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Abstract
In the growing literature on sunk costs in international trade transactions,
these have been modelled as exogenous fixed costs of entering foreign
markets. This paper shows that when the sunk export costs are
endogenous, their impact is partly different. We allow firms to invest in
marketing in each market, including the home market. The total level of
marketing depends on how responsive demand is to marketing, but its
allocation across markets depends on variable trade costs. Firms
therefore tend to undertake more marketing at home than in export
markets. This trade-reducing impact is stronger; the higher is the overall
level of marketing. Contrary to the case with exogenous sunk costs, sales
to each market are positively related to the level of sunk costs in that
market. In the presence of marketing, the measurement of demand
elasticities is changed.
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1. Introduction1
In research on international trade, marketing and distribution costs
represent a large “black box” which is currently being opened.
According to Anderson and van Wincoop (2004), trade costs broadly
defined, including distribution costs, on average amount to a 170% ad
valorem tax equivalent for a representative rich country. This paper
contributes to a recent and growing research literature that attempts to
shed light on this large component of trade transactions. While the
majority of contributions in this literature have been empirical, this
paper adds to a yet small theoretical literature. Using an international
trade model with monopolistic competition, we examine how
international trade and industrial location are affected by investments in
marketing or other sales efforts.
The renewed interest in the magnitude and characteristics of
international trade costs has been stimulated by empirical research on
international trade. The “border effects” literature compares trade
between regions within and across national borders, and concludes that
national borders still represent a significant obstacle to trade; even
between countries that are well integrated in terms of trade policy (see
e.g. McCallum 1995, Helliwell 1996, Chen 2004). The empirical
“gravity” literature confirms that bilateral trade flows are strongly
impeded by geographical distance, and this impact has not become
weaker over time (see e.g. Brun et al. 2002, Coe et al. 2002, Carrere and
Schiff 2004). In spite of some remaining methodological challenges (see
Anderson and van Wincoop 2003, Buch et al. 2003), this literature
suggests that dreams about the “global village” or “borderless world” are
premature, and trade costs still bite.
The continued importance of trade costs is also confirmed by microeconometric evidence on firm-level export performance: Only a fraction
of the firms are exporters, and the exporters are generally larger and
more productive (Roberts and Tybout 1997, Clerides et al. 1998,
Bernard and Jensen 1999, 2004, Bernard and Wagner 2001). Previous
entry also increases the probability of exporting in a given period, and in
the literature, this is taken to confirm the presence of trade costs that are
sunk and not proportional to export value. The theoretical foundation for
this empirical work has therefore often been models that combine firm
heterogeneity, e.g. with respect to productivity, with sunk export costs
(see e.g. Jean 2002, Helpman et al. 2004). In this framework, sunk
export costs represent a threshold that only the most productive firms
can surpass. This approach builds on the earlier literature on exchange
rate hysteresis; which showed that temporary exchange rate shocks
could have a permanent impact on trade due to sunk export costs (see

1

Financial support from the Norwegian Research Council, project no. 137515/510
under the programme SKIKT (Social and Cultural Preconditions for Information and
Communication Technologies) is gratefully acknowledged. I thank Hege Medin for
comments to an earlier draft. An earlier version was printed as NUPI Working Paper
No. 634/2002.

1

e.g. Baldwin 1988).2 As shown by Bernard et al. (2003), the fact that
only some firms export can also be explained theoretically by models
without sunk export costs. Hence the hysteresis model is but one
possibility.
This new evidence about high and persistent trade costs is useful and
convincing, but it has one limitation: Some of the evidence is based on
unobserved trade costs. Border effects are shown by dummies, gravity
models use distance as a proxy for unobserved trade costs, and in the
literature on firm-level export performance, sunk export costs are
implied but not directly observed. For this reason, we need more
evidence about the nature of the hidden barriers as well as on the
economic mechanisms involved. This represents an extensive agenda for
theoretical and empirical work. Responding to this need, a growing
literature now addresses topics such as transport costs and infrastructure
(see e.g. Bougheas et al. 1999), networks and migration (see e.g. Rauch
2001), contract enforcement and risk (Dixit 2003), trade and the internet
(Freund and Weinhold 2004), and other issues and references could be
added.
The solution to the “border effect puzzle” or “missing globalisation
puzzle” is not necessarily that trade costs are so large: Another
possibility is that there exist mechanisms that limit trade even if
measurable trade costs are modest. Uncertainty and risk (Dixit 2003) is a
case in point. In this article, we will show that marketing is another
mechanism of this kind, which amplifies the impact of trade barriers.
Marketing is intended to promote trade so it is not a trade barrier as
such, but it may interact with other trade costs in a way that limits trade.
Our analysis is motivated by two of the stylised facts emanating
from the empirical literature: Some trade costs are sunk, and distribution
costs are important. We therefore examine theoretically how sunk costs
in distribution affect international trade. More specifically, we analyse
sunk costs that have the purpose of influencing demand in a particular
market. This may include advertising, adjusting products to local
demand, investment in sales offices, travel to meet customers, or other
sunk costs in distribution that affects demand. We use marketing as a
shorthand term for all such costs.
Common to earlier theoretical contributions on sunk export costs is
that these costs are exogenous; i.e. independent of the firms’ decisions.
This assumption is plausible for some forms of sunk costs; e.g. adapting
products to a national standard. For marketing, however, it is likely that
the magnitude of investments depends on the firm’s assessment of their
profitability. In the analysis undertaken here, sunk export costs are
therefore endogenous (using the terminology of Sutton (1991)).
A second difference between this paper and earlier contributions is
that firms undertake marketing in their home market, so there are sunk
costs also at home. The model predicts that firms will invest more in
marketing, the lower are trade costs in a particular market. Sunk costs
2
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are therefore larger, and sales correspondingly higher, in the home
market. In models with exogenous sunk costs, high sunk costs imply low
sales, and sunk costs only apply abroad. In the analysis presented here,
this logic is reversed.
We deviate from earlier theoretical contributions by not modelling
firm heterogeneity. While such heterogeneity is more realistic in the
light of empirical evidence, we sacrifice this here in order to obtain a
tractable model.
While this paper is rooted the international trade literature, it relates
to the economic literature on advertising (for an overview, see e.g.
Martin 1993, Chapter 6). By analysing sunk costs that shift demand, we
focus on persuasive rather than informative marketing. An early result in
this literature was the Dorfman-Steiner (1954) condition or Theorem:
For a monopolist, the advertising-to-sales ratio should equal the ratio
between the “advertising elasticity” (the responsiveness of demand to
advertising) and the demand elasticity. This Theorem also applies with
monopolistic competition (see e.g. Valdes-Prieto 2002), and it may or
may not apply under oligopoly (Lambin et al. 1975). While the
oligopoly advertising literature addresses how specific forms of
marketing is affected by strategic behaviour, the purpose here is to
obtain knowledge about how marketing affects international trade and
industrial location. For this purpose, we need a model where the number
of firms is endogenous. In order to make the analysis tractable, we
disregard strategic interaction and use an international trade model with
monopolistic competition. Our behavioural assumptions about marketing
are therefore stylised and simple.
In essence, this paper incorporates marketing into a standard model
of international trade with monopolistic competition, along the lines of
Krugman (1980) or Venables (1987). To our knowledge, marketing has
not earlier been examined in a similar context. In the model, there are
also traditional ad valorem trade costs, but these are unaffected by
marketing. In the theoretical literature on foreign direct investment
(FDI) (see e.g. Markusen and Venables 2000), trade costs provide a
“tariff-jumping” motive for FDI – firms invest abroad in order to avoid
trade costs. In the model here, we obtain the opposite effect: The returns
to marketing are, ceteris paribus, lower in markets with high ad valorem
trade costs. Firms will therefore invest more at home than abroad, and
marketing thereby amplifies the impact of ad valorem trade costs, and
reduces international trade.
It turns out that also in our model, the Dorfman-Steiner condition
applies; on aggregate and in each market. Hence the volume of
marketing depends on the “marketing elasticity” or the responsiveness of
demand to marketing. If marketing is effective in generating increased
demand, marketing will be larger, but at the same time a smaller share of
marketing will be undertaken abroad. If marketing has little impact on
demand, the model approaches standard international trade model with
“home market effects”: Large countries will have an advantage due to
their larger home market. If marketing is effective, however, it will
reduce international trade and thereby also dampen the “home market
effect”.
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We deliberately present the model as partial equilibrium for one
sector, hence implicitly assuming that there are no resource constraints
or factor price effects in the model. When firms invest in marketing
abroad, they may use domestic or foreign resources, but we do not
specify this since it is not crucial for showing the basic mechanism. The
purpose of the paper is to demonstrate a general microeconomic
mechanism, and this may in later work be embedded in models with
more sectors or a richer supply-side structure. While the results are
derived in the context of international trade, the microeconomic effects
are of a general nature and could apply to regions or cities as well.
In Section 2, we set out the model and derive the main implications
of marketing. Section 3 shows that that in the presence of marketing, the
measurement of elasticities is fundamentally changed. Section 4
examines the gravity relationship in international trade, extending the
model to more countries. Section 5 concludes.
2. A model of international trade with marketing
There are two countries i and j (i,j=1,2). We consider the production and
consumption of different varieties indexed k of goods in sector X. The
representative consumer in country j has the CES utility function

(1)

X j =  ∑ a kj



1

ε

k

x kj

ε −1
ε




ε
ε −1

where ε is the elasticity of substitution between varieties, xkj is
consumption of variety k in market j, and akj is a parameter allowing
consumers to have special preferences for individual varieties.3 With
prices pkj for individual varieties, we obtain the demand functions for
variety k in market j
(2)

−ε

ε −1

x kj = a kj p kj P j M

j

where Mj is the size of the market for X goods in j, and Pj is the price
index for X goods in market j, dual to Xj (we have XjPj=Mj). Pj has the
form

(3)
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 ∑a
k
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Now we assume that firms in country i may invest an amount Fij in
market j (i,j=1,2) in order to increase the consumers’ willingness to pay
for their products. Moreover, we assume that the taste parameters aij
depend on these investments as follows:
3
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(4)

γ

Fij > 0, 0 < γ < 1

a ij = F ij

Hence we assume that there is a positive minimum investment in order
to sell in each market, but firms are free to scale up their investments in
order to increase the demand for their products. The parameter γ, the
“marketing elasticity”, is a measure of the efficiency of these
investments; a large γ implies that a given investment has a large impact
on demand. aij increases with Fij, but the second-order derivative is
negative so that the impact of increased investments is reduced as Fij
grows. For the model to be well behaved, we need γ<1.
With γ=0 we would have aij=1 in all cases, and the model would
collapse to a standard “home market model” along the lines of Krugman
(1980). In this case, if there is a positive minimum market investment, it
will have no impact on demand, but enter the cost function as a standard
exogenous fixed cost, together with fixed production costs. This will
matter for the size of firms, but it will have no impact on market shares
or the trade pattern. We shall therefore assume that γ>0.4 When γ
approaches zero, the model will approach the standard home market
model, which may be thought of as a base case to which our results may
be compared.
To what extent is the range assumed for γ empirically plausible or
realistic? According to Shy (1995, 282), the advertising-to-sales ratio
ranges empirically from close to zero up to 0.6. According to business
sources, such ratios are below 0.1 for the majority of industries, and
rarely above 0.2.5 Since our marketing concept is wider than advertising,
other sunk costs should be added, but data for these are limited.
Nevertheless, our theoretical assumption seems reasonable in the light of
evidence.
All firms in country i (or j) face exactly the same market conditions
so that we can be sure that in the equilibrium situation, they all invest the
same amounts in each market and hence face the same demand, and they
will also charge the same prices. Using (2) and (4), we may therefore
express demand for a variety from country i in market j as
(5)

γ

−ε

ε −1

x ij = F ij p ij P j M j

In addition to their marketing investments, firms face a fixed production
cost f, and constant marginal costs c. They also have to spend resources
on real ad valorem trade costs when selling in foreign markets; we
express this as a mark-up on marginal costs tij, tij>1 for i≠j. In the home
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market there are no such costs, tii=tjj=1. For sales from market i to
market j, the marginal costs are then equal to ctij.6
With these costs, profits of a firm in country i are
(6)

π i = − f − ∑ j F ij − ∑ j x ij c t ij + ∑ j x ij p ij

The market structure is Chamberlinian monopolistic competition; firms
choose Fij as well as xij while neglecting the impact of their actions on
the industry average. Technically, this amounts to treating the price
index Pj as a constant when maximising profits.
Maximising profits with respect to xij (also treating Fij as given)
gives the first-order conditions
(7)

ε

p ij = ε −1 c t ij

or equivalently

(7a)

p ij −c t ij 1
=
ε
p ij

i.e. the standard pricing condition in trade models with monopolistic
competition.
Maximising profits with respect to Fij gives the first-order condition
(8)

∂x
∂F

ij
ij

=

1
−
p ij c t ij

From (5) we also obtain:
(9)

−ε
γ −1
ε −1
∂ x ij =
γ F ij p ij P j M
∂ F ij

j

Now observe from (5) that a firm’s total sales in market j (using the
notation vij=xijpij) is equal to
(10)

γ

1− ε

ε −1

v ij = x ij p ij = F ij p ij P j M j

Multiplying (8) as well as (9) by pij, and then using (7a) and (10), we
obtain:
(11)

F ij = γ
v ij ε
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which is the Dorfman-Steiner (1954) condition:

Result 1: The Dorfman-Steiner condtion applies in each market, and
therefore also on aggregate: The marketing-to-sales ratio equals the
ratio between the marketing elasticity and the demand elasticity
perceived by firms.
As we would expect, marketing is higher if the marketing elasticity is
high. Observe also that the proportion of marketing is lower for more
homogeneous goods. The intuition is that for such goods, the price
mark-up is lower, so the profit increase for an additional unit sold is
smaller.
With monopolistic competition, total profits (6) must be zero. Also
using (7a) and (11), we obtain (also using the notation Fi=∑j Fij):
(12)

F =∑ F
i

j

ij

=

γ f
1− γ

The function γ/(1-γ) is a non-linear increasing function of the marketing
elasticity, with a positive second-order derivative. Hence the more
marketing affects demand, the larger are the investments in marketing
relative to the fixed production cost. Observe that the expression applies
to firms in either country, so the total level of marketing is the same for
firms in small and large countries. Furthermore, aggregate marketing is
independent of the level of ad valorem trade costs.
Using (11) and (12), total sales of an individual firm in country i will
be:
(13)

∑v
j

ij

=

ε f
1− γ

The function 1/(1-γ) is also a strictly increasing function of the
marketing elasticity. Hence we may conclude:

Result 2: Total investments in marketing and total sales are convex
strictly increasing functions of the marketing elasticity, and independent
of the level of ad valorem trade costs.
When γ→0 (investments in marketing have no effect), firm size
approaches εf, as in a standard model with monopolistic competition. If
investments in marketing are effective, however, firms will be larger and
the market will be more concentrated.
Firms invest in marketing in their home market as well as in the
foreign country. In order to derive their investments in the respective
markets, we simplify by assuming that variable trade costs are the same
in both directions; i.e. t12=t21=t. Using (10) and substituting for vij from
(11) (vij=εFij/γ) we obtain
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(14)

γ

1− ε

1− γ
ε −1
F ij = ε p ij P j M

j

Using this to compare Fij and the corresponding expression for Fjj, also
substituting from (7) for prices, we obtain
(15)

1− ε

F ij = F jj t 1− γ

In a standard model without marketing, the ratio between sales abroad
and sales at home will be t1-ε, so 1-ε is a core “trade elasticity” in that
model. With marketing, the corresponding elasticity is (1-ε)/(1-γ). Since
this shows up frequently in the following analysis, we use the notation

θ=

1− ε
1− γ

for this composite “trade elasticity”. This is negative since ε >1, 0<γ<1,
and the absolute value increases with γ as well as ε. Observe also that
tθ<1, so (15) implies that firms undertake more marketing at home than
abroad.
With equal trade barriers t12=t21=t, the result (15) applies to either
country. Using (12) and (15), we solve for marketing in the home
market:
(16)

F ii =

γ f
1
θ
1− γ 1+ t

and Fij then follows from (15), given that Fii=Fjj. Sales in each market
then follow from the Dorfman-Steiner condition (11).
From these results it is evident that firms invest more in marketing in
their home market than abroad, and sell more at home. Since Fii/Fij=tθ,
it follows that firms will be more export oriented if variable trade costs t
are low, or if products are not too close substitutes (ε is low). These are
standard features in international trade models. The derivative of Fij/Fjj
with respect to γ is more interesting: The first-order derivative is
negative, and the second-order derivative is ambiguous (it is normally
negative, but can become positive if t and/or ε are large). Hence the
larger is the marketing elasticity γ, the lower is the share of marketing
abroad, and the lower is the export share of total sales (given Result 1,
marketing and sales in each market are proportional). We may therefore
conclude:

Result 3: Firms undertake more marketing at home than abroad. The
share of marketing abroad in total marketing, equal to the share of
exports in total sales, is a strictly decreasing function of the marketing
elasticity.
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Recalling Result 2, a higher marketing elasticity raises total marketing
expenditure but at the same time, the share of marketing abroad declines.
Diagram 1 illustrates this, for given ad valorem trade costs and
substitution elasticity.7
Diagram 1: How total marketing and the export share of firms
depend on the marketing elasticity
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Hence the more firms spend on marketing, the more they will focus on
the home market. The more important is marketing, the more closed will
the economy be. The intuition is that in the presence of ad valorem trade
costs, the returns to investments in marketing will – other things equal –
be larger in the home market, and the more so if marketing is effective.
Hence the more receptive buyers or consumers are to marketing, the
smaller will international trade be. Marketing will thereby amplify the
impact of ad valorem trade costs. If ad valorem trade costs approach
zero (t→1), the impact of marketing on international trade will vanish.
We turn next to industrial location. As noted in the introduction,
standard international trade models with monopolistic competition imply
that large countries have a “home market advantage” for differentiated
goods. In order to examine whether the “home market effect” also
applies here, we solve for the number of firms ni and nj in each country.
Total sales must add up to total market size in each market:
(17a)

n1 v11 + n2 v21 = M1

(17b) n1 v12 + n2 v22 = M2

Using the former solutions for vii=v11=v22 and vij=v12=v21, we obtain:
(18)

7

1− γ M i − M j t
ni = ε f
θ
1 −t

θ

Parameter values: t=1.25, ε=5, f=1.
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For country j, the subscripts i and j are interchanged. When γ→0, the
solution for ni approaches the outcome in standard home market model.
The number of firms can become zero; this occurs if Mi/Mj≤tθ. The
following results are only valid if there are a positive number of firms in
both countries.
Writing M=Mi/Mj for the market size ratio, we obtain (also using the
notation H=ni/nj for the ratio of firms)
θ

(19)

− t
H = ni = M
θ
nj 1 −M t

The first as well as the second order derivative of H with respect to M
are positive, which shows that we have a “home market effect”: Large
countries have a disproportionately high share of world production of
differentiated goods. The higher is the marketing elasticity, however, the
less international trade there is, and this reduces the large-country
advantage. When γ approaches 1, the first-order derivative of H with
respect to M approaches one and the second-order derivative approaches
zero. Hence the home market effect gradually vanishes as marketing
becomes more effective. The sign of the relevant derivatives depend on
whether M is smaller or larger than 1. In the case when M>1, we have
(20)
8

∂H
∂γ

<0

if M>1

With M<1, the sign is reversed. We can therefore conclude:

Result 4: By reducing international trade, marketing dampens the home
market advantage for large countries in the production of differentiated
goods.
3. Redefining elasticities
As noted in the introduction, “border effects” in international trade may
either be explained by hidden trade barriers, or by known trade barriers
having a stronger impact. The latter is precisely what follows from our
analysis: The elasticity of trade with respect to changes in ad valorem is
larger than standard models predict. In the standard model, the ratio
between exports and home market sales value is t1-ε; in the marketing
model it is equal to tθ (equation (15)). Since θ<(1-ε)<0, the absolute
value of the elasticity is larger.
For the individual firm, the perceived elasticity of demand is equal to
the elasticity of substitution ε. In the market equilibrium, however, the
true elasticity is different due to changes in the price indexes Pi and Pj.
Substituting our solutions into the demand equation (2), exports from a
firm (equal for firms in both countries) will be
8

If M>1, the derivatives of H with respect to t and ε are also negative.
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θ −1

θ

(ε − 1) f t
or in value
(21) x ij =
(1 − γ )c (1 + t θ )

εf
t
(21a) v ij =
(1 − γ ) (1 + t θ )

The elasticity of firm-level exports with respect to ad valorem trade
costs is then equal to
(22)

El t x ij =

θ
1+ t

θ

−1

or

El t v ij =

(22a)

θ
1+ t

θ

(22a) is also the elasticity of total world trade value with respect to
ad valorem trade costs. Note that since the export shares of firms in both
countries are the same, the production shares of the two countries do not
as such affect total world trade.
The absolute values of these trade elasticities are increasing with the
marketing elasticity. Using (22a), we obtain:

(23)

∂ El t v ij
∂γ

=

1− ε

(1 − t )(1−γ )
θ

θ

ln t (ε −1)

t
1
+
2 
θ
 (1 − γ ) 1 − t

(

)



<0


Given that the elasticity is normally negative, the absolute value of the
trade elasticity will be larger if the marketing elasticity is high.
Result 5: The higher is the marketing elasticity, the more elastic is trade
with respect to changes in ad valorem trade costs.
Changes in trade costs affect world trade via the export shares of
firms. In addition, such changes will relocate firms between countries;
trade liberalisation will amplify the home market effect and relocate
firms from the small to the large country. For this reason, the elasticity
of total exports (i.e. nivij) will differ between the two countries (see also
Feenstra et al. 2001). For the large country, trade liberalization will
increase the number of firms as well as their export shares, but for the
small country, firm exit will limit export growth. The elasticity of total
exports for country i with respect to ad valorem trade costs is

(24)

El t (n iv ij ) =

(
(M

2θ

θ

θ

)(1 − t )

θ M i + M it − 2 M j t
i

− M jt

)

2θ

If countries are of equal size, this collapses to (22a), but if country size
differs, the elasticities also differ. The derivative of the elasticity (24)
with respect to country size Mi is negative. Hence the total exports of
large countries, or equivalently the imports of small countries, will be
more elastic. We state our result as:
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Result 5: The exports of large countries are more elastic with respect to
ad valorem trade costs than the exports of small countries.
In Diagram 2, we illustrate these results:
Diagram 2: How the elasticity of exports with respect to trade
costs depends on the marketing elasticity
(t=1.25, epsilon=5, M=0.5)
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All the three curves are falling, so the sensitivity of trade with respect to
trade costs is larger, the higher is the marketing elasticity γ. The curves
continue outside the range shown in the Diagram, with extremely high
absolute values when γ approaches one. The Diagram also shows the
difference between small and large countries: For the small country, the
elasticity can even become positive! The divergence between large and
small countries is greatest when the marketing elasticity is low, and we
approach the standard home market effect model. When the marketing
elasticity increases, trade is reduced, the home market effect is
dampened, and the elasticities in small and large countries converge.
Hence the impact of country size on trade elasticities should be lower for
marketing-intensive industries.
These results have important implications for empirical work. In
recent years, e.g. tariff data have become more easily available, and
these may be used in order to estimate demand elasticities. What the
analysis here shows, is that empirically measured elasticities using such
data are composite functions where the demand elasticity is only one of
the arguments. If marketing or country size differences are not taken into
account, empirical estimates could become biased.9
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It can also be shown that the trade elasticity (22) is a decreasing function of the level
of ad valorem trade costs t; hence trade is more elastic at high levels of trade costs. The
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cross-product substitution effects are then stronger.
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In the model presented here, the elasticity of substitution is
exogenous and not related to marketing. If differentiated goods (with a
low substitution elasticity) are more marketing-intensive (higher γ), the
marketing and substitution elasticities affect the trade elasticity in
opposite directions. In that case, empirical estimates for different sectors
could be similar, even if the underlying parameters are quite different. In
empirical research, it is confirmed that differentiated goods have lower
trade elasticities, but the difference is sometimes modest (see e.g. Kee et
al. 2004, Table 2).

4. A simple gravity model
If firms can sell to many foreign markets, the former results suggest that
they would undertake less marketing and sell less in markets with high
ad valorem trade costs. If trade costs increase with geographical
distance, marketing could amplify the impact of distance and strengthen
the “gravity effect”. In the following, we show this, by extending the
model to many countries.
The earlier equations (1)-(14) also apply to the general case with n
countries. The following analysis thus departs from equation (14). With
differing trade costs, equation (15) becomes
(25)

F ij = F jj t ij

θ

where the subscript on t is the only difference from (15).
As the simplest possible “gravity” model, consider 4 countries that
are evenly spaced around the circumference of a circle, with distance
equal to one unit between adjacent countries, and two units between
“remote” countries. Each country therefore has two neighbours and one
“remote” trade partner. For analytical simplicity, we assume that trade
costs increase exponentially with distance; these are equal to t between
adjacent countries (still assuming t>1), and t2 between “remote”
countries. From (12) and (25), investments in marketing are independent
of market size. Since all countries face similar trade barriers, the firms’
investments in marketing in their home markets must be identical in all
countries. Using this, together with (11) and (25), equation (13) may be
expressed as:
(26)

Fii (1 + tθ + t2θ + tθ) = γ f /(1-γ)

The bracketed sum on the left hand side is equal to (1 + tθ)2, so we have
(27)

F ii =

(

1− γ

γ f

)(

1+ t

θ

)

2

This defines home investments in marketing, which is equal in all the
four countries. Compared to the solution in the two-country case, the
only difference is the power 2 in the denominator. Home investments in
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marketing are therefore lower than in the two-country case, since firms
now spread their investments across more markets. But still, firms
undertake more marketing at home than in any individual foreign
market.
Investments in the foreign markets then follow from (25), and it is
evident that firms will invest most in their home market, but less in the
remote country than in the neighbour countries (since t>1, θ<0). From
(11) it follows that firms will sell more to the neighbours than to the
remote country. Hence the impact of distance is amplified by marketing.
As in the two-country case, marketing magnifies the elasticity of trade
with respect to trade costs. The elasticity of trade with respect to
distance will therefore be larger, the more homogenous are the goods,
and the more effective is marketing. We may conclude:

Result 6: Marketing increases the sensitivity of trade with respect to
trade costs that are correlated with geographical distance, and thereby
strengthens the gravity relationship in international trade flows.
If all the four countries are of equal size, they will have an equal
number of firms (equal to Mi (1-γ)/εf), and trade will be balanced in each
bilateral trade flow and all trade will be intra-industry trade. As shown
above, international trade will be smaller and more focused on
neighbour countries if γ is large. If size differences are introduced, the
impact on trade and the distribution of industry depends on the location
of large countries in space. If one country grows in size, the impact will
be different in its neighbour countries and the remote country. In order
to show this, we write the market clearing equations for each market,
which for country 1 will be
(28)

n1 v11 + n2 v21 + n3 v31 + n4 v41 = M1

Similar equations apply to countries 2-4. Now using (11) and (25), we
may express this equation system in matrix form as

(29)


 1θ
t
ε
F
ii  2θ
γ
t
 θ
 t

t

θ

1
θ
t
t

2θ

t
t

2θ

θ

1
θ
t

θ
t   n 1   M 1 
2θ
  

t  × n 2 =  M 2
θ 
  

t  n 3  M 3
   

1   n 4   M 4 

Denoting the three matrixes and vectors as T, N and M, respectively, we
have
(29a)

(ε/γ) Fii TN = M

and the solution for the number of firms then follows:
(30)

N = γ/ (ε Fii) T-1 M
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The inverse T-1 is equal to

(31)

T

-1

=

(t

1
−θ

−t

θ

)

2

 −2θ
 t −θ
 −t

 1
 −θ
 −t

−t

t

−θ

−2θ

−t

−θ

1

1
−t

t

−θ

−2θ

−t

−θ

−θ
−t 

1 
−θ 
−t 
−2θ 
t 

Using (30-31), and substituting for Fii from (27), the number of firms in
each country follows. Further analytical results may then also be
derived, but we drop this in order to avoid excessive detail, and use
numerical simulations to show some properties of the model.
As an example, consider that the four countries are originally of
equal size M0, and that country 1 grows in size to M0+z, where z is a
positive amount. It is then easily shown that the number of firms in
country 1 increases, and the number of firms in the neighbour countries
2 and 4 is reduced, and there is a “home market effect” so that country 1
gets a disproportionately large share of production, while countries 2 and
4 obtain a disproportionately low share.
This is what we should expect, given the results from the twocountry model. The qualitative difference between the spatial model and
the two-country model shows up when we consider the remote country
3: In fact, the number of firms in country 3 increases because country 1
grows in size. Diagram 3 simulates this outcome:10

Number of firms compared to situation
with z =0

Diagram 3: Gravity: The impact on production when one
country grows in size

5
Large country

4

Remote country
Neighbours

3
2
1
0
1

1.5

2

Relative size of country 1

The horizontal axis measures the relative size of country 1, starting from
1 where all the four countries are of equal size. The vertical axis
10

Other parameter values: t=1.3, ε=3, γ=0.5, f=1.
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measures the relative number of firms in a country, compared to the
situation with z=0 (all countries of equal size M0). As country 1 grows in
size, there is a “home market effect”, but this only hurts the neighbour
countries, and the remote country gains. Due to geographical distance,
the countries in-between act as “buffers” and their industrial decline
benefits the remote country. 11
Hence in spatial models, transport costs may create wave-like
repercussions on the industrial location pattern, as also shown by Fujita
et al. (1999, Chapter 17).12 In the model used here, there are no true
cross-border externalities (such as knowledge spillovers, economies of
scope for differentiated inputs, etc.). This is the reason why the
neighbours of the large country are subject to industrial decline. In the
presence of cross-border positive externalities, neighbours to large
manufacturing producers benefit from these externalities and this
modifies the outcome. In models with such externalities, it may not be
the neighbour countries that are worse off, but countries further away.
Hence the spatial impact depends on the exact model assumptions, but
with agglomeration, it will generally be the case that growth in some
areas has its counterpart in industrial decline elsewhere.
Due to this complex relationship between country size and industrial
location in spatial models, the relationship between country size,
distance and the trade pattern is also more complex. As an illustration,
suppose that we generate trade data from the model, and estimate by
ordinary least squares a standard gravity equation of the form

ln(nivij+njvji) = ln(α0) + α1 ln(Mi) + α2 ln(Mj) + α3 ln(Distanceij) + eij
This gravity model is clearly mis-specified; there is an omitted-variable
bias because the number of firms is affected by country size as well as
distance, and this affects trade flows. If we generate trade data from the
model with different country size patterns, and run gravity regressions,
we will observe that all the parameters, including the estimate α3 on
distance, change. In the model, there is a perfect gravity relationship
since trade costs increase exponentially with distance, but this is only
captured if all countries are of equal size: then the gravity regression fits
100%. If country size varies, R2 falls and the parameter estimates vary.
A better fit is obtained if we run regressions for exports and imports
separately, since the home market effects will then be reflected in the
parameters α1 and α2: large countries export more, and small countries
11

If the number of countries is increased in the model used here, it can be shown that a
size increase for an individual country only affects its two neighbours, and the three
countries diametrically opposed to it on the circle.
12
Also in this case, we find that with large ε or γ or t, the home market effect is
dampened and the number of firms in each country eventually approaches
proportionality with respect to country size. For small values of ε or γ or t, the impact
of country size differences will be larger, but with an important distinction with respect
to the number of firms in the “remote” country 3: Small t or ε tends to amplify the
positive effect for country 3 – at the limit the number of firms in country 3 grows as
strongly as in country 1. For small γ, on the other hand, this is not the case – then
country 3 remains in the intermediate range, as in Diagram 3.
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import more (α1>α2, see also Feenstra et al. 2001). But also in that case,
the model does not fit perfectly.

Result 7: The distance coefficient in gravity equations is affected by
changes in industrial location that are caused by geography and country
size differences, even if the impact of geographical distance on trade is
unchanged.
The implication is that growth differences, with corresponding changes
in industrial location, may affect the distance parameter in gravity
equations even if the underlying relationship between trade and distance
remains the same. If distance parameter estimates have increased over
time (see references in the introduction), we cannot conclude from this
that distance-related trade costs have become higher.13
In spite of this ambiguity concerning the impact of country size in
gravity models, we still have a “clean” inverse relationship between
trade flows and distance in the model if we consider the shares of
exports from a country to different destinations. Hence in empirical
work on gravity, an idea is to use export shares rather than gross
bilateral trade flows in order to trace the impact of distance on trade
flows. Our analysis also suggests that empirical work should be
undertaken at a disaggregated level, since the strength of the gravity
relationship should vary across sectors, due to different ad valorem trade
costs as well as different marketing intensities. For sectors in which
marketing is important, we expect that the inverse relationship between
trade and distance will be stronger. In our model, there is only one
sector, but if trade has to be balanced, trade surpluses in one sector must
be matched by deficits in others. An extended model is necessary to shed
light on this.

4. Concluding comments
In recent research on sunk costs in international trade, the “hysteresis
model” with firm heterogeneity and exogenous sunk export costs has
been frequently used as a theoretical framework. In such models, sunk
trade cost only exist in export markets, and represent a threshold that
only the most efficient firms can surpass. In this paper, we have shown
that sunk export costs may affect trade in a very different way if they are
endogenous, with a magnitude that depends on the firms’ investment
decisions. In the case of marketing, sales in each market are proportional
to the sunk costs (following the Dorfman-Steiner condition), firms also
undertake marketing at home, and the larger are total investments in
marketing, the larger share of these investments will be in the home
market.
For empirical research, the analysis has several implications, e.g.:
- The economic implications differ sharply with endogenous instead
of exogenous sunk costs.
13

Buch et al. (2004) have a similar point when they show that if trade costs increase
linearly with distance, proportional changes in all trade costs will show up in the
constant term in gravity equations, and not in the parameter estimate on distance.

17

-

We should not only be looking for sunk trade costs abroad, but also
in the home market.
- Marketing amplifies the trade impact of ad valorem trade costs, and
this effect depends on the marketing-to-sales ratio in each sector.
- Marketing reinforces the inverse relationship between trade and
geographical distance, if trade costs depend on distance.
- Empirical estimation of demand elasticities can be biased unless
marketing is taken into account.
- Marketing dampens the “home market effect”.
- The elasticity of exports with respect to trade costs differs between
large and small countries.
- Empirical estimates on the impact of distance in gravity equations
are affected by changes in industrial location due to agglomeration.
The last two implications also apply in similar models with imperfect
competition, but the other ones are due to the presence of marketing. In
future work, these hypotheses should be tested empirically. The mere
size of distribution costs warrants further work in this area. The analysis
shows that large “border effects” or “distance effects” in gravity models
do not necessarily imply that trade costs are very large, but they can be
due to the interaction between trade costs and microeconomic
mechanisms such as the one demonstrated here.
On the other hand, it should be recalled that the mechanism
presented here is but one of several possibilities. For example, firms
could invest in sales offices in order to reduce ad valorem trade costs,
rather than to influence demand. In that case, it is likely that conclusions
could be different, and we might have a “tariff-jumping” motive for
investments in sales organization, as shown in the FDI literature. There
may also be economies of scale in the exporting activity for other
reasons; e.g. learning-by-doing by exporters (or even customers)14;
externalities between exporters (e.g. knowledge spillovers); externalities
related to export infrastructure (e.g. transport supply); or related to risk
(e.g. when larger trade creates trust, as shown by Dixit (2003)).
Firms frequently do not sell directly to final customers, and an issue
is whether the analysis also applies if this is not the case. As defined
here, however, marketing could also be related to sales to wholesalers or
producers, so it is an empirical issue whether the analysis is relevant.
We have focused on the empirical implications for trade and
industrial location, but it should be recalled that by affecting price
determination, sunk export costs could have important macroeconomic
implications. Bergin et al. (2004) and Ghironi and Melitz (2004) have
recently demonstrated such implications. Market entry barriers could
therefore play an important role in the explanation of price differences
14
On learning-by-doing, empirical work shows that causality mainly runs from
productivity to exporting (i.e. productive firms self-select as exporters) and not the
other way round. This evidence has been interpreted to say that learning-by-doing is
not so important (see e.g. Bernard and Wagner 2001, Clerides et al. 1998, Bernard and
Jensen 1999). While this conclusion is plausible, there is also the possibility that firms
learn to become better exporters rather than better producers. In order to test this, one
should not only check whether firms export or not, but how they perform in selling to
different markets.
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across markets, and marketing is an obvious form of such barriers that
should be explored. In their analysis of price convergence in the
European internal market, DRI (1997) concluded that price convergence
was more limited in sectors with high advertising intensity combined
with a high level of R&D. A possible extension of the analysis here is to
check how marketing interacts with R&D or supply-side differences in
general. For this purpose, the mechanism could also be examined in a
general equilibrium framework with more sectors and a more realistic
supply side.
Firm heterogeneity is a stylized fact empirically, but we have
sacrificed this here in order to make the model as simple as possible. An
interesting extension is to extend the model by adding firm
heterogeneity, either in the form of production cost differences, or by
making the impact of marketing stochastic rather than deterministic.
The analysis has been based on a very stylised model, and an issue is
to what extent our general results depend on these stylised assumptions.
Sutton (1991) e.g. showed that with oligopoly, endogenous sunk costs in
advertising could lead to an escalating “marketing race”. As a result,
industrial concentration could increase with market size. In our model,
this is not the case: The total number of firms increase with world
market size. This indicates that the form of competition also matters, and
endogenous sunk costs per se do not define the outcome.
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