowed with type 2 | abor and/or capital.

Figure 3 shows the relationship between commodity price and
effective wage ratios for the hone (H) and foreign (F) countries
under the assunption that good 1 is capital-intensive.

I magine first that the two countries are exactly the sane as in
the foreign country, so that curve F describes the relationship.
The specific-factor range is the interval (p',p"). Adding nore
type 2 labor to the hone country would clearly raise w/w, for
any p; so the H curve would have to be above the F curve.

Way woul d nore capital shift up the H curve conpared to the F
curve? Agai n suppose all endowrents are the sane as in F. Now
add a bit nore of nobile capital to the honme country. The curve
will shift up because nore capital will favor the capital -

i ntensive industry, and type 1 |abor has a conparative advant age
in that industry. This is easy to show. This comes directly

fromapplying the "hat" calculus to equation (2). W are asking
what happens to the effective wage ratio for fixed prices. Wen
endownent s change, factor prices change; from Shephard's Lemma it

follows that €.+ €cWw = 0. Since W =-f€,/€5, it follows that
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Wi- W= P (€ €, €/ €). Cearly, an increase in K depresses r--
so f is negative. |If good 1 is capital-intensive, so €,/ €, <
€/ €z , then w/w, nust rise.

Now we can di scuss factor price equalization (FPE). The main
proposition is that if p (p° p"), there cannot be FPE
However, FPE can obtain if either p < p° or p > p"; and it wll

obtain, of course, if the factor endownents of the two countries

are sufficiently close. Let us take the case where p > p". In
this case, equations (12) and (14) govern the nodel. The
effective wage ratio is w/w, = b,/ b,,. Provi ded both goods are

produced and there are no factor-intensity reversals, equations
(12) for | =2 will determne the factor prices in both countries
as long as the factor endownents of the two countries lie in the
same cone of diversification (that is, the set of endowrents
consistent with a single set of factor prices).*

Under all other circunstances FPE fails. For exanple, if p
(p% p'), then in the foreign country the wage ratio is governed
by w/w, = b,/ b,,, with type 1 | abor working in both industries
but in the hone country we are on the H curve itself and the
relative price of type 1 |abor is higher--FPE cannot hol d.

V. The Rybczynski Theorem
| now want to investigate the Rybczynski theorem W wll

show that if the Stol per-Sanuel son theorem hol ds, so does

4See Chi pman (1966).
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Rybczynski. This may not seem renarkable; but in Jones (1971b)
it is shown that when different factor prices are paid in two

i ndustries Stol per-Sanuel son does not inply Rybcyznski. However,
there is a crucial distinction between factor nmarket distortions
as anal yzed by Jones (1971b) and the current nodel: different
factor prices reflect productivity differences in the present
case so we woul d not expect the Jones result.

Let us just consider the case where the price of good 1 is
such that sone type 2 labor is involved in industry 1, that is,
equations (14) apply. Earlier, we saw that factor intensity
coul d be defined by using the financial ratios €¢/€,;,. W now
need to define the physical factor intensities. This is somewhat
tricky because we no | onger have a honbgeneous | abor force. Let
us exam ne the last equation in (14), that is:

ag Xy + apXoby/ by = L/ by + Ly by

The quantity L,/ by;; + L,/ by is the maxi mum amount of effective
| abor of type j that can be produced in the econony; call this
quantity V;. Wen relative prices are fixed, so are the a;;'s as
in the standard nodel. Let us define € = agxX;/K (as usual); but
define €5, = agx;/V,. Consi der now a change in factor
endownents only. Now, differentiation of (14) |eads to:

€qX, + €%, = K

€c11X, + €,X,b,,/ by, = V. (19)

Recal |l the definition for the financial ratios in (16'): D(2) =
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(Wwor/p)[apag - akwagpb,/by]. 1In this case, type 2 | abor is used
in both industries. Now for the physical case, note that
€(2) =€€.0,/ by - €€,
= (X Xyl KVy) (axapbs,/ by - akdw) . (20)

Qoviously, D(2) is positive or negative as €(2) is positive or

negati ve. Accordingly, solving for X; we find
Xy = RE€gbyy/ €(2) by - Vi€l €(2) (21)
)/zz = V1€K1/ €2) = K€Ell/ €( 2) (22)

Clearly, since €(2) is positive when good 1 is capital-intensive,
we obtain the fam liar Rybczynski result that an increase in K
i ncreases (decreases) the output of good 1 (good 2) while an
i ncrease potential effective |abor V, increases (decreases) the
out put of good 2 (good 1). A simlar result would obtain if type
1 | abor were used in both industries. W thus obtain the
theoremthat in any of the HO ranges of the econony the famliar
St ol per - Sanuel son and Rybczynski results obtain; however, unlike
the standard HO nodel, there can be factor intensity reversals
bet ween the HO regi ons.
VI. Technol ogi cal Change

We now consi der the inpact of technol ogical change on
production patterns and factor prices, holding comodity prices
constant. G ven the two-|evel production function, it is obvious
that technical change can either effect the production of

effective labor ("skill-based technol ogi cal change") or technica
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change in the industry itself by virtue of new insights into
conmbi ning capital and effective | abor ("process technica
change"”). | will only consider cases of neutral technica
change. Moreover, just because the nodel permts a distinction
bet ween the two types of technol ogi cal change does not nean that
the real world works that way. Nevertheless, we proceed as if it
does and ask whether it makes any difference.

| f the Ricardian production function does not change, that
is, if the productivity of raw | abor remai ns constant, an
i nprovenent in the conversion of effective |abor and capital into
goods will have an inpact that is simlar to a change in
commodity prices. As pointed out by Findlay and G ubert (1959)
and anal yzed in detail by Jones (1965), one can consider neutra
technol ogi cal progress as fully equivalent to an increase in the
price of a good. |If we consider the unit value isoquant for any
good, if the price increases the isoquant noves in uniformy
along any ray fromthe origin; the same occurs with neutra
technol ogi cal progress. Accordingly, whether there is an
increase in the price of a good or neutral technol ogica
progress, one achieves a parallel inpact on resource allocation
and factor prices. Thus, holding comodity prices constant,
neutral technol ogical inprovenent in an industry will bring about
expansi on of such an industry and will, of course, benefit those

factors with a conparative advantage in that industry or the
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factor in which the industry is intensive in the Heckscher-Chlin
region of the economy. Such technical change will only change
wage inequality if it occurs in the specific-factors regi on of

t he econony; otherw se, either all wages rise or fall.

What is the inpact of skill-based technol ogical change? It
shoul d be obvious that if a group of workers becone nore
productive their market wages will rise relative to other groups.
This has a quite different inpact on observed wages; but if such
technol ogi cal change reflects investnments in human capital it is
guesti onabl e whet her wages net of these costs show di vergent
trends. To properly analyze this it is necessary to include
| ear ni ng- by-doi ng and hunan capital investnents. However, the
end result is higher productivity and it may be useful to just
consi der the consequences of autononous inprovenents in sone
wor ker's productivity. Let us suppose that good 1 is the skill-
based good so that type 1 | abor can be considered skilled | abor
conpared to type 2 |abor. The ratio by,/by; is type 1 labor's
productivity advantage over type 2 labor in industry j.

To be concrete | assune that type 1 wages are higher than
type 2 wages. Now suppose that type 1 |abor becones uniformy
nore productive in all industries. Since each by, falls by the
same percentage, the ratio by,/b,, remai ns constant. The effect
of this on wage structure depends on the region in which the

econony i s operating.
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First consider the case in which the econony operates in
ei ther one of the HO regions of the econony. |In this case, w/w,
= b;,/ b;, so that nothing happens to effective wages, as is clear
fromthe pricing equations (12). However, type 1 wages wll rise
by the inprovenment in their productivity (w; = w/by) and wage
inequality will rise by exactly the sane proportion because wages
of type 2 workers remain exactly the sanme (w, = w/b,,). However,
due to Rybczynski effects, whether the econony noves away from or
deeper into the HO regi on depends on whether the relative price
of capital-intensive goods is |low or high. Wen type 1 |abor

beconmes nore productive, Rybczynski effects becone rel evant and

the out put of the capital-intensive good nust fall, as is clear
fromeither (14) or (14'). If the price of the capital-
i ntensive good is already | ow, the econony will becone nore

deeply entrenched in the initial HOregion; if the price of the
capital -intensive good is high, the econony will nove towards the
specific factors regi on on the econony.

| f the productivity enhancenent occurs when the econony is in
the specific-factors region of the econony, an inprovenent in
type 1 labor's productivity will cause wage inequality to rise by

nore than the rise in productivity. This is because the

effective wage of type 1 workers will rise while the effective
wage of type 2 workers will fall, thus enhancing the inpact of
the inmprovenent in type 1 workers' skills. However, the
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econony's production of good 1 will rise relative to good 2.
Eventual Iy, the econonmy will find itself in the Heckscher-Chlin
region of the economy. Once this occurs, a uniforminprovenent
in type 1 labor's productivity will have no inpact on the
effective wage ratio, for given comobdity prices, but will have a
proportionate inpact on the real earnings of type 1 |abor.
VI1. Sone Possibl e Extensions

Let us now consi der extending the nodel to include nore
Ri cardian factors. For concreteness imagine a third Ricardian
factor--call it z--such that

b/ by, < b,/ b, < byl by, (22)

Clearly, it is now possible for the effective wage ratio to be
equal to b,,/b,,, At this point, type z | abor is enployed in both
i ndustries--but type 1 |labor and type 2 | abor are earning
econonmic rents and so are entirely specialized. However, the
effective wage ratio will be fixed until all type z labor is
absorbed in one industry or the other. |In the range of commodity
prices where type z | abor works in both industries, any change in
prices will exert Stol per-Sanuel son effects on the effective wage
rates--just as before. For exanple, if good 1 is capital-
intensive, an increase in p wll depress both w, and w, by equa
percent ages. However, the nodel no | onger works |ike the
specific-factors nodel. Cearly, the nore | abor-types that exist

in the econony the snaller will be the specific-factors range of
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t he econony. I ndeed, with a continuum of |abor types, it would
appear that the nodel woul d al ways behave exactly |ike the HO
nodel in small conparative statics exercises--with this
exception: factor price equalization would be very unlikely.
However, if a continuumis considered unrealistic, the case
of a finite nunber of |abor types |eads to sone interesting
conclusions. For exanple, if there are three | abor types, the
nost |likely scenario is for two |abor types to work in one
i ndustry and one in the other industry. 1In this case, the node
retains its specific factors flavor. |[If the price of any good
i ncreases, the real returns to all those specific factors working
in an industry will increase, regardl ess of factor intensity
conditions. Such a result appears to help explain the results of
Bl anchflower, et. al. (1990), where they found that increasing
the profits of an industry appear to be shared by the "skilled"
workers in that industry. Whether their conclusion is best
expl ai ned by the current conpetitive nodel or their non-
conpetitive nodel is an issue that needs to be expl ored by
exam ning the additional inplications of the two nodels.
VIT1. Sunmary.
Thi s paper shows that by integrating the Heckscher-Onlin,
specific-factors, and Ricardi an nodels of production it is
possi bl e to achieve a tractabl e nodel capabl e of addressing

i nportant issues in | abor econonmics and international trade. In
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i nternational trade, factors of production need not be divided
over trade policy and factor price equalization need not prevail.
In | abor econom cs, we show that the earning of economic rents is
not inconsistent with conpetitive markets in general equilibrium
and that process and skill-based i nnovations have contrasting
effects on wage inequality. Process innovations nay |ead to wage
i nequality, but cannot cause a permanent trend; skill-based (for

| abor) innovations will cause trends in wage inequality, and may
strengt hen or weaken Heckscher-Onlin properties.

The paper suggests that even in the absence of relative skil
upgradi ng by unskilled workers that secular trends in the skil
prem um may not occur even though nore and nore resources are
devoted to high-skilled goods. For the United States there is
sonme evidence that this is the case since 1900 (Keat, 1960; Juhn,
et. al., 1993). The skill premumfell in the first half of the
century; and rose in the last half of the century. Thus, around
m d-century, one would then expect to find nore skilled workers
in blue-collar industries, as docunented CGoldin and Katz (1998)
for 1940. Skill premuns rose sharply in the 1980s but in the
1990s they appear to have stabilized in the face of |arge changes
in technology and growmh in international trade. Mor eover, the
skill premumdid not rise in other nmgjor countries during the
1980s (Butler and Dueker, 1999). The nodel appears consi stent

with these facts. However, the nodel can be rejected by show ng
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t hat Stol per-Sanuel son effects are no stronger in, say, the 1990s

than in the 1980s. How to do this is an enpirical challenge.
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