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 On the Theory of Piecemeal Tariff Reform:

 The Case of Pure Imported Intermediate Inputs

 By RAMON LOPEZ AND ARVIND PANAGARIYA*

 What is the effect of a tariff reduction
 that applies only to a subset of commodities
 subject to tariffs? This important question
 was addressed systematically for the first
 time by James Meade (1955 Ch. 13) in his
 classic work Trade and Welfare. After a
 careful analysis, Meade concluded, "[T]here
 is more likely to be a gain in economic
 welfare if the rate of duty is high on the
 primary imports which will come in in
 increased volume and is low on the sec-
 ondary imports which will come in in re-
 duced volume" (p. 208).'

 This result was proved formally by Trent
 J. Bertrand and Jaroslav Vanek (1971), who
 demonstrated that, in a small open econ-
 omy, if the highest tariff rate is reduced to
 the next highest one, welfare will rise pro-
 vided the import demand for the good with
 the highest tariff exhibits gross substitutabil-
 ity with respect to all other goods.2 Subse-
 quently, following a different strand of the
 literature as exemplified in John Green
 (1961), Tatsuo Hatta (1973, 1977) and Peter

 Lloyd (1974) independently proved similar
 results in terms of Hicksian substitutability.3

 In deriving their results, Bertrand and
 Vanek allowed for the use of final goods as
 intermediate inputs (i.e., interindustry
 flows).4 However, neither they nor the sub-
 sequent writers (including Hatta and Lloyd)
 allowed for the existence of "pure" im-
 ported intermediate inputs that are not pro-
 duced domestically. Therefore, a natural
 question is whether the piecemeal policy
 prescription derived by them remains valid
 in the presence of pure imported intermedi-
 ates.

 This question is particularly important for
 developing countries for two reasons. First,
 by far the bulk of the imports of developing
 countries are intermediate and capital
 goods. According to the World Bank, dur-
 ing the period 1975-1985 50 percent of
 developing countries' imports were ac-
 counted for by intermediate inputs, and an
 additional 30 percent were capital goods. A
 sizable proportion of both capital and inter-
 mediate goods are neither produced nor
 directly consumed in these countries.

 Second, the Meade-Bertrand-Vanek-
 Hatta-Lloyd result has been the cornerstone
 of trade policy reform in many developing
 countries, especially during the last decade.
 In most countries, trade reform has been
 based on the so-called "concertina" ap-
 proach, under which the highest tariffs are
 reduced to the next highest ones and then
 to the next highest ones, and so on. Thus,

 * Lopez: Professor, Department of Agricultural and
 Resource Economics, University of Maryland, College
 Park, MD 20742, and consultant, Trade Policy Divi-
 sion, World Bank, 1818 H Street, N.W., Washington,
 DC 20433; Panagariya: Senior Economist, Trade Policy
 Division, World Bank, 1818 H Street, N.W., Washing-
 ton, DC 20433, and Professor, Department of Eco-
 nomics, University of Maryland, College Park, MD
 20742. The findings, interpretations, and conclusions in
 this paper are entirely those of the authors. They do
 not necessarily represent the views of the World Bank,
 its Executive Directors, or the countries they represent.
 The authors are indebted to two referees and Tatsuo
 Hatta for valuable comments on an earlier draft.

 IIn this quotation, "primary imports" refers to the
 goods on which tariffs are reduced, while "secondary
 imports" refers to other importables subject to tariffs.

 2Robert Lipsey and Kelvin Lancaster (1956) had
 proved the basic result of Bertrand and Vanek in a
 one-factor, three-good model with a Cobb-Douglas
 utility function.

 3More recently, Takashi Fukushima (1979) has
 proved the validity of the Hatta-Lloyd result when the
 highest tariff is shared by several commodities, while
 Rodney Falvey (1988) has done the same in the pres-
 ence of quantitative restrictions on imports.

 4Although Hatta (1973, 1977) did not allow explicitly
 for interindustry flows, his results can also be shown to
 be valid in the presence of such flows.
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 trade reforms in Chile during the 1970's and
 those in Guatemala, Costa Rica, Tanzania,
 Indonesia, and Venezuela in recent years
 provide the purest examples of the con-
 certina method (e.g., Michael Michaely
 et al., 1991; Vinod Thomas et al., 1991).
 According to the detailed study of trade
 liberalization in developing countries by
 Michaely et al., many other countries have
 carried out reforms that combine the con-
 certina method with elements of across-
 the-board proportionality rules.

 In this paper, we revisit the basic Meade
 result (henceforth, the "concertina theo-
 rem") in a model with a pure imported
 input that is not produced domestically. We
 demonstrate that when such an input is
 present, it may be impossible to satisfy the
 substitutability condition of the concertina
 theorem. At most, one can assume that final
 goods exhibit substitutability with respect to
 each other. As long as the Rybczynski rela-
 tionship holds with respect to the imported
 input-and it necessarily does for most of
 the standard models of international trade
 -a rise in the price of the input (which is
 equivalent to a decline in the total supply of
 the input) will be accompanied by an expan-
 sion of at least one final good. That is to
 say, the required substitutability condition
 between the imported input and all final
 goods is impossible to satisfy.

 We demonstrate that any one of the fol-
 lowing cases is sufficient to give rise to com-
 plementarity between the pure imported in-
 put and at least one final good: (i) the
 imported input is used in fixed proportions;
 (ii) the number of inelastically supplied pri-
 mary factors equals the number of pro-
 duced final goods, as in the Heckscher-Ohlin
 model; or (iii) there is one commonly shared
 factor and one specific factor in each sector,
 as in the Ricardo-Viner model, and not all
 goods use the imported input. Observe that
 in case (i), substitution is allowed among
 primary factors of production, while in cases
 (ii) and (iii) substitution is allowed among
 all factors including the imported input.

 Assuming case (i) and that final goods
 exhibit substitutability with respect to each
 other, we also derive two specific results.
 First, if the highest tariff rate applies to the

 imported input, a decrease in it will be
 unambiguously welfare-reducing, provided
 the final importables enjoy positive effective
 protection and the least protected good also
 uses the imported input least intensively.
 Even if this latter condition is not satisfied,
 a reduction in the tariff is not necessarily
 welfare-improving. Second, if the highest
 tariff applies to a final importable, a reduc-
 tion in it will not be necessarily welfare-
 improving. An unambiguous improvement
 in welfare requires the additional condition
 that the good with the highest nominal tariff
 also be subject to the highest effective rate
 of protection.5

 At this point, it is useful to relate the
 present paper to the literature on pure im-
 ported inputs. This literature includes inter
 alia V. K. Ramaswami and T. N. Srinivasan
 (1968), L6pez and Dani Rodrik (1990), and
 Panagariya (1992). Our paper is related to
 Panagariya (1992), in which some tariff re-
 form issues are analyzed in the presence of
 a revenue constraint. Panagariya (1992) does
 not question the validity of the concertina
 theorem; indeed, that paper assumes that
 the theorem is valid, and its primary con-
 cern is whether a country continues to gain
 from a reduction in the highest tariff when
 it has to offset the resulting revenue loss by
 an increase in the lowest tariff applicable to
 imported inputs.6 By contrast, our concern
 in the present paper is with a more funda-
 mental point, namely, that the concertina

 5The results described in this paragraph will also
 obtain, albeit under slightly different conditions, in
 cases (ii) and (iii). Thus, the assumption of fixed pro-
 portions with respect to the imported input simplifies
 the exposition but is not necessary to obtain the re-
 sults.

 6It is of utmost importance to note that the effects
 of a reduction in the highest tariff and those of an
 increase in the lowest tariff are not symmetric. More
 explicitly, given substitutability, a reduction in the high-
 est tariff is welfare-improving, but an increase in the
 lowest tariff need not be. Therefore, the increase in the
 lowest tariff rate to maintain a constant revenue can
 counter the welfare gain from the reduction in the
 highest tariff. Panagariya (1992) derives conditions un-
 der which an increase in the lowest tariff rate does not
 lead to a welfare loss in the case when the lowest tariff
 applies to inputs. The results of Panagariya (1992) are
 entirely consistent with the concertina theorem.
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 theorem itself may be invalid in the pres-
 ence of imported inputs.

 The paper is organized as follows. In Sec-
 tion I we outline the model, while in Sec-
 tion II we demonstrate that the existence of
 pure imported inputs must give rise to com-
 plementarity in a variety of models. In Sec-
 tion III we impose the assumption of
 fixed-coefficients technology with respect to
 the imported input and analyze the case
 when the highest tariff applies to the im-
 ported input. In Section IV we consider the
 case when the good subject to the highest
 tariff is a final importable. Finally, conclu-
 sions are presented in Section V.

 I. The Model

 Consider a small open economy consum-
 ing and producing three final goods: 1, 2,
 and 3. Goods 1 and 2 are importables, while
 good 3 is exportable. All three goods are
 produced with primary factors and an im-
 ported input not produced at home. We
 assume perfect competition in all markets.
 In order to rule out the possibility of com-
 plete specialization, we assume that there
 are three or more primary factors available
 in fixed supply and that world prices are
 such that an internal production equilib-
 rium exists. We denote the vector of pri-
 mary inputs by z. As the country is small, we
 can set the world prices of all goods includ-
 ing the input equal to unity. The ad valorem
 tariff on the ith importable is denoted t1
 (i = 1, 2), and the tariff on the imported
 input is r. The domestic prices of final
 importables, the exportable, and the im-
 ported input will be 1 + t1, 1 + t2, 1, and
 1 + r, respectively.

 Assuming that tariff revenue is redis-
 tributed among consumers in a lump-sum
 fashion, the economy's budget constraint
 may be written

 (1) E(l1+ tl,1,+ t2 I1;Z

 ='7 (1+ tl,1+ t2, 1,1+ -r;z)--r'7

 + tl(El - 71) + t2(E2 -'2)

 where E( ) is the standard expenditure

 function, r(n ) is the revenue function, and z
 is the factor-endowments vector. We as-
 sume that E( ) and r(1 ) have all the stan-
 dard properties (Avinash Dixit and Victor
 Norman, 1980 Ch. 2). Ei and rri (i = 1,2,3)
 represent the first partials of the expendi-
 ture and revenue functions, respectively,
 with respect to the ith argument. As usual,
 Ei is the quantity demanded, and rri is the
 quantity supplied of good i; 'rr is the first
 partial of the revenue function with respect
 to 1 + r and equals the negative of the total
 quantity of the imported input used in the
 production of final goods. Finally, ,u stands
 for the level of utility.

 We will first demonstrate the importance
 of the substitutability assumption for the
 concertina theorem.7 To highlight the im-
 portance of the imported input, we assume
 that r is the highest tariff rate. Differenti-
 ating (1) with respect to r and solving for
 the change in ,A, we obtain

 (2) N(di /dr) =- (t1717 + t272, + 'r77)

 where N- E - t1E11 -t2E21, E, is the
 first partial of E(-) with respect to ,ut, and

 EiA, (i = 1, 2) is the partial effect of a change
 in utility on the demand for good i. Follow-
 ing Hatta (1973, 1977), we rule out inferior-
 ity in consumption, which guarantees N > 0.
 By the convexity of the revenue function,

 -rr-, is positive. Moreover, if we assume that
 the imported input exhibits complementar-
 ity with all the other importables subject to
 tariffs, we have rrl-r n, 27> O. In this case, a
 reduction in r will be unambiguously wel-
 fare-improving. Intuitively, the tariff reduc-
 tion expands imports of all goods subject to
 tariffs, a change which brings the economy
 closer to the efficient (free-trade) equilib-
 rium.

 This result has not played much of a role
 in the literature. The reason is that the

 7Throughout the paper, goods i and j are defined as
 substitutes if a rise in the price of i leads to an
 increase in the compensated excess demand (i.e., de-
 mand minus supply) for good j. In the case of the pure
 imported input, the excess demand coincides with the
 input demand in production.
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 assumption of complementarity across all
 goods subject to tariffs is not very realistic.
 Therefore, theorists have focused more on
 the substitutability case. Inspection of (2)
 shows that if one or more goods subject to
 tariffs exhibit substitutability with respect to
 the imported input, the effect of a reduction
 in the tariff on the latter will be ambiguous
 in general. It is at this point that the condi-
 tions of the concertina theorem come into
 play.

 Making use of the property that rr'() is
 homogeneous of degree 0 in all prices, we
 can transform (2) into

 (2') N(dAl/dr)

 =[1/(1+r)]

 X [(T -tl)T1

 + (T - t2)-n727 + '7T37]3

 If we assume that r is the highest tariff rate
 and that the imported input exhibits net
 substitutability with all other goods implying
 ri> <0 (i = 1,2,3), a reduction in r will
 necessarily improve welfare.

 Intuitively, imports of the good that is
 liberalized (the input in the present case)
 rise, and given substitutability, imports of
 other goods subject to tariffs fall. The for-
 mer change is welfare-increasing, while the
 latter change is welfare-reducing. The net
 effect depends on which of the two effects
 dominates. Substitutability across all goods
 implies that the tariff reduction will in-
 crease exports. As trade is balanced, expan-
 sion of exports implies a net expansion of
 imports (valued at world prices) as well. In
 other words, imports of the good that is
 liberalized rise more than the decline in the
 imports of other goods subject to tariffs.
 This result and the fact that the good that is
 liberalized is subject to the highest tariff
 imply that the welfare-increasing effect of
 the tariff reduction must dominate the wel-
 fare-reducing effect.8

 II. Can All Goods Be Substitutable with the
 Imported Input?

 We are now in a position to address the
 question that is central to this paper: can all
 goods exhibit substitutability with respect to
 the imported input? We now demonstrate
 that, in most of the plausible cases, all goods
 cannot exhibit substitutability with the im-
 ported input. We consider first the case in
 which the imported input is used in fixed
 proportions but substitution is permitted
 among primary factors.

 A. Fixed Coefficients with Respect to the
 Imported Inputs

 In this case, the production function for
 good i is written

 (3) xi = min{Gi(zi),mi/ai} i = 1,2,3

 where xi is the output of good i, zi is the
 vector of primary factors, mi is the quantity
 of imported input, and ai is the imported-
 input-to-output coefficient. Function Gj(zj)
 is linearly homogeneous in zi and may be
 interpreted as value added in sector i.

 Given (3), the economy's revenue func-
 tion may be written

 (4) R = R(vj(q), V2(q) V3(q); z)

 = R(v(q);z),

 where q (1 + t1, 1 + t2, 1, 1 + r) and vi(q)
 1 + ti - ai(1 + r), is the unit value added in
 industry i (i = 1,2) (Panagariya, 1992). We
 have also defined v(q) [v1(q), v2(q), v3(q)]
 for compactness. We assume that all vi(q)
 are positive.

 Given that R(v(q);z) is linearly homoge-
 neous in v, it will also be linearly homoge-

 neous in q. As R7r( ) is the first partial of

 8More explicitly, let Ml (i = 1,2) be the imports of
 good i, and let m be the imports of the input. Then,

 given balanced trade, dMj + dM2 + dm > 0, because a
 tariff cut must increase exports by the substitutability
 assumption. This inequality, along with the facts that

 dm > 0 and that dMj, dM2 <0, implies that t, dMj +
 t2 dM2 + r dm > 0 if the highest tariff is cut.
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 R( * ) with respect to 1 + r which is an ele-
 ment in q, this partial derivative must be
 homogeneous of degree 0 in q. Finally, as is
 easily verified, R(- ) must also be homoge-
 neous of degree 0 in v. We immediately
 have

 (5) ViRr1 + V2RT2 + V3RT3 = 0.

 This equation implies that at least one R
 must be positive; that is, it is impossible to
 rule out complementarity.9

 An important question is whether the as-
 sumption of a fixed-coefficients technology
 with respect to the imported input is the
 driving force behind this strong result. We
 demonstrate below, however, that the result
 remains valid for a wide class of models
 when the production technology is non-
 Leontief.

 B. The Heckscher-Ohlin Framework

 Consider the case when the number of
 primary factors equals the number of pro-
 duced goods, (i.e., z is 1 x 3). Under the
 usual long-run competitive equilibrium con-
 ditions, prices of primary factors depend
 solely on the exogeneously given prices, q.
 Indeed, it is easily shown that these prices
 are linearly homogeneous in q. Letting w(q)
 be the 1 x 3 vector of primary-factor prices
 the imported-input-to-output ratio may be
 written ai(w(q), 1 + -) where ai( * ) is homo-
 geneous of degree 0 in w(q) and 1 + r or,
 equivalently, in q. Moreover, all ai( ) func-
 tions are independent of output levels.

 For a given q, the ai(w(q), 1 + r) are thus
 constant. Therefore, as we demonstrate for-
 mally in the Appendix, the revenue function
 in the present case exhibits the same prop-
 erties with respect to the elements of vector
 q as in the fixed-coefficients case, and the

 substitutability condition of the concertina
 theorem fails to hold.

 C. The Ricardo-Viner Framework

 Finally, let us consider a Ricardo-Viner
 type of model in which each sector employs
 one specific and one common factor and
 technology is of a general form. In addition,
 assume that at least one sector, say sector 3,
 does not use the imported input.

 Consider now a rise in the tariff on the
 imported input. This change reduces the
 demand for labor in sectors 1 and 2, which
 use the imported input, but leaves the de-
 mand in sector 3 unchanged. The wage rate
 declines, and sector 3 expands by making
 use of cheaper labor. That is to say, good 3
 exhibits complementarity with respect to the
 imported input.

 This model can also be used to illustrate
 the importance of the assumption that the
 input is not produced domestically. Thus,
 suppose that of the three goods, good 1 is
 the input. Then, an increase in r will in-
 crease demand for labor in sector 1 and
 lower the demand for labor in sector 2. If
 we impose the additional assumption that
 the former effect is stronger, the net effect
 of the increase in r will be to incrL ise the
 total demand for labor in the economy. In
 this instance, output of good 1 (the im-
 ported input) will expand, while outputs of
 other goods will contract; the substitutabil-
 ity conditions of the concertina theorem can
 be satisfied.

 In the present section, we have shown
 that if there is an imported input that is
 neither consumed nor produced domesti-
 cally, the substitutability condition of the
 concertina theorem is impossible to satisfy
 for a wide class of models. Recalling, how-
 ever, that the substitutability condition is
 sufficient but not necessary for welfare im-
 provement following a reduction in the
 highest tariff, the question remains whether
 we can still rely on the concertina method
 for piecemeal tariff reform to yield higher
 levels of welfare. In the following sections,
 we provide two examples to demonstrate
 that extreme caution is necessary in this
 regard and that under plausible circum-

 9As an example, suppose that the input is used in

 goods 2 and 3 only. Then a reduction in t, which
 causes sector 1 to contract and sectors 2 and 3 to
 expand will lead to an increase in the use of the input.
 That is to say, good 1 and the input are complements.
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 stances it is altogether possible for welfare
 to decline when the highest tariff is lowered.
 For clarity of exposition and tractability,
 these examples assume that the imported
 input is used in fixed proportions as in Sub-
 section II-A above. We note, however, that
 the basic message of the ensuing analysis
 will hold for the cases considered in Subsec-
 tions II-B and II-C, where substitution is
 allowed among all inputs.

 III. Welfare Effects of a Tariff Reduction
 When the Highest Tariff Applies

 to the Input

 We first consider the case when the high-
 est tariff applies to the imported input. Ob-
 serve that this case is not a mere theoretical
 curiosity and may, indeed, have substantial
 policy relevance. Many developing countries
 tax imported inputs heavily. In some of these
 countries, trade taxes constitute a major
 source of government revenue, and imports
 of most final consumption goods are essen-
 tially banned or controlled via quantitative
 restrictions. Therefore, the burden of trade
 taxes falls most heavily on imported inputs.
 For example according to the World Bank,
 in Brazil, electrical communications equip-
 ment and machinery were subject to ad
 valorem nominal tariffs of 71 percent and 48
 percent, respectively, during 1980-1981. The
 only sector that was subject to a higher tariff
 than these sectors was pharmaceuticals (97
 percent). Similarly, in Argentina, capital
 goods were subject to the second-highest
 nominal tariff (32 percent) in the year 1987.
 The same basic story applies to India, where
 in 1987 the average tariff for intermediate
 goods was higher than the average tariff for
 consumer goods. In several other major de-
 veloping countries, such as Bangladesh,
 China, and Mexico, overall tariffs on inter-
 mediate and capital goods, are not signifi-
 cantly lower than those on consumption
 goods. Observe that even if tariffs on im-
 ported inputs are not the highest but sec-
 ond- or third-highest, as the process of re-
 forms progresses, the issue of lowering them
 must be confronted.

 Assuming a fixed-coefficients technology
 with respect to the imported input, the rele-

 vant revenue function is given by equation
 (4). The economy's budget constraint may
 be written

 (6) E(1+t1,1+ t2,1;A)

 - R(v1(q),v2(q), v3(q); z)

 + tl(El -Rl) +t2( E2- R2)

 + r(a1Rl + a2R2 + a3R3).

 In the remainder of this section, we will
 assume that the imported input is not used
 in the production of the exportable. We
 make this assumption for simplicity; none of
 our results is affected by it. The effect of a
 change in r on welfare can be written as

 dA dM1 dM2 dm
 (7) E - -= t1 dr d + dm

 dM1 dM2
 =(ti - alr) + (t2 - a2,r)

 d,r dr

 where M1, M2, and m stand for imports of
 goods 1, 2, and the input, respectively. We
 assume that the final importables are sub-
 ject to positive effective protection. This
 assumption implies that the terms in paren-
 theses in the second equality of (7) are
 positive. Then, a reduction in r will im-
 prove welfare if it increases final imports.
 Intuitively, however, a reduction in r works
 like a production subsidy on goods 1 and 2
 at different rates. Other things equal, a pro-
 duction subsidy on good i expands produc-

 tion, lowers Mi, and hence reduces welfare.
 Further insight into the effects of a change

 in r can be obtained by substituting for
 dMl / dr and dM2 /d-r in terms of the rev-
 enue and expenditure functions and making
 use of the homogeneity property of the rev-
 enue function. After some simplifications,
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 we obtain

 d.
 (7T) N =-(1 + t1)( + t2)

 dir

 VAl 2 Vl V2
 x A I ~~ - *-12~

 [ 1 2 ( V2 ) 1

 V( V2 R

 where N was defined in the context of
 equation (2) and is positive. In addition, vi*
 ( 1 - ai) is obtained by setting ti = ri = 0
 in vi and A a1 /( + t1)- a2 /(l + t2). In-
 tuitively, vi* is the unit value added in in-
 dustry i under free trade. As an example,
 consider the special case when a2 = t2 = 0.
 In this case, good 1 is the only protected
 good. A reduction in r, working like a pro-
 duction subsidy to good 1, causes that good
 to expand and, given substitutability among
 final goods, causes other goods to contract.
 All of these changes move the economy
 further away from the Pareto-efficient allo-
 cation and worsen welfare.

 In order to interpret (7'), let us assume
 that the input is subject to the highest tariff
 (r > ti) and that both final importables are
 protected relative to the exportable (vi -
 V* > 0).10 Observe that since v - v=
 (1 + ti)- ai(1 + r)-(1 - ai) = ti - air, these
 assumptions are both satisfied if aJ ti1>
 r> ti. Then, if good 1 is protected more
 than good 2 (V1 /v1 - V2 /l 2 > 0), (7') im-
 plies that a small reduction in the highest
 tariff, r, will lead to (i) an unambiguous
 decline in welfare if A > 0 and (ii) an am-
 biguous effect on welfare if A < 0. That is
 to say, the concertina result that a reduction

 in the highest tariff to the next highest one
 must increase welfare does not hold. If good
 2 is more protected than good 1, a reduc-
 tion in r will worsen welfare if A < 0 and
 will have an ambiguous effect if A > 0.

 These results can be best understood by
 thinking of the reduction in r as a produc-
 tion subsidy to goods 1 and 2 at different
 rates. Remembering that the domestic price
 of the ith importable is 1 + ti initially, a
 reduction in r equal to dr implies an ad
 valorem production subsidy of ai dr/(1 + ti)
 to good i. If A > 0, the rate of subsidy will
 be higher on good 1 than on good 2
 (a1 dr/[l + t1]> a2 dr/[1 + t2]). If good 1 is
 protected more than good 2 initially and if
 both importables are protected relative to
 the exportable, this reduction in r will make
 the existing distortion worse, and welfare
 will decline unambiguously. In the case when
 A < 0, the production subsidy via a reduc-
 tion in r is lower on good 1 than on good 2.
 To the extent that both importables are
 protected initially, a further production sub-
 sidy to them is welfare-reducing. However,
 since good 1 is protected more initially and
 the rate of implicit production subsidy is
 lower on this good, the reallocation effect
 between the two importables works in the
 opposite direction. Thus, the net effect on
 welfare is ambiguous.

 How does this explanation of our result
 relate to the conditions of the concertina
 theorem? Recall that the substitutability
 condition of the concertina theorem re-
 quires that, in order for welfare to improve
 unambiguously, the decline in r must lead
 to a contraction in the compensated excess
 demand for every other good. As the de-
 cline in r is not accompanied by a change in
 any final goods prices, this condition is
 equivalent to the condition that outputs of
 all final goods expand. However, as we have
 seen, this is impossible in the cases consid-
 ered above, for a decline in r necessarily
 leads to a contraction of the exportable.
 Formally, letting R3r be the partial of R3
 with respect to r, we can verify that, given
 a3 = 0,

 (8) R37 = a-(alR31 + a2R32) > 0

 10Equation (7') applies in general when tariff rates
 are not subject to these restrictions. Indeed, it can be
 shown that at r = 0 and tl, t2 > 0, the right-hand side
 is necessarily positive.
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 where the sign of the right-hand side fol-
 lows from the assumption that R31, R32 < 0.

 IV. The Highest Tariff Applies to a Final Good

 We now turn to the case in which the
 highest tariff applies to a final importable.
 We revert to the assumption that a3 is
 positive. We assume that the highest tariff
 applies to good 1 (i.e., t1> t2, T). We are
 then interested in the effect of a change in

 t, on welfare. Differentiating (6) with re-
 spect to t1 and making use of the linear
 homogeneity property of E(*) and R(*), we
 obtain

 9)Nd,u 1 (9) Ndt = -1t1 [(t1 - t2)E12 + tjE13]

 + [ -I 2( 1 2

 + V3 (Y1 -Y *)R13

 (recall that vi is the price of value added in
 the presence of tariffs and v* is the price
 under free trade).

 Given t1> t2 and net substitutability in
 demand, the first term on the right-hand
 side of (9) is negative. Therefore, if we
 lower t1, this term will contribute positively
 to welfare. The sign of the second term is
 ambiguous in general, however. Therefore,
 the effect of a change in t1 on welfare is
 also ambiguous in general. For concrete-
 ness, assume as before (and in conformity
 with the concertina theorem) that R12 and
 13 are negative. Also assume that the ef-
 fective protection on good 1 is less than that
 on good 2 (v1 /v1 - v2 /v2* < 0) and that V3
 is small (a3[1 + -r] is close to 1). Then, the
 second term on the right-hand side will be
 negative, and the welfare effect of a change
 in t1 will be ambiguous. A sufficient condi-
 tion for concertina cuts to improve welfare
 is that the sector with the higher nominal
 tariff also has the higher effective tariff.

 Intuitively, given E12, E13> 0 and tl > t2,
 a reduction in t1 necessarily reduces con-
 sumption distortions. However, if good 1
 enjoys lower effective protection than good
 2, a reduction in t, has an ambiguous effect
 on production distortions. To the extent that
 a contraction of good 1 induces an expan-
 sion of the exportable, the change is bene-
 ficial; but to the extent that the contraction
 leads to an expansion of good 2 (the most
 highly protected good), the change is harm-
 ful. The lower the value added per unit in
 the exportable relative to good 2, the smaller
 is the contribution of the former effect rela-
 tive to that of the latter. Therefore, the
 lower the value of V3 relative to v 1, the
 more likely it is that the latter (harmful)
 effect will dominate.

 As in the previous section, we can relate
 this result to the substitutability condition
 of the concertina theorem. Observe first that
 there is no difficulty in satisfying the substi-
 tutability requirement among final goods.
 The difficulty arises with respect to the im-
 ported input. Substitutability requires that a

 decline in t1 be accompanied by a decline
 in the use of the input. However, if the
 input is used mostly in goods 2 and 3 and
 not in good 1 (i.e., if a2 and a3 are large
 but a1 is small), a decline in t, which causes
 good 1 to shrink and causes goods 2 and 3
 to expand may well lead to an increase in
 the use of the input." Formally, we know
 that

 (10) Rr7 = - [a,Rll + a2Rl2 + a3Rl3].

 Clearly, if a1 = 0, and R12, R13 < 0, Rrl must
 be positive.

 The usefulness of the concertina theorem
 declines sharply as we increase the number
 of importable commodities. To illustrate,
 consider the case when there are K final
 importable goods and one exportable (the

 "1Note that a low value of a, and high value of a2 is
 consistent with a lower effective protection for good 1
 than for good 2 even when t, > t2.
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 [K + 1]th). Expression (9) generalizes to

 dy1
 (11) N- =--

 dtj 1 + tj

 K

 x E (tj-tk)Ekj + tjEK+li

 + - Vk)]
 Vj [ i k Vj* vk )i]

 VK+ )
 +~V. J- ji RK+l,j-

 Thus, if tj > tk (k = 1,...,K; k + j) net sub-
 stitutability is sufficient for a decrease in tj
 to reduce consumption distortions. This is
 reflected in the negative sign of the first
 right-hand-side term of (11). However, pro-
 duction distortions are not necessarily di-

 minished by a reduction in tj, even if Rkj < O
 for all k #j, and RK+1,j < 0. The sufficient
 condition is that Vj/v<*-Vk/1 be posi-
 tive for all k = 1,...K (k + j). That is, the
 final good with the highest import tariff
 should also be subject to the highest effec-
 tive rate of protection. This result consider-
 ably reduces the usefulness of the con-
 certina method of tariff reform. Thus,
 suppose we start from the most favorable
 situation such that the above condition is
 satisfied at the initial equilibrium by good j.
 As we reduce the tariff of good j, welfare
 improves. After the tariff on good j has
 been reduced to the level of the second-
 highest tariff (say, good i), we would like to
 reduce the tariffs on both good j and good
 i. However, for this to be welfare-improving
 unambiguously, we need the effective pro-
 tection on both goods i and j to be higher
 than that on any other good in the new
 equilibrium, and so on. Thus, as the tariff
 reform based on the concertina method
 proceeds, the sufficiency condition is pro-
 gressively more likely to be violated.

 V. Conclusion

 The principal conclusion of this paper is
 that the key assumption of substitutability
 required by the concertina theorem of
 piecemeal tariff reform is not consistent with

 the Rybczynski relationship in the presence
 of pure imported intermediates. We have
 shown that for three popular models of
 international trade the substitutability con-
 dition between the imported input and all
 final goods is impossible to satisfy.

 Thus, the presence of imported inputs
 considerably limits the usefulness of the
 concertina method of tariff reform. In the
 case when the highest tariff applies to a
 final good, one of the sufficiency conditions
 requires that the good(s) subject to the
 highest nominal tariff also be subject to the
 highest effective protection.12 This is a
 rather stringent requirement. In the case
 when the highest nominal tariff applies to
 an imported input, we are unable even to
 spell out a meaningful set of sufficiency
 conditions for welfare improvement in re-
 sponse to a reduction in this tariff. Ironi-
 cally, the sufficiency conditions for a decline
 in welfare turn out to be straightforward in
 this case.

 The lack of applicability of the concertina
 theorem in this latter case is serious be-
 cause, as indicated in Section III, imports of
 intermediates and capital goods in several
 of the largest developing countries are sub-
 ject to very high tariffs. In these countries,
 the prime instruments to protect final goods
 are import prohibitions or quantitative re-
 strictions, not tariffs, and thus the highest
 tariffs affect intermediates rather than final
 goods. Moreover, even if the highest tariffs
 affect a final good, as the concertina method
 is implemented, very soon a point is reached
 where an imported input is subject to the
 highest tariff.

 APPENDIX

 We show here that in the context of the
 Heckscher-Ohlin framework, the revenue

 12Incidentally, the estimates of the correlation co-
 efficient between nominal and effective rates of protec-
 tion usually range between 0.85 and 0.9. The condi-
 tions for the breakdown of the concertina theorem may
 appear to be less stringent than is argued here. How-
 ever, the effective-rate measures include interindustry
 flows but not pure imported inputs, so it is not clear
 how relevant they are in the present context.
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 function can be expressed in terms of
 value-added prices (v), satisfying the same
 properties with respect to the elements of q
 as in the fixed-coefficients case. Long-run
 competitive equilibrium implies that output
 prices equal average costs:

 (Al) pi=c1(w,l+T) i=1,2,3

 where p1=l=-+tl, p2=l+t2, and p3=1
 are the domestic prices of the three outputs,
 w =(w1,w2,w3) is the vector of the three
 primary-factor prices, and 1 + r is the
 domestic price of the imported input. In
 this "even" case, one can solve (Al) for
 the primary-factor prices and obtain w =

 *(p,l+ T)= w(q),whereq =(1+ tl, 1+ t2,1,
 1 + r) is the vector of exogenous prices.

 Using Shephard's lemma, we obtain the
 cost-minimizing level of the vector of pri-
 mary factors and imported inputs for each
 industry. We have

 (A2) zi /xi = c (w, 1 + T) ai(q)

 mi xi = cl (w, 1 + T) ai(q)

 i = 1,2,3

 where xi is output of industry i, zi is the
 vector of primary factors used by industry i,
 and mi is the level of the imported input
 used in industry i. Note that aci() and ai(q)
 are homogeneous of degree 0 in q.

 The economy's revenue function can now
 be defined as

 (A3) R=max [EpjF'(zj,mj)-(l+r)
 Zi, Mi

 X Emi+A(z-Ezi)j

 where F1(*) is the constant-returns-to-scale
 production function of industry i, and A is
 the Lagrangian multiplier.

 Using the linear homogeneity condition
 of the function FP(H), expression (A3) can

 be expressed as

 (A4) R = max [EPimi fi(i(q))
 Mi i

 -(1 + T) Eaj(q)mjfi(Pj(q))

 + A(z- I/3j(q)mi)]

 where pi(q) ai(q)/ai(q) is also homoge-
 neous of degree 0. Collecting terms, we
 obtain

 (A5)

 R = max { E [pj -(1 +r)aj(q)]fj(f3j(q))mj
 mi, i

 + A(z-E Pi(q)mi) }

 which yields the following expression for the
 revenue function:

 (A6) R = R( v(q), P(q); z)

 where v is a vector of value-added prices

 [i.e., vj=pj-(1+ r)aj(q)] and p(q) is the
 vector of the 8i3(q) (i = 1, 2,3). We note again
 that the f3i(q) are homogeneous of degree 0
 in q, while the vi(q) are homogeneous of
 degree 1 in q. This revenue function is thus
 of the same structure as the one defined by
 (4) in the text, the only difference being that
 the ai coefficients are not fixed, but rather a
 function of the vector of output prices and
 the price of the imported input. By inspec-
 tion of (A5) it is clear that R(* ) is linearly
 homogeneous in v and that, since each of
 the vi(q) functions is also linearly homoge-
 neous in q, it satisfies all the properties of
 the revenue function defined in the im-
 ported-input fixed-coefficients case.
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