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Abstract, Itis shown thar a tagiff can lower paymeas to 2 producave factor used culy in (specific
10) the prorected indusery in 4 simple production model. This may occur any dme the pratected
sector shares more than one comman facior with the rest of the economy, as seems most likely.
Intuition based on the well-known specific faciors madel, where sectors share a single cgmmon
factor, should be modified. Whether specific factars effectively receive pmt:cucn ffom tariffs
becomes an empirical issue.

Est-se que les wrifs doeaniers procégent des facreurs de production @ usage pécifique? A
1'aide d’un moddie de praduction simpie, | aureur montre qu’un tanf douanier peut néduire le
paiement 3 un facteur de production uwilisé seulement [i.e. utilisé spécifiquement ) daas
["industrie protégée. Cela peut se produire quand le secteur protége a plus d'un facteur de
productions ea commun ave le reste de I'économie, ce qui est fort probable. On dair donc
meodifier les inmitions fondées sur le modle bien conou & propos des tacteurs de prodacuon
spécifiques quand les secteurs ont un seul facteur de production e COmmMUuR. Quant 3. savair. si
les facteurs spécifiques requivent effectivement de |2 protection des tariis dousniers, cela reste
Upe guestion que seules les aralyses empiniques peuvent éclairer.

INTRODUCTION

An appealing result fram the specific factors (SF) model is that a tariff protects a
productyve factor used only in the protected industry. The sF model, however, is
rather special, since the protecred indusiry shares only a single common facter with
the rest of the economy. Do tarffs protect specific factors IR more realistc settiogs
where protected industries employ various commeon factors?

Each sector in the popular version of the sF model employs sector-specific capital
while sharing labour, Preductive capital cannot be ransformed from use in ane sectar
to use in the other in the short rua. Jones (1971) notes tha factor price equalization
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does not occur between freely trading partners, and he derives magnificanon effects.
Samuelson (1971) shows thar free trade with homothedc preferences creates at least
movement toward factor price equalization. A tanff increases paywments (0 bott
specific and common factors (using the other good as numeraire), while payment two
the other specific factoer falls.

This paper presents the simplest situation with rwo shared factors: so techmical
complementarity and increased flexibilicy for mixing factors arise in the sector
employing a specific factor. This can be interpreted as an intermediare run, after one
of the specific factors has become mobile. Pethaps capital in manufacruring is more
malleable than in agnculture; alternagvely, skilled labour (Jand) might @nd no
employment in agriculure (manufacturing). Recent research has examined charag-
teristics of the three-factor, two-goed model, where zach sector employs ail factors.
(Examples are Ruffin, 1981; Takayama, 1982; Jopes and Easton, 1583; Thompson,
1985, 1986.) Techmcal structure in the present model, the simplest containing a
single specific factor, is similar in the sector employing three productive factors.

A taniff ia the 2 X 2 Heckscher-Ohlin-Samuelson model raises payment to the
factar used intensively in the protected sector, while lowenng paymenr to the other -
tie Stolper-Samuelson result. If the specific factor in the present modei is
complementary to the intensive shared factor whose payment rises with a tariff,
demand and payment could understandably fall for me specific factor, Condidons
leading to this outcome are examined. lasight inte the general nature of sector specific
wiputs is gained with the present model. Whether owners af a specific factor actually
enjoy beneiits from a tariff becomes an inmiguing empirical issue. '

THE SINGLE SPECIFIC FACTOR MCDEL

The general equilibrium model of production and trade is developed in the literaqure,
notably by Jones and Scheinkman (1977) and Chaog (1979). Introducing notatien: x;
and p; are output and price of good j (j = 1, 2); v; and w; are endowment and paymeat
of factor i (i = 1, 2, 3); ay is the cost-minimizing input of factor { in the producton of
good j; and ay" = day/dw,. Faciors and goods are numbered; so factor one is
specific to industry one (a;; = 0), and factor two is used intensively in indusay one
reladve o factor three (@z,/ dzm > 31/ a12).

Aggregate substicution berween factors & and # is described by substmdon terms
Sin = Eft,ak, which capture variauog ie the inpur of facior & across the economy
due to changes in the payment to factor . Technical compilermentariry is indicated by
negatve ferms, and substitution by positive. Due 0 homogeneity of factor mixes,
Iiwisy = 0; factors are rescaled, so that payment (o each is initially onme, and
L5y = 0. Symmetry of the negatve seml-deﬁmre matrix of substitution terms
follows from Shephard's lemma.

Given full employmen: and competitive pricing, the entire sSF is summarized:

| Recent research by Mugee (1980), Grossmun (1987), and Grossman and Levinsohn ( 1987) has mumed
dp same empirical ¢vidence that 1anffs protect sectar specific inputs.
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Su 12 513 ai 0 dwy i dvy
Si2 in Sz3 as a7z dws dv-
N3 I3 333 a3 a3z dwy |=| dv;
21 a2 daj Q 0 dxy do:
.0 dr daz 0 0 L dIz -~ a:U: ~

Comparative siatic results are found with Cramer's Rule. Chang (15979) shows the
system determinant 22 is negative with three factors. Symmerry implies Samuelson’s
[ECIPIDCITY: 0X,/dVy = 0ws/dp,. Production possibility or dx/dp terms indicare a
lacally concave production fronrer. '

Cousidering effects of changing endowmenis on factor payments, geperal
equilibrium diminishing marginal retuns are found; each factor payment is
negatively related with its own endowment. With Ruffin (1981), factors are called
enemies (friends) if an increase in the endowment of one lowers (raises) the other’s
paymeat. Factors most intensive in either sector (factors one aad three) tum our to be
enemies, while middle factor two is the others’ fnend. These resuits gegeralize from
the sF model and are found in the three-factor, two-good model as weil. =t

Comparative static solutions of interest are represented by the Rybezynski term
I'mk = 80X/ dvy. Cofactors are written in capirals, with D represendng the negative
system determinant: R, = r..L. Soiving for these ®=rms,

R“ = —a3zC13)2 - @22C2813 (02 + 031)(?353,
Rz = —@3z¢1512 ~ ancasys, '

Ri3 = @215z T G22C1513,

Ry1 = 6310181z — GurC2¥y3 + (A + a3)¢3523,
Ry = a3i0151z + (a1 + a3;)C2813 — @y1C357, and

Rz = —(ay; + ay)eys1z — @21C2813 = (€359,

where b = ;1431 — G1G3;) > 0: (= b+ ay1a5 > 0 c2 = b = ay0m; and o3 =
ay (@22 + a32) > 0. For reference, amrange the Rybezynski terms in marix form,

i1 mz i3
k= )
F21 r—

I3

Note that r|; and r3 have oppaosite signs. Due W homogeneity, Z.a;;ru = LGz
= (; so each row confains at least one positive aad ar least ope negative element.
Possible sign pattems 1n the top row are thus (+ + =), (+ — +), (— + ~), and
(= = +).

A further result limits outcomes. If oumur of indusiry two is negatively rejated
with the endowment of its intensive factor thres, it cannot be positively related with
endowments of both other factors. This is proved forthe 3 X 2 mode! by Jones ( 1985)
and Thompson (1985); a proof based specifically on the present model appears in the
first section of the appendix.
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An increased endowment must raise some output, or the factor would bave a
pegative marginal value product. Since factor payments are aon-negative, each
column of R must have ar least one positive element.

Using all these properties, six comparative siatic sign pamerns are possible:

—+— +tF~ - - et F—F
i . o I S S
(a) (b) (c) (d) (e) (f

Looking at the first columns. increased endowmeunt of specific-factor one may cause
either or both outputs 1o rise. Looking at the first row, a rariff on good one may lower
or raise payment to any facior. In pacern (a) increased endowwment of the specific
factor conracts its industry, and a tasiff oa good one lowers payment o the specific
factor.”

CONDITIONS FQR a TARIFF TQ EXPOUSE THE SPECIFIC FACTOR

Results hinge upon relationships of intensity and substitution among the productive
factors. There are obviously no aecessary coaditons for r; ) to be pegative (R, to be
positive). A relatively simple sufficicat coadition is found after goods are rescaled; so
p1 = p2 = 1. By comperitive pricing, p; = Zyway; = Liay; S0 @y + @y + a3 =
@2z + a3z = |. The result in R, can ther be manipulated to concentrate on factors
oae and two:

Ry, = @agldaz — az1)5( + (ay1023 + G2 — Q21)5 12 + Gy iz,

If gyya22 + @22 > a9; > 317, a positive R, would follow from a high enough degree
of substitution between factors one and two. If @z > @z > a, 6% + ay and the
specific factor is complementary enough with factor two, Ry would be positive.

This is only one appreach to finding sufficient corditions, which are impossible to
pin down. Some understanding of the economics invoived ¢an be obtained through
the following stories.

SIX SCENARICS

Conditions that favour each sign partern are developed. Considering ipcreased factor
endowments, different degrees of subsurution and complementarity determine the
ourput effects: factor intensity is the same throughout. Remember that the conditions
developed are only one set of sufficient conditions; others can be readily found.
Model simuladons corresponding to the discussion appear in the second secton of the
appendix.

Strong complementarity berween shared factors can result in paern (a). Increased
(endowment of factor three causes its payment o fall. Complementary factor twa is

2 Bams and Casas (1976) incorrecdy claim this cannat accur in their Theorem 7 when all theee factors
are wesk substirutes,
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attracted (0 sector two; 5Q X+ £ises (- > 0) and x, falls (r5 < 0). Since some af an
increase in factor twa is employed in sector one, x rises (r1z > 0); since factor two
wants complementary factor three, whose endowment is fixed, x falls (rg <0).
Specific factor one is a strong substitute for the others; an increase in i endowment
lowers its payment. causing firms to substrute smongly away frowr te-athers; which
are released 1o sector twa. As a result, x; falls a5 x- nises (rj, <C and r+ > 0).

Pactern (b) is found as substitution with the specific factor weakens, with factaors
two and three remaining wezakly complementary. Compared with (&), achange occurs
in the effect of an increase in specific factor one. With decreased substitution, less of
the other factors is released from sector one: so both outgputs rise (ryy, r2y > Q).

As factors one and two become moderate subsumites, panera (¢) occurs; factors
two and three may be either weak complemeats ar weak substitutes, as may one and
three. An increase in the specific facior atracts others from secwor two; s0 x5 falls
(rz1 < 0). This occors since their marginal producnvities are enhanced by the
additional factor one.

Uniform substitudon generally favours pattern (d), the "aormal” SF pattern. The
simuiation involves weak complementasity berween factors one ard threee An
increase in factor two stll raises x, (7|5 > Q) but x, mses 35 well (7o ?ﬂ}?iﬂ.mc SF
model, middle factor two is shared by both sectors; its payment would fall as the ratio
of the shared to the specified factor rises in each sector.

With factors one and two weak complements, pattern (e) yields two changes. An
increase in facror three is split between sectors: so both outputs rise as w; talls and w-
rises. Firms in sector one then use (i) more factor three, substituting for factor are,
and (1) less factor two, also dropping the input of comptermentary facror one. in this
scepario, @;; must fall; since vy =a,,x, and v, is constaat, x; must nse (3 > 0).
Similarly, addinonal factor two causes w-, to fall and w; to rise, inducing a higher a,,
so xy must fall (r; < 0).

Pateern (f) is found as factors one and two become stronger complements. A
surprise occurs ip thart increased endowment of factor three lowers output of sector
two where it is used intensively (r.3 < 0). Factors two and three are such strong
subsumes that enough factor two is released from sector twa wit the failing w that
x, falls. )

CONCLUSION

A tanif may lower payment to an input specific to a protected industry sharing more
than one input with ether indusiries. This is favoured by complementariry (i) betweea
shared factors, ar (i) berween the specific factor and the factor intensive in its sector.
No single ser of necessary or sufficient conditons for this outcome are to be tound,
even in the simplest model.

Intuinon regarding specific factors based on the popular but starkly simple sF
model may prove misleading under realistic conditons. On the other hand, resuls in
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TABLE Al
Simulations
$ign Patterna
(a) () (c) {c) () (=) G

Subzdrution
tefns

S2 3 1.73 1.25 0.75 0.2% —0.25 -1

£13 -2 -0.75 -0.25 0.25 0.75 1.2% 2

T3 6.0875 i.4 0.4 -0.1 —{1.1 0.4 2.0875
Partiai
derivative
leTns

i1 _2 D.S | -5 2.5 3-5 - 4.5 6

ra & 3.5 2.5 1.5 05 -0.5 -2

riy -6 =315 -23 -1.5 -0.35 0.5 2

i3 3 0-5 _0~5 i 1.5 _2-5 —3-5 —5

rn b -2.5 ~1.5 -0.5 Q.5 L5 3

rn 7 4.5 35 2.5 1.5 0.5 -1

most respects similar to those in the sF model are expected over a range of factor
intensity and substtution.
An interesting empirical question cormes to mind:

DO TARIFFS PROTECT SPECIFIC FACTORS?

APPENDIX

Sign pattern proof

Assume pattern (+ + —) for the bottom row of R. This means Ry; > Rz and
Rj3 > Ri,, which together imply (1) ¢ 512 < —¢3323 and (ii) ¢ 52 < =~ 293 Since
only one of 5,2, 5,3, aad 533 can be negative, (33 523) must be either (+ +), (= +),
or (+ —).

(+ +): since ¢, and ¢4 are positive, (i) is inconsisient.

(= +): principal minors of the substicution matrix are positive; $0 52 > — 81524/
(513 + .5'23). Substitute this into (i} and (ii) 1o obtain (i) Cas|133 » C}Sﬁz
and (iv) ¢339 > 52513%. Divide (iii) by a positive 52y and (iv) by a positive
515 to find a contradiction.

(+ —) eliqunate Ca from Ry; and Rzg to find (V) cl(azmg -~ a313;2) > C}(GQ;JH
+(a21 + a31)173) aod (Vi) ¢,{(a1az21)812 + anf13) < cx(@z1513 — a(ys2a).
Isolate C3 in (Vi), ﬂOﬁﬂg that a; 9,3 —dy 523 > 0, and substitute for c3in
(v). A pegative principal minor is irnplied.
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Model simulations

Tabie A1 reports simulations corresponding o scenarios in the text, Partial derivative
sign panierns can be easily found by assuming g3, = G2 = 633 = 0.5 and ay; = a5
=0.25, 50 ¢z = 0. With 55 + 593 = —333 = 1, an example of each sign panem is
found by varying substitution and complementarity. Negative semidefiniteness of the
substitution matrix is demonstrated with a negative 5,, a positive principal minor
(311522 — 3;2%), and a zero determinant. It would be possible to assume a particular
form for the production function (Cobb-Douglas for instance) to derive production
functions implicit in each simulation.

Since factors have been rescaled so that w; = 1 and goods so that p; = 1, the
pactial derivative terms are elasticities of factor payments with respect to prices:
Fri = 0%/ Vs = dWh{Opm = (D! Wp)(@Wi/dpm)- A 10 per cent tariff on good one
leads to a 20 per cent reduction in the payment to factor one in simulation (a).
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