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In a two-country synthesis model we examine implications of a tariff reduction on the
gains at extensive margin and the diversification of export basket through development of
new varieties of a horizontally differentiated good. Through its resource allocation effect, the
tariff reduction raises the number of varieties produced and exported by the Home country if
the differentiated good is relatively labour intensive. Though, the worsening of terms of
trade (TOT) consequent upon the tariff reduction has a dampening effect, overall, the
number of varieties increases. The number of varieties produced and exported by the Foreign
country, on the other hand, falls which makes the overall variety gains or gains at the
extensive margin due to tariff reduction ambiguous.
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1. INTRODUCTION

The paper examines whether a tariff reduction makes export basket of nations more
diversified through the development of new product varieties by its resource allocation
and terms of trade (TOT) effects. This is relevant in two contexts. First, the existing
theoretical literature does not take into account the implications of TOT change on
variety gains from trade though the empirical literature suggests that such changes may
be important. Second, in the long run, diversified export basket means a higher rate of
growth as more recent empirical analyses on trade and growth suggests.

The literature on trade and variety gains dates back to pioneering works of Krugman
(1979, 1980) and Helpman on intra-industry trade, which show that opening up to trade
will increase the number of varieties of a horizontally differentiated good all around.
While love-of-variety preference pattern and homogeneous consumers were central to

* We thank an anonymous referee for comments and suggestions on an earlier draft. The usual disclaimer
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the analysis of Krugman (1979, 1980), goods as bundles of characteristics and
heterogeneity of consumers were the building blocs of Helpman’s (1981) analysis.
Subsequently, Arkolakis et. al. (2008) establish that with trade liberalization the total
variety (domestic plus imported) can increase, decrease or remain constant in a model
with firm-level increasing returns, differentiated goods, monopolistic competition,
endogenous variety and free entry.

Based on these theoretical analyses of variety gains from trade (or gains at the
extensive margin), Klenow and Rodriguez-Clare (1997) found that trade liberalization in
Costa Rica during 1986 to 1992 led to an increase in the import varieties and the
estimated welfare gains there from were 50% larger than the standard gains from trade.
The study by Feenstra et al. (2005) also reveals that tariff reduction is important in
expanding export variety both in Mexico and China. Own tariff cut is particularly
important if the tariff of the importing country remains high and vice versa. Tariff
reduction in both Mexico and the U.S. due to NAFTA also led to increased export
variety of Mexico.

On the contrary, there is some evidence that trade liberalization leads to exit by
domestic firms, thereby reducing the number of domestic varieties (Tybout, 2003).
Similarly, in a cross country study for the period 1991-2000, Feenstra (2013) finds that
the bilateral import tariff appears to discourage expansion in export variety. At the same
time, some recent studies suggest that as trade liberalization can yield adverse terms of
trade (TOT) effects, the Krugman (1979, 1980) model may overestimate the variety
gains of (intra-industry) trade as it does not consider the terms of trade effect.
Considering this, Ardelean (2006) estimated consumer’s love-of-variety as the elasticity
of relative imports to extensive margin and found it to be 42% lower than that assumed
in Krugman’s model.

All these empirical analyses bring out the importance of a change in TOT due to
tariff reduction on the number of varieties exported and imported, one way or the other.
But as mentioned above, the Krugman (1979, 1980) model does not consider the TOT
effect and consequently may overestimate the variety gains from trade. The standard
Heckscher-Ohlin-Samuelson (henceforth, HOS) model, on the other hand, though
predicts a TOT deterioration when tariff rates are lowered, it cannot shed any light on
implications of such TOT changes for variety gains since it does not consider different
varieties of differentiated goods being traded. The purpose of the present paper is to fill
in these gaps in these two main strands of general equilibrium trade models — variety
effect in the HOS model and TOT effect in the Krugman model — by constructing a
synthesis of these models and then analyzing implications of tariff reductions and TOT
changes on the number of varieties being produced and exported.

Our theoretical exercise also has a dynamic or long run context. Recent empirical
estimates reveal that export diversification leads to faster economic growth at
cross-country level (Aditya and Acharyya, 2012, 2013; Hesse, 2008; Lederman and
Maloney, 2007; Agosin, 2007). That is, what may matter for countries pursuing an
export-led growth policy is what they export rather than how much they export.
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Therefore, diversification of exports, which provides more stability and growth in export
earnings, should be the primary focus of economic policy in the developing countries.’
In such a context, our extension of the HOS model in terms of different varieties of a
good being traded enables us to address implications that trade liberalization policies in
the present era of globalization may have for diversification of export basket of a
country. This issue has not been explored adequately in the existing theoretical literature
with the notable exception of Aditya and Acharyya (2015).

With the effects of TOT changes being the focal point of analysis, we consider a
world economy with two countries, Home and Foreign, producing two goods with two
factors of production, labour and capital. One of these goods is a homogeneous good,
which is produced under constant returns to scale technology and perfectly competitive
conditions. The other good is a horizontally differentiated manufacturing good with
distinct set of varieties, which is produced in the two countries under increasing returns
to technology and monopolistically competitive conditions. Whereas the Home country
is assumed to be a net importer of the homogeneous good and thus protects its domestic
sector by an ad-valorem tariff, unrestricted intra-industry trade takes place in the
horizontally-differentiated manufacturing good between the two countries. Countries
share the same technologies for the two goods and have homothetic and identical
preferences as in the HOS and Krugman models. In the HOS tradition, countries differ
only in respect of their endowments of the two factors of production.

As we show, the nature of factor abundance of the two countries and factor intensity
ranking of the homogeneous and differentiated goods together determine the number of
varieties of the differentiated good that the two countries produces. In this sense, our
theoretical model can be seen more as an extension of HOS model in which the export
sector produces a horizontally differentiated good under increasing returns to scale and
monopolistic competition, than as an extension of the Krugman (1979)-model, to study
the TOT effect of tariff reduction on consequent diversification of exports, variety gains
and the growth implications.

In such a framework, a reduction of tariff on import of the homogeneous good by the
Home country affects the number of varieties of the horizontally differentiated good in
two ways. First is through a reallocation of resources across the two sectors consequent
upon the tariff reduction since both the sectors draw resources from the same pool.
Implication of this resource allocation effect on the number of varieties and gains at the
extensive margin has not been explored in the existing theories mentioned above except
by Feenstra et al. (2005) who argue that tariff reduction may boost export variety by

" The current empirical literature also emphasizes on the quality content of export baskets of the
countries for faster export led growth. China’s growth driven largely by high technology exports and India’s
growth caused primarily by ITeS are glaring examples of the importance of commodity composition of
export baskets (Rodrik, 2006).

2 Aditya and Acharyya (2015) considered countries producing a differentiated good and a set of
Ricardian continuum of goods to study diversification of export basket following trade liberalization. But, the
implications of TOT changes consequent upon trade liberalization was not analyzed.
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moving resources into the exporting sectors. Second, the reduction in the rate of tariff
brings about a TOT change, which in turn changes the factor prices and leads to further
reallocation of resources across the homogeneous and the differentiated sectors. The
number of varieties produced thus changes further, as suggested by the empirical
literature mentioned above but not addressed by the existing theoretical literatures.

More precisely, we show that if the varieties exported by the Home country are
relatively labour intensive, the TOT worsens though less than proportionately to the rate
of tariff reduction (like the usual case in the standard HOS model) under some fairly
general conditions, which mitigates the initial increase in the number of domestic
varieties to some extent. Thus, the increase in the number of domestic varieties at the
new equilibrium is less than if there had been no TOT effect (such as in case of a small
country). This supports the result of Ardelean (2006) that the variety gains in the
Krugman model may be an overestimation. We also show that there are asymmetric
changes in the number of varieties produced by the two countries and consequently
asymmetric changes in diversity of their respective export baskets when the TOT
worsens. This means that the growth experiences of the two countries in the long run
may be different as well. However, with the number of foreign varieties decreasing in
this case, the total number of varieties consumed in the two countries may go up or
down and, therefore, the variety gains (or gains at the extensive margin) may not be
realized, similar to what has been shown by Arkolakis et al. (2008). But, in contrast to
their analysis, the forces at work behind the alternative possibilities in this paper are
more in the HOS tradition. These twin implications of our result reveal a trade-off
between growth and gains at the extensive margin.

One of the policy implications that emerges from our analysis is that the policy
target of a more diversified export basket can be achieved by the Home country through
a tariff reduction if the differentiated good is relatively labour intensive, though to a
lesser extent than if there had not been any TOT change (i.e., if it had been a small
country). Otherwise, raising the tariff rate will be the appropriate policy, regardless of
whether the Home country is large or small.

The rest of the paper is organized as follows. In Section 2.1 we set out the analytical
structure of our synthesis model and describe the equilibrium under tariff restricted trade.
Section 2.2 examines the impact of a tariff reduction on the number of varieties
produced in the two countries. In Section 2.3 we examine whether there are gains at the
extensive margin. Section 3 discusses relevance of the factor intensity conditions
underlying our results and other robustness issues and verifies the results in a numerical
exercise. Finally, Section 4 concludes the paper.

2. THE ANALYTICAL FRAMEWORK OF THE SYNTHESIS MODEL

We consider a world economy consisting of two countries, Home and Foreign,
producing a homogeneous good Z and a differentiated good X. The homogeneous
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good Z is produced under perfectly competitive conditions using fixed units of labour
and capital per unit of output. Good X with different varieties are produced under
increasing returns to scale (IRS) technology and monopolistically competitive conditions.
The number of endogenously determined varieties of good X produced by the Home
and Foreign countries, denoted by n and n* respectively, are distinctly different from
cach other due to IRS.? Thus, intra-industry trade arises in the horizontally-differentiated
manufacturing good between the two countries. On the other hand, the Home country is
assumed to be a net importer of the homogeneous good Z, and it protects its domestic
import-competing sector by an ad valorem tariff, t € (0,1) Production technologies for
each good are identical and demand conditions are identical and homothetic in the two
countries. Preference for the differentiated good displays love-of-variety.

By fixed coefficient production technology, one unit of good Z requires ag, units
of capital and a;; units of labour. Each variety of good X requires p units of capital
regardless of its output level and S units of labour per unit of output. This production
technology is similar to that of Krugman (1979) except for the fact that instead of labour
being used as both fixed and variable factors of production in his specification, we
consider capital as the fixed factor of production. Of course, our two-factor model
allows us to differentiate between the fixed and the variable factors in production of
good X. The idea is that a fixed amount of capital (p), which can alternatively be
interpreted as human capital (or skilled labour), is required to develop a new blueprint or
make a variation in specification or design of an existing variety sufficient enough to
warrant it as a different or newer variety. Once such a new blueprint or design is
developed, or a variation on the existing one is achieved, production of such a new
variety requires only labour and the total requirement of labour increases proportionately
with the output level produced.”

Endowment of labor and capital are exogenously given. The return to capital (r) is
fully flexible. But the money wage is assumed to be fixed institutionally (w). As we will
see later, this assumption is needed to close the model since along with output of good
Z, the number of varieties of good X (or the number of firms in X-sector) is also
endogenously determined. The rigid wage assumption is also not at odd with reality.
Official minimum wage rates are prevalent in many countries across the globe. Not only
the developing and less developed countries, the OECD countries also apply some kind
of wage floor.”Apart from five countries (South Sudan, Taiwan, Northern Cyprus, Hong

3 By the same IRS property, n and n* also denote the number of firms producing good X in the Home and
in the Foreign country respectively.

4 Helpman (1993) considered a separate research & development (R&D) sector where a new product is
developed by fixed units of labour. The R&D technology, however, displayed learning by doing in the sense that
units of labour required to develop a product falls with increase in the knowledge capital or the number of varieties
already developed. In our specification, like in Krugman (1979), newer varieties are developed in-house with no
learning-by-doing effect so the fixed (capital) cost can be regarded as the cost of in-house R&D.

The ILO encourages its member States to adopt minimum wage as part of its Decent Work Agenda to
reduce poverty and provide social protection for vulnerable employees as pointed out by the Global Wage
Report (2012-2013). ILO standards further recommend that minimum wages should be set by authorities after
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Kong, and Kosovo), official minimum wage rates are listed for all other countries out of
the 192 United Nations member states.

Given the above set of assumptions, the following set of conditions specifies the
domestic market equilibrium conditions in the Home country. First, perfect competition
in the homogeneous good sector implies that producers earn zero profit at the long run
equilibrium:

(1 + t)PgV = asz + CZKZT, (1)
where, PV is the world price of the homogeneous good.
Second, free entry and monopolistic competition in the X-sector means the equality

between price (P,;) and average cost, which ensures zero profit from producing each
variety,

P, = pw + % )

and the equality between marginal revenue and marginal cost, which reflects the
monopoly power that each firm has over the variety it produces:

P = () bW, (3)

where ¢; is the price elasticity of demand for the ith variety faced by the ith firm.
Finally, there are the factor market equilibrium conditions:

Z = (ZLZ + nﬁX, (4)
K = ag,Z + pn, (5)

where L and K are endowments of labour and capital respectively, Z is the output
level of good Z, and using the symmetric equilibrium condition for the number of
varieties of good X, }}; x; = nx.

Given PYand w, the above set of five equations determine the five variables: 7, x,
P., Z and n. It is now clear that we need to fix the money wage to close the model.®

consultation with social partners, and that a balanced approach should be adopted which takes into accountthe
needs of workers and their families as well as economic factors, including levels of productivity, the
requirements of economic development and the need to maintain a high level of employment. Similar in spirit
the European Commission has suggested its Member States to establish “decent and sustainable wages”
because “setting minimum wages at appropriate levels can help prevent growing in-work poverty and is an
important factor in ensuring decent job quality” (European Commission 2012a, p. 9). However, debates
continue regarding the level at which minimum wages should be set.

I fact, to close the model we need the return to either of the two factors be exogenously given. We
choose the money wage as it fits well with what we observe in many countries as mentioned earlier.
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The dichotomy property of the model in the HOS tradition is to be noted. Given the
fixed money wage, the prices of different varieties and the rate of return to capital are
determined solely and uniquely by the world price of good Z, independent of the factor
market equilibrium conditions. The zero profit condition for good Z determines the rate
of return to capital, and then the two equilibrium conditions for good X determine the
price and output of each variety. Two comments are warranted at this point. First, the
price of each variety of good X is determined by mark-up over the (constant) wage cost.
The mark up itself varies with the output of each variety being produced since the
elasticity of demand & varies with the level of quantity demanded (and hence output
level produced at equilibrium) for a large class of demand functions. However, to keep
things simple we will assume constant price elasticity of demand so that price of each
variety will be a constant mark-up over the wage cost and, therefore, will be invariant
with respect to changes in the tariff rate. Thus, variations in the TOT will be brought
about only by the variations in P}’. We will discuss the implications of variable price
elasticity and consequent variability in prices of different varieties later. Second, since
all firms in sector X share the same technology and face the same factor prices, so
x; =x; and consequently P,; =P,; for Vi#j. Thus, we have a symmetric
equilibrium as in Krugman (1979).

Once the output of each variety is determined by (1)-(3), the full employment
conditions (4) and (5) together determine the output level of good Z and the number of
varieties of good X (and the number of firms producing good X). Note that, despite
money wage rigidity, labour is fully employed in both the countries because excess
supply of labour can be absorbed through expansion of the number of varieties and
number of firms. Of course, the nature of adjustment, that is, whether n rises and Z falls
or the reverse depends on the factor intensity assumption.’

The equilibrium conditions in the foreign country can be described by analogous
conditions on the assumption that production technologies, demand for each variety and
the rigid wages are identical in the two countries:

ng = QW+ aggr’, (6)

where, " is the rate of return to capital in the foreign country, which differs from that
in the Home country because of the tariff rate.

P =W, )

Py = Bw + 2=, ®)

7 The model displays the HOS properties so that the nature of adjustments in case of excess supply of
labour (or capital) are analogous to output magnification effect of an increase in the endowment of labour (or
capital) in a standard HOS model.
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L'=a,;7" +n*fx" )
K*=ayg,Z*+n'p (10)

The assumptions of identical technology and identical demand conditions as in HOS
and Krugman (1979) model along with the same rigid money wage in the two countries
imply that prices of all varieties are the same across these countries. This rules out any
scope of arbitrage in different varieties of good X, and the intra-industry trade in these
varieties arises solely due to economies of scale (which makes all varieties distinctly
different from each other) and the love-of-variety preferences as in Krugman (1979).
However, the two countries differ in their factor endowments, and accordingly the
volume (or the number of varieties exported) and the value of exports of differentiated
varieties differ: n # n*.* Figure 1 below illustrates the asymmetric equilibrium under
the assumption that the Foreign country is relatively capital rich (K* > K and L = L*)
and the differentiated good is relatively labour intensive in the sense that the ratio of
labour requirement per variety to labour requirement per unit of output of good Z is
larger than ratio of the capital requirement per variety to capital requirement per unit of
output of good Z: Bx/a,; > p/ak,. The solid lines represent the full employment
lines for labour and capital in the Home country, whereas the broken lines represent
those in the Foreign country. Note that the slope of the Foreign country’s labour
constraint is flatter than that of the Home country even though L = L*. This is because,
for any given PY, a tariff on import of Z by the Home country makes the domestic
price and correspondingly the rate of return to capital there higher than those in the
Foreign country. As evident from the zero-profit conditions in the differentiated good
sector, the output of each Home variety (x) will be larger than the output of each Foreign
variety (x*). Thus, if the tariff rate is not too high, the Home country will produce a
larger number of varieties than the foreign country (n > n*). For homothetic and
identical demand for the homogeneous good and the differentiated goods across
countries, this, in turn, means that the differentiated good sector X is larger in size (and
value) in the Home country than that in the Foreign country (see appendix).

To put it alternatively, the Home country, which is shown as relatively labour rich in
Figure 1 (L/K > L*/K "), will be exporting larger number of differentiated varieties of
good X: n > n*. Thus, even though within this sector intra-industry trade is driven by
economies of scale and love-of-variety preference, the number of varieties traded will be
determined by the endowment asymmetry. All these are obvious because our synthesis
model is HOS in character at the sector level. On the other hand, by the resource
constraint a lower output of good Z will be produced at home than abroad. Homothetic
and identical taste then implies the foreign country will be exporting good Z, which we
have presumed.

8 Tariff also leads to differences in rates of returns to capital in the two countries and thus in output levels
of each varieties at equilibrium (see equations (2) and (8)).
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However, similar asymmetric intra-industry equilibrium can be obtained if the

Foreign

z Z* Xlag Llag,

Figure 1. Factor Endowment and Number of Varieties

(Home) country is relatively labour (capital) rich and good X is relativelycapital
intensive in the sense that Bx/a;, < p/ak,. This means, our presumption of good Z
being exported by foreign country requires it to be relatively capital rich when good Z
is relatively capital intensive and relatively labour rich when good Z is relatively labour
rich. At this point, however, we do not make any specific assumptions regarding factor
intensity of goods and factor abundance of countries except for that these ranking along
with the initial tariff rate and other parametric values be such that n > n* and that both
the intra and the inter-industry trade coexists, with the Home (Foreign) country
importing (exporting) good Z.

To close the model we turn to other two requirements. First of all, the world market
for good Z must clear, and second overall trade must be balanced for both the countries.
First one is important because it ensures that the quantity of good Z demanded by H
(the volume of import of Z) is exactly what is supplied by F (its volume of exports of
Z). Otherwise, H’s import of Z will not be realized. At the same time, the overall trade
balance of H and F must be balanced, which follows from their (or their consumers’)
respective budget constraints. Given identical prices and (rigid) wages, it is easy to
check that the share of foreign varieties in total expenditure on horizontally
differentiated goods by all home consumers equals « = n*/n +n* and the share of
home varieties in total expenditure on horizontally differentiated goods by all foreign

consumers equals o =n/n+n*.° Homothetic tastes, on the other hand means

° If ¢ denotes consumption of i-th variety by a representative Home consumer, then the total
expenditure on all varieties consumed is P(n+ n*)(L + K)c and on foreign varieties consumed in the
Home country is Pn*(L + K)c.
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constant fractions of national incomes are spent on good Z, and on all varieties of good
X taken together, and let ¥ and (1 — y) denote such fractions, which are identical for
both the countries reflecting their identical taste as well. Thus given the income shares
spent on all varieties together and on good Z, the trade balance condition for the Home
country (evaluated at the world price) can be written as,

n* n

v _ o
e R T ] B e (R DL (11)
a(l—p)I + [VFI—PWZ] =a*(1-p)I, (11a)

where, | = WL+ 71K +t(yl/T — PYZ) is the sum of aggregate factor income and
tariff revenue and and I* = wL* + K",
Foreign’s trade balance condition on the other hand is:

n* n

A=W+ [PFZ" —yI'] = ——1A-pI". (12)

n*+n n*+n

From the two trade balance conditions it is immediate that the Home country must
have a surplus in its intra-industry trade in good X in order to finance its import of good
Z, whereas the Foreign country can have a deficit in its intra-industry trade which it can
finance by its earnings from export of good Z. In other words, in our model,
intra-industry trade is unbalanced, and this is because of the one-way trade in the

homogeneous good.

Combining (11) and (12) we get,

*

(1—y)1+PgV[ vl ]—z: " -

n*+n TPy n*+n
= 1=+ [PYZ —yI*
n*+n( Y)I + [P} yI*]
= pr| L —z|=[Prz: —yr 13
Z[Tpgv ] [P7 yI*] (13)

which is the world market clearing condition for good Z.

In other words, when at the equilibrium, the overall trade balance conditions for both
the countries are satisfied, the world market for good Z clears as well. The value of PY,
which satisfies (13), and hence the overall trade balance conditions (11) and (12), is thus
the equilibrium value of the world price of good Z. Condition (13) thus closes the model.

2.1. Diversification Effect of a Tariff Reduction

In the above set up, we now examine the gains from tariff reduction (or trade
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liberalization) at the extensive margin. We begin with implications for product
diversification in terms of larger varieties in this sub-section.

A reduction of tariff on import of the Z-good by the Home country in the above set
up affects the number of varieties produced and exported by it through the resource
allocation effect in two ways. First is by lowering the domestic price of the Z-good
relative to the differentiated manufacturing good at the initial world prices, which we
call the direct resource reallocation effect of tariff reduction on the number of varieties
produced and exported by the Home country. Second is the induced effect of tariff as it
changes the world price of the Z-good, and hence induces further change in the
domestic relative price and consequent resource allocation, given that the prices of
different varieties of the manufacturing good are constant mark-up over the fixed labour
costs per unit. We call this as the induced resource reallocation effect or TOT effect on
the number of varieties produced and exported by the Home country. On the other hand,
in the Foreign country there will only be induced resource allocation effect due to the
change in TOT.

The direct effect of tariff reduction can be worked out as follows. At the initial world
price of the Z-good and corresponding rate of return to capital, a tariff reduction causes
production of good Z unprofitable as the domestic tariff-inclusive price declines below
the average (and marginal) cost. With the money wage being fixed, capital takes the hit
and its rate of return falls through competitive forces as a consequence. This is evident
from the zero-profit condition (1). The consequent lower capital cost in the differentiated
manufacturing sector makes production of these varieties more profitable, which attracts
new firms. Since free-entry leads to average-cost pricing so there is a downward
pressure on price of each variety. But for institutionally fixed wage, a price decline
would mean a loss for firms. With capital requirement being fixed for each variety being
produced, they adjust to the competitive pressure on prices by lowering the output levels
produced per variety of the horizontally differentiated export good proportionately to the
fall in the rate of return to capital, and thereby cutting down the variable (labour) cost of
production. All these are evident from the average-cost pricing and profit maximizing
conditions in the X-sector:

£=#<0. (14)

However, whether the number of firms and varieties in the manufacturing X-sector
will increase or not depends on the relative factor intensity of the two goods, X and Z.
The actual entry of firms and newer varieties are possible only when additional capital
along with additional labour is made available. The output contraction by incumbent
firms in the X-sector releases some labour but not any capital as its requirement per
variety is fixed. But, capital being essential in developing newer varieties, availability of
only labour due to scale contraction for each existing variety is not sufficient to attract
new firms and produce newer varieties. On the other hand, without availability of capital,
the production of good Z cannot expand to absorb these excess workers either. So
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either the production of good Z must contract to release some capital required for
newer varieties to be developed, or some of the incumbent firms (and existing varieties)
in the X-sector must exit so that capital released thereof can enable the production of
good Z to expand. Now if good Z is relatively capital intensive, then a fall in its
output would release capital sufficient for new entrants to design newer varieties and
absorb labour released from the sector Z as well as by incumbents in the modern sector.
Hence, at equilibrium, firms and varieties in the differentiated good sector will increase.
But if good Z is relatively labour-intensive, it releases less capital and more labour
required by the potential entrant in sector X. In such a case full employment is
maintained only through an expansion of production of good Z, which in turn
necessitates exit of some firms (and varieties) in sector X. That is, the contraction of
scale of production of each variety and consequent release of labour due to a tariff
reduction raises the number of varieties of good X (and correspondingly lowers the
output of good Z) if it is relatively labour intensive. This is analogous to the output
magnification effect of an increase in labour supply in a standard HOS model by which
the production of relatively labour intensive good expands and that of the other good
contracts.

This seemingly paradoxical outcome that the import-competing sector expands
(when|A| > 0) even when import-tariff is lowered arises because of the existing
distortions. There are two types of distortions existing in this economy. First is distortion
due to the economies of scale and consequent violation of marginal-cost-pricing in the
differentiated good sector, which is endogenous in nature. The other is the policy
induced distortion in the homogeneous good sector due to imposition of tariff there.
Whereas the economies of scale induces specialization and reallocation of resources
towards the differentiated good sector, tariff induces resource reallocation towards the
homogeneous good sector. Since economies of scale arises due to the fixed factor capital,
so when the differentiated good is relatively labour-intensive or the homogeneous good
is relatively capital-intensive, the economies of scale effect was relatively weaker and
the economy “over”-specialized in good-Z under tariff. Then a tariff reduction corrects
this over specialization by contracting the size of the sector Z and expanding the
number of firms and varieties in the modern sector. But when the horizontally
differentiated sector is relatively capital-intensive, the economies of scale effect and
consequent distortion is much larger. Thus, despite the tariff on imports of Z, the
economy was over-specialized in sector X. A tariff reduction, in such a case acts like a
second-best policy to correct this sub-optimal specialization pattern by expanding the
size of the import-competing sector.

The direct effect of tariff reduction as explained above is illustrated in Figure 2,
under the assumption that good Z is relatively more capital intensive in the sense
defined earlier. As at the initial world price of good Z, the reduction in import tariff
lowers the output per variety of the manufacturing good, the labour constraint rotates up
(as shown by the broken line) and the equilibrium shifts from E, to E;. Output of good
Z falls from Z; to Z;, and with the rise in the net availability of factors of production
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the number of varieties of good X increases from n, to n,. It is easy to check that if
good Z is relatively labour intensive (in which case the labour constraint line in Figure
2 would have been steeper than the capital constraint line), the reduction of import tariff
lowers the number of varieties of good X. In rest of our analysis, we will assume that
good X is relatively labour intensive in the sense defined earlier so that a tariff
reduction leads to greater diversification in the differentiated good sector by its direct
resource reallocation effect. The implication of good X being relatively capital
intensive will be discussed later.

These initial adjustments in production levels and the number of varieties being
produced and exported as explained above will bring in a change in the world price of
the Z-good through corresponding changes in trade volumes. This change in the world
price will induce not only subsequent changes in the number of varieties being produced
and exported by the Home country but also similar changes in the Foreign country. The
equilibrium change in the number of varieties produced and exported by the Home
country thus depends on the direction of the change in the world price of good Z.

Algebraically, as shown in the appendix, the equilibrium changes in the output levels
of the Z-good and the number of varieties of the X-good in the Home country due to
the direct and induced (or the TOT) effects taken together can be traced out as,

~ AKzﬂ.Lx(’f‘Fp}/V)

T (13)
5 _lKXlLX(TJrﬁgV)

Z= Al6kz (16)

where, |A| = A,z4xx — A xAkzis the employment share matrix, Ox; = ag;r/PY is
the capital cost share in wunit production in the traditional sector, and
T =d(1+1t)/1+t denotes the proportional change in ad-valorem tariff rate.
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Figure 2. Impact of Tariff Reduction
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On the other hand, in the Foreign country, changes in the output levels of the
Z-good and the number of varieties of the X-good are brought about by the change in
the world price of good Z (or the TOT):

o* — A;(ZAZXP}” (17)
A0z
7 — _l;(XA;,ngV (18)
2165z

where|A|* = A, ;4xx — A xAkzis the employment share matrix, 85, = ay,r/PYis the
capital cost share in unit production in the traditional sector.

Note that, good Z is relatively capital intensive means |A| < 0, so that a tariff
reduction (T < 0) at the initial world price of good Z, raises the number of varieties
produced in the Home country by the magnitude obtained by putting PY = 0 in (15):
A = T(AgzALx/1A|0kz). If tariff reduction raises the world price of good Z, i..,
Py > 0, the number of varieties of good X produced and exported in the Home country
falls as a consequence for reasons just opposite to the one explained above. That is, the
induced or the TOT effect of a tariff is adverse on the number of varieties. But as long as
such world price rise is less than proportionate to the rate of tariff reduction so that the
domestic price of good Z still falls at the new equilibrium (i.e., T + P¥ < 0), as is
usually the case in a standard Heckscher-Ohlin-Samuelson model, the subsequent fall in
the number of varieties only dampens the initial increase in the number of varieties due
to the direct effect. Referring back to Figure 2, the labour constraint rotates downward
from its new position though not all the way back to its initial position, as shown by the
broken line. But n* falls in this case (see (15)).

But if the world price falls, then the TOT effect reinforces the initial effect and the
increase in the number of varieties gets magnified. Moreover, the number of varieties
produced and exported by the Foreign country rises as well. This has some far reaching
implications for gains at the extensive margin as we will see later.

What appears from the above discussion and changes in the number of varieties
produced in the two countries as specified in (15) and (17), the direction and magnitude
of the change in the world price is important. The change in the world price of good Z
can be worked out from the world market clearing condition stated in (13). As shown in
the appendix, by total differentiation of this condition and substitution of values for
changes in the rate of return to capital, output levels of good Z and in the number of
varieties, the change in the world price of good Z equals,

oot g,

_ % ALXARX) . 1« AZXA;(X}_ Bk gy Ok
[(o-D+Tz0)1- 700K v o W785z) P~ @ Vokz

T, (19)

y1/T

where ¢ = W

>1, ¢*=PYZ*/PyZ* —yI" > 1, A is the employment
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share of factor i in sector j, Oy = Ox/(1 — 1Y), 8 = 1K/l is the share of capital in
home national income, 8 is the share of capital in foreign national income, 8, =
PYZ/(1—yo)l =6,/(1—yt), 6, =PyZ/I is the share of sector Z in national
income of the Home country, ¥ = (yI/T) — (1 +t)PY /(1 —y1)l,and T =1 +t.

It is easy to check that P} rises if the following two (sufficient) conditions hold
together:

AKXALZ EK
— — 1 AT L -8
(d) ) M’leKZ > d) HKZ’ (20)
" A xAkx « Ok
— ZOLXTKX K 21
e, ~ @ o, (21)

A reduction of tariff, ceteris paribus, triggers several effects on the demand for and
supply of the homogeneous good Z, at the initial PY, with different implications for the
change in PY. First, is the output magnification effect, as mentioned above, due to
excess supply of labour as the tariff reduction and consequent proportionate decline in
the tariff-inclusive price at initial P} lowers output of each existing varieties in the
home country. If good X is relatively labour intensive (|A| < 0), such an excess supply
of labour will lower the output of good Z, by the magnitude Z = AgxA;,/|A|0xzat the
margin at initialP}. This adverse domestic supply effect, ceteris paribus, raises the
excess demand for good-Z in the home country and consequently its import demand.
This effect thus serves to raise PY. Second, the decline in the tariff-inclusive domestic
price of good Z increases the import demand proportionately given the assumption of
constant fraction of (national) income being spent on this good. Thus, this price effect
also puts an upward pressure on PY . In the above expression (19), the first two terms in
the numerator capture respectively these price and supply effects of the tariff reduction
onPY:—[¢p — (¢ — 1) AgkxArz/|2|6kz] at the margin. Finally, the tariff reduction
triggers an adverse income effect on the demand for and import of good Z, since it
lowers national income by lowering the rate of return to capital given the fixed money
wage and endowments of labour and capital, and also by lowering the tariff revenue at
initial value of imports. This income effect thus lowers P}, and is captured by the
term—¢ Oy /0y, at the margin. Condition (20) essentially means that the domestic
supply effect is larger in magnitude than the income effect on the import demand for
good Z. This is, however, a sufficient condition for a net upward push on P} .

There are also the secondary effect triggered by such an upward push on PY. Given
(20), as tariff reduction starts raising P}, the domestic price starts rising which triggers
similar secondary effects at the margin in the Home country. But now these effects work
in the opposite direction of the initial effects, since the rise in PY pulls up the
tariff-inclusive domestic price in the Home country. On the other hand, the rise in
PY (which is also the domestic price of good Z in the Foreign country) triggers supply,
price and income effects in the Foreign country. Both the increase in output of good Z
and the price effect of demand for good Z in the Foreign country raise its export supply,
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whereas the rise in Foreign national income consequent upon an increase in the rate of
return to capital there raises the local demand for good Z and thus lowers the export
supply. All these secondary effects in the Home and Foreign countries at the margin are
shown by the terms in the denominator on the right hand side of (19), which together
have a dampening effect on PY if conditions (20) and (21) hold. That is, the rise in
PYis mitigated by these secondary effect so that at the new equilibrium P} rises less
than proportionate to the rate of tariff reduction and the domestic relative price falls:

@'~V +giCrop [ A 2| gy,

~ ~ 9" | N
BY +T = kz L WOxz kgl ~ —T<0 (22)
~ ArvA N A A 0 . 0
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The sufficient conditions specified in (20) and (21) for P¥ to rise, but less than
proportionately, are not unusual to be satisfied. These conditions require that the supply
effect of a reduction in tariff on good Z must be larger than its income effect in each
country. Both these effects are triggered by the change in the rate of return to capital — a
fall in the Home country and a rise in the Foreign country — following a tariff reduction.
But, as explained above, the domestic supply effect arises due to the output
magnification effect, which is second-order large.

Proposition 1

Given conditions (20), (21) and that the differentiated good X is relatively labour
intensive, a tariff reduction raises the number of varieties produced by the Home country
and thus makes its export basket more diversified, but lowers the number of foreign
varieties and makes its export basket less diversified.

Proof

By (20), (21), |A] <0 and |A]* <0, from (19) and (22) we have PY¥ >0 and
T + PY < 0. Thus, given the expressions (15) and (17) for changes in the number of
varieties in the two countries, it follows that 71 > O0and " < 0. Q.E.D.

A reduction of tariff by the Home country changes the domestic prices of good Z in
the two countries — the tariff-inclusive price in the Home country (TP}) and the world
price in the Foreign country (PY) — in opposite direction and accordingly leads to
asymmetric changes in the number of varieties being produced.

A few comments are warranted at this point. First, the above results may hold even if
the parametric values and initial conditions (such as the initial level of tariff) are such
that (20) and (21) are not satisfied, because these are only sufficient conditions.
Alternatively, conditions that the price effect on the demand for good Z is stronger than
the income effect induced by changes in domestic price in both the countries —
0,/0xz <1 and 6, /6;;, < 1— can also ensure a (less than proportionate) rise in P} .
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Since we assume that good-Z is relatively capital intensive, it is quite possible that share
of capital in its average cost of production is larger than the share of capital in national
income, and thus these conditions being satisfied. Again, these are only sufficient
conditions. Thus, it is unlikely that the TOT will improve (P¥ < 0), or that the tariff
inclusive domestic price in the Home country will increase (T + P} > 0) when the TOT
worsens (P} > 0).

Second, the increase in the number of Home varieties at the new equilibrium is less
than the initial increase. This provides some theoretical support to the result of Ardelean
(2006) that increase in variety in Krugman model is an overestimation. Third, to the
extent to which more diversified export baskets augments output growth, as suggested
by recent empirical estimates mentioned earlier, the asymmetric changes in the number
of varieties produced and exported by the two countries means that they will have
asymmetric growth experiences.

2.2. Gains at the Extensive Margin

The gains from extensive margin arises when the total number of varieties consumed
by each country increases after the reduction of tariff (2 + " > 0). But, as has been
already discussed in the preceding section (Proposition 1), under the factor intensity
assumption that the horizontally differentiated good is relatively labour intensive, the
number of such varieties produced and exported by the Home country increases and
those by the Foreign country falls. Thus, a priori we cannot say that there will be variety
gains or gains at the extensive margin.

Adding the values for changes in the number of horizontally differentiated variety of
good X produced and exported by the Home and Foreign countries specified in (15)
and (17) we get

i+ A" =cT+dPY, (23)

AgzA AgzA Az ] Az ]
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assumption that the production of the differentiated varieties is relatively labour
intensive in both the countries |A] and [A]|* are negative. Further, |A]* < 0 implies
[c] < |d].

From (23) it then appears that a less than proportionate increase in PY (or
worsening of the TOT for the Home country) is not sufficient for an increase in the total
number of varieties being traded and consumed in both the countries. The tariff
reduction raises the total number of varieties (1 + 7 > 0) only when it does not worsen
the TOT too much in the following sense:

. Given the factor intensity
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Thus, we need that the TOT effect must not be large and accordingly more stringent
conditions than the two sufficient conditions (20) and (21) that only ensure that the
world price of Z good rises but less than proportionate to the fall in tariff (P} < —T).
As shown in the appendix, if we assume that that the price effect on the demand for
good Z is stronger than the income effect on it induced by a tariff reduction —
Ox/0kz; <1 and 0;/0g, < 1— then a necessary (though may not be a sufficient)
condition for a smaller TOT effect in the sense defined in (24) above, and consequently
for variety gains to be realized (i + " > 0), is that at the initial equilibrium we must
have:

¢ AkxAkz
LKX2KZ 2
¢-1 > AkzAkx (25)

But this is not guaranteed a priori. Since by definition, ¢ depends on the initial
tariff, so we can say at most that the initial tariff rate matters. In sum, the aggregate
number of varieties may increase or decrease as a consequence of tariff reduction, so
that variety gains may or may not be realized.

As shown in the appendix, condition (25) can be reduced to

n* >n. (25a)

To see the plausibility of this condition, recall the assumption of the same fixed
wage in the two countries. Thus, if there had not been any tariff imposed by the Home
country on imports of good Z from the Foreign country (T = 1), producers of good Z
in both countries having identical technology would have chosen the same capital-output
ratio so that aj,/ax,; = 1. Since, an import tariff lowers the world price of good Z but
raises the tariff-inclusive price of good Z, so by the zero-profit conditions the rate of
return to capital will be higher in the Home country and lower in the Foreign country for
any positive tariff rate (T > 1). But due to the assumption of fixed coefficient
production technology, still we have aj;/ak, = 1. Referring back to Figure 1, the
resource constraint in each country would mean a consequent larger output of good Z
in the Home country and a smaller output of good Z, making it less likely that the
Foreign country will be an exporter of good Z. In other words, our presumption that the
Foreign country is an exporter of good Z likely to be more consistent with n > n* at
the initial equilibrium, in which case it is not possible for condition (25a) to be
satisfied."” In sum, it is less likely that a tariff reduction will lead to gains at the
extensive margin.

1 . . . . .

 of course, given identical taste, the Foreign country can still have an excess supply of good Z and
therefore export it if its national income is smaller than that of the Home country. This in turn requires
specific assumptions regarding sizes of the labour force and capital stocks in the two countries.
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Proposition 2

The variety gains from trade liberalization in the sense that 7 + 7" > 0 may not be
realized. Given conditions (20) and (21), and that the price effects are stronger than the
income effects on the demand for good Z in both countries, the variety gains from trade
liberalization may be realized if condition (25a) is satisfied.

Proof
See Appendix A.3. Q.E.D.

The above result is similar to what has been shown by Arkolakis et al (2008). But, in
contrast to their analysis, the forces at work behind the alternative possibilities here are
more in the HOS tradition. The differences in factor endowment and in fixed money
wages in the two countries appear to be of critical importance.

3. FACTOR INTENSITY CONDITION, POLICY IMPLICATIONS AND
ROBUSTNESS

The above results are derived under the assumption that the differentiated
manufacturing good X is labour intensive relative to the homogeneous good Z. In this
section we briefly discuss its relevance and appropriateness, and policy implications
thereof. Some robustness issues are also discussed.

3.1. Factor Intensity Condition and Policy Implications

Relatively larger labour intensity of the differentiated manufacturing good X may
make sense once we think of this good being different varieties of apparel or leather
manufacture. Such goods typically require more labour than capital. Moreover, the
varieties considered here being horizontal in nature, that is being differentiated from
each other only in terms of their superficial characters (such as design) rather than in
terms of their intrinsic quality (such as texture in case of apparels and superior tanning in
case of leather manufacture), do not require a very high amount of capital per product.
That is, the varieties that we consider involve small fixed (capital) cost but significant
variable (labour) cost. On the other hand, if we consider the homogeneous good Z as
refined vegetable oil, heavy manufacturing like iron and steel, petroleum products and
the like, then it may not be at odd to assume that this good is relatively capital intensive.

In situations where the assumed factor intensity condition does not hold, and the
differentiated manufacturing good is relatively capital intensive requiring larger amounts
of capital to develop blueprint or design of a differentiated variety, by its initial or direct
effect a tariff reduction lowers the number of varieties in the Home country. This is
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evident from (15) for |A] > 0. This is because the output magnification effect triggered
by availability of labour due to contraction of the scale of production of the initial
number of varieties work in the opposite direction. Excess labour now expands the
production of Z-good and the additional capital required for such an increase in the
output requires fall in the number of varieties being produced in the Home country. As
evident from (19) and (22), the TOT is again likely to rise (though conditions (20) and
(21) are no longer relevant), but less than proportionately. Consequently, the induced
and subsequent effects of a tariff reduction are not substantial enough to reverse its
initial adverse effect of tariff on the number of varieties produced and exported by the
Home country. The number of Foreign variety, on the other hand, rises now. The
asymmetric result holds again but in the opposite direction.

The policy implication in such a scenario where good X is relatively capital
intensive (|A| > 0) is thus to raise the tariff rate instead of lowering it, if achieving larger
number of varieties and making export basket more diversified is the policy target from
a long run perspective as mentioned earlier. Thus,

Proposition 3

The policy target of a more diversified export basket can be achieved by the Home
country through a tariff reduction if the differentiated good is relatively labour intensive.
Otherwise, raising the tariff rate will be the appropriate policy.

Proof
Follows from Proposition 1 and the discussion above. Q.E.D.

However, under the same set of assumptions along with the differentiated good
being relatively labour intensive, a tariff reduction is more likely to cause a smaller
number of varieties being consumed at Home through domestic production and imports.
This reveals a possible trade-off between growth objective and gains at the extensive
margin. Similar trade off may exist when the differentiated good is relatively capital
intensive, but now gains at the extensive margin can be realized along with a less
diversified export basket and consequently a lower growth rate in the long run.

3.2. Robustness

We now examine how far our results derived above depend on the assumptions of
constant price elasticity of demand for each variety.

For a large class of demand functions (including a linear demand function), the
absolute value of price elasticity falls as more and more quantities are demanded and
produced. Thus, we can write,
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e =¢(x),and & = —ux, (26)

where u > 0 is the percentage change in the absolute value of the price elasticity when
quantity demanded and output per variety rises by one percent. On the other hand, it is
easy to check from (3) that the price of each variety will decline with an increase in the
value of the price elasticity:

-~ 1 N

P=-—¢ (27)

This is obvious because the more price elastic the demand function is, less will be
the monopoly power of the firm over its produced variety and accordingly the mark-up
over (constant) wage cost will be smaller. It is easy to check then that the decline in
output per variety is less than proportionate to the decline in the rate of return to capital
brought about by a tariff reduction:

£ = 0, (28)

where Q = Oy /(Ogx + /1 —¢) < 1.

It immediately follows then that the initial effect of a tariff reduction will be smaller
than when the price elasticity is constant. This is because, with the fall in scale
contraction being lower, less amount of labour will be made available for expansion of
the number of varieties (n) by the output magnification effect when good X is relatively
labour intensive. Though, as shown in the appendix, the reduction of tariff will still raise
PYless than proportionately. Thus, the number of varieties does increase at the final
equilibrium, but the magnitude of such increase will be smaller because of the smaller
initial expansion, than when the price elasticity is constant. That is, Proposition 1
remains the same. There is only the magnitude difference.

3.3. Numerical Example

To exemplify the results discussed above in Propositions 1 and 2, consider the
parametric configurations in Table 1. We consider values of labour and capital
endowments such that the Home country is relatively labour intensive. The values of
input coefficients, on the other hand, are taken in a manner so that good Z requires less
labour per unit of output than the per unit of output of each variety of good x requires.
But the capital requirement per unit of output of good Z is the same as the capital
requirement for each variety. Thus, the values of a;;, gz, B and p are chosen in
consonance with the assumption that good Z is relatively capital intensive. Given these
parametric configurations, three sets of values of price elasticity of demand for each
variety () and the rate of tariff are considered to find out the equilibrium value of P}/,
and number of varieties produced in the two countries. Variations in the rate of tariff and
corresponding changes in the equilibrium value of P}, for any given value of &, verify
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Proposition 1. For the relevant ranges of PY for which both countries produce strictly
positive number of varieties, we consider only the value at Walrasian-stable equilibrium
wherever there are multiple equilibrium values of PY. The relative number of varieties
produced by the two countries at the initial (stable) equilibrium, on the other hand,
verifies whether condition (25a) for variety gains to be realized (see Proposition 2) is
satisfied or not.

Table 1. Numerical Example
Parameter Values: a;, =1, ag, =1, =3, p=1, W=W*=10, L =L* = 100,
K =75, K* =125

Value of  Rate of Range of P}  Range of Walrasian stable Possibility of
demand Tariff for which PY for equilibrium value of ~ Variety Gains after
elasticity n > 0 and  which P} (ifit exists) tariff cut in terms of
n* >0 n—-n">0 initial condition
(25a): n—n"<0
e=15 t=0.5 PY € (20,30) PY <24 Solution does not exists for parametric
values defined above

t=1 PY € (1530) P} <20 Py =17.36 Not likely

t=2 Py €(1030) PV <15 Py =12.94 Not likely
=25 t=05 Py € (11.1,166) PY <133 PF =126 Not likely

t=1 Py €(83166) PY <101 PF =9.11 Not likely

t=2 Py € (55166) PY <83 PY =6.14 Not likely
e=3 t=05 PY €(10,15) Pl <12 PY =10.98 Not likely

t=1 PY € (7.515) Py <10 Py =8.08 Not likely

t=2 PYe(515 PV <75 PV=542 Not likely

Note: Solution values are obtained by using Scientific Workplace 5.5.

From the above numerical solutions, the following observations are in order. First,
for all the three values of &, lower rate of tariff means a less than proportionate higher
equilibrium value of PY. That is, at least for the set of parametric configuration
consistent with Home country being relatively labour rich and good Z being relatively
capital intensive, reductions in the rate of tariff mean P >0 and T + P} <0 so that
71> 0 and fi* < 0 as stated in Proposition 1. Second, for at least two values of the
tariff -t = 1 and t = 2 at the initial equilibrium n —n* > 0. That is, condition (25a)
is not satisfied meaning that reduction of tariff rates from either of these initial rates
would most likely lower the total number of varieties n + n*, so that the variety gains
from tariff reductions may not be realized (see Proposition 2). For £ = 2.5 and € = 3,
this result holds even for a very small initial rate of tariff ¢ = 0.5. Third, the variability
in & does not change the results qualitatively as stated in sub-section 3.2.
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4. CONCLUSION

The paper examines the impact of trade liberalization on export diversification
through its resource reallocation and TOT effects in a synthesis of HOS and the
Krugman (1979, 1980) models by considering the variety effect in the HOS model and
TOT effect in the Krugman model. Under the factor intensity assumption that the
differentiated good is relatively labour intensive it is seen that the reduction of import
tariff on the homogeneous good by the Home country increases its number of varieties
and lowers those of the Foreign country. The TOT worsens for the Home country but
less than proportionate to the rate of tariff reduction so that the increase in the number of
domestic varieties is less than without the TOT effect (such as in case of a small
country). This is supportive of the result of Ardelean (2006) that the variety gains in the
Krugman model may be an overestimation. Overall, however, there will be gains at the
extensive margin in terms of increased availability of total variety of the differentiated
good.

On the other hand, when the differentiated good is relatively capital intensive, the
policy target of a more diversified export basket can be achieved by the Home country
by raising the tariff rate, irrespective of whether the Home country is large or small.

One possible extension of the paper would be to endogenize the pattern of trade.
Instead of assuming the trade pattern ex ante we can begin with the autarchic
equilibrium and study how the pattern of trade itself depends on the factor endowment
of countries. Moreover, the numerical exercises done in sub-section 3.3 for verifications
and exemplifications of results stated in Propositions 1 and 2 are contingent upon
parametric configurations consistent with relative labour abundance of Home country
and relative labour-intensity of the differentiated good. It might be interesting to see how
the results change for alternative assumptions of factor abundance and factor intensity as
indicated in Proposition 3. We put all these in our future research agenda.

APPENDIX
A.1. Number of Varieties and Size of Sector X

The total demand for n and n* wvarieties in H-country are n(L + K)c and
n*(L + K)c respectively, where c is the unit of each variety consumed by each Home
consumer. So the total expenditure on all varieties consumed is Pn(L + K)c + P*n(L +
K)c and the share of foreign varieties in the total expenditure on horizontally
differentiated goods by all home consumers is

&
P'n*(L+K)c ~_ P'n* T Bw'n _ wn" n*

(Pn+P*n*)(L+K)c (Pn+P*n*) - ﬁﬁ"_""*'iﬁ"_"*n* T wn+wn*t ~ ntn*
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Similarly, the share of home varieties in total expenditure on horizontally
differentiated goods by all foreign consumers is n/n + n* = a* = (1 — a). Using these
shares, we can write the aggregate value of demand for Home varieties or the size of its
X-sector (Sy) in terms of value of production as,

n n . _ n _ .

S =—A-NI+——A-NI'=——QA-y)U+I"). (A1)
Similarly,

= Q-+ -yl =2-(1 [+ A2

x =——0—-y — A =-PI=——=A-U+I). (A.2)

It is immediate then that Sy > Sy if n > n".

A. 2. Effect of Tariff Reduction

Totally differentiating the zero-profit condition (1) in the traditional sector yields:

TdPY + PYdT = ay,dr = PV + T = 0,7, (A3)
where Oy, = ag,r/PYis the capital cost share in unit production in the traditional

sector,thus 7 = PY + T /6y;.
Totally differentiating price equal to average cost condition (2) gives:

_p pr 5 pr L. o
dPxi —x—idr—x—_zdxi :Pxi =7 (T'—Xl').

i xiti

~

With constant demand elasticity, P,; = 0 from condition (3) which implies
X ="1. (A.4)
So from these two conditions:

SW &
a A Pz +T

(A5)

Okz

Total differentiation of the full employment condition of labour in Home country
yields:

agzdZ + pdn =0 =AgzZ + Ayl = 0. (A.8)

(A.7) and (A.8) can be written as matrix form in the following way:
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A~ AW T
[){Lz /1LX] [Z] _ ——ALX(GPZ 0
ﬁ OKZ .

Using Cramer’s rule the equilibrium changes in the number of varieties of the
differentiated goods and the output of the homogeneous goods are given by:

~ _ AkzAx(T+P) A

" 1617 (A9)

. %

7 = lxxhx(T+P7 ) (A.10)
|16k z

e _ AkzALx(T+PY) A1l
|/1|*01*(Z ( . )

~ * * 5, pW-

A AKXALX(’I;"'PZ ) (A.12)
141"k 7

Total differentiation of the world market clearing condition (13) in the text yields:

%dl—;—idT— PPy +2)=Pyz)(PY +27) —ydl
1 . N . =N N .
:>y7[I+T]—(P§"Z)(P}/V+Z)=(P§VZ*)(P§V+Z*)_VI*I
yI
vl P_A
=7 -rref| or— -1 - (¥ +2)
(T) Kz -py

j— W rz*x __ * P -

=[p(I-T) - ((;b - 1)(PZ +2)] =[¢" (PZ +277) = (9" — DI
Now, from the definitions of I and I* in the text, it is easy to check that,

(1-y7) (1-y7)

I= (Z+PY)+yT, I =05,

where Oy =7K/I and ¢ = (yI/T) — (1 +t)P¥Z/(1 —y7)I. Substitution of these
values yield,

[p[0xT + @p - DT] - {(¢ - 1)+ tpd, }(PY + Z)]
= (P +Z) - (@7 — DO

=g |25 (7 = BY) + @ - DT| {(¢—1)+t¢92}[ LZ"X(T+PZW)+pZ]
Okz 216,
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— 4+ Mzrkx pw | pw]| _
= ¢ [Ty Py - (¢ -

[6-(@-1icx_ g I 1 gy R
[{(¢>—1)+f52¢}{1 ALXAKX}_HP*{l T)I:I)(QKX} ¢‘9K —(¢*

|26k z Okz

Py =- (A.13)

A.3. Variety Gains
Adding (A.9) and (A.11) we get,

AKZALX(T"'P 7)) | AkzhixPy
[0k 2z A0k,

n+n
which upon substitution of values from (22) in the text and (A.13) above boils down to,

n+n"

ALXAKZ [ { ALXAKX 91? }:l
—1+ £t X _ 7]
Moy |@ D ¢ U Tl 65, ~ B

- 2o T 0 o
_1{1_M}+ *{ LX IiX} Yk 1) A
(0= {7+ o - T - 07 - 0 - 0
ALXAKZ[ —(¢p - )ALXAKX_G_K]
|A]6 [Al0k;  Okz
X

[0 - {19452 + o {1 (54 - 05 - @ - ]

T

A~

T

ALxAkz[ g5 9K { ALxrkx Ok }] AxAkz| ALxAkx ]
~1) g+ 1
__IAWKZ|ﬁ¢ ) ¢° A*0k; Okl 14170k, [¢ (¢- )|M9Kz ¢9KZ

ool 0 o @ -vg]

A" Ok 7

T

]ALXAKX (6" Ak g Ay — (D=1 Ak x Al 7] ALx AKX ¢[1 Ok ALxrkx
A6k Z KZ'KX KX KZJMl*MngZg;(Z GKZ“M*G;(ZT (A 14)

/1LX/1KX} *{ ’12)(’17()(} Ok NG ]
-1 + 1 e - -1)—==
[(¢ ){ A0k z ¢ [AI* 0% 7 ¢9KZ @ )91(2

@l

Since the denominator is positive by (20) and (21), so for i +A* > 0 we require
the numerator to be negative. If we assume that the price effect on the demand for good
Z is stronger than the income effect on it induced by a tariff reduction -6, /0, < 1
and 6;/6k; < 1- then the first term in the numerator is negative whereas the third
term is positive. In that case, a necessary (though may not be a sufficient) condition for
the value in the numerator being positive and consequently variety gains to be positive
(i + A* > 0) is that at the initial equilibrium we must have:
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¢ AkxAkz
d—-1 /IKZ/I;(X’

which is condition (25) in the text.
Now by definition, we can rewrite the above condition as,

P%’Z* np ks
W * K “KZ * *
Py Z* -yl > K __nagzZ
— =
yI 1 aKZZn*p n*tZKZZ’
(yI—TP?/Z) KK

By the initial trade balance condition yI — TPY¥Z/T = Z¥Z* —yI* this boils down
to,

PYz*
(PFzv1") _ maygz | Z' _ naygZ’ :>"_* > Akz _ 1
TP%VZ Tl*(ZKzz VA Tl*(ZKzz n agz - ’
w1-TP¥ 2

which is condition (25a) in the text.
A.4. Variable Elasticity of Demand

Given (26) and (27), from the zero profit condition we get

K 3= Gy (F—3) = & = —KX_p (A.15)

Using this and proceeding as before, the change in the price of good Z can be
obtained as,

|60 -1 AL 2K 4y

Py = — Woxz Pz 1 — 7. (A.16)
O B M i s Rl Gl

Though now we require more stringent conditions than those specified in (20) and
(21) in the text, the alternative sufficient condition that the price effect be stronger than
the income effect still ensures PY to rise, but less than proportionately.



102 ANWESHA ADITYA AND RAJAT ACHARYYA

REFERENCES

Aditya, A., and R. Acharyya (2012), “Does What Countries Export Matter? The Asian
and Latin American Experience,” Journal of Economic Development, 37(3), 47-74.
(2013), “Export Diversification, Composition and Economic Growth: Evidence
from Cross-Country Analysis,” The Journal of International Trade and Economic
Development, 22(7), 959-992.
(2015), “Trade Liberalization and Export Diversification,” International Review
of Economics and Finance, 39, 390-410.

Agosin, M.R. (2007), “Export Diversification and Growth in Emerging Economies,”
Working Paper No. 233, Departamento de Economia, Universidad de Chile.

Ardelean, A. (2006), “How Strong is the Love of Variety,” Purdue CIBER Working
Papers, Purdue University.

Arkolakis, C., S. Demidova, P.J. Klenow, and A. Rodriguez-Clare (2008), “Endogenous
Variety and the Gains From Trade,” National Bureau of Economic Research,
Working Paper 13933, Massachusetts, Cambridge.

Feenstra, R., and H.L. Kee (2005), “Trade Liberalization and Export Variety: A
Comparison of China and Mexico,” Policy Research Working Paper Series 3213,
The World Bank.

Feenstra, R.C. (2013), “Trade Facilitation and the Extensive Margin of Exports,”
Forthcoming, Japanese Economic Review.

Global Wage Report (2012), Wages and Equitable Growth, International Labour
Organization, International Labour Office, Geneva.

(2013), Wages and Equitable Growth, International Labour Organization,
International Labour Office, Geneva.

Hausmann, R., J. Hwang and D. Rodrik (2007), “What You Export Matters,” Journal of
Economic Growth, 12(1), 1-25.

Hesse, H. (2008), “Export Diversification and Economic Growth,” Working Paper No.
21, Commission on Growth and Development, World Bank, Washington, D.C.

Helpman, E. (1981), “International Trade in the Presence of Product Differentiation,
Economies of Scale, and Monopolistic Competition: A Chamberlin-Heckscher-Ohlin
Approach,” Journal of International Economics, 11, 305-340.

Hummels, D. and P.J. Klenow (2005), “The Variety and Quality of a Nation’s Exports,”
American Economic Review, 95(3), 704-723.

Klenow and Rodriguez-Clare (1997), “Quantifying Variety Gains from Trade
Liberalization,” Working Paper.

Krugman, P.R. (1979), “Increasing Returns, Monopolistic Competition and International
Trade,” Journal of International Economics, 9, 469-479.

(1980), “Scale Economies, Product Differentiation, and the Pattern of Trade,”
American Economic Review, 70(5), 950-959.

Lederman, D., and W.F. Maloney (2007), “Trade Structure and Growth,” in D.

Lederman and W.F. Maloney, eds., Natural Resources: Neither Curse Nor Destiny,



Tariff Reductions, Terms of Trade and Product Variety 103

pp-15-39, Palo Alto: Stanford University Press.
Rodrik, D. (2006), “What’s so special about China’s Exports?” NBER Working Paper,

11947, Cambridge, MA: MIT Press.
Tybout, J. (2003), “Plant- and Firm-level Evidence on “New” Trade Theories,” in E. K.

Choi and J. Harrigan eds., Handbook of International Economics, Part IV, Chapter 2,
388-415, Oxford: Blackwell.

Mailing Address: Department of Economics, Jadavpur University, Kolkata-700 032, India,
Email: rajat.acharyya@gmail.com.

Received October 21, 2015, Revised May 17, 2016, Accepted July 29, 2016.



