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Abstract

This paper presents a solution to the empirical puzzle of the persistent effect of distance
on international trade. The main contribution of the paper is to show that globalization
has an undetermined impact on the elasticity of distance. I argue that the process of glob-
alization corresponds to a simultaneous reduction of trade costs (distance and non-distance
related) and barriers to production decentralization. I show that a reduction in trade costs
due to a reduction in transport costs unequivocally reduces the magnitude of the distance
elasticity. In contrast, a reduction in the portion of trade costs unrelated to distance (e.g.
tariffs or communication costs), can either increase or decrease the magnitude of the dis-
tance elasticity. I also show that a reduction of the barriers pertaining to decentralizing
production increases the magnitude of the distance elasticity in countries that are techno-
logically more developed, while the opposite effect occurs for less technologically developed
countries. Finally, I provide empirical evidence in favor of these results and show that the
changes in the composition of trade costs are the main explanation for the evolution of the

distance elasticity over time.
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1. INTRODUCTION

A well-established empirical result in the trade literature is that, over time, the coefficient
of distance in the context of a gravity model has remained persistently high. This result is
puzzling because, intuitively, people expect that as the world becomes more globalized the
effect of distance on international trade should decrease. Empirically, this is not verified. Not
only does the magnitude of the distance elasticity not decrease, in some cases the opposite
occurs. That is, the magnitude of the distance elasticity increases. This result of persistently

high distance elasticity is illustrated in Figure 1.
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F1G.1 - Distance elasticity estimates over time, author’s estimation.

One possible justification for the time evolution of the distance elasticity is that the assumption
that the world has become more globalized is incorrect. Therefore, Figure 1 just reflects this
fact. To contradict this idea, I show in Figure 2 the evolution of ad valorem air freight costs
between 1974 and 2004. During this period, the average ad valorem transportation costs
decreased roughly 4 percentage points (or around 25%) from 13% to 9%. If the distance
elasticity is only capturing the effect of transportation costs on trade, then it is curious that

while transportation costs decline, the distance elasticity does not.



Figure 5
Ad Valorem Air Freight
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Source: Author’s calculation based on U.S. Census Bureau U.S. Imporis of Merchandise.

Note: The unadjusted ad valorem rate is simply expenditure /import value. The fitted ad valorem rate
is derived from a regression and controls for changes in the mix of trade partners and products
tracled.

F1G.2 - Ad valorem air freight over time, source Hummels (2007)

What can explain the apparent inconsistency of Figures 1 and 27 I claim that two factors
need to be considered. First, although the component of trade costs that is related to distance
has decreased, consideration must be given to the components of trade costs that do not depend
on distance. Second, despite the fact that the gravity model is a model used to understand the
geography of trade, there is nothing in the model that controls for changes in the geography
of production. Related to these two points, Figure 3 shows that tariffs, a component of trade
costs that is less related to distance, have decreased significantly during the last two decades,
and Figure 4 shows that at the same time there has been a dramatic change in the geography

of production caused by a generalized increase of FDI stocks.

Average ad valorem tariffs over time
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F1G.3 - Average ad valorem tariffs over time - source World Bank.
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F1G.4 - Inward and outward FDI stock as % of GDP - source UNCTAD.

An obvious question is how do Figures 3 and 4 help explaining the apparent inconsistency
between Figures 1 and 27 First, as tariff rates fall, the relative composition of trade costs
changes. This is because tariffs are less related to distance than transportation costs and
therefore the relative importance of distance for international trade increases. Second, when
the barriers to FDI decrease there is an increase in the stocks of FDI in the global economy.
The implication is that the distribution of production capacity also changes. Some countries
substitute exports for FDI, and consequently they export to shorter distances. Other countries
become more competitive due to FDI inflows, and therefore will have their exports less affected
by distance. If we accept that Figures 2, 3 and 4 summarize economic globalization, then Figure
1 could exhibit any shape (flat, increasing, decreasing, U-shaped, hump-shaped, etc.) and still
be consistent with a more globalized economy. The shape of Figure 1 only reflects the relative
strength of the factors illustrated by Figures 2, 3 and 4.

The main contribution of this paper is to show that the distance elasticity, in the context of
a gravity model of international trade, does not only reflect the direct importance of (physical)
distance, but also reflects the relative importance of transportation costs in trade costs and
the existence of alternatives to exporting products. I first show how these mechanisms work
using a well-known model of trade and then provide empirical evidence.

The remainder of the paper is organized as follows: in section 2 I review the relevant lit-
erature; in section 3 I adapt the Eaton and Kortum (2002) model of trade to show how

transportation costs, tariffs and barriers to FDI affect the distance elasticity; in section 4 I



estimate a gravity model that controls for the average tariff rate facing exporters and inward

and outward FDI stocks of exporting countries; finally, section 5 presents concluding remarks.
2. LITERATURE REVIEW

In this section I review the most relevant literature regarding the topic of the paper. The
section is split into three parts, covering the history of the gravity equation, the persistent
effect of distance on trade, and globalization.

The gravity model*

The origins of the gravity model applied to international trade go back to 1962, when for
the first time Tinbergen (1962) suggested its utilization. The idea of the gravity model applied
to international trade is very simple and very similar to Newton’s law of universal gravitation.
According to Newton’s law of universal gravitation, the gravitational force between two point
masses is given by the equation:

mimsa

F=Gm, (1)

where F' represents the gravitational force between point mass 1 and 2, m; and my are the
mass of point mass 1 and 2, respectively, GG is the gravitational constant and d is the distance
between the two point mass. Tinbergen’s formulation of the gravity model of trade is highly

inspired by equation (1) and it is equal to the following equation:

GDP,GDP;,

Xip=A4 7

(2)
where X2 are the exports from country 1 to country 2, GDPF; is the GDP of country i =
1,2, A is some constant and d is the distance between the two countries. The similarities
between the two equations are obvious, with the most significant difference coming from the
impact of distance. While in Newton’s formulation, the term of distance has an exponent
of 2, Tinbergen did not impose any value and allowed the data to speak for itself. Due to
its outstanding empirical properties, equation (2) became very popular in the international
trade literature. Nevertheless, this model was criticized for its lack of a theoretical foundation.
The first author to successfully propose a theoretical structure that is compatible with (2)

was Anderson (1979). He proposed a model in which it was assumed that countries produced

'This part of the text is mostly based on Feenstra (2008).



different goods, and from there he derived a trade equation that was similar to equation (2).
The central assumption of Anderson’s (1979) model was that countries produced different
goods, and from there he derived an equation for trade flows that depended on transportation
costs and on the size of the countries. Besides Anderson (1979), there are other authors who
used the same assumption of country-specific goods to derive, and in some cases estimate, a
gravity model that is micro-founded; examples are Bergstrand (1985; 1989), Helpman (1987)
and Anderson and van Wincoop (2003). An alternative to assuming country-specific goods is
to assume homogenous goods, that is, every good can be produced in any country, and this
was the assumption made by Eaton and Kortum (2002) to show an alternative theoretical
foundation for the gravity equation.

Even though the gravity equation in economics has been used primarily in the context of
international trade, there are examples of applications where the dependent variable is not
exports. For instance, Eaton and Tamura (1994) and Head and Ries (2005) use a gravity
equation to model FDI, while Engel and Rogers (1996) study the variance in prices across
cities by means of a gravity equation.

The persistent effect of distance on trade

Frances Cairncross, in her 1997 book, "The Death of Distance", suggested that changes in
telecommunications would make distance obsolete in the sense that economic activities would
be equally distant from each other. Despite being a reasonable idea, the truth is that such a
result is not visible in trade data. Ome of the first papers to mention this fact was Leamer
and Levinsohn (1995) - "... Leamer’s (1993) estimated elasticities in 1985 are not dramatically
smaller than the 1970 elasticity." Several more recent papers have shown exactly the same:
Brun et al. (2005), Carrere and Schiff (2005), Disdier and Head (2008), and Berthelon and
Freund (2008) are some examples. Brun et al. (2005) estimate a panel gravity model and
conclude that the magnitude of the coefficient of distance decreases over time. Carrere and
Schiff (2005) approach the problem differently and instead of estimating the impact of distance
on trade using a gravity model, they calculate the weighted average distance of trade for various
countries. They show that for the majority of countries this distance has decreased over time
which is akin to an increase in the impact of distance on trade. In both papers, the authors
justify the increase of the impact of distance on trade by changes in the composition of trade
costs, that is, the non-distance related trade costs decreased more than the distance related

trade costs. This explanation is similar to part of my explanation, but there are important



differences. These differences will become clear in sections 3 and 4 of this paper. Disdier and
Head (2008) analyze 103 different papers that have estimated the effect of distance on trade
and show that in the vast majority of these papers the effect of distance did not disappear and
in many cases actually increased over time. Berthelon and Freund (2008) use disaggregated
data to test the idea that changes in the product mix caused the distance elasticity to not
decrease over time. The conclusion of these authors is that there is no evidence of such effect.
What these authors find is that products with higher elasticities of substitution experienced
the highest increase in the effect of distance.

One of the few papers that obtains a decreasing effect of distance is Coe et al. (2007). In this
paper, the authors claim that by using a non-linear estimator to estimate the gravity equation
they obtained an effect of distance that is decreasing over time. In my own estimates I also
use a non-linear estimator, but I am not able to replicate such a finding. A final paper that
is worth mentioning is Buch et al. (2004). The authors of this paper claim that if distance
were reduced for all countries in the same proportion, then, there should not be any change
in the coefficient of distance. Their claim is equivalent to assuming that trade costs are linear
in distance and there are no other trade costs. It is well documented that this hypothesis is
incorrect - see Anderson and van Wincoop (2004) or Hummels (2007).

Globalization

The topic of globalization is broad and rich enough to generate an entire library, and therefore
no literature review on the topic could address all the aspects of globalization (even if only
the economic ones). In that sense I am not even going to attempt to make a broad literature
review regarding this subject, but instead I will focus on three components of globalization
that are particularly important for this paper: transportation costs, tariffs and barriers to
foreign investment.

Since countries, vis-a-vis economic activity, are separated by physical distance, the costs of
transporting goods plays an important role in the process of globalization. That is, it is hard
to think of a globalized economy where the costs of shipping goods from one continent to the
other or simply just within a continent were so high that would be almost impossible to trade.
In that sense, the level and changes in the level of transportation costs are a very important
ingredient for a true economic globalization. Hummels (2007) showed that between 1974 and

2004 ad valorem air and ocean freight decreased substantially. It is important to mention that,



although the ad valorem transportation costs decreased over this period of time, the cost per
unit of weight either increased or remained constant.

Another important barrier to economic globalization is the existence of tariffs, one type
of trade cost not directly related to distance. The imposition of tariffs creates a barrier to
economic globalization as they create an artificial protection of local production at the cost of
foreign production, which in many cases is obtained at higher productivity levels. The increase
in preferential trade agreements and the effects of multilateral trade arrangements have led to
significant reductions in trade tariffs and/or trade quotas. Clemens and Williamson (2004)
estimate that between 1960 and 1995 average import tariffs dropped from 8.6% to 3.2%, while
based on World Bank estimates between 1986 and 2007 average applied tariff rates dropped
from 26.3% to 8.8%. Despite the large difference in the levels, both sources suggest that during
the periods covered tariffs decreased by more than 60%. The reason to mention transportation
costs and tariffs separately is that I am implicitly assuming that the former are directly related
to distance while the latter are not. This is a rather strong assumption, but, as long as over
time there was a force driving tariffs down that was common to all countries, this assumption
is sensible. The driving forces that are common to most countries and have led to an overall
reduction in tariffs are the GATT (General Agreement on Trade and Tariffs) and the WTO
(World Trade Organization). Tomz, Goldstein and Rivers (2007) show that membership in
GATT increases trade, which is due to a reduction in tariffs common to all members.

The last strand of literature that I find relevant for this paper is the literature regarding the
impact that changes in barriers to foreign investment have on multinational firms’ operations.
The first paper that is worth mentioning is Lee and Mansfield (1996). In this paper the
authors show that countries that increase protection of intellectual property are also countries
that have an increase in FDI flows from the US. The idea here is that as firms face fewer threats
to their assets when they expand their operations to other countries, the costs they face from
doing investment abroad are smaller. Another paper along the same lines, but focusing on
changes in capital controls, is Desai, Foley and Hines (2006). The conclusion of these authors
is that capital controls liberalizations are associated with significant increases in multinational
activity. In this case, the main idea is that firms will be more likely to invest in a given country

if they are able to transfer back their profits.



3. THE MODEL

In this section, I present my model and derive various results to be tested in the next section.
The starting point is the Eaton and Kortum (2002) model, which I modify to incorporate FDI,
and some trade costs that vary with distance and others that do not. These modifications
allow me to analyze how the distance elasticity is affected by changes in trade costs (distance
related and unrelated) and by changes in barriers to FDI. The specifics of these modifications
will become clear below when I describe the various components of the model. For simplicity
I focus on the case of two countries - Home (H) and Foreign (F).

Consumers

In both countries, consumers’ preferences over a continuum of goods indexed by j € [0, 1]

are represented by the function

U:[/le(j)”?ldj]ag (3)

Consumers choose their consumption by maximizing (3) subject to the budget constraint

1
[ aptdi<x (1)

where X denotes income, which consumers take as given.

Technology
Firms produce output of the j* good using a linear production function in which labor is

the only input

F(j) =z0)1, (5)

where z (j) denotes the productivity of labor, which is assumed to be random. The distribution

function of z (j) is the Frechet with parameters T" and 6:

G(2(j) =Pr[Z(j) < z(j)] = e 720D, (6)

In this function, the parameter T is a location parameter, which, as emphasized in Eaton
and Kortum (2002), can be seen as an indicator of the level of technological development of a

country. So that, if Tr > Ty, then Foreign is technologically more developed than Home. The



other parameter of (6), 6, is a scale parameter, which, as pointed out by Eaton and Kortum
(2002), controls the gains from trade. In particular, the lower 6 is the higher the variance of
z (j) is, the productivity in producing product j, thus the larger the difference between the
productivity draws can be. As in Eaton and Kortum (2002), I assume that 6 is the same for
both countries, but 7' can vary across countries.

A second element of technology in this model is foreign investment technology. The way
I introduce foreign investment is based on Dias and Richmond (2009). This corresponds to
assuming that each of the countries, when producing the j* good, gets a productivity draw for
producing locally and another productivity draw to produce abroad, where z (j) p,r denotes the
productivity of Foreign in producing product j at home, and z (j) FH denotes the productivity
of Foreign in producing product j abroad (in Home). In the case of two countries, for each
product j there are four different productivity draws, 2 (j) g, 2 (J) pgs 2 (3) gr.p a0d 2 (J) g7
which come from four different distribution functions like (6). I assume that these functions
have the same parameter 6, but 1" varies - Tr p, Tr g, T, r and Ty . For simplicity I assume
that all productivity draws are independent of each other. In order to introduce costs and

benefits of foreign investment I model T g and Ty r as follows:

Tryg = MNuag+1—-XN1TFrF, (7)

TH,F = )\TF,F + (1 — )\) TTH,H.

The idea is that when Foreign decides to produce in Home its productivity level is affected in
two ways: First, I assume that when Foreign produces in Home it needs to use resources from
Home. This assumption corresponds to assuming that the technology used when producing
abroad is a combination of the technology of both countries. The parameter A determines
how large this effect is. Second, I assume that there are barriers to transferring technology.
To capture this effect I assume that the technology of Foreign when producing in Home is a
fraction of what it is in Foreign - the parameter 7 represents this fraction.

Prices

In order to determine prices it is necessary to define the market structure in the economy.
I assume that markets are competitive and therefore the price of good j in country [ is the
minimum price possible among all different possible prices. This means that the price of good

J in country [ is the following:
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p () = min{pm,u (§),pru (3) . pa.F (5) . prF ()} (8)
Here py,, (7) denotes the price of good j if produced in country n using country m’s technology,
m = H,F, n = H,F. Like Eaton and Kortum (2002) I assume that there are iceberg type
transportation costs, which I denote by d. Given my interest in separating the effects on the
distance elasticity of changes in transportation costs from the effects of other trade costs, 1

define d to be as follows:

d=1+a+ 50 (9)

In equation (9) § is the distance between Home and Foreign, 3 is the unit cost of distance, and
a represents all other trade costs that are unrelated to distance.? The distinction between trade
costs that vary with distance and those that do not is fundamental to several results in this
paper, and this assumption is not always explicitly made by other researchers. For instance,
an example of an alternative assumption is Anderson and van Wincoop (2003) who assume
that all transportation costs vary with distance, despite considering tariffs and transportation
costs in their specification. In Appendix A I discuss in detail the importance of (9) for my
results.

If w denotes the wage, for a given level of productivity z, the price of good j if produced
and consumed in the same country is:
w
z

p= (10)

The price of a product produced and consumed in different countries is:
w
=(—)d. 11
- (%) m
By combining results from Eaton and Kortum (2002) and Dias and Richmond (2009), the

resulting price levels in each country are given by the following expression:

PF =7 [fF (wr) ™" + Tu (de)“’} : (12)

S

_1
0

P =1 [:FF (dwp) ™" + Ty (wH)—ﬂ . (13)

?Two examples of trade costs that, in general, are unrelated to distance are tariffs and communication costs.
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where v denotes the FKEuler constant, and Tr and Ty are, respectively,
((1 + /\) TF,F + (1 — )\) TTH7H) and ((1 — )\) TTF7F + (1 + )\) TH,H)-

Trade flows and gravity
By combining all the previous results it is possible to obtain an expression for the fraction

of goods that Foreign buys from Home (or Home exports to Foreign)

Xrn _ Ty (dwy)™*
Xr Tk (U)F)ie + Ty (de)fG

TFH = (14)

Since I assume that the level of expenditure of each country is exogenous, from equation (14)

it is possible to get an expression for the trade flows between the two countries:

T (dwg)~?
Xpg =7p-Xr= | = ’fg( ) — | Xp. (15)
Tr (wF) + Ty (de)

As it is shown in Eaton and Kortum (2002), equation (15) can be manipulated algebraically

to obtain an expression that is very close to the traditional gravity equation:

-0
d
Xrpg = <”F> i 1
FH — . —0 P 0 QH ( 6)
() 2+ () X
~ 0 d)~°x
Where Qp = Ty (wg) {TH(wH)*QﬁHTF(dwp)"’ + TH(de()ngr,fl;(wF),e} represents the total

sales of Home (internal and external). An alternative expression to equation (16), and from

my perspective a preferred one, is the following;:
0
- 1 (i) Xp
TH { + dPy Xy XFXH
2 5 5 (17)
(wn) {(PH) Xig+dX } d
Pr H+ F

Equations (17) and (2) are very similar; the only, and important, difference is the first term.

FH —

While in equation (2) the first term is just a constant common to all countries, in equation

(17) this term is country specific.

The distance elasticity
Like any other elasticity, the elasticity of distance is simply a ratio of relative variations.

In this case, it is the percentage variation on the exports from Home to Foreign if these two

12



countries were 1% farther from each other. By applying this definition to equation (16) (or
equivalently (15)) I get the following expression for the distance elasticity:
X 6 B

R S . 1
X0 T 5 X 1+a+ﬁ5( i) (18)

The impact of globalization on (18) is the net effect of changes in (3, the unit cost of trans-
portation, in «, the component of trade costs that does not vary with distance, and in 7, the
barriers to foreign investment. In what follows I derive the impact that changes in each of

these factors have on the distance elasticity.

Proposition 1: The distance elasticity is inversely related to the unit cost of transportation,

86)(75

that is, 95 < 0.

Proof: Immediately from

85X,6 _ 62 (1 — 7TFH)
908~ (l+atpo)? {(1+a) + Bompm} < 0. (19)

An increase in the marginal cost of transportation decreases the magnitude of the distance elas-

ticity, and vice versa. This result corresponds to what is usually assumed to be the relationship
between transportation costs and distance elasticity. Intuitively, as the unit transportation
cost decreases the relative effect on prices is larger for countries that are farther apart. If two
countries are d; units away from each other and two other countries are ds > d1 units away
from each other, the ratio of trade costs for these two groups of countries is equal to T =
(1+a+Bd2)/ (1 4+ a+ B1). As 8 decreases, this ratio becomes smaller, which means that
the trade costs for the group of countries that is farther apart decreased proportionally more
than for the other group.®> The implication is that after a decrease in the unit transportation

cost, trade increases proportionally more for countries that are farther away.

Proposition 2: The effect that the fixed component of trade costs has on the distance

elasticity depends on the amount of trade and the potential gains from trade. If Onrpy < 1 =

68){}5 . 88X75
5. > 0and if Orpy <1 = 2= > 0.

Proof: Immediately from

86)(75 B 9,8
da (14 a+ B0)°

3To see this, AT /88 = (62 — 61) (1 + @) / (1 4+ a + 861)? > 0.

(1 —7mpg) (1 —O0mpp). (20)
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Since the terms 03/ (1 + o+ 86)* and (1 — 7py) are positive, the sign of equation (20) is

determined by the term (1 — 0w pg). In particular, if Orpy < 1 = 858);’5 >0and if Orpy < 1

85)(,5

= —5.° > 0. The reason for this result is that a change in « simultaneously changes the

relative composition of trade costs, and the total trade costs and these two effects have opposing
impacts on ex,5. When a decreases, the relative importance of distance in total trade costs
increases, which makes the impact of distance on trade higher. On the other hand, as total
trade costs decrease due to a reduction in «, trade increases - ag% = —Hw < 0.
Since trade increases, it is as if the distance barrier had become less important. It is interesting
to see that the response of trade to « increases with the value of 8. This is because 6 controls
the variance of the distribution of productivities - the smaller 6, the larger the variance of
productivities. As the variance of productivities increases, the potential gains from trade also
increase because the relative comparative advantages are larger. The implication for this is that
trade costs in general become less relevant for trade. Likewise, as the parameter 6 increases,
the distribution of productivities becomes more concentrated around the absolute comparative

advantage parameter - 7' - which means that the relative comparative advantages become

smaller. When this happens, the impact of trade costs on trade increases.

Proposition 3: A reduction in the barriers to foreign investment increases the magnitude

of the distance elasticity for more developed countries, while for less developed countries the

effect is opposite - 8%):5 > 0if Ty < Tr and 82};’5 < 0if Ty > Tr. If the two countries are

technologically identical, then the distance elasticity does not change - a%;:(; =0if Ty =TF.

Proof: Immediately from

888):5 _ 03 (dewF)*e (Tr +TH) 5 (1= \) (T — Tr). (21)

(1+a+pB9) (TF (wF)—o 4Ty (de)—e)

858’;*5 is solely determined by the

From equation (21), it is immediately seen that the sign of

relative technologies of the two countries. If Home, the exporter, is more technologically de-

88)(75

veloped than Foreign, the importer, then —>* < 0. This means that the magnitude of the

distance elasticity faced by Home when exporting to Foreign increases as the barriers to decen-
tralize production decrease. The mechanism that generates this outcome is the following, when
Ty > Tr: Home is able to establish production facilities in Foreign that are more productive
than the existing ones. This type of movement also happens in the opposite direction; that is,

Foreign also starts producing certain products in Home. In net terms, the increase of products

14



being produced in Foreign is larger than the outflow of products from Foreign that start being
produced in Home. The impact is an increase in the magnitude of Home’s distance elasticity,
and a decrease in the magnitude of Foreign’s distance elasticity decreases. A third possible
situation is when the two countries are equally technologically developed, that is, Ty = Tr. In

this case 888):6 = 0. This is so because the number of products that Foreign starts producing

in Home is equal to the number of products that Home starts producing in Foreign.
Based on the results of propositions 1, 2 and 3 it is now clear that the impact of globalization
on the distance elasticity is an empirical matter, and ex-ante it is hard to tell which effect is

going to be the most important.

4. EMPIRICAL RESULTS

In this section I estimate a modified gravity equation, which allows me to test the results of
the previous section. Before presenting the empirical results, I first describe the data, explain

the link between theory and data and discuss the econometric methodology.

4.1. Data

The estimation of gravity model requires data on bilateral exports, GDP, population and
physical and cultural distance between countries. The data on bilateral exports comes from
the IMF DOTS database and it corresponds to free on board (FOB) values. The period
covered is 1948-2005 and it has 31,786 different pairs of countries. The data on GDP and
population comes from the World Development Indicators (WDI) dataset of the World Bank.
This information is available during the period 1960-2005 for 148 different countries. The
third data component is the information on distance, both physical and non-physical. The
source for this data is the CEPII research center, and it has information on physical distance
between the capitals of the countries in the pair, on colonial linkages, on language proximity,
on the number of islands in the pair, on the number of land-locked countries in the pair and
on the area of the two countries. Other data used in the estimation of gravity models is an
indicator of a country’s "remoteness" and information on the regional trade agreements (RTA)
and on currency unions (CU). The variable "remoteness" is the log-GDP weighted average
distance from country X to all other countries, which corresponds to the definition of Wei

(1996). Regarding the information on RTA’s and CU’s, I use the data from Frankel (1997),
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which only runs until 1997, and update it until 2005 using the WTO dataset on regional trade
agreements and currency unions. Besides the data I just listed I also use data on tariffs and
FDI stocks. The tariff data comes from the World Bank and is available in two formats: 1) the
average tariff rate charged by country X to all other countries, which is available from 1981 to
2007; and 2) bilateral tariff rates data at the HS6 product level. In both cases I compute the
(unweighted) average tariff facing an exporting country.? The FDI stocks information come
from the United Nations Conference on Trade and Development (UNCTAD) and is available
for 186 countries from 1980 to 2007. In particular, I use outward and inward FDI stock as a
share of GDP. Due to different period coverage and different sets of countries for which there
is available data, the final dataset that was used in estimation runs from 1983 to 2005, and it

covers 19,494 different exporter-importer pairs of countries.
4.2. Linking the Theory to the Data

Before discussing the econometric methodology used in this paper, I first show how the
various components of the model presented in section 3 are linked to the data. In order to

show theory links with the data I use equation (17):

0
P, X
T {1+ (%) XZ}

S i e () (22)

P

As mentioned previously in section 3, the second component in equation (22) - (ng(h’ )

- corresponds to the most basic version of the gravity equation, while the first component
1 Pp \? Xp
Ty +<dPH> XH . .
- 7 5 -.corresponds to assuming a constant term that is country-
(wn) {(%) XH+d—9XF}

specific. Regarding the estimation of the second term, both Xp and Xy are observed and

therefore can be used directly in the estimation. In this specification both Xr and Xy enter
the equation with unitary elasticity. In the empirical application I do not impose any values
on the parameters associated to Xp and Xpgy. Besides that, I substitute Xz and Xpg for
Xp = zpPopr and Xy = xzgPopyg. 1 do this transformation as a way to allow size and
income to have different effects. With respect to the trade costs component, unfortunately

these costs are not easily observable for all countries. What is available for a large number

4The reason for using these two alternative tariffs data sources will become clear when I discuss the results.
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of countries are variables that are known to impact trade costs, in particular the distance
between countries and tariff rates. Based on the information that is available, one possibility
is to approximate d (0, ) by a polynomial function (similar to a Taylor series approximation).

In the empirical application I use the following approximation:

In[d(6,a)] ~k+vsIn(6) +v,In (1 +a) +75,n () In(1+a). (23)

One advantage of using equation (23) is that it encompasses the trade cost function that is
commonly used in the literature - d (§,) = (1 + a) 6" - and therefore, equation (23) can be
used to test whether this assumption is correct or not.>

After having dealt with the most straightforward term in equation (22), I now describe how
I deal with the first term from the same equation. The first term in equation (22) is not
observed and therefore it is not possible to use it in the estimation. There are two possibilities
to overcoming this problem. One possibility is to approximate the unobserved component by
5 ()

Com” L5 ) X a0}

using some variables that are correlated with the various parts of

{1 ()" % |

To approximate { } I use remoteness indices (which I defined in the previous

section) for both importer and exporter. Regarding Ty and (w H)G I use inward and outward
stock of FDI as a share of GDP as proxies for these terms. The link between Ty and (w H)G
and FDI stocks is not obvious, but it is to be expected that larger values of TH would be
associated with more outward stock of FDI and smaller values of (wH)a would be associated
with more inward stock of FDI. Finally, I also include two interaction terms between between
outward and inward stocks of FDI and In () to approximate the effect that lower barriers to
FDI have on the distance elasticity.

The second possibility to deal with the unobserved component of equation (22) is to use

importer and exporter fixed effects. That is,

1
Xrg = (Bphy) <d9> (24)
The advantage of this approach is that it is not necessary to rely on so many approxima-

tions to unobserved variables, and therefore the parameters are likelier to be more accurately

estimated. The disadvantage is that it is impossible to test for the effect that changes in FDI

SIfd(5,a) = (14 a)é® & In(d(d,a)) =In(1+a)+ BInd, which correspons to having Y5.0 = 0.
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barriers may have on the distance elasticity, and equation (24) cannot be used for forecasting
purposes. I opted for first estimating equation (22) using proxy variables for the unobserved

variables, and then I used the fixed effects approach as a robustness check of the first results.

4.3. Econometric Methodology

One important characteristic of the gravity model is that it is non-linear. What this means
is that without any transformation, it is not possible to use OLS to estimate the parameters
of interest. To solve this problem, it is common practice in the literature to log-linearize the
model by using the In () operator. The benefit of this transformation is that the resulting
equation is linear and therefore can be estimated by OLS. Until recently, this procedure was
not seen as problematic, and it was the norm in terms of empirical applications of the gravity
model. Two recent papers, Santos Silva and Tenreyro (2006) and Helpman, Melitz, and Ru-
binstein (2008), point out that such data transformation can generate important econometric
problems, in particular, the natural log operator - In () - cannot be applied to situations in
which the bilateral trade-flow equals zero, and inference problems may arise due to Jensen’s
inequality. This situation causes two problems: first, it generates a sample selection problem
as all combinations of countries for which trade-flow is zero have to be disregarded; second,
it will in general create a situation of endogeneity in the log-linearized model. Although both
methods address the zero trade flows problem, only the Santos Silva and Tenreyro (2006)
method addresses both. I now contrast both methods.

In the case of HMR (2008), the authors develop a trade model with heterogeneous firms and
fixed costs of exporting goods. Based on this model they derive an equation that determines
which trade flows are zero and which are not. This is the selection equation. Once the selection
equation is obtained, they estimate their reduced form gravity equation (only for positive trade
flows), correcting for the sample selection bias in the same way the sample selection model of
Heckman (1979) does. This approach suffers from the typical problem that sample selection
models suffer, that is, how to properly model the sample selection process. Moreover, as pointed
out by Santos Silva and Tenreyro (2008), it relies on important distributional assumptions, like
error homoscedasticity, and neglects the consequences of Jensen’s inequality.

The second approach is the one by Santos Silva and Tenreyro (2006). These authors propose

addressing the sample selection and Jensen’s inequality problems simultaneously by estimating
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the gravity equation in its non-linear form. The advantages of using a non-linear estimation
method is that all observations can be used, and therefore the sample selection problem is
avoided. At the same time it is not necessary to make any assumptions for the error term, as
is the case with the HMR/(2008) approach.® Santos Silva and Tenreyro (2006) use Monte Carlo
simulation to test alternative non-linear estimation methods, and their conclusion is that in
the vast majority of cases the estimator that behaves best is the Poisson pseudo maximum
likelihood (PPML) estimator. This estimator amounts to running a Poisson regression on the
levels of the bilateral trade variable against the natural log of the dependent variables. This is
the method I chose.

One alternative approach that I have not yet discussed is to estimate an extended version
of the model presented in section 3. Even though this would be a preferred approach, it is
not possible to implement for an extended time period as it requires data that is not easily
available.

After having discussed some of the econometric issues that surround the estimation of the
gravity model, I now describe the econometric model that I use. The starting point for my

empirical exercise is the standard gravity model:

a1 o A1 A2
YitYjt POpi,tPOPi,t
0
Di;

Xi,j,t = At exp (Zz(,j,tlﬁ) Ei,j,t (25)

In equation (25), X; ; are the exports from country ¢ to country j in year ¢, y; ; and y;; are the
GDP /capita of countries ¢ and j in year t, Pop;; and Pop;; are countries’ ¢ and j populations
in year t, D;; is the distance in Kms between the capitals of countries’ ¢ and j and Z; ;; is
a vector of variables that includes all distance measures other than physical distance and the
remoteness indicators. Based on my results of section 3, I propose changing equation (25) in a
way that allows the effect of distance to depend on the average tariff rates facing an exporter
and also on the amounts of inward and outward FDI stock as a percentage of GDP. 7

To account for the effects that barriers to multinational production have on the distance

elasticity I added outward and inward FDI stock as a share of GDP interacted with distance.

®Santos Silva and Tenreyro (2006) show that the log-linear transformation creates endogeneity problems if
the error term in the non-linear model is not independent of the regressors. This a strong assumption as it rules

out any form of heteroscedasticity.
"The rationale for these modifications was discussed previously in section 4.2.
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Besides adding these interaction terms I also added the same variables in levels. To be more

specific with respect to the changes I made to (25):

a1 o A1 A2
Y Yy, Popiy Popsy

Xije =4 (011 Tarif f 72 F DI _ingotvgFDI_outig) ¥ (Zf,j,tﬁ) Figit (26)
4,7
with Z; j; = [Zij¢ Tariff;y FDI_ini; FDI_out;y].

Because my main interest is to estimate the effect of distance over time, I need to obtain
estimates of 6 for every year. This can be done in at least two ways. One possible way is
to estimate equation (26) every year. The other alternative would be to estimate the same
equation only once but allow 6 to vary over time. Econometrically, the first option is less
restrictive and therefore more robust. The main problem with this approach has to do with
the ability to identify the effect of tariffs on distance. The data on tariffs that is available
either has very little cross section variation but varies substantially over time, or it is very
rich from a cross section variation point of view but very poor from a time variation point of
view (only one year). The implication is that if I estimate equation (26) for every year, it will
be very difficult to identify the effect of tariffs on the elasticity of distance given the reduced
cross sectional variability. The only year for which there is data on tariffs with sufficient cross
sectional variation to separately identify the effects of distance and of tariffs on distance is
2004. The problem with this alternative is that I only obtain one estimate of 8, and therefore
cannot conclude anything about the variation of the distance elasticity over time.

The second estimation alternative, estimating one equation like (26) for all years, can solve
this identification problem because it uses not only the (reduced) cross section variation of the
average tariffs but also its time variation. One criticism of this option is that I allow certain
parameters to vary over time, while I require other parameters to remain constant. However,
given the large number of parameters, not fixing certain ones would make the equation very
difficult to estimate and interpret.

As a robustness check of my results I also estimate equation (26) for only 2004 (the year

for which T have an alternative source for tariffs data). As a further robustness check of my

results I estimate a model similar to the one described by equation (24), that is:

1
(9+'ylTm“iffi’t+72FD17ini,t+'y3FDIiouti,t
1,J

Xijt = A jHith i (27)
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4.4. Estimation Results

In table 1 I show the estimation results for four different model specifications. Specification
(1) excludes both tariffs and FDI data (this specification corresponds to the most traditional
gravity model specification); specification (2) excludes tariffs but includes FDI stocks data;
specification (3) includes tariffs but excludes FDI stocks data; and finally, specification (4)
includes both tariffs and FDI stocks data. In Figure 5 I show the estimates of ; for the four

different model specifications.

Exports from country ¢ to country j

Variables (1) (2) (3) (4)
In (Exporter GDP/capita) - o 0.819 0.735 0.820 0.732
0.007 0.011 0.007 0.011
In (Importer GDP/capita) - as 0.864 0.857 0.772 0.763
0.009 0.009 0.011 0.011
In (Exporter population) - A1 0.841 0.846 0.836 0.841
0.008 0.008 0.008 0.008
In (Importer population) - Ag 0.900 0.878 0.906 0.884
0.009 0.008 0.009 0.008
Contiguity - 8 contiguity 00’(7)3191 O()ngél 00’5:2%1 (2)’(7)5)98
iff *1 i - — — . .
Average tariff *In (distance) - v %(0]%39 % (())%36
Exporter inward FDI stock % GDP*In(distance) - v, — 0.038 — 0.039
0.003 0.003
Exporter outward FDI stock % GDP*In(distance) - 3 — —0.034 — —0.036
0.006 0.006
In(Average tariff) - Boperage tariff — - —()25528 —3;2;10
In (Exporter outward FDI stock % GDP) - B, ppr — %%1137 — (2)(1)1251
In (Exporter i d FDI stock % GDP) - 5, — —0.041 — —0.039
n (Exporter inwar stock % ) - Bin_FDI 0.04 0.03
# Observations 205469 205469 205469 205469
Pseudo - R? 0.906 0.908 0.907 0.909

Robust standard errors

Table 1 - Gravity regression results for different model specifications.®

The results of Table 1 show that, as suggested by proposition 2 in section 3, countries
that face higher tariff rates are less affected by distance. The estimates of the interaction
term between distance and tariffs,v,, is positive and statistically significant, which means that

as tariffs decrease, the magnitude of the distance elasticity decreases. At the same time,

8The remainder of the results can be found in Appendix C, Table C1.
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countries that face higher tariffs export less. The estimates of are negative

average tariffs
and statistically significant, which means that the higher the tariff rates facing the exporting
country the less that country exports. Another result from Table 1 is that, as suggested by
proposition 3 in section 3, countries with higher levels of outward FDI stocks face a higher
distance elasticity while countries with higher levels of inward FDI stocks face a lower distance
elasticity. This conclusion comes from the fact that the estimates of the interaction term
between distance and outward FDI, 3, are negative and statistically significant, and from
the fact that the estimates of the interaction term between distance and inward FDI, ~,,
are positive and statistically significant. An interesting result is that countries with higher
stocks of outward FDI tend to export more, but the level of inward FDI has no impact on the
amount of exports. If we accept that outward FDI comes mostly from technologically more
developed countries, then it is not surprising that countries with higher levels of outward FDI
stocks export more. On the other hand, since the recipients of FDI are both the more and the
less technologically developed countries, it is not surprising that the effect of this variable is
not statistically significant. This is because less developed countries tend to export less than
more developed countries, and therefore the net effect must be close to zero. Despite some
numerical differences, these results are robust to the different specifications since the majority
of the parameters do not change much with the model specification.

In Table 1, among other parameters, I presented all the terms affecting the distance elasticity
except for the baseline distance elasticity parameters, 8;. The reason these parameters were
not included in Table 1 is that there are 23 of them, which would make Table 1 too large. As an
alternative, I plot all the estimates of ; in Figure 5 for the four different model specifications

and show the actual estimates and corresponding standard deviations in Appendix C.
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Estimates of the distance elasticity over time
for different econometric specifications.
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F1G.5 - Distance elasticity estimates over time for different model specifications.

The result that immediately arises from Figure 5 is that for specifications (3) and (4), the
ones that control for tariff rates, the distance elasticity is decreasing over time. This result,
in my view, can be seen as evidence in favor of proposition 1, that is, ceteris paribus, as
transportation costs fall, the magnitude of the distance elasticity also falls. This result does
not come directly from the regression. My assumption underlying this conclusion is that in
specifications (3) and (4), I was controlling for two out of three factors that I defined as being
aspects of economic globalization. This means that only the third factor is not being taken into
account. Therefore, given what we know about transportation costs over time from Hummels
(2007), it was expected that the portion of the distance elasticity that is caused solely by
transportation costs would be decreasing over time. A final remark concerning the results of
specifications (3) and (4) shown in Figure 5 is that the differences between the estimates at

the beginning of the sample and at the end are statistically significant.’
4.5. Robustness Check

In the previous section I provided empirical evidence that favors the propositions of section
3. Despite these favorable results, there are still a few concerns that must be addressed in
order to make these findings more robust. First, I show that these results are not being driven

by either rich or poor countries (vis-a-vis, more and less technologically developed countries,

9These results are shown in Table C1 of Appendix C.
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respectively). Second, I estimate specifications (1) and (4) for different sample periods - from
1983 to 1994 and from 1995 to 2005 - to show that the results hold for different time periods.
Third, I show that the results are robust to time-series and cross section identification. At the
same time, by estimating the model for only one year, I can also address a possible concern
regarding the stability of some parameters that I assumed to be constant throughout the
sample period. Fourth and last, I estimate equation (27), which replaces country-specific
variables with country fixed effects, for the whole sample period and just for 2004. The results
of this robustness check exercise are presented next.

Rich vs. Poor countries

In order to compare the results for rich and poor countries I divided the sample into two
different groups. In the first group, the rich countries group, I included all exporters whose
GDP /capita ranking is above the 87" percentile. The second group has all remaining countries.
The choice of the cut-off may seem random, but it is not. The cut-off was chosen in such a way
that the two groups of countries have approximately 50% of total exports in the sample.!? One
problem that arises from creating these two groups is that in the first years of the sample, the
group of rich countries does not have many observations per year, and that creates estimation
difficulties. As a solution to this problem I decided to exclude the first three years of the

sample - 1983, 84 and 85. The results obtained are presented in table 2.

1To be more precise, the group of rich countries generates 51.5% of total exports, while the group of poor

countries generates 48.5% of total exports.
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Exports from country i to country j

Rich countries Poor countries

Variables (1) (4) (1) (4)
In (Exporter GDP /capita) - a 0.732  0.693 0.847 0.777
0.078 0.078 0.009 0.014
In (Importer GDP/capita) - as 0.829  0.778 0.814 0.696
0.013 0.016 0.011 0.014
In (Exporter population) - A; 0.794  0.790 0.910 0.923
0.011 0.011 0.011 0.013
In (I t lation) - A 904 874 . :
» (mpore popuition) e O | G
Contiguity - 6 contiguity %g§68 00%;4%48 %%4?73 00%‘?32
. . ) _ —
Average tariff *In (distance) - v %(gé}g %(3({)348
Exporter inward FDI stock % GDP*In(distance) - v, — 0.095 — 0.039
0.010 0.003
Exporter outward FDI stock % GDP*In(distance) - 73 — —0.046 — —0.039
0.015 0.008
In(Average tariff) - Boierage tariff - —01..3‘2(7)6 - —3.21;)34
In (E FDI k DP) - — .051 — 1
n (Exporter outward stock % GDP) - B,y pp1 %8453 %-099
In (Exporter inward FDI stock % GDP) - 5, ppr — _000%802 — 00(0]%9
# Observations 25048 25048 | 175418 175418
Pseudo - R? 0.921  0.927 | 0.853 0.864

Robust standard errors

Table 2 - Gravity regression results for different groups of countries - Rich vs. Poor.!!

As is visible from the comparison of Table 1’s column 4 with table 2’s columns 2 and 4, in
both cases the results are not only qualitatively very similar but also quantitatively. Regarding
the estimates of 6; for these two groups of countries, the estimation results are shown in Figure

6.

"'The remainder of the results were excluded on purpose as they are not of central interest in this paper.

They are available upon request.

25



Estimates of the distance elasticity over time
Rich vs Poor countries.
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F1G.6 - Estimates of the distance elasticity over time - Rich vs Poor countries.

Similar to the results shown in Figure 4, for both groups of countries the distance elasticity

is decreasing over

FDI. What is interesting to see is that rich countries tended to be less affected by distance

time when it is controlled for changes in tariffs and in the distribution of

than poor countries, but both benefited equally from lower transportation costs.

Different sample periods

One question that may arise is whether these results are driven by some sub-sample. In
order to show that this is not the case, as I did above, I re-estimated equation (26) for two

sub-samples: 1) 1983 to 1994 and 2) 1995 to 2005. The results are presented in Table 3 and

Figure 7.
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Exports from country i to country j

1983-1994 1995-2005
Variables (1) (4) (1) (4)
In (Exporter GDP /capita) - a 0.892  0.805 0.771 0.706
0.015 0.022 0.009 0.013
In (Importer GDP/capita) - as 0.829  0.700 0.825 0.717
0.013 0.015 0.011 0.014
In (Exporter population) - A; 0.841  0.871 0.864 0.875
0.013 0.012 0.010 0.011
ion) - : . 91 :
i o popsstion) - T
Contiguity - 6 contiguity %g?g %%2’? OO%?%;) 00%%75
. . ) _ —
Average tariff *In (distance) - v %(36158 [)0(3(5)349
Exporter inward FDI stock % GDP*In(distance) - v, — 0.032 — 0.047
0.004 0.004
Exporter outward FDI stock % GDP*In(distance) - 73 — —0.056 — —0.040
0.014 0.009
In(Average tariff) - Boierage tariff - _02,'2%?0 - —3.2%?4
- — ) - 1
In (Exporter outward FDI stock % GDP) - B, ppr %%]2858 %0959
In (Exporter inward FDI stock % GDP) - 5, ppr — %(0)213 — 00(0]%)
# Observations 48943 48943 | 156526 156526
Pseudo - R? 0.894  0.901 | 0.896  0.902

Robust standard errors

Table 3 - Gravity regression results for different sample periods - 1983-1994 and 1995-2005.'2

12The remainder of the results were excluded on purpose as they are not of central interest in this paper.

They are available upon request.
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Estimates of the distance elasticity over time for different econometric
specifications and different sample periods.
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F1G.7 - Estimates of the distance elasticity over time for different sample periods - 1983-1994
and 1995-2005.

Similar to the comparison between rich and poor countries, the main qualitative results
shown in Table 2 and Figure 5 hold when the estimation is done for different sample periods.
Moreover the parameters estimates do not change much from one period to the other, which
means that results are similar even from a quantitative point of view.

Time-series vs. Cross section identification

As I mentioned before, the results of Table 1 may be affected by the estimation technique
that was used. In particular, due to data availability constraints, I ran a pooled regression
instead of individual regressions for each year. In order to show that this concern is not
important, I re-estimate equation (26) but only for the year 2004. The key difference is that
for the year 2004 I am able to use a different source for the tariff data, which is more detailed

than the one used in the first set of regressions. The results of this exercise are presented in

Table 4.
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Exports from country ¢ to country j - 2004

Variables (1) (2) (3) (4)
In (Exporter GDP/capita) - oy 0.746 0.686 0.770 0.694
0.021 0.037 0.022 0.036
In (Importer GDP /capita) - g 0.849 0.845 0.852 0.847
0.030 0.030 0.030 0.029
In (Exporter population) - Ap 0.840 0.857 0.869 0.894
0.025 0.030 0.024 0.029
In (T lati - . . .92 .
o popstion) - T
Conit - Bt U
In (distance) - 0 —-0.681 —-0.704 —-1.046 —1.151
0.040 0.038 0.196 0.200
o % : ) _ _
Average tariff *In (distance) - v 00(32317 %(32416
Exporter inward FDI stock % GDP*In(distance) - v, — 0.072 — 0.070
0.013 0.014
Exporter outward FDI stock % GDP*In(distance) - 73 — —0.052 — —0.054
0.022 0.022
In(Average tariff) - Boierage tariff - — _(9.'1%?1 —(9.12?9
In (Exporter outward FDI stock % GDP) - B, ppr — %(1)%’) — %(1)51334
In (Exporter inward FDI stock % GDP) - 3, rpr — —0.084 — —0.073
- 0.053 0.051
# Observations 19588 19588 19588 19588
Pseudo - R? 0.901 0.904 0.903 0.907

Robust standard errors

Table 4 - Gravity regression results for different model specifications - only 2004.'3

The comparison of Tables 1 and 4 reveals that the results are very similar, from a qualitative
and quantitative perspective. This result is particularly reassuring for two reasons. First, it
shows that the identification method used to obtain the results of Table 1 and of Figure 5 is
not driving the main findings, since similar results are obtained using a different identification
scheme. Second, the results of Table 4 suggest that, with the exception of the distance para-

meter, assuming all parameters to be constant over time is not a restrictive assumption since

the estimation results are very similar in both cases.

Ezxporter and Importer fized effects

Since the contribution of Anderson and van Wincoop (2003), it has been common practice
to include exporter and importer fixed effects in the estimation of the gravity equation. These

exporter and importer fixed effects are known in the literature as "multilateral resistance

13The remainder of the results can be found in Appendix C, Table C2.
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terms." In section 4.2 I discussed the advantages and disadvantages of this approach for the
question I am trying to answer, and based on those I opted for a different approach. To
demonstrate that most of the results I have shown thus far are robust to the econometric
methodology, I now present results equivalent to the ones shown in Tables 1 and 4 when
exporter and importer fixed effects are included. The econometric model I estimate corresponds

to equation (27). The results are summarized in the following tables and figure.

Exports from country ¢ to country j

Variables (1) (2) (3) (4)
e W OWE
A tariff *In (dist - — — 12 121
verage tariff *In (distance) - 4 %.0187 OOA018
Exporter inward FDI stock % GDP*In(distance) - v, — —0.158 — —0.118
0.048 0.041
Exporter outward FDI stock % GDP*In(distance) - 3 — 0.220 — 0.200
0.042 0.037
# Observations 47576 47576 47576 47576
Pseudo - R? 0.799 0.806 0.806 0.811

Robust standard errors

Table 5 - Gravity regression results for different model specifications - including exporter and

importer fixed effects.!?

Estimates of the distance elasticity over time
for different econometric specifications.
(including exporter and importer fixed effects)

15 .

1

distance elasticity (absolute value)
n

* E g

0.5 * ® *

0

1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005

(1) %@ (3) m(4

4The remainder of the results were excluded on purpose as they are not of central interest in this paper.

They are available upon request.
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F1c.8 - Distance elasticity estimates over time for different model specifications - including

exporter and importer fixed effects.

Exports from country ¢ to country j - 2004

Variables (1) (2) (3) (4)
COigs - Bt WL g o
In (distance) - 0 —-0.758 —-0.758 —1.171 —1.171
0.026 0.026 0.194 0.194
A iff *1 i - — — .04 .04
verage tariff *In (distance) - 4 00(32 é)) %(32 03
Exporter inward FDI stock % GDP*In(distance) - v, — —0.778 — —0.770
0.153 0.159
Exporter outward FDI stock % GDP*In(distance) - 75 — 0.151 — 0.184
0.088 0.089
# Observations 19588 19588 19588 19588
Pseudo - R? 0.940  0.940  0.941  0.941

Robust standard errors

Table 6 - Gravity regression results for different model specifications including exporter and

importer fixed effects - only 2004.15

As is visible from the comparison of Tables 1 and 5 and 4 and 6, there are some important
differences. In particular, when exporter and importer fixed effects are used in the estimation,
the signs of the interaction terms between distance and FDI stocks invert in comparison to the
results presented previously. This difference can be caused by various factors. For instance, the
inclusion of exporter and importer fixed effects has the benefit of controlling for all variables
that are country-specific; the disadvantage is that these dummy variables eliminate much of
the variability in the data. Regarding all other results, despite some quantitative differences,
qualitatively the results obtained from the two approaches are very similar. The effect of FDI

on the gravity of trade will have to be clarified in future research.
5. CONCLUDING REMARKS

In this paper I re-evaluated an existing puzzle in international economics, the persistent effect
of distance on trade. Ex-ante this was an important question as the empirical findings were at

odds with the theory. Ex-post, the importance of the question depends entirely on the answer.

5 The remainder of the results were excluded on purpose as those are not of central interest in this paper.

These are available upon request.
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To answer this question I modified a well-known model of trade, Eaton and Kortum (2002),
to show that globalization does not necessarily lead to a decrease in the effect of distance
on trade. When globalization is a combination of changes in transportation costs, changes
in the component of trade costs that is independent of distance, and changes in barriers to
production decentralization, it is not possible to determine the impact that globalization has
on the distance elasticity, as different sources of globalization impact the distance elasticity
differently.

By changing the traditional gravity model in a way that allows the effect of distance to
depend on the average tariffs (which is one of the many trade costs that do not depend directly
on distance) facing the exporting country and on the amounts of inward and outward stocks
of FDI as a share of GDP, I was able to show that, after controlling for these two effects, the
elasticity of distance actually decreased over time. At the same time, I provided empirical
evidence on the relevance of the economic mechanisms discussed in the context of the model
presented in section 3.

The results of section 4 suggest that of all three globalization effects - changes in trans-
portation costs, distance-unrelated trade costs, and the barriers to production decentralization
- the one that has the most significant impact on the distance elasticity is the reduction of
distance-unrelated trade costs. This conclusion, though, is not completely fair. By using tariffs
as a proxy for distance-unrelated trade costs I am using a very important component of trade
costs that do not depend on distance. The same is not true in terms of FDI stocks as a proxy
for production decentralization, as I am only considering one of many forms of production de-
centralization. For instance, production contracts or licensing are alternative ways that firms
have to decentralize production that are not covered by FDI stocks. The implication is that
the estimates of the effect of production decentralization are just a lower bound for the real
effects, while the estimated effects of changes in distance-unrelated trade costs should be much
closer to the true effect. At the same time, by estimating the effect of transportation costs on
trade as the residual of the other two effects, my results will also be biased if any of the other
effects are being under or over-estimated. On top of this, there were some conflicting results
with respect to the effects of FDI stocks that need to be better understood.

As a follow-up to this paper I plan to test further the main idea addressed in this paper,
that is, that the elasticity of distance does not depend only on transportation costs but also

on other forms of globalization. These alternative forms of globalization play an important
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role in understanding the time evolution of the distance elasticity. For this purpose I plan to
use US export and import data at the product level combined with data on tariffs, communi-
cation costs, inward and outward FDI, intellectual property rights protection, capital account
liberalization and other forms of production decentralization, and with this data carry out a
similar analysis to the one presented in this paper.

While this paper focused mainly on providing an explanation for the persistent effect of
distance on trade, as a by-product of its central objective it also provided a micro-founded
gravity model that takes into account changes in the distribution of production capacity across
the world economy. As an additional by-product I showed that the idea of the death of
distance caused by the communications revolution, which was put forward by Cairncross (1997),
is actually incorrect. Contrary to what is suggested by Cairncross (1997), a reduction in
communications costs has the effect of increasing the impact of distance on trade and not
reducing it.

Finally, there are important implications to be drawn from these results. First, I showed
that although a reduction in trade costs benefits all countries, the distribution of the benefits
depends on which trade costs are reduced. When the reduction of trade costs is caused by a
reduction in distance-related costs, more remote countries are the main beneficiaries of this
reduction. This is because the prices of exports of these countries are proportionally more
affected by distance costs than the prices of goods from other countries. When the reduction
of trade costs comes from reductions in the component of trade costs that is not related to
distance, countries that have more central geographic position benefit the most. This effect
is due to the fact that more central countries are less affected by distance, which implies
that the relevant trade costs for these countries are the costs of trade that do not depend on
distance. The second implication is methodological. A common assumption in trade models
is modelling trade costs as the product of two components, transportation costs and tariffs -
d(0,a) = g () h (). My empirical results reject such an assumption. A direct implication
of this result is that, contrary to what is expected, certain parameters are not identified (an
example of a paper that relies on this assumption to identify the effect of distance on trade
is Anderson and van Wincoop (2003).) Third and last, though there are some exceptions,
most theoretical gravity models do not consider the possibility of production decentralization,
and this is at odds with reality. Any successful empirical or theoretical model of trade should

contemplate this possibility, as it is a very important feature of today’s world economy.
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APPENDIX A

As I mentioned in section 3, the choice of the trade costs function - d - impacts the theoretical
results of this paper. To show this, I derive the expression for the distance elasticity that is
implied by the Eaton and Kortum (2002) model for a generic trade costs function. That

expression is the following:

In general, function d depends both on distance - § - and on other trade costs - « -, that is,
d = d(0,a). In order to see the importance of the choice of the function d, I derive the three
propositions of section 3 assuming the same trade cost function that was used by Anderson

and van Wincoop (2003) - d (8,) = (1 + a) 6. Given this assumption, equation (28) becomes:

EX,5 = —0p (1—7TFH). (29)

Based on (29) the propositions of section 3 become:

Proposition 1: 683);3’5 =—0(1—7rp) {1 + %ﬂm{} < 0.
Proposition 2: 8%);5 = _92% (1 —7pg)7ryg <O.
<0ifTyg >Tp
Proposition 3: 8%);’5 =— (1+95)5B (fic(lz;{;i’;z:;ifg;j;’_)gf 1-=XNTg—-Tr)S =0if Ty =Tr -
>0if Ty < T

The qualitative results of propositions 1 and 3 and 1 and 3 are the same. The only propo-
sitions that are different are propositions 2 and 2. The reason for this difference comes from
the fact that the when the trade costs function is assumed to be d (8, ) = (1 4+ ) 6° all trade
costs depend on distance, while for d (6, a) = (1 + a+ ) that is not the case. Therefore, the
composition of trade costs effect (distance related vs. non-distance related trade costs) is only

important for d (6, a) = (1 + a + 9).

37



APPENDIX B

List of countries included in the sample

Albania
Algeria
Angola
Antigua and Barbuda
Argentina
Armenia
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Botswana
Brazil
Brunei
Bulgaria
Burkina Faso
Burundi
Cameroon

Canada

Cape Verde
Central African Republic
Chad

Chile

China

Colombia
Comoros

Costa Rica

Cote d’Ivoire
Croatia

Cyprus

Czech Republic
Denmark

Djibouti
Dominica
Dominican Republic
Ecuador

Egypt

El Salvador
Equatorial Guinea
Eritrea

Estonia

Ethiopia

Fiji

Finland

France

Gabon

Georgia

Ghana
Greece
Grenada
Guatemala
Guinea
Guinea Bissau
Guyana
Haiti
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran
Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Korea
Kuwait
Kyrgyzstan
Laos

Latvia
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List of countries included in the sample (cont.)

Lebanon
Lesotho
Liberia
Libya
Lithuania
Luxembourg
Macao
Macedonia
Madagascar
Malawi
Malaysia
Mali

Malta
Mauritania
Mauritius
Mexico
Moldova
Mongolia
Morocco
Mozambique
Namibia
Nepal
Netherlands
Netherlands Antilles
New Zealand
Nicaragua
Niger
Nigeria
Norway

Oman

Pakistan

Panama

Papua New Guinea
Paraguay

Peru

Philippines

Poland

Portugal

Qatar

Romania

Russian Federation
Rwanda

Sao Tome and Principe
Saudi Arabia
Senegal

Seychelles

Sierra Leone
Singapore

Slovakia

Slovenia

Solomon Islands
Somalia

South Africa

Spain

Sri Lanka

St Christopher and Nevis
St Lucia

St. Vincent

Sudan

Suriname

Swaziland
Sweden
Switzerland
Syria

Tajikistan
Tanzania
Thailand

The Gambia
Togo

Trinidad and Tobago
Tunisia

Turkey
Turkmenistan
U.S.A

Uganda

Ukraine

United Arab Emirates
United Kingdom
Uruguay
Uzbekistan
Vanuatu
Venezuela
Vietnam
Western Samoa
Zambia

Zimbabwe
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APPENDIX C

Exports from country ¢ to country j

Variables (1) (2) (3) (4)
In(distance)gs - Os3 —-0.615 —-0.611 —-0.913 —1.069
0.113 0.116 0.130 0.139

- — . . .051 .
o G =0o) G0 000 Q) QP
In(distance)gs - (0g5 — 0s3) —0.060 —0.083 —0.020 —0.029
0.130 0.131 0.101 0.110

In(distance)gg - (06 — Os3) —gi%lS —OQ.lgilE) 00.8&98 %'(1)(%’)98
i — —0. —0.024 .04 .
In(distance)g7 - (fs7 — 0s3) (913727 (91(2)9 %%)959 % 9973
s -0 —0) QO Q08 B0 1T
bt - O —0s) G0 09 QD Q2
st - Gn=0) G 002 Q4D Q1
In(distance)g; - (fg1 — Os3)  0.091 0.086 0.153 0.176
0.124 0.125 0.102 0.108

sl O =0s) Q0 G G 2
e - 0 —0s) GO0 Q0P Q02
In(distance)gs - (094 — O33) —(?i%)ll —81%(())5 00(1%39 (%):}1112
i — —0. —0.04 1 2
In(distance)gs - (f95 — Os3) (91(1);’)2 (91(2)00 %1(%’)70 %1959
i — —0. —0. .144 .22
In(distance)gg - (B9 — Os3) 81939 (91(1)5)8 %.107 %.115?
i — . —0.004 1 .24
st - G —0) G800 QD 28
i — . . 1 .264
o - (s 0 QR0 00 N 432
In(distance)gg - (699 — Os3) —8i9§)3 —(9.1(3;12 %}g)g %%1148
i — —0. —0.04 142 234
In(distance)og - (foo — Os3) (91%13 091(1)88 %.109 9).1?6
In(distance)o1 - (A1 — Os3) —0.043 —0.050 0.147  0.240
0.116 0.118 0.110 0.118

In(distance)gz - (B2 — Os3) _(g).i9627 _819833 00'2111629 %%26(?
is — . —0. .204 .
o G0 QD DI Q201 0
s - (s =0w) Q018 QWS 07 O
st - O =0w) Q01 O 0 o

Robust standard errors
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Exports from country i to country j

Variables (1) (2) (3) (4)
In (Exporter remoteness) 1.389 1.255 1.320 1.161
0.045 0.045 0.045 0.045
In (Importer remoteness) 1.009 0.962 1.026 0.984
0.044 0.044 0.044 0.044
Regional trade agreement dummy 0.094 0.077 0.114 0.102
0.029 0.029 0.029 0.029
Currency union dummy 0.083 0.140 0.130 0.194
0.106 0.099 0.090 0.083
In(area exporter * area importer) —-0.150 —-0.131 —-0.144 —0.126
0.005 0.005 0.005 0.004
Dummy indicating one country in the pair is landlocked —0473 —-0.432 —0.490 —0.452
0.024 0.023 0.023 0.023
Dummy indicating both countries in the pair are landlocked —0.261 —0.170 —0.291 —0.204
0.065 0.064 0.064 0.063
Dummy indicating one country in the pair is an island —-0.336 —-0.275 —0.343 —0.284
0.032 0.029 0.031 0.029
Dummy indicating both countries in the pair are islands —-0.103 —-0.021 —-0.113 —0.032
0.047 0.050 0.044 0.047
Common waters dummy 0.000 0.013  —0.005 0.007
0.024 0.024 0.024 0.023
Common official language dummy 0.112 0.010 0.101  —0.004
0.041 0.042 0.041 0.042
Common secondary language dummy 0.251 0.303 0.268 0.320
0.035 0.036 0.035 0.036
Colonial relationship dummy —0.190 —-0.185 —0.200 —0.193
0.033 0.033 0.034 0.033
Common colonizer dummy 0.360 0.363 0.431 0.436
0.059 0.057 0.056 0.054
Current colony dummy —-0.019 0.068 —0.082 —0.007
0.251 0.247 0.257 0.257
Colonial relationship post 1945 dummy 0.153 0.221 0.199 0.267
0.073 0.071 0.072 0.069
Same country dummy 0.541 0.536 0.556 0.548
0.080 0.078 0.076 0.075

Robust standard errors

Table C1 (cont.) - Gravity regression results for different model specifications - Table 1

continued.
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Exports from country ¢ to country j - 2004

Variables (1) (2) (3) (4)
In (Exporter remoteness) 1.439 1.272 1.327 1.144
0.145 0.137 0.146 0.136
In (Importer remoteness) 1.211 1.211 1.204 1.187
0.138 0.143 0.136 0.139
Regional trade agreement dummy 0.154 0.125 0.182 0.157
0.076 0.075 0.073 0.072
Currency union dummy —0.177 —-0.152 —0.281 —0.236
0.267 0.248 0.298 0.266
In(area exporter * area importer) -0.142 —-0.124 —-0.161 —0.145
0.016 0.016 0.016 0.017
Dummy indicating one country in the pair is landlocked —0.363 —0.319 —-0.460 —0.421
0.068 0.064 0.072 0.068
Dummy indicating both countries in the pair are landlocked —0.305 —0.232 —0.530 —0.466
0.210 0.209 0.218 0.215
Dummy indicating one country in the pair is an island —0.344 —-0.317 —-0.381 —0.345
0.104 0.098 0.102 0.097
Dummy indicating both countries in the pair are islands —-0.194 —-0.162 —0.235 —0.199
0.150 0.166 0.149 0.175
Common waters dummy —0.096 —0.081 —0.082 —0.061
0.079 0.077 0.078 0.077
Common official language dummy 0.024 —0.064 0.060 —0.036
0.136 0.138 0.126 0.128
Common secondary language dummy 0.195 0.231 0.154 0.189
0.118 0.121 0.111 0.114
Colonial relationship dummy —0.168 —0.151 —0.151 —0.140
0.108 0.112 0.111 0.113
Common colonizer dummy 0.306 0.298 0.235 0.217
0.195 0.188 0.185 0.178
Current colony dummy —0.116 —0.040 —-0.015 0.071
0.764 0.765 0.785 0.791
Colonial relationship post 1945 dummy 0.226 0.264 0.142 0.193
0.264 0.259 0.268 0.260
Same country dummy 0.563 0.547 0.566 0.543
0.222 0.213 0.210 0.202

Robust standard errors

Table C2 - Gravity regression results for different model specifications - only 2004 - Table 2

continued.
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