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r-Price Equalization and Income Distribution

~ In this section, we examine the factor—price ualization theorem, which is reall |
- corollary, since it follows directly &omPtEc 61?15 theorem 'anci‘ ;Tdihom
- H-O theorem holds. It was Paul Samuelson (1970 Nobel prize in economics) who
: il - Prove(_l_ftl_u'_:efzctor—p:;ce equalization theorem gcord]lary_-)._'l_"_o_rthism
Tt s someumes referred to as the Heckscher—-Ohlin—Samue S
— e Samuelson theorem (H-O-S
In Section 5.5A, we state the theorem and explain its meaning. Section 5.5B pre-
sents an intuitive proof of the factor—price equalization theorem. In Section 5.5C,
we examine the related question of the effect of international trade on the distribu-
son of income within each trading nation. Finally, in Section 5.5D, we briefly con-
sider the empirical relevance of this theorem. The rigorous proof of the factor—price
ization theorem is presented in the appendix to this chapter. The proof
the tools of analysis of intermediate microeconomic theory presented in

the appendix to Chapter 3.

u he Factor-Price Equalization Theorem

Starting with the assumptions given in Section 5.2A, we can state the factor—price
walization (H-O-S) theorem as follows: International trade will bring about equal-

- % ization in the relative and absolute returns to homow across nations. As such,
w - i onal trade is a substitute for the —ternational mobility of factors.

: What this means is that irfternational trade will cause the wagés of homoge—
, neous labor (i.e., labor with the same level of training, skills, and productivity) to be
& the same in all trading nations (if all of the assumptions of Section 5.2A hold). Sim-
~ilarly, international trade will cause the return to hox.nogencou.s cap;ta} (i.e., caplt_al
~ of the same productivity and risk) to be the same 1n all trading nations. That is,
E- i trade will make w the same in Nation 1 and Naton 2; s1m11arl. it \m‘ll
~ cause 1 to be the same in both nations. Both relative and absolute factor prices will

that in the absence of trade the relative price of
T than in Nation 2 because the relative price of

mon 5.4, we know
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or the nte,illowetinNtﬁm;i;As Nation 1 spe
- uon --mﬁcyxg;he L incenaive Commodity) and rodiect :
E Y (the K-intensive commodi ), the relative demand for labor rises

3 causi wages (w) to rise, while the relative demand for capi ing the
~interest rate () to fall. The exact opposite occurs in Nation 2. That h,%ﬂ 2

i specializes in the igtoduction of Y and reduces its producti 1
mrl‘ production of X with trade, its

& talls, causing w to fall, while its demand for K rises, causing r to rise.
: summarize, international trade causes w to rise in Nation 1 (the low-wage

g i,

nation) and to fall in Nation 2 (the high-wage nation). Thus, international trade
X € pretrade difference in w between the two nations. Similarly, interna-
tional trade causes r to fall in Nation 1 (the K-expensive nation) and to rise in
Nation 2 (the K=Cheap nation), thus reducing the pretrade difference in r between
the two nations. This proves that international trade tends to reduce the pretrade dif-
~ ference in w and 7 between the two nations. b

~We can go further and demonstrate that international trade not only tends to
reduce the international difference in the returns to homogeneous factors, but
would in fact bring about complete equalization in relative factor prices when all
of the assumptions made hold. This is so because as long as relative factor prices
' differ, relative commodity prices differ and trade continues to expand. But the
expansion of trade reduces the difference in factor prices between nations. Thus,
international trade keeps expanding until relative commodity prices are com-
- pletely equalized, wh_igk}:m that relative factor prices have also become equal in

~_ the two nations.

bhtive and Absolute Factor-Price Equalization

hically that relative factor prices are equalized by trade in the two
i m z:h}(;lv t%;r: Essumgtions of Section 5.24 hold). In Figure 5.5, the rf.:lanvc price
of labor (w/r) is measured along the horizontaln axis, a!nd !:he relative price of com-
modity X (Px/Py) is measured along the vertical axis. Since gach nation OPC:ES
“under perfect competition and uses the same technolo.gy,. there is a one-to-one dﬁ—
tionship between w/r and Px/Py.That is, each w/r ratio 1s associated with a specific

P X/PY ratio.

Before trade, Nation 1 1s at p ;
Nation 2 is at point A’, with w ‘
Nation 1 than li)n Nation 2 in the absence of trade, P4 is 1

i .ve advantage in commodity X. ,

e N?N;uh:; alc(odr.::p:erlaatiivcly L-absndant nation) speciahzes n tl:le producnon of
"~ commodity X (L-intensive commodity) and reduces the productlpn of comm?d-
" ityY, the demand for labor increases relative to the demand for capital and w/r rises
e g | '[ ion 1.This causes Px/Py t0 rise in Nation 1. Qn the other ha:}d, as Nation
“ 2 (the K-abundant nation) specializes in the production of commodity Y‘ (the. K- -

" intensive commodity), its relative demand for capital increases _and r/w rises (1.e.,
" w/r falls). This causes Py/Px to ris (i.e., Px/Py to fall) in Nation 2.The process
: "1 - will continue until point B = B', at which Pg = Py’ and w/r = (w/r)* in both

oint A, with w/r = (w/N1 and I:‘);/i\{ =/I-';A, whj.le
= (w/f, and Px/Py = P4~ With w/r lower in
sl e ower than P4-so that
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=P ‘ties, it follows that trade also equalizes the absolute returns to homogeneous fac-
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%5 Relative Factor-Price Equalization. The horizontal axis measures w/r
fee vertical axis Py/Py. Before trade, Nation 1 is at point A, with w/r = (w/f); and

.Pfoy = P, while Nation 2 is at point A’, with w/r = (w/r); and Px/Py = Py~ Since w/ris |

Jower in Nation 1 than in Nation 2, P4 is lower than P4-so that Nation 1 has a comparative
advantage in commodity X. As Nation 1 specializes in the production of commodity X
with trade and increases the demand for labor relative to capital, w/r rises. As Nation 2 spe-
cializes in the production of commodity Y and increases its relative demand for capital, r/w
rises (i.e., w/r falls). This jﬂl continue until point B = B’, at which Pg = Pp’ and w/r =
(w/n)* in both nations.

 mations (see Figure 5.5). Note that Pg = Pp’ only if w/r is identical in the two
nations, since both nations operate under perfect competition and use the same
technology (by assumption). Note also that Pg = Py lies between P4 and P44 and

(w/n)* lies between (w/r); and (w/r),. To summarize, Px/Py will become equal as2

result of trade, and this will occur only when w/r has also become equal in the two
nations (as long as both nations continue to produce both commodities). A more
rigorous and difficult proof of the relative factor—price equalization theorem is
given in the appendix.

The preced.i.n_g pamgrap!l shows the process by which relative, not absolute, factor
prices are equalized. Equalization of absolute factor prices means that free interna-
tional trade also equalizes the real wages for the same type of labor in the two
nations and the real rate of interest for the same type of capital in the two nations.
However, given that trade equalizes relative factor prices, that perfect competition
 exists in all commodity and factor markets, and that both nations use the same

; and face constant returns to scale in the production of both commodi=

tors. A rigorous and difficult proof of absolute factor—price equalization is

mﬁoqpondixwdﬂlchapter.foﬂowm the proof of relative

equalization.
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5.2 Relative Factor-Price Equalization

.} s‘fm the Edgeworth box diagram of Nation 2 superimposed on the box
] ’m of Nation 1 in such a way that their origins for commodity X coincide. The origi ,

. for commodity Y differ because Nation 1 has a relative abundance of labor, whereas Nation
2 has a relative abundance of capital. The box diagrams are superimposed on each other to

' facilitate the analysis to follow.

o T

of L fo K:in.' uction and examines its mhﬁW_ to
A57 d:;cussso:l’!c method used to conduct empirical test
lence of factor-intensity reversal in the real world. :
yrth Box Diagram for Nation 1 and Nation 2

Because both nations use the same technology, the isoquants for commodity X in the two
nations are identical (and are measured from the common origin Oy). Similarly, the isoquants
for commodity Y in the two nations are also identical (but are measured from origin Oy for
Nation 1 and from origin Oy~ for Nation 2). X-isoquants farther from Ox refer to progressively
higher outputs of X, while Y-isoquants farther from Oy or Oy~ refer to greater outputsof . |

By joining all points where an X-isoquant is tangent to a Y-isoquant in each nation, we ‘
obtain the nation’s production contract curve. Points 4, F and B on Nation 1’s production
contract curve in Figure 5.7 refer to corresponding points on Nation 1s production frontier
(see Figure 3.9). Similarly, points A, F’, and B” on Nation 2's production contract curve
refer to corresponding points on Nation 2’ production frontier. Note that the contract
curves of both nations bulge toward the lower right-hand corner because commodity Xis
the L-intensive commodity in both nations.

Figure 5.8 repeats Figure 5.7 but omits (to keep the figure simple) all isoquants as well as
points F and F’(which are not needed in the subsequent analysis). The no-trade equilibrium
point is A in Nation 1 and A’in Nation 2 (as in Figures 3.3 and 3.4). The K/L ratio in the
production of commodity X is smaller in Nation 1 than in Nation 2. This is given by the
lesser slope of the line (not shown) from origin Ox to point A as opposed to point A”. Sim=
ilarly, the K/L ratio in the production of commodity Y is also smaller in Nation 1 than n
Nation 2. This is given by the smaller slope of the line (not shown) from Oy to point A
opposed to the slope of the line (also not shown) from Oy to point A",

Since Nation 1 uses a smaller amount of capital per unit of labor (K/L) in the production
of both commodities with respect to Nation 2, the productivity of labor and therefore the
wage rate (w) are lower, while the productivity of capital and therefore the rate of interest (1)

-are hish'a.in Nation 1 than in Nation 2, This is always the case when both nations use 3
i is homogeneous of degree one, showing constant retu
(as assumed throughout).

With a lower w and a higher 7, w/r is lower in Nation 1 than in Nation 2. This is consis=
tent with the relative physical abundance of labor in Nation 1 and capital in Nation 2.The e 1
lower w/r in Nation 1 at autarky point A is reflected in the smaller (absolute) slope of the o]
(short and solid) straight line through point A as opposed to the corresponding line at point y
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FIGURE 5.7. The Edgeworth Box Diagram for Nation 1 and Nation 2—Once Again. The Edge-
worth box diagram of Nation 2 from Figure 3.10 is superimposed on the box diagram for Nation 1
from Figure 3.9 in such a way that their origins for commodity X coincide. Because both nations use
the same technology, the isoquants of commodity X are identical in the two nations. The same is true
for the Yisoquants. The points on cach nation’s production contract curve refer o corresponding
points on the nation’s production fronder. The contract curves of both nations bulge toward the lower
right-hand corner because commodity X is the L-intensive commodity in both nations.

A’. (The straight lines are the common tangents to the X- and Y-isoquants—not shown in
Figure 5.8—at point A and point A%) ‘
" To summarize, we can say that at the no-trade equilibrium point A, Naton 1 uses a
smaller K/L ratio in the production of both commodities with respect to Nation 2. This
" results in lower productivity of labor and higher productivity of capital in Nanon 1 than in
" Nation 2. As 2 result, w/r is lower in Nation 1 (the L-abundant nation) than in Nation 2.
~ Since Nation 1 is the L-abundant nation and conunodizx wc:-mmwd omi::o&q &
ol el . . glann o 3 ep- on ¢
I"_.w md:ove from o omert roduction contract cur\.ie). Similarly,
© Nation specialize i uction of commodity Y
A wio,g,spiﬁmn in-p:dud::ﬁgnm:onﬁnues until Nation 1 :_e.achen point B and .N.anc:n 2
e reaches point B’, where K/L is the same in each commoditymboth nations.

s







~In the absence of trade, :
~ slopes of the solid mnislut'ri::;mm S 1 e S
" nation) specializes in the production :{sh points A and A”). As Nation 1 (the low-wage

~ ofboth commodities in Nation 1 commodity X, K/L and w/r rise in the production
“ duction of odityY. K .As Nation 2 (the high-wage nation) specializes in the pro-
commodity Y, K/L and w/r fall in the production of both commiodities. Special-

| s it
'“':f;: ¥ hs n va?;:::t:;l:mnnuu until K/L and w/r have become equal in the two nations.
O el occurs on 1 produces at point B and Nation 2 produces at point B’ with

e RN trade. This concludes our formal :
. : proof that international trade equali lati ices
_ qualizes relative factor pri
in the two nations when all the assumptions listed in Section 5.2A hold. § ko

have bccomihcc::n 1 tP:licauY ‘:11“ :ﬂ th sufficiently less capital available, Nation 1 would
: pletely specialized in the production of commodity X b ' .
tor prices became equal in the two nations. gy, X hefore relacive ¥

el Ly =

THNy

A5.3 Absolute Factor-Price Equalization

o This proof of absolute factor—price equalization is more difficult than the proof of relative
factor—price equalization and is seldom if ever covered in undérgraduate courses, even when

= all students in the course have had intermediate microeconomics and macroeconomics. The

;O pmof is included here only for the sake of completeness and for more advanced undergrad-

P uate students and first-year graduate students.

2F The proof makes use of Euler’s theorem. According to Euler’s theorem, if constant
B cE Fpas .

e L e e : 5 = :
returns to scale prevail in production and if each factor is rewarded (paid) according to 1ts

productivity, the output produc ed is “exhausted and just _erﬁjg@_.ﬂs_gqc_if}_ggny,_thgmqrjjqal

l"?* st Eh‘ymcal Eroduct 9£ labor (!\ZPQt_i_mcs the amountl_of labor used in production (L) plus the
“ﬁ‘“‘ i marginal physical product of capital (MPK) times the amount of capital used in production
i wﬁﬂwzﬁf@@ihmm is true for commodity Y. In equation
g & i form, Euler’s theorem in the production of commiodity X can be expressed as
- ._____________——-—-—-—‘"_'__,___ ST Tt T P i S R .
o . (MPL)(L) + (MPK)(K) = X (5A-1)
...i. a. A._-,,,_ Dividing both sides by L and rearranging:
;*; i x/L = MPL + (MPK)(K)/L (5A-2)
i? Factoring out MPL:
S x/L = MPL[(1 + K/L)(MPK/MPL)] (5A-3)
SRR ~ _ : : g oint B’ in Figure
' With trade, Nation 1 roduces at point B and Nation 2 produces at .omt ‘
l ; : 7r is the same in bot nations, MPK/MPL 1s also the same in.

28. Sgwéﬂw o of commodity X
that W@ﬂﬁz@dﬁﬂ?n of commocity -
both nations. We also know P ¢ of labor in the production of

is the ' ’ i ' duc
is the same in both nations. Finally, X/L is the average pro ‘ :
commodity X—and this % also the sameé in the two nations because of the assumptions of
technology. As,a 1€ alt, the last remaining component
constan to scale and the same nology. AAs,a result, tie EOmpane
b be the same in the production of €0 odity X'in both

~ (MPL) in Equation ~3) must also be the

ion (5A-3) is to hold. .
K Smw_gud to MPL, the e uality of MPL in ] EUOILS_I:_I’I_c_a__n_s_’Eb_Et
i - - two nations in the production of commodity X. With perfect
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