
gravity models

Gravity models utilize the gravitational force concept
as an analogy to explain the volume of trade, capital
flows, and migration among the countries of the
world. For example, gravity models establish a
baseline for trade-flow volumes as determined by
gross domestic product (GDP), population, and
distance. The effect of policies on trade flows can
then be assessed by adding the policy variables to the
equation and estimating deviations from the baseline
flows. In many instances, gravity models have sig-
nificant explanatory power, leading Deardorff
(1998) to refer to them as a ‘‘fact of life.’’

Alternative Specifications Gravity models begin
with Newton’s law for the gravitational force ðGFijÞ
between two objects i and j. In equation form, this is
expressed as:

GFij ¼
MiMj

Dij
i 6¼ j (1)

In this equation, the gravitational force is directly
proportional to the masses of the objects (Mi and Mj)
and indirectly proportional to the distance between
them (Dij).

Gravity models are estimated in terms of natural
logarithms, denoted ‘‘ln.’’ In this form, what is
multiplied in equation 1 becomes added, and what is
divided becomes subtracted, translating equation 1
into a linear equation:

ln GFij ¼ ln Miþ ln Mj � ln Dij i 6¼ j (2)
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Gravity models of international trade implement
equation 2 by using trade flows or exports from
county i to country j (Eij) in place of gravitational
force, with arbitrarily small numbers sometimes be-
ing used in place of any zero values. Distance is often
measured using ‘‘great circle’’ calculations. The
handling of mass in equation 2 takes place via four
alternatives. In the first alternativewith the most solid
theoretical foundations, mass in equation 2 is asso-
ciated with the gross domestic product (GDP) of the
countries. In this case, equation 2 becomes:

ln Eij ¼ aþ b1 ln GDPiþ b2 ln GDPj

þ b3 ln Dij (3)

In general, the expected signs here are b1; b2 > 0.
However, the economics of equation 3 can lead to the
interpretation of GDP as income, and when applied
to agricultural goods, Engels’s Law allows for GDP in
the destination country to have a negative influence
on demand for imports. Hence it is also possible that
b2 < 0.

In the second alternative, mass in equation 2 is
associated with both GDP and population (POP). In
this case, equation 2 becomes:

ln Eij ¼jþ g1 ln GDPi þ g2 ln POPi

þ g3 ln GDPj þ g4POPj þ g5 ln Dij (4)

With regard to the expected signs on the population
variables, these are typically interpreted in terms or
market size and are therefore positive ðg2; g4 > 0Þ.
That said, however, there is the possibility of import
substitution effects as well as market size effects. If the
import substitution effects dominate, the expected
sign is g4 < 0.

In the third and fourth alternatives, mass in
equation 2 is associated with GDP per capita and
with both gross domestic product and GDP per
capita, respectively. In these cases, equation 2 be-
comes one of the following:

ln Eij¼ tþ d1 ln (GDPi=POPi)

þ d2 ln (GDPj=POPj)þ d3 ln Dij (5)

ln Eij ¼ mþ n1 ln GDPiþ n2 ln (GDPi=POPi)

þ n3 ln GDPj þ n4(GDPj=POPj)

þ n5 ln Dij (6)

Since they involve the same variables, the parame-
ters of equations 4, 5, and 6 are transformations on
one another: g1¼ d1¼ n1þ n2; g2¼ � d1¼ � n2;
g3¼ d2¼ n3þ n4; and g4¼ � d4¼ � n4.

Theoretical Considerations After being intro-
duced by Tinbergen (1962), the gravity model was
considered to be a useful physical analogy with for-
tunate empirical validity. Subsequently, however,
connections have been made to key elements of trade
theory. The standard assumption of the Heckscher-
Ohlin model that prices of traded goods are the same
in each country has proved to be faulty due to the
presence of what trade economists call ‘‘border ef-
fects.’’ Properly accounting for these border effects
requires prices of traded goods to differ among the
countries of the world. Gravity models have been
interpreted in these terms.

Anderson (1979) was the first to do this, em-
ploying the product differentiation by country-
of-origin assumption, commonly known as the
‘‘Armington assumption’’ (Armington 1969). By
specifying demand in these terms, Anderson helped
to explain the presence of income variables in the
gravity model, as well as their multiplicative (or log
linear) form. This approach was also adopted by
Bergstrand (1985), who more thoroughly specified
the supply side of economies. The result was the
insight that prices in the form of GDP deflators
might be an important additional variable to include
in the gravity equations described above. Price effects
have also been captured using real exchange rates
(e.g., Brun et al. 2005).

The monopolistic competition model of New
Trade Theory has been another approach to provid-
ing theoretical foundations to the gravity model
(Helpman 1987; Bergstrand 1989). Here, the prod-
uct differentiation by country-of-origin approach is
replaced by product differentiation among produc-
ing firms, and the empirical success of the gravity
model is considered to be supportive of the monopo-
listic competition explanation of intraindustry trade.
However, Deardorff (1998) and Feenstra (2004)
have cast doubt on this interpretation, noting the
compatibilityofthegravityequationwithsomeforms
of the Heckscher-Ohlin model and, consequently,
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the need for empirical evidence to distinguish among
potential theoretical bases: product differentiation by
country of origin; product differentiation by firm;
and particular forms of Heckscher-Ohlin-based
comparative advantage. In each of these cases, the
common denominator is complete specialization
by countries in a particular good. Without this fea-
ture, bilateral trade tends to become indeterminate.

Alternatively, there are other approaches to grav-
ity-based explanations of bilateral trade that do not
depend on compete specialization. As emphasized by
Haveman and Hummels (2004), this involves ac-
counting for trade frictions in the form of distance-
based shipping costs or other trade costs, as well as
policy-based trade barriers. Distance costs can also be
augmented to account for infrastructure, oil price,
and trade composition, as in Brun et al. (2005). The
two approaches (complete versus incomplete spe-
cialization) can be empirically distinguished by cat-
egory of good, namely differentiated versus homo-
geneous, as in Feenstra, Markusen, and Rose (2001).

Assessment Due to its log-linear structure, the
coefficients of the gravity model are in terms of
elasticities or ratios of percentage changes. These
‘‘unitless’’ measures are comparable across countries
and goods and give us direct measures of the re-
sponsiveness of trade flows to the trade potential
variables of equations 3–6. For GDP and distance,
estimated elasticities tend to be close to 1.0 in value.
For distance, comparison across groups of countries
gives a measure of the degree of integration in the
world economy. In addition to these standard vari-
ables, the coefficients of policy variables help us to
understand the impacts of the represented policies on
trade flows. It is also possible to obtain estimates of
border effects independently of distance and other
variables, as well as to investigate some issues in
economic geography, as in Redding and Venables
(2004). Despite some ambiguity regarding its theo-
retical foundations, then, the gravity model is an
important empirical tool to help us understand trade
and other economic flows in the world economy.

See also applied general equilibrium modeling; Heck-

scher-Ohlin model; intraindustry trade; monopolistic

competition; New Trade Theory; partial equilibrium

modeling; revealed comparative advantage
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