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1. Introduction

It iswdll-known that internetiona trade flows can be well described by a“gravity
equation” in which bilatera trade flows are alog-linear function of the incomes of and distance
between trading partners. Indeed, the gravity equation is one of the greater success soriesin
empirical economics. However, the theoreticd foundations for thisfinding are less clearly
understood. The gravity equation is not implied by a plausible many-country Heckscher-Ohlin
mode (which has nothing to say about bilaterd trade flows). An equation of this type does arise,
however, from amodd in which countries are fully specidized in differentiated goods1 While
specidization might characterize manufacturing goods, it is presumably not a festure of
homogeneous primary goods. Despite this theoretical presumption, the gravity equation seems
to work empiricaly for both OECD countries and developing countries (Hummels and
Levinsohn, 1995). Since developing countries are presumed to sell more homogeneous goods, it
seems puzzling thet the gravity equation works well for these countries. Thus, it is hard to
reconcile the special nature of the theory behind this equation with its general empirica success.

In this paper, we argue that a wider range of theories than previoudy recognized are
consistent with a gravity-type equation. Nevertheless, dternative theories (or more precisdly,
dternative conditions of entry) predict subtle differencesin key parameter values that should
emerge in an estimated gravity equation, which can therefore be used to digtinguish the theories.
We firgt consder models of product differentiation (and therefore, complete specidization).
After describing the benchmark case of zero transport costs in section 2, we consider two models
with transports costs in section 3: monopolistic competition, and nationa (Armington) product
differentiation. The first of these predicts alarger export eagticity with respect to the exporter’s

income than with respect to the importer’ sincome, aresult that is closdy related to the “home-



market effect” (Krugman, 1980). Thisrdationship isreversed in amodd with an Armington
structure.

In section 4, we turn to modd s with homogeneous products. We note that two-way or
“intra-industry” trade indeed be generated by amode with homogeneous goodsiif there is
imperfect competition and segmented markets. The combination of these two assumptionsis
often referred to as the “reciproca dumping” mode of trade following Brander (1981), Brander
and Krugman (1983), and Venables (1985).  Since the amount of trade depends on country size,
it can be expected that some version of agravity equation applies? Thismode has different
predictions with and without free entry of firms, however. Our theoretica results indicate thet the
own-income eadticity of exportsis larger than the importer-income eadticity in amode with
reciproca dumping and free entry, but that the “reverse’ result holds when entry is restricted.

Having developed a et of theoretical predictions, in section 5, we turn to an empirica
investigation. We regress bilaterd exports (from one country to each of its trading partners) on
domestic- and partner-country GDP and other controls. Using Rauch’s (1999) classification, we
divide our sample into three groups. homogeneous goods, differentiated goods, and an in-
between category. We then estimate gravity equations over aggregate bilateral exportsin each of
these three groups. As we move from homogeneous to differentiated goods, we find that the
elagticity of exports with respect to own GDP rises Sgnificantly. Thisfinding isempiricaly
robust and sgnificant both economicaly and datigticaly. It is condstent with the theoretica
hypothesis that the “ differentiated” goodsfit the predictions of a monopolistic-competition

mode with freeentry. The results for the “homogeneous’ goods fit the predictions of a



reciproca dumping mode with restricted entry. Additiona conclusions and comparison with

recent literature are given in section 6.

2. Zero Transport Costs
It will be useful to begin with a brief review of the gravity equation in the case of zero
transport costs and complete specidization (Helpman, 1987). Suppose that countries specialize

in different products, and let y;x denote the value of country i production of good k. Also let [
denote the tota vaue of production (equd to income) in country i=1,...,N, and |, denote world
income. With identica and homothetic tastes, each country i will demand a share (1i/l,y) of any
good produced, so exports of good k from country i to j are yik(lj/lw). Summing this over all
goodsk, total exports from country i to j will be Xjj=lilj/(I\). Thus, exports are determined by

the log-linear equation:

log(Xij) = -log(lw) + log(l;) + log(l;) . 1)
Theterm -log(ly,) istreated as a constant running (8) over a cross-section of countries, in which

case we expect to find coefficients of unity on both the own and partner—country GDP. This

result will be modified with positive trangport cogts, asincluded in dl models considered below.

3. Product Differentiation
In this section, we explore the implications of two versonsof mode s with product
differentiation and positive trade costs. Thefirgt verson isafamiliar large-group monopoligtic-

competition model, with firm-level product differentiation. The second isan Armington



formulation, with perfect competition, congtant returns to scale, and nationa-level product
differentiation.

The models both have two goods, two factors, and two countries. Thegoodsarex andy,
where X is the sector of interest and y isa“numeraire” sector with constant returnsto scae and
perfect competition. The countries are denoted by i and j, where country i will be the larger
country throughout. The countries might have multiple factors of production, but we will
assume that factor price equdization holds, despite the fact that there are transportation cogtsin
the x sector.® Countries also have the same technologies, and therefore, the same costs. Many of
the key results are available e sewhere, so what we will do hereis provide resultsin a manner
that we hope permits easy comparison and develops intuition. References are provided to more
complete proofs.

Congder firgt the slandard monopolistic-competition modd. Let subscripts denote
countries, and x; will denote x produced in country i and consumed in country j. Utility for the

representative consumer in country i is given by:
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where n and n are the numbers of varieties of x produced ini and j, respectively, a istheincome

share spent on the differentiated good, and s  isthe dadticity of subdtitution between varieties.
Let us propose a candidate, symmetric equilibrium in which each country produces a

number of varietiesin proportion to its Sze. Following the usua assumptions of the large-group

monopoligtic-competition model, each good that is produced is produced in the same amount in



ether country. With congtant elagticity of demand, prices p; are afixed markup over margind

costs, and are the same in each country. Letting | denote a country’ sincome, measured in terms

of y, the proposad equilibrium is thus characterized by the following:

proposed equilibrium: i/ ;= nj/ 1, Xji +X;; = X +Xji, B =p - 2

Let t > 1 denote atransport cost factor (1 plus an ad vaorem transport cost rate). Then
demands for x varieties in the two countries are given as follows:
_|i/a |i/a |j/a |j/a

. Xji = v Xj . Xij = : €)
P~ si (pt)°s;i p° s (pt)° s

where s =[nipt " S+n;(pt)* "] . Notetha we have,
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if n>n (i.e, country i islarger). The demand functionsin (3) can be re-written as:

1-tS)|;/a
Xii = Xji = ( . 2 (5
P~ s
Xii = Xji il iln;
xji-xii  li'sj 1j/ nj

where the last equality is due to our proposed equilibrium (2). Equation (6) impliesthat the
demand for each variety produced in the larger country i isgreater than the demand for each

variety produced in the smal country j. But each variety is produced (supplied) in the same



quantity in each country in the proposed equilibrium, so we arrive at a contradiction. Thus, (2)
is not an equilibrium because demand for each large country good exceeds its supply.
As suggested by the high demand for goods produced in the large country, the actua

equilibrium mugt involve more entry of firms and greater product variety in the large country, so
that n/l; > ny/l;j in equilibrium (Markusen and Venables, 1996). It followsthat njlj > njlj, and
snces > § withn > ny and equa pricesin the two countries, we readily obtain nx;j > njx;i usng
the demand equationsin (3). Thus, we have established that country i exports of the
differentiated good (nxjj) exceed imports (1;i), SO that net exports of the differentiated good are

pogitive for the larger country. Thisis termed the “home market effect” (Krugman, 1980), and
reflects the disproportionately high entry of firmsinto the larger country: this supply effect more

than offsets the higher demand in the larger country, so that net exports are positive*

To develop atestable hypothesisin terms of the gravity equation, let b and bj denote the

eladticities of country i’s exports of x with respect to own and foreign income, respectively.

Beginning with equal incomes and balanced trade in x, asmall transfer of income from country |

to country i leads country i to become a net exporter, so that b; > bj.5 That is, country i's net

exports of x are more sendtive to its own income than to its partner income. We can think of b;

and b; as coefficientsin an equation that extends (1):

log(Xij) = -log(lw) + bi log(l;) + bjlog(lj) , @)

where X;j © nix;; denotes country i’s exports. While there is no guarantee that the monopolistic-

competition modd we have described above corresponds exactly to the log-linear formin (1),



the qualitative features of the equilibrium are well described by the coefficients b; and b j.6 The

monopolistic-competition model correspondsto b > by, asreported in Table 1, where we will
summearize our theoretical results.

Next, consder an Armington+type modd, wherery =, = 1, asandyzed by Head and
Ries (1999). With prices the same across countries and only one variety produced in each, the

variable swill have the same vadue in each country. Then it isimmediate from the demand
equationin (3) that I; > Ij impliesx; < xji. This means that the large country’s exports (x;j ) are
less than itsimports (X ). Thus, the home-market effect of the monopolistic-competition model

isreversed, with a country’s net exports of x being more sendtive to its partner’ s income than to
itsown income. In terms of the income dadticities and the gravity equation (1'), this caseis

described by b; <bjin Table 1. We collect our results together as.

Result 1 (differentiated products)

(@ Inthe monopaligtic-competition model, a country’s net exports of x are more sengitive to
own income than to partner’ sincome.
(b) Inthe Armington mode (perfect compstition, nationa product differentiation), a country’s

net exports of X are more sendtive to partner’ sincome than to own income.

The intuition behind these results runs follows. In the monopaligtic- competition modd,
aggregatex production playslittle role; the focusis on theindividual variety which is produced
in the same amount regardless of country of production. But country sze playsarolein

demand. If pricesof ani and aj variety are the same, totd demand will be higher for the variety



produced in the large country, because most of the tota demand will be at the low no-
trangport-cost price in the domestic market. Thisimplies a more-than-proportionate entry of
firmsto restore zero profits. Thisisthe origin of the “home market effect”.

In the Armington formulation, by contrast, aggregate production and consumption are
what matters. If the price of country i’ s variety isthe same asthe price of country j’s variety
(they produce x in proportion to size), each country will demand the domestic variety and the
foreign variety in the sameratio. But this cannot be consstent with tota production being in
proportion to income in each country, since there would be an excess demand for the small-
country’sgood. With the two x goods being symmetric but imperfect subgtitutes, the small

country must be the net exporter of x.

4, Oligopoly with Homogeneous Goods and Segmented M arkets

In the previous section, we derived a testable hypothesis digtinguishing the free-entry
monopoligtic competition modd from the no-entry Armington case. Both of theserely on
product differentiation, which is usualy assumed when deriving the gravity equation. We think
it isimportant to aso consder homogeneous products, given the results of Hummels and
Levinsohn. Accordingly, in this section we explore the implications of two versons of modds
with homogeneous goods, oligopoly, and segmented markets. Collectively, these assumptions
are sometimes referred to as the “reciproca dumping” modd of internationa trade. In both
versons, firms are Cournot competitors. In the first verson, thereisfree entry and exit of firms

(Brander and Krugman, 1983, sect. 3; Venables, 1985; Markusen and Venables, 1988), whilein



the second verson there is one firm in each country (Brander, 1981; Brander and Krugman,
1983, sect. 2).
The underlying generd-equilibrium modd is the same as that in the previous section,

with g = 1; that is, the x goods are perfect subdtitutes. Cournot equilibrium is given by the
equaity between margind-revenue and margina-cost, where g;; isthe markup of afirm located
in market i and sdlling in market j, and ¢ isthe margina cost of production in country j in terms
of goody:

p,L-gi)=c, P 1-qgji)=cjt. (7)
Similar equations apply to market j. With x homogeneous, demand for x in each market is given
asfollows

_ _ lifa
nixii*tnjxj = ——, njxj*rnixj = —, ©)
i P;

where x; isthe sdes of afirm located in market i and selling in market j. The Cournot markup
formulaiswel known: it isafirm's market share, divided by the price dadticity of demand.
With Cobb-Douglas demand, this price eadticity is unity, so the markup isjust the firm's market

share:

_ Xii _ Xji
qII - ' qjl - ’ (9)
Ni Xii ¥ Nj Xji Ni Xii T N;j Xii

withsamilar equationsfor market j. It isworth stressng that thereis two-way trade (or

“reciprocal dumping”) in the x product, which does not come as a consequence of product
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differentiation, but instead occurs as firms in each country attempt to increase their profits by
dso sdling in the other market.”
As before, we propose a symmetric equilibrium with each country having equd prices for

X in the two countries, and equa margina cods.

proposed equilibrium: Pi=Pp, G=¢j- (20

These assumptions, combined with (9), imply symmetry in markups. Symmetry in markupsin

turn imply that sdles in each country are proportiond to country size.

_ _ Xii _ Xjj Xii _ Xjj

P = P; b gii = qjj b = p = -, (11)
S N Xii T NjXji  NjXj *nXj i1
— - Xji - Xij Xji _ Xijj

p=p P gi=qgj P = p —=—. (12)
SR it = ai ni Xii ¥ NjXji  NjXjj ¥ ni X i1

Free entry requires that each firm’s markup revenues equd fixed cods. Letting F denote

fixed codts, these conditions can be written, using (13) and (14), as.

PGl Xii T PG Xij = PaiXi +Pa; X (/1) = F, (13)

Pia X TP g Xji = Pai Xi (/1) +Pq;ix;i = F. (14)

However, the proposed equilibrium and (7) imply that g;; > gjj, so with gjj = g it follows from
(9) that x;i > X;i, and therefore that gjj X;i > ¢} Xji . But then both equations (13) and (14) cannot

hold. Givenl; > 1; , if there are zero profits for a country j firm (i.e. (14) holds with equdity),



then there are pogtive profits for a country i firm. The proposed equilibrium (12) is not vdid
gnce there are excess profits for firms located in the larger country.

As expected, the excess profits for firms located in the larger country impliesthat entry
must occur there to obtain equilibrium. That, in turn, drives down the price in that market.
Further analysis, found in Venables (1985) and Feenstra, Markusen and Rose (1998), confirms
that the equilibrium must involve (8) p < pj, (b) firmslocated in country i morethan in
proportion to the size differences between countries, and as a consegquence of these, () exports

of the x product from the large country (nxj) that exceed itsimports (). Thus, beginning

with countries of equa Sze, atrangfer of income from country j to country i leadsto higher

exports of the x commodity by country i. Theresult isagain described by b > bjin Table 1, so

that the own-income eadticity of demand exceeds the foreign (importer’ s) income dadticity of
demand.

Findly, the case where there is some implicit barrier to entry such that each country has
only asgngle x firmisfarly sraghtforward. The pricing equations (7) till hold. We divide
these by one another, and do the same for market j, noting that (1 - ;i) = ;i , and (1 - ;) = g , to
obtain:

(g ) _ (o) (oay)  (ogy) (15)

(1-qi) Qi Qij (1-qj)

This condition requires that the relaive shares of the two firms are the same in both export
markets, g;j = ;i . Assume again that country i islarger, so that total demand for X is greater than

in country j. Then for q; = ¢ with only asingle firm in each country, it must be that x; < x;; .

11
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Therefore, the smaler country j has higher exports () than does the larger country (x;j).

Beginning with the countries identical, a smdl transfer of income from i to j leads country i to
become the net exporter (Markusen, 1981). This once again reverses home-market effect, and

implies that a country’s exports of the good will be more sengtive to its partner’ sincome than to

itsown income, asindicated by bj < bjin Table 1. Summarizing, we have:

Result 2 (homogeneous goods with oligopoly and segmented mar kets)

(8 With free entry and exit, a country’s net exports of x are more sengitive to own income than
to partner’ sincome.
(b) With asnglefirmin each country, acountry’s net exports of x are more sengtive to

partner’ s income than to own income.

The intuition behind these results is related to that in the previous section. With free
entry and the market sizes differing, zero-profit conditions demand that the larger country’sfirms
export to the smdler market. A symmetric equilibrium with balanced trade implies thet either
the larger country’ s firms make positive profits and/or the smal country’ s firms make losses.
The price of x must be lower in the large market, and firms must be located disproportionately in
the large market as they are in the monopolistic-competition modd, leading to higher exports
from that country.®

With only asngle firm in each country, a symmetric solution with no trade would mean
that the large country’ s firm have alarger market sharein the smdl country than the smdl-
country’ s firm have in the large country. The former would have alower perceived margind

revenue, and this cannot be an equilibrium. The pricing equationsin (7) imply thet (at congtant



margina cost) each firm must have an equa market share in the other firm’s market, implying

that the small country is the net exporter.

5. Egtimating the Gravity Equation

Table 1 provides asummary of our theoretica predictions for the nature of the home
market effect (or lack thereof); these are testable viaincome coefficientsin a gravity equation.
In order to test for these differences, we run into the immediate problem that the barriersto entry
in an industry are not directly observable. What we do have ready accessto, is a classfication of
products according to whether they are differentiated or not. Rauch (1999) has classfied
products at the 5-digit SITC level according to whether they are: (a) traded in an organized
exchange, and therefore trested as “homogeneous’; (b) not traded in an organized exchange, but
having some quoted “reference price,” such asin industry publications, (¢) not having any
quoted prices, and therefore treated as “ differentiated.” Rauch then aggregatesthis
classfication to the 4-digit SITC level, matching the bilatera trade data from the Statistics
Canada World Trade Database (WTDB), described in Feenstra, Lipsey and Bowen (1997).

Thus, the WTDB data are designated homogeneous, reference priced, or differentiated,

according to the share of disaggregate commaodities faling into these three categori s’
We consder anull and two aternative hypotheses relating barrier to entry to product
differentiation:

Ho: barriersto entry and product differentiation are uncorrelated across indudtries;
H1: industries producing differentiated products tend to have higher barriers to entry;

Ho: industries producing homogeneous products tend to have higher barriers to entry.

13
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Under the null hypothesis Hy, estimating a gravity equation like (1) over different types of

goods (homogeneous versus differentiated) should result in own and partner income dadticities

(bj and bj) that are not significantly different from each other. The reasonisthat, from Table 1,
low barriersto entry resultsin bj > b, whereas high barriersto entry resultsin bj < bj, so that if

these two cases occur with roughly equa probability for both homogeneous and differentiated

goods, thenwe would expect to estimate b » b for either type of good. A rejection of the null

impliesthat entry barriers and product differentiation are indeed correlated; dis-aggregating by

type of good should lead us to one of the two dternatives.

Thefirg dternative hypothess (H1) is motivated by the idea that product differentiation
isitsdf aform of abarrier to entry, so these industries would have higher barriers than for
homogeneous goods. If that isthe case, then we expect to find bj < bj for differentiated goods, as

the barriers to entry lead to a“reverse” home market effect, but bj > b; for homogeneous goods.

On the other hand, the second dternative hypothes's (Ho) is motivated that the ideathat entry

might be more free for differentiated goods. By definition, these goods alow for now products
to be readily developed and marketed in small scale. In contrast, the homogeneous goodsin
Rauch’s classification tend to be basic indudtries like stedl or resource extraction, which

oftentimes have very large fixed costs, acting as a deterrent to entry. Under this second

dternative hypothesis, we expect to find b > bj for differentiated goods, as free entry leadsto

reverse” home market effect, but b < b; for homogeneous goods.

In order to implement these tests, we use Rauch’s classification scheme to sum the
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bilatera exports of each country into the categories of homogeneous, reference priced, and
differentiated goods. Thus, for each country pair within the WTDB, there are Sx export trade
flows. For example, in 1990 Canada exported $62.4 billion of differentiated goodsto the U.S,,
$20.4 billion of reference prices goods, and $18.0 billion of homogeneous goods. Conversdly,
the U.S. sent to Canada $67.6 hillion of differentiated goods, $13.1 hillion of reference prices
goods, and $4.6 hillion of homogeneous goods. Thus, trade was roughly balanced between the
two countries, but Canada exported a higher percentage of homogeneous goods than did the U.S.

This confirms our intuition that Canada, as a country with ardativey high endowment of

resources, is likely to export products which are disproportionately homogeneou&lo Thelog of
these export vaues between each pair of countries forms the dependent variable in our gravity
equation.

The gravity equation that we estimate is an extenson of (1'), augmented for a number of

auxiliary variables rdlevant for bilaterd trade flows:

In(Xij) =bg+ b1|n(Yi) + b2|n(Yj) - b3InDi,- + b4Contij + b5Langj + b6l—‘I'Ai,- + b7Remj + € (16)
where the variables are defined as:

Xi; denotes the vaue of exports from country i to country |,

Y; isthered GDP of country i,

Dj; isthe distance between i and j,

Cont;; isabinary variable for geographic contiguity of i and j,

Lang; isabinary variable for common language of i and j,

FTA;; isabinary varidble for afree trade agreement commontoi and j,

Rem,; denotes the remoteness of |, given i, equa to GDP-weighted negétive of distance, and
ejj represents the myriad other influences on bilatera exports, assumed to be orthogonal.
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Our readl GDP measures are drawn from the Penn World Table 5.6 ; we use Grest Circle distance
between capitd cities. All countries for which the control variables are available are included in
the sample, a sample of somewhat over 110 countries (though the exact number depends on the
year because of missng GDP data). We have data for five different cross-sections: 1970, 1975,
1980, 1985 and 1990. Our default estimation results are estimated with OL'S, and are tabul ated
inTable2.

Thetop pand of Table2 — Case A — uses exports of differentiated goods. The coefficient
on own-GDP is somewhat grester than one, while the estimate on partner-GDP is around 0.65.
Both of these are tightly estimated, and the hypothesis that the coefficients are equdl is rejected
a any reasonable sgnificance level. Case B deds with intermediate reference priced exports.
For those goods, the coefficient on own-GDP is below unity (at around 0.9), while the coefficient
on partner-GDP remains at about 0.65. These coefficients are again quite different, both
economicaly and gatistically. Case C deds with homogeneous goods. These have drasticaly
different GDP coefficients, estimated a about 0.5 for own-GDP and 0.8 for partner-GDP.

Thus, the domestic-income coefficient rises as we move from homogeneous to

differentiated goods,11 Thisis conastent with a home market effect for differentiated goods and
monopolistic competition, found in section 3, and homogeneous goods with “reciproca
dumping” and restricted entry of firms, asin section 4. Our finding that the own-income

eladticity exceeds the partner-income dadticity for differentiated but not homogeneous goods,

strongly support the second aternative hypothesis (Ho) mentioned above, whereby barriers to

entry are strongest in the homogeneous goods.
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We have performed extensive sengtivity analysis, and find that our results are robust.

For instance, we have used a more conservative goods-classfication scheme, but found little

change to the income dadidities> We have dso repeated the estimation using Tobit estimation
to account for the country-pairs with zero exports between them. The Tobit estimation changes

the GDP dadticities not at al, regardless of whether the censoring is done at a zero exports, or

allowing the censoring level to be estimated ™

Do the differing effects we have found between different types of goods realy describe
differences between countries? Hummels and Levinsohn (1995) found that the conventiond
gravity equation performed well on both OECD and non-OECD countries, so that our results
may be the result of country-specific characteristics, not differences between types of goods. To
check, we re-ran the gravity equation over two different groups of countries: @) exportswithin
the OECD, and b) exports between OPEC and non-OPEC countries. The former sample
represents countries between which firms can move reaively fregly; the latter trade where the
exports of one country are heavily resource-dependent, so that entry islimited. Our results can
be found in Table 3, which repesats the estimation for differentiated (case A) and homogeneous
(case C) goods, using the a8) OECD and b) OPEC-non OPEC samples. For brevity we only
report the resultsin Table 3 for 1970, 1980 and 1990 and exclude reference-priced goods.

There are two key resultsin Table 3: 1) no large differences between the different samples
of countries; and ii) important differences between different types of goods. The OECD
countries have a higher coefficient on own-GDP than ether the OPEC or full sample for ether
type of good in 1970, but this difference in reversed by 1990. There remains, however, avery

consigtent difference between the differentiated goods (case A) and homogeneous goods (case



C), using ether of the samples. In particular, the differentiated goods show strong evidence of
ahome market effect in either sample, whereas the homogeneous goods have a reversed home
market effect. These results reinforce our finding that the differing estimates of the gravity
equation pertain to types of goods, rather than being festures of countries with differing factor
endowments.

We ds0 performed one other sengitivity andys's, motivated by the fact that many of the
homogeneous goods are resource related. Since natura resources are a specific-factor in their
respective indudtries, it is perhaps not surprising that in increase in overal country GDP has a
less-than-proportionate effect on exports of those goods. 1t seems sengible in this case to control
for the presence of natura resources in the economy within the gravity equation. To develop a

specification, let us go back to the derivation of the gravity equation in section 2, without any

transport costs. 4 There we summed across exports of dl goods k in an economy to obtain (1).

If instead we sum across a subset of goods denoted by K, representing the resource industries, we
obtain Xij=I klilj /(Iw), where Xijk are country i exportstoj of al these goodsk, and | ¢ isthe

share of these goods in country i GDP. The gravity equation then becomes.
log(Xiji) = -log(lw) + log(l;) + log(lj) +log(l ) - 1)

If the GDP-share of this group of goods k is uncorreaed with GDP, then thereislittle
harm in omitting the share variable. But for naturd resourcesin particular, thereis aliterature
noting that resource-rich countries tend to grow more dowly (Sachs and Warner, 1995; Aseaand

Lahiri, 1999). If this correation between resources and the growth of GDP also gppliesto
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resources and the leve of GDP, then omitting the resource share will bias the own-income
eladticity in the gravity equation. Accordingly, we have re-estimated the gravity equation (16),
while induding the share of “minerds and fud production” in GDP, for both country i and |,
taken from Sachs and Warner (1995).° Sincethis varigbleis available for fewer countriesthan
arein our dataset, the number of observationsis reduced.

The results of re-estimating the gravity equation for sdected years are shown in Table 4.
It is evident that inclusion of the natura resource share has very little impact on the income
eadtidities, though the share themsdlves (especidly for the own country) are quite sgnificant and
have the expected signs. The own-income dadticity is raised dightly in the gravity equation for
homogeneous goods, as one might expect, but even this change is hardly sgnificant. The
hypothesis that the own-income dadticity is less than the partner dadticity is dill strongly
confirmed for the homogeneous goods, indicating a“reverse” home market effect. The
conventiona home market effect still gppears for the differentiated and reference- price goods.

Thus, inclusion of the natura resource share has not changed our overdl results.

6. Conclusons

In this paper, we have argued that a gravity-type equation can arise from a wide range of
models, though they have subtly different implications for the coefficient estimates. Notably,
some modds imply a“home market” effect, whereby an increase in exporter’ sincome has a
more-than-proportionate effect on exports, while other modelsimply a*“reverse” home market
effect. We examine whether the home market effect depends on the type of good by estimating
gravity equations for bilaterd export trade between country-pairs. We exploit Rauch’s (1999)

divison of 5-digit SITC products into homogeneous, differentiated, or an in-between category.



We sum the country-pair trade within these types of goods, and estimate separate gravity
equations for different types of goods. The home market effect shows up consistently for
differentiated goodsin the form of a domestic-income dadticity which exceeds the partner-
income eladticity. This effect is much less pronounced for the in-between category, and reversed
for homogeneous goods, consistent with areciprocal dumping mode with barriersto entry.

Our results can be usefully compared to other recent literature. Davis and Weingtein
(1998) have found evidence of a home market effect in disaggregate trade between OECD
countries, and rely on a gravity-type equation for demand. Our results are complementary, sSince
we have found a home market effect for aggregate bilateral imports among a broader sample of
countries. Davis and Weingtein argue that the home-market effect is supportive of an incressing-
returns model, and we agree: the home-market effect in ether the monopolistic competition or
the free-entry Cournot-Nash modd depends on fixed costs and increasing returns. But if barriers
to entry are stronger for the homogeneous goods Cournot-Nash modd, then the home-market
effect no longer appears. Thus, increasing returnsis a necessary but not a sufficient condition for
the home-market effect.

Head and Ries (1999) focus on models with differentiated goods, and contrast the home-
market effect under monopolistic competition with the “reversg” Armington result, asin our
Result 1. Empiricdly, they investigate a pand of U.S. and Canadian manufacturing industries,
and are therefore able to digtinguish the time- series versus cross-sectiond result. They find some
support for the home-market effect in the cross-section, but not in the time-series, where the
“reversg’ Armington result is more gpparent. By comparison, we have focused exclusvely on

cross-sectiond results, but have distinguished the types of goods.
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Our results are dso broadly consstent with Evenett and Kdller (1998). Like us, they

argue that the gravity equation can be used to distinguish different theoreticd models (such as
increasing returns versus a conventiona Hecksher-Ohlin modd), and rely on the Grube-Lloyd
measure of intra-industry trade to separate their samples. In contrast, we have used Rauch’s
(1999) measure of homogeneous versus differentiated goods to separate our samples. Despite
the differences in methodology with these papers, the overdl results are supportive of aworld
where increasing returns leads to a home market effect in differentiated goods, wheressin
homogeneous goods a gravity equation still gpplies, but without the home market effect due to
barriersto entry or national product differentiation.

To conclude: this paper began with apuzzle. Exigting plausible theoreticd judtifications
for the gravity equation rely on product specidization. But much trade isin homogeneous
goods. If specidization dlows usto understand the success of the gravity modd only in
manufacturing goods, why does the gravity equation work so wel? Our answer istwofold: the
theoretica foundations for the gravity equation are actualy quite generd, but the empirica
performance quite specific. Gravity equation can be derived for both differentiated and
homogeneous goods, but the different theories lead to measurably different home market effects,

and we have shown that these are importart in the data.
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Table1l: Theoretical Predictions

Coefficients

Modelswith free entry:
Monopolistic Compstition: bi > Db;

Reciprocad Dumping with Free Entry bi > b;



Models with restricted entry:

Armington National Product Differentiation bi <b;
Reciproca Dumping with No Entry bi <b;
Note:

This table shows the eladticity of bilateral exports with respect to own income (b; ) and with
respect to partner income (bj ), obtained from various models.
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Table 2: Regressionsusing Full Sample,
Dependent Variable— L og of Bilateral Exports

Own Partner Distance Common: FTA Remote R°? N
GDP  GDP Border, Language

Case A: Exportsof Differentiated Goods

1970 111 .62 -111 .02 A 2.20 493 49 6498
(.02 (.02 (.04) (.16) (.08) (12 (82)

1975 115 .65 -114 .03 .80 1.89 491 49 7058
(.02 (.02 (.04) (.16) (.09) (12 (80)

1980 106 .65 -1.04 .06 71 153 572 50 7779
(.01 (.01 (.03) (.15) (.07) (.16) (68)

1985 102 .64 -1.05 -12 .70 170 442 A48 7858
(.01) (.01) (.03) (.16) (.08) (.15) (67)

1990 112 72 -1.10 -.03 .69 173 794 57 6367
(.02 (.02 (.04) (.16) (.08) (11) (62)

Case B: Exportsof Reference Priced Goods

1970 A .69 -1.06 .06 .66 173 523 47 5381
(.02 (.02 (.04) (.16) (16)  (.15) (66)

1975 94 .66 -1.16 -.02 .56 142 537 A7 5713
(02 (02 (04 (.15 (09 (13 @)

1980 .88 .68 -1.05 13 47 108 583 S0 6279
(.02 (.01 (.03) (.14 (.08)  (.15) (62)

1985 .89 .66 -1.00 A7 .58 133 489 S0 6411
(.02 (.01 (.03) (.14) (.07) (.13) (67)

1990 91 74 -1.15 -.01 55 138 719 5 5439
(.02 (.01) (.04) (.15) (08)  (12) (63)

Case C: Exportsof Homogeneous Goods

1970 44 .85 =75 -.07 91 g7 227 35 5505
(.02 (.02 (.04) (0.4 (.10 (.22 (67)

1975 49 .86 =77 -11 .73 .74 116 34 5805
(.02 (.02 (.04) (.16) (.10 (.21) (70)

1980 54 82 -.73 .05 .50 112 51 34 6258
(.02 (.02 (.04) (.16) (.09) (.21) (70)

1985 55 .76 -.76 .07 55 117 112 35 6382
(.02) (.02 (.04) (.16) (.09) (.18) (70)

1990 54 81 -.89 .26 .61 1.06 384 40 5095
(.02 (.02 (.04) (.16) (.09) (7.5

(72)
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Table 3: Regressionsusing Country Samples,
Dependent Variable— Log of Bilateral Exports

Common: FTA Remote R° N

Border, Language

Own Partner Distance

GDP  GDP

(1) Sample of OECD countries
Case A: Exportsof Differentiated Goods

1970 118 .79 -1.01 -57 1.48 114 743 76 414
(.05) (.06) (.06) (.30 (.23) (15 (129
1980 111 .75 -1.09 -.61 122 .62 810 J6 414
(.05) (.05) (.06) (.32 (.18) (13) (10
1990 107 81 -1.07 -4 .89 A8 591 84 420
(.04) (.04) (.06) (.19 (17) (.10 (85)
Case C: Exportsof Homogeneous Goods
1970 .56 1.03 -.85 -.27 163 42 454 57 409
(.07) (.07) (.10 (.39 (.34) w7 (149
1980 55 .95 -1.04 -14 110 22 687 56 406
(.07) (.08) (.10 (.28) (.36) (23) (142
1990 .38 104 -112 -.06 .83 .30 513 59 411
(.07) (.06) (.09) (.26) (.36) (.16) (137)
(11 Sample of OPEC to non-OPEC countries
Case A: Exports of Differentiated Goods
1970 110 75 -.85 .39 .85 NA -812 37 844
(.05) (.05) (13 (-39) (22 (39
1980 114 74 -.76 .36 .56 .28 -1568 .32 1089
(.05) (06) (12 (.:39) (23 (60) (348
1990 126 .80 -94 -.25 .76 .76 -620 49 681
(.05) (.05) (.14) (.36) (.24) (24)  (408)
Case C: Exportsof Homogeneous Goods
1970 Sl g1 -.78 -17 .20 NA -749 20 751
(06)  (06)  (17) (:44) (:29) (452)
1980 .56 .96 -49 -.22 .06 .95 -1211 20 964
(.06) (.08) (.15) (.50) (.31) (720  (401)
1990 50 .98 -1.39 -53 -.04 .60 -437 30 566
(07) (.08) (.18) (.50) (.37) (.36) (488)

Notes:



a The FTA variableisdropped from sample (11) in 1970 since al exporters were in the same
free trade area
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Table4: Regressionsincluding Natural Resour ce Share,
Dependent Variable— Log of Bilateral Exports

Own Partner Distance Natural Resources: FTA Remote R? N
GDP GDP Own, Partner

Case A: Exportsof Differentiated Goods

1970 112 .64 -1.09 -2.37 -.03 1.96 587 50 5451
(02 (02  (04) (.19) (17)  (13) (78)
1980 111 .69 -1.05 -1.88 .67 1.28 681 b5l 6315
(02) (02  (04) (.16) (13)  (17) (69)
1990 116 75 -1.19 -4.29 -1.26 141 823 .60 5521
(02) (02 (09 (.39) (300 (12 (72
Case B: Exportsof Reference Priced Goods
1970 .96 .69 -1.03 -181 -3A 153 605 A7 4509
(.02) (.02) (.04 (.25) (17 (17) (86)
1980 .95 71 -1.09 -0.90 41 .83 752 51 5141
(02 (02 (09 (.18) (12)  (16) (70)
1990 .96 A7 -1.24 -1.33 -1.28 114 813 57 4759
(02 (02  (04) (.33 (30)  (11) (74)
Case C: Exportsof Homogeneous Goods
1970 A7 .86 -.80 184 -.61 .56 394 38 4672
(02) (02 (05 (22) (18) (D) (87)
1980 61 84 -.82 2.76 -.38 102 222 39 5233
(02 (02)  (05) (.24) (16)  (21) (83)
1990 .58 84 -1.00 294 -1.67 .93 407 42 4517

02 (02 (04 (43 43 (19 (@

Notes:
The regressions adso included indicator variables for common border and common language, but
these coefficients are not reported for brevity.
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Lead footnote: Feenstrais Professor of Economics at U.C. Davis, and Director of the

Internationa Trade and Investment Program of the NBER. Markusen is Professor of Economics,
Universty of Colorado, Boulder and Research Associate of the NBER. RoseisB.T. Rocca Jr.
Professor of International Trade and Economic Anadysis and Policy in the Haas School of Business
at U.C. Berkdey, Research Associate of the NBER, and Research Fellow of the CEPR. This paper

is avallable at http://mwww.econ.ucdavis.edu/faculty/fzfeensd and http://haas.berkd ey.edu/~arose,

wherethe data set (in STATA format) isaso avallable. The authors thank Don Davis, David
Hummes, Wolfgang Kéller, Jacques Médlitz, Jm Rauch, David Riker and participants at the
UCSC International Economics Conference for helpful suggestions.

! This specidization can arise due to an Armington structure of demand (Anderson, 1979,
Bergstrand, 1985, Deardorff, 1998), economies of scale (Helpman, 1987, Bergstrand, 1989),
technological differences across countries (Davis, 1995, Eaton and Kortum, 1997), or factor
endowment differences (Deardorff, 1998). Indeed, in his comment on Deardorff (1998),
Grossman (1998, p. 29) states * Specidization — and not new trade theory or old trade theory —
generates the force of gravity.” Mogt recently, Evenett and Keller (1998) have argued that a
gravity equation can arise with incomplete specidization if there are just two countries, and
Keler (1998) extends this result to many countries when indeterminate trade flows are resolved
by a“minimd factor content” rule.

2 In our working paper (Feenstra, Markusen and Rose, 1998) we derive and illustrate the gravity
equation for the reciprocal dumping modd. In this paper, we focus only on the associated
income eladticities.

3 Factor price equdization obtains, for example, if there is asingle factor and both countries are

producing the numeraire y good, which is traded without trangportation costs. Alternatively,
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there might be two factors of production, but equal relative endowments across countries. The
presence of trangport costsin the numeraire good has a substantia impact on the results, as
considered in notes 4 and 6.

4 We note that when the home-market operates, trade will be balanced through the larger
country importing the numeraire goods from the smdler country. However, this presumes that
there is unimpeded trade in the numeraire good. Davis (1998) has shown that if instead there are
trangport cods for the numeraire good, at aleve greeter or equa to those in the differentiated
product, then the home-market effect will fail to operate and we will instead obtain a“reverss”’
result, asin the Armington model, consdered next.

® |n case our assertion that the own-income dladticity exceeds the partner-income dadticity is
not clear from the preceding discussion, it can be shown asfollows. Let Xj;© nx;; denote country
I exports, and Xj; © nx;; denote country j exports. With I;=l1;, these are equal. We have argued
that an equa increasein | and decrease in |; leads to Xij > X;i. It therefore follows that, d(X;-
Xji)/dli - d(Xi-X;i)/dl; > 0. Now let X;; be represented by (1), with the anal ogous equition for
Xii. Thenwe readily caculate that d(Xij-X;i)/dl; - d(Xi-X;i)/dl; = 2(bi-bj), and since thisis
postive, it followsthat b; > b;.

® We have aso considered smulations of the monopolistic competition model, and the
reciprocal dumping model described below, and found that alog-linear equation like (1') fitsthe
amulated equilibriafrom these modds remarkably well. Results of thistype areincluded in our
working paper, Feenstra, Markusen and Rose (1998).

" The existence of two-way trade in the reciprocal dumping mode presumes that the countries



32

are not too different in Sze, nor that transport costs are too large, in which case the larger country
can be the sole exporter of good x (Feenstra, Markusen and Rose, 1998).

8 Asin the monapolistic competition model, the presence of the home market effect depends on
our assumption that there are no transport costsin the homogeneous good. We have smulated
the reciprocad dumping model with free entry, and alowing for transport costsin the
homogeneous good, and find that the home market effect can then be reversed (see our working
paper, Feenstra, Markusen and Rose, 1999). This extends the result of Davis (1998), discussed
in note 4, to the reciproca dumping modd.

9 Thisleadsto some ambiguities; accordingly, Rauch has developed two classfication schemes:
a“conservaive’ dassfication scheme which minimized the number of homogeneous or

reference priced commodities when ambiguities existed; and a“liberd” classfication scheme

that maximized these numbers. We are left with a set of about 650 distinct classfied products.
The“liberd” classfication is our default scheme.

19 In the * conservative’ classification for 1990, Canada exported $63.4 billion of differentiated
goodsto the U.S., $23.8 hillion of reference prices goods, and $13.8 billion of homogeneous
goods, while the U.S. sent to Canada $69.5 billion of differentiated goods, $12.5 billion of
reference prices goods, and $3.2 billion of homogeneous goods.

1 1t isdso interesting that the sum of the domestic and foreign income dadticitiesis
economicaly and gatigtically higher for differentiated goods than for homogeneous goods.

12 The reference good elaticities are closer for own-GDP and partner-GDP, while the
homogeneous good dadticities are somewhat smaler for both home and partner countries. We

aso find that the income dadticities are insengtive to controlling for GDP per capita of the
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countries.

13" We do not perform sensitivity analysis by replacing exports with bilatera trade on the left-
hand side of equation (10). Doing so would completely obscure the results we have obtained,
because it would then impossible to distinguish own-GDP and partner-GDP, and these
coefficients would need to be treated as equal .

14 We thank David Hummeéls for providing us with this derivation and specification.

15 According to (1), we should only include the natural resource share for country i, but
country j was aso included for completeness. Furthermore, the natura resource share should be
entered asalog. Thiswasimpossible because the “minerds and fud production” shareis zero
for quite a number of countries, that gill have postive bilatera exports of Rauch’'s

“homogeneous’ good. Accordingly, we entered the shares as levels rather than logs.



