






































consistent with a single set of factor prices).*

Under all other circumstances FPE fails. For example, if p €
(p°,p’), then in the foreign country the wage ratio is governed
by w,/w, = by,/b,,, with type 1 labor working -in both industries,
but in the home country we are on the H curve itself and the
relative price of type 1 labor is higher--FPE cannot hold.

V. The Rybczynski Theorem

I now want to investigate the Rybczynski theorem. We will
show that if the Stolper-Samuelson theorem holds, so does
Rybczynski. This may not seem remarkable; but in Jones (1371b)
it is shown that when different factor prices are paid in two
industries Stolper-Samuelson does not imply Rybcyznski. However,
there is a crucial distinction between factor market distortions
as analyzed by Jones (1971b} and the current model: different
factor prices reflect productivity differences in the present
case 80 we would not expect the Jones regult.

Let us just consider the case where the pricé of good 1 is
such that some type 2 labor is involved in industry 1, that is,
equations (14) apply. Earlier, we saw that factor intensity
could be defined by using the financial ratios 6y/60,;. We now
need to define the physical factor intensities. This is somewhat
tricky because we no longer have a homogeneoué labor force. Let
us examine the last equation in (14), that is:

Am¥*, + ApX Py /by = Li/byy + Ly/by

‘See Chipman (1966).
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The quantity L,/b;; + L,/b,; is the maximum amount of effective
labor of type j that can be produced in the economy; call this
quantity V;. When relative prices are fixed, so are the a;;'s as
in the standard model. &Let us define Ay = ayx;/K {(as usual); but
define A

pij = AmX;/Vj. Consider now a change in factor

endowments only. Now, differentiation of (14) leads to:

kmfcl + ApX, = K

ApnXy + ApnXpba, /by = Vi, (19)
Recall the definition for the financial ratios in (16’): D(2) =
(w,r/p) [agag, - agapb,/b,]l. In this case, type 2 labor is used

in both industries. Now for the physical case, note that

4(2) )\Kl)\gzlbzz/bn - }\Kz)\En

i}

(5, %, /KV,} (8g8520,52/02, - agedp) - (20}

Obviously, D(2) is positive or negative as A(2) is positive or

negative. Accordingly, solving for ¥, we find
":cl = K)\Ezlbzz/ﬁ(z)bm - vl)‘KQ/A(z) (21)
X, = Vih/A2) - R /A(2) (22)

Clearly, since A(2) .is positive when good 1 1s capital-intensive,
we obtain the familiar Rybczynski result that an increase in X
increases (decreases) the output of good 1 (good 2} while an
increase potential effective labor V, increases (decreases) the
output of good 2 (good 1). A similar result would obtain if type
1 labor were used in both industries. We thus obtain the
theorem that in any of the HO ranges of the economy the familiar
Stolper-Samuelscn and Rybczynski results cbtain; however, unlike

the standard HO model, there can be factor intensity reversals

19



between the HO regions.
VI. Techneclogical Change

We now consider the impact of technological change on
production patterns and factor prices, holding commodity prices
constant. Given the two-level production function, it is cbvicus
that technical change can either effect the production of
effective labor ("skill-based technological change") or technical
change in the industry itself by virtue of new insights into
combining capital and effective labor ("process technical
change"). I will only consider cases of neutral technical
change. Moreover, just because the model permits a distinction
between the two types of technological change does not mean that
the real world works that way. Nevertheless, we proceed as if it
does and ask whether it makes any difference.

If the Ricardian production function does not change, that
is, if the productivity of raw labor remains constant, an
improvement in the conversion of effective labor and capital into
goods will have an impact that is similar to a change in
commodity prices. As pointed out by Findlay and Grubert (1959)
and analyzed in detail by Jones (1965}, one can congider neutral
technelogical 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 moves in uniformly
along any ray from the origin; the same occurs with neutral
technological progress. Accordingly, whether there is an

increase in the price of a good or neutral technoclogical
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progress, one achieves a parallel impact on resource allocation
and factor prices. Thus, holding commodity prices constant,
neutral technological improvement in an industry will bring about
expansion of guch an industry and will, of course, benefit those
factors with a comparative advantage in that industry or the
factor in which the industry is intensive in the Heckscher-Ohlin
region of the economy. Such technical change will only change
wage inequality if it occurs in the gpecific-factors region of
the economy; otherwise, either all wages rise or fall.

What is the impact of skill-based technological change? It
should be obvious that if a group of workers become more
productive their market wages will rise relative to other groups.
This has a quite different impact on observed wages; but if such
technological change reflects investments in human capital it is
questionable whether wages net of these costs show divergent
trends. To properly analyze this it is necessary to include
learning-by-doing and human capital investments. However, the
end result is higher productivity and it may be useful to just
consider the consequences of autonomous improvements in some
worker’'s productivity. Let us suppose that good 1 is the skill-
based good so that type 1 labor can be considered skilled labor
compared to type 2 labor. The ratio b,;/b;; is type 1 labor’s
productivity advantage over type 2 labor in industry j.

To be concrete I assume that type 1 wages are higher than
type 2 wages. Now suppose that type 1 labor becomes uniformly

more productive in all industries. Since each by; falls by the
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same percentage, the ratio b,,/b,, remains constant. The effect
of this on wage structure depends on the region in which the
economy is operating.

First consider the casge in which the economy operatesg in
either one of thé HO regions of the economy. In this case, w,/w,
= by;/b;, sce that nothing happens to effective wages, as 1s clear
from the pricing equations (12). However, type 1 wages will rise
by the improvement in their productivity (w,; = w;/b;;) and wage
inequality will rigse by exactly the same proportion becauge wages
of type 2 workers remain exactly the same (w,, = w,/b,,) . However,
due to Rybczynski effects, whether the economy moves away from or
deeper into the HO region depends on whether the relative price
of capital-intensive goods is low or high. When type 1 labor
becomes more productive, Rybczynski effects become relevant and
the output of the capital-intensive good must fall, as is clear
from either (14) or (14°). If the price of the capital-
intensive good is already low, the economy will become more
deeply entrenched in the initial HO region; if the price of the
capital-intensive good is high, the economy will move towards the
specific factors region on the economy.

If the productivity enhancement occurs when the economy is in
the specific-factors region of the economy, an improvement in
type 1 labor’s productivity will cause wage inequality to rise by
more 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 impact of

22




the improvement in type 1 workers’ skills. However, the
economy’s production of good 1 will rise relative to gocd 2.
Eventually, the economy will find itself in the Heckscher-Ohlin
region of the economy. Once this occurs, a uniform improvement
in type 1 labor’s productivity will have no impact on the
effective wage ratio, for given commodity prices, but will have a
proportionate impact on the real earnings of type 1 labor.
VII. Some Possible Extensions

Let us now consider extending the model to include more
Ricardian factors. For concreteness imagine a third Ricardian
factor--call it z--such that

b,,/b;, < b, /b, < b,./b,, (22)

Clearly, it is now possible for the effective wage ratio to be
equal to b,,/b,,. At this point, type z labor is employed in both
industries--but type 1 labor and type 2 labor are earning
economic rents and so are entirely specialized. However, the
effective wage ratic will be fixed until all type z labor is
absorbed in one industry or the other. 1In the range of commodity
prices where type z labor works in both industries, any change in
prices will exert Stolper-Samuelson effects on the effective wage
rates--just as before. For example, if good 1 is capital-
intensive, an increase in p will depress both w, and w, by equal
percentages. However, the model no longer works like the
specific-factors model. Clearly, the more labor-types that exist
in the economy the smaller will be the specific-factors range of

the economy. Indeed, with a continuum of labor types, it would
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appear that the model would always behave exactly like the HO
model in small comparative statics exercises--with this
exception: factor price equalization would be very unlikely.

However, if a continuum is considered unrealistic, the case
of a finite number of labor types leads to some interesting
conclusions. For example, if there are three labor types, the
most likely scenario is for two labor types to work in one
industry and one in the other industry. In this case, the model
retains its specific factors flavor. If the price of any good
increases, the real returns to all those specific factors working
in an industry will increase, regardless of factor intensity
conditions. Such a result appears to help explain the results of
Blanchflower, 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
explained by the current competitive model or their non-
competitive model is an issue that needs to be explored by
examining the additional implications of the two models.

VIII. Summary.

This paper shows that by integrating the Heckscher-0Ohlin,
specific-factors, and Ricardian models of production it is
possible to achieve a tractable model capable of addressing
important issues in labor econcomics and international trade. In
international trade, factors of production need not be divided
over issues of free trade or protection and factor price

equalization need not prevail. In labor economics, we show that
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the earning of economic rents is not inconsistent with
competitive markets in general equilibrium and that process and
skill-based innovations have contrasting effects on wage
inequality. Process innovations may lead to wage inequality, but
cannot cause a permanent trend; gkill-based (for labor)
innovations will cause trends in wage inequality, and may

strengthen or weaken Heckscher-Ohlin properties.
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Figure 1: Production-Possibilities

X

From A to B,type 1 labor also in industry 2; from B to C, each type of labor specilized
in comparative advantage; and from C to D, type 2 labor also in industry 1.
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