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Abstract

The gravity model is a workhorse tool that has been widely used in international trade.
However, one empirical question that frequently arises is related to the conceptualization
and measurement of distance. To overcome this limitation, our study proposes an index
of distance based on multivariate statistical analysis. Specifically, we build our index using
Factorial Analysis for Mixed Data. For robustness check, we use Principal Component Anal-
ysis. Both techniques summarize in one factor information related to geographical, cultural,
political and economic variables that might affect international trade between countries. We
use this index as proxy of distance, and Gross Domestic Product as proxy of mass, and we
run some panel data exercises between 1995 and 2000 for 10 Latin American economies.
Estimations indicate that the sign of the load factors in Factor Analysis for Mixed Data are
intuitively plausible, and that panel data exercises give sensible robust outcomes.
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Introduction

The gravity model of international trade is a workhorse tool that has been used in an ample
range of empirical fields. In the literature, it has been highlighted how it has provided “some
of the most robust empirical findings in economics” (Leamer and Levinsohn, 1995). Usually,
when the gravity equation has been tested, the estimated effects of distance and output have
shown to be economically and statistically significant and reasonably consistent across studies
(Rose, 2004). Besides that, the gravity model has been able to explain most of the variation in
international trade (Mejia, 2011).

Distance, a proxy for trading costs, is expected to negatively affect the flow of international
trade between a pair of countries. Even though some studies based on the gravity model have
applied direct measures of transport cost barriers to trade, the majority of them rely on distance
as a proxy for transport costs (Brun et al., 2005). As noted by Huang (2007) there is, however,
no consensus on what geographic distances are proxying for: the costs derived from distance
may include varied components such as freight charges, cultural dissimilarities and other barri-
ers which can be difficult to measure (Anderson and Marcouiller, 1999). Batra (2004), cited in
Correia (2008), argues that distance can also be a proxy for the time elapsed during shipment,

synchronization costs, transaction costs or cultural distance (Mejia, 2011).

In consequence, while distance has always been an important variable in gravity equations,
authors have never been sure exactly what ‘costs’ distance represents (Baier and Bergstrand,

2001).

From an empirical perspective, two technical problems are present in a relevant number of
studies. In the first place, many of the variables included in the model show correlation, leading
to a loss of precision. In the second place, some of these variables are categorical, which implies
that a measure of distance should consider this fact. Our main objective is to propose a measure
of distance that involves geographical, cultural, social and economic aspects, and then use it in
an econometric application of the gravity model for some selected Latin American countries.

This measure brings statistical and economic advantages: an index of international trade dis-



tance in just one variable is defined, where some categorical variables are considered. Besides
that, the precision of the parameters estimates in econometric exercises is improved, since we

mitigate the multicollinearity problem.

To test the gravity model, we estimate the effects of the Gross Domestic Product and our
trade distance factor on exports by using a panel data structure from 1995 to 2010. We apply
Factor Analysis for Mixed Data to build a measure of distance where we involve geographical,
cultural, social and cultural variables. Additionally, we use Principal Component Analysis for
robustness check. Estimations indicate that the sign of the load factors in both multivariate
statistical techniques are intuitively plausible, and that panel data estimations show sensible

robust outcomes.

1 Literature Review

The gravity model is considered as a workhorse tool that has been used in an ample range of
empirical fields, being the impact of trade agreements, exchange rate volatility, currency unions,
Foreign Direct Investment (FDI) between countries, and the so-called “border effect”, some of its
common applications (Baldwin and Taglioni, 1999). It is a mathematical model derived from an
analogy with Newton’s gravitational law, used to explain aggregate human behaviors related to
spatial interaction such as migration and traffic flows (World-Bank, 2002). Other investigations
that have been conducted in the light of the gravity model range from the effect of foreign aid
on FDI flows, to the effect of democracy, environmental regulations or corruption and insecurity

on trade.

The gravity model appeared in the 1960s as an empirical specification with some theoretical
foundations. As stated by Deardorff (1995), Tinbergen (1962) and Pdyhonen (1963) carried
out the first econometric estimations of trade flows based on the gravity equation. Linnemann
(1966) proposed a theoretical foundation based on the Walrasian general equilibrium system.
He stated that the gravity model was a reduced form from a four-equation partial equilibrium

model of export supply and import demand (Bergstrand, 1985). Deardorff (1995) emphasizes



how “...Leamer and Stern (1970) followed Savage and Deutsch (1960) in deriving it from a
probability model of transactions”. Later, efforts were undertaken to derive the gravity equa-
tion from models that assumed product differentiation, starting with Anderson (1979). He made

the so-called “Armington Assumption” - where products were differentiated by country of origin.

Three aspects have been crucial for the gravity model’s recognition: its suitability for ex-
plaining international trade flows, the accessibility of the data needed for its estimation, and the
respectability of a number of seminal papers that have established the gravity model’s reputation

and proposed a set of standard practices that are used to address different empirical questions.

In one of the most influential empirical papers dealing with the gravity equation, Rose
(2000), notes that the gravity model of international trade “has a remarkably consistent history
of success as an empirical tool”. He also cites Leamer and Levinsohn (1995), who describe the
gravity model as having provided “some of the clearest and most robust empirical findings in
economics.” It relates bilateral trade flows to GDP, distance, and other factors that affect trade
barriers (Anderson and van Wincoop, 2003), modelling the flow of international trade between
a pair of countries as “proportional to their economic mass and inversely proportional to the
distance between them” Rose (2000, pp 7). Anderson (1979) states that the gravity equation is
“probably the most successful empirical trade device of the last twenty-five years”. Influential
empirical studies dealing with the gravity equation include the works of Anderson and van
Wincoop (2003), Feenstra et al. (2001), Evenett and Keller (2002), Eaton and Kortum (2002),
Rose (2000, 2004), Soloaga and Winters (2001), and Subramanian and Wei (2007), among others.

2 Empirical Strategy and Results

We analyze the period 1995-2010, due to availability of information and more specifically, be-
cause the democracy index measured by Polity2 from the Polity IV data is only available from
1995 onwards. Our sample comprises five South American countries and five Central American
countries, namely: Argentine, Brazil, Chile, Colombia, Ecuador, El Salvador, Guatemala, Hon-

duras, Mexico and Panama. Table 5 shows the list of variables, their definition and sources.



Descriptive statistics can be found in table 6. When building the dataset, each country’s
export basket comprised —at least—70% of its exports. When analyzing the descriptive statistics,
it is interesting to notice how the coverage for Chilean exports is of 70,48%, while in the Mexican
case, it goes up to 97.62%. In our dataset, Honduras is the country with less trade partners (32),
but 85.23% of its exports are represented. Mexico is the country with the highest level of exports,
and Brazil is the country with the highest Gross Domestic Product in our dataset. Addition-
ally, El Salvador is the country whose trade partners have the highest average GDPs, but also,
the highest volatilities. Concerning the democracy index, it can be observed that countries like

Chile and Panama obtain the maximum score (9), while Ecuador gets the minimum score (6,68).

To create our trade distance index we use geographical distance measured in kilometers, the
bilateral exchange rate between trade partners, the absolute difference in the democracy index
between trade partners, and three categorical variables: the existence of a common border, if
the partners share a common language, and if the partner country is an island. Therefore, we

try to capture geographical, economic, cultural and political aspects to build our distance index.

To calculate our distance index, we use the first dimension associated with the previous
variables from a Factor Analysis for Mixed Data. This multivariate statistical technique is a
principal component method to explore data with numerical and categorical variables, which
can be considered a mix between Principal Component Analysis and Multiple Correspondence
Analysis, that ensures to balance influence of both types of data (Escofier and Pages, 1994;
Pages, 2004).

We perform our Factorial Analysis for Mixed Data in R package (R Development Core Team,
2013). Specifically, we use the library FactoMimeR (Husson et al., 2013). As can be observed in
Table 1, in relation to numerical variables a longer distance, higher differences in real exchange

rate and bigger political discrepancies imply a larger trade distance.! Concerning the categorical

"'We perform Bartlett test of sphericity, and there is not statistical evidence to reject the null hypothesis that
these variables are not intercorrelated.



variables, our analysis shows that sharing a border and sharing a common language imply less
distance, while having an island as a trade partner implies a larger trade distance. One of the
most relevant characteristics of Factor Analysis for Mixed Data is that one can obtain different
load factors for each categorical variable. For instance, as can be observed in Table 1, there are
asymmetric effects of these variables on our trade distance. In particular, sharing a land border
has a higher effect on trade distance compared to not sharing a land border, these effects are
-3.11 and 0.29 in average, respectively. The same pattern can be identified when two partners
share a common language. To have an island as a trade partner implies a higher effect on trade
distance compared with the opposite situation, these load factors are 1.91 and -0.29 in average,

respectively.

We perform some Principal Components Analysis for each country with the same numerical
variables, and treat the categorical variables as dummy variables which are equal to 1 if the
condition is met, and zero otherwise. The main idea with these exercises is to perform some
robustness checks of our results. As can be seen in Table 2, we obtain the same intuitive out-
comes. Specifically, larger physical distance, higher exchange rate, bigger political discrepancies,
not sharing a land border or language and having an island as trade partner imply a larger dis-

tance.

Once we build an index of trade distance, we use the product of the Gross Domestic Product
as proxy of the mass between a host country and its trade partner.? Given that ignoring dy-
namics might lead to incorrect inference; this aspect is an important issue in international trade
since the establishment of distribution and service networks between business partners implies
lower barriers and sunk costs. Additionally, there is habit formation among consumers that
incentives inertial demand (Bun and Klaassen, 2002). The main model is based on the dynamic
panel data model proposed by Blundell and Bond (1998). This methodology implements some

moment conditions that imply more efficient estimation (Cameron and Trivedi, 2005).

2All our panel data models were run on Stata 12.0 (StataCorp, 2011).
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We estimate the following equation:

In {Expij,t} = By + Biln {Ea;pij,t_l} + Baln {GDPZ'j7t} + 53ECDiStij,t + Wit (1)

where
In{Exp;;.} is the level of exports from country i to country j in year t.
In{GDUPj;,} is the product of the GDP of country ¢ and country j in year ¢.
EcDist;;; is our index of trade distance between country ¢ and country j in year ¢.

Hijt is an stochastic perturbation.

As can be observed in Table 3 a higher level in our index of trade distance implies a reduction
in the level of exports from country i to country j. Additionally, the short term GDP elasticity
is positive and ranges between 0.22 and 1.17 for Brazil and El Salvador, respectively. Regarding
the long term GDP elasticity, which is equal to f2/(1 — (1), this fluctuates between 0.70 for
Guatemala and 1.60 for Ecuador. We test the presence of panel unit roots, and this hypothesis
is rejected, as well as autocorrelation of order two. Additionally, over identification restrictions

are valid for each model. Finally, all our variables are statistically significant at 5%.

Additionally, we estimate all our dynamic models using a measure of trade distance gotten
by Principal Component Analysis. We obtain the same outcomes as can be observed in Table
4.

As depicted in Tables 7 and 8, where a trade distance based on Factor Analysis for Mixed
Data was used, these results are robust to dynamic or static specification of the panel data
model. Additionally, a range of models support this argument. Finally, we basically obtain the

same results applying Principal Component Analysis, as can be observed in Tables 9 and 10.

Conclusions

The empirical success of the gravity model is explained by different factors. Its theoretical

underpinning, wide range of fields of application, the accessibility of the data needed for its es-



timation, and the respectability of a number of seminal papers that have established the gravity

model’s reputation, have been decisive.

However, a persistent problem in the literature related to the gravity model of international
trade is associated to the conceptualization and measurement of distance. Even though some
studies have applied direct measures of transport cost barriers to trade, the majority of them
rely on distance as a proxy for transport costs. Besides that, there is no consensus on the ex-
tent of the distance concept. Certainly, geographical distance and transport costs are relevant.
But besides that, synchronization costs, transaction costs or cultural distances should also be

considered.

Taking this limitation into account, the main contribution of this paper is to propose a mea-
sure of trade distance based on geographical, economic, cultural and political aspects, applying
it to test the gravity model in 10 Latin American economies. In our analysis, the gravity equa-
tion fits the data well. A higher level in our index of trade distance implies a reduction in trade

flows between the trade partners.

This measure is built using Factor Analysis for Mixed Data, which is a multivariate sta-
tistical technique that simultaneously incorporates numerical and categorical variables. Our
econometric exercises suggest that there are sensible outcomes. These results were also tested

using Principal Component Analysis, and basically the same results were obtained.
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Table 7: Econometric Results: Static Panel Data Models using FAMD (South America)
Argentine
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDistiy -0.6908 -0.7053 -0.6817 -0.6916 -0.6246
(0.1156) (0.1232) (0.1682) (0.1103) (0.0901)
In{GDPy} 0.6361 0.6443 0.5752 0.6895 0.6033
(0.1044) (0.1099) (0.1292) (0.1103) (0.0861)
Constant -13.7579 -14.2361 -10.7111 -16.5664 -11.9290
(5.5745) (5.8810) (6.9561) (5.8892) (4.5269)
Brazil
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDisti -0.4506 -0.3702 -0.4072 -0.3843 -0.3798
(0.079) (0.0801) (0.0392) (0.0832) (0.0718)
In{GDP;y} 0.6216 0.5851 0.596 0.7193 0.6007
(0.0487) (0.0285) (0.0277) (0.0213) (0.0209)
Constant -12.8745 -10.9692 -11.537 -18.1247 -11.7063
(2.6290) (1.5452) (1.5016) (1.1712) (1.1284)
Chile
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDisty -0.5444 -0.5441 -0.5285 -0.56371 -0.5001
(0.0754) (0.0768) (0.1244) (0.0864) (0.0818)
In{GDP;} 0.8196 0.8300 0.8359 0.8625 0.7690
(0.0541) (0.0573) (0.0985) (0.0612) (0.0463)
Constant -23.1168 -23.677 -24.0371 -25.3276 -20.4755
(2.7888) (2.9607) (5.1971) (3.1582) (2.3912)
Colombia
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDisti -0.8178 -0.6340 -0.6730 -0.4655 -0.4338
(0.1453) (0.1118) (0.1108) (0.0933) (0.0912)
In{GDP;} 0.8151 0.7304 0.7451 0.7374 0.6960
(0.1386) (0.0970) (0.0849) (0.0979) (0.0468)
Constant -23.7682 -19.466 -20.2142 -19.7699 -17.6023
(7.2072) (5.1214) (4.4427) (5.0905) (2.4259)
Ecuador
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDistgt -1.4567 -1.4791 -1.4711 -1.5113 -1.4722
(0.1998) (0.2143) (0.1988) (0.2414) (0.1831)
In{GDPy} 1.0115 1.0459 1.0553 1.1327 1.1590
(0.1544) (0.1602) (0.1172) (0.1835) (0.1050)
Constant -34.2026 -36.0124 -36.5238 -40.2945 -41.5795
(7.8687) (8.1881) (6.0060) (9.3849) (5.2957)

Standard deviation in parenthesis.
All variables are statistically significant at 5%.
Source: Authors’ estimations.
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Table 8: Econometric Results: Static Panel Data Models using FAMD (Central America)

El Salvador

Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDisti; -1.4757 -1.3707 -1.345 -1.006 -1.0469
(0.2900) (0.2716) (0.2773) (0.3453) (0.2231)
In{GDP,;} 0.9482 0.903 0.8962 1.1653 1.1572
(0.2408) (0.2204) (0.1671) (0.2214) (0.1247)
Constant -32.3937 -30.0812 -29.7359 -43.1715 -42.7964
(12.0957) (11.1018) (8.4513) (11.2506) (6.2169)
Guatemala
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDisti -0.8298 -0.8637 -0.8402 -0.7572 -0.7338
(0.2034) (0.2055) (0.1775) (0.1983) (0.1724)
In{GDP;y} 0.5529 0.6325 0.6517 0.785 0.6757
(0.1865) (0.1773) (0.1300) (0.1519) (0.0706)
Constant -11.2263 -15.2449 -16.2173 -22.8501 -17.2927
(9.3654) (8.9658) (6.5927) (7.7022) (3.5573)
Honduras
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDisty -1.8806 -2.1698 -2.1394 -2.5399 -1.8706
(0.3514) (0.3944) (0.2922) (0.4845) (0.2941)
In{GDP;} 1.597 1.8512 1.8246 2.6373 1.8779
(0.3713) (0.4008) (0.2374) (0.4605) (0.2013)
Constant -64.6342 -77.5194 -76.1764 -120.0213 -77.9149
(18.5010) (20.0134) (11.7670) (22.9292) (9.9261)
Mexico
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDisti; -0.712 -0.4963 -0.6491 -0.3363 -0.462
(0.1732) (0.0954) (0.0561) (0.1261) (0.1001)
In{GDP;} 0.7571 0.773 0.7603 0.7833 0.8413
(0.1378) (0.0693) (0.0427) (0.0735) (0.0358)
Constant -20.8834 -21.6291 -20.9914 -22.2817 -25.4095
(7.3531) (3.7431) (2.2897) (4.0213) (1.9233)
Panama
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDistgt -1.4346 -1.3522 -1.3398 -1.3727 -1.7487
(0.3389) (0.3146) (0.3555) (0.3486) (0.3459)
In{GDPy} 0.8857 0.8262 0.826 0.8537 1.2556
(0.2336) (0.2166) (0.2322) (0.2594) (0.1829)
Constant -29.5369 -26.4257 -26.3461 -27.9477 -48.2686
(11.7124) (10.8741) (11.7299) (13.0383) (9.1072)

Standard deviation in parenthesis.
All variables are statistically significant at 5%.
Source: Authors’ estimations.
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Table 9: Econometric Results: Static Panel Data Models using PCA (South America)

Argentine
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDisti; -0.6985 -0.7156 -0.7122 -0.7142 -0.6548
(0.1175) (0.1262) (0.1707) (0.0967) (0.0893)
In{GDPy} 0.6437 0.6543 0.5962 0.6976 0.6170
(0.1060) (0.1122) (0.1326) (0.0802) (0.0854)
Constant -14.1609 -14.7601 -11.8195 -16.9911 -12.6502
(5.6568) (6.0019) (7.1346) (4.2164) (4.4889)
Brazil
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDisti; -0.4516 -0.3858 -0.4144 -0.4024 -0.3967
(0.0791) (0.0813) (0.0394) (0.0825) (0.0721)
In{GDP;y} 0.6226 0.5921 0.6013 0.7224 0.6041
(0.0486) (0.0290) (0.0277) (0.0211) (0.0208)
Constant -12.9297 -11.3463 -11.8228 -18.2942 -11.8904
(2.6267) (1.5710) (1.5031) (1.1608) (1.1270)
Chile
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDisty -0.5449 -0.5448 -0.5308 -0.5388 -0.5059
(0.0753) (0.0767) (0.1248) (0.0873) (0.0815)
In{GDP;} 0.8193 0.8299 0.8370 0.8606 0.7692
(0.0541) (0.0574) (0.0988) (0.0617) (0.0462)
Constant -23.1008 -23.6733 -24.0950 -25.2249 -20.4854
(2.7901) (2.9631) (5.2152) (3.1828) (2.3844)
Colombia
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDisti; -0.7961 -0.6662 -0.6992 -0.5273 -0.4712
(0.1437) (0.1134) (0.1122) (0.1292) (0.0933)
In{GDP;} 0.8030 0.7425 0.7546 0.7056 0.6737
(0.1385) (0.0989) (0.0850) (0.0963) (0.0455)
Constant -23.1453 -20.0839 -20.6997 -18.1363 -16.4650
(7.2050) (5.2133) (4.4457) (5.0036) (2.3583)
Ecuador
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDistgt -1.4102 -1.4515 -1.4605 -1.4678 -1.4353
(0.2023 (0.2225) (0.1849) (0.2353) (0.1857)
In{GDPy} 1.0230 1.0626 1.0734 1.1138 1.1396
(0.1682) (0.1745) (0.1161) (0.1873) (0.1054)
Constant -34.7811 -36.8605 -37.4390 -39.3421 -40.6090
(8.5666) (8.9145) (5.9504) (9.5826) (5.3152)

Standard deviation in parenthesis.
All variables are statistically significant at 5%.
Source: Authors’ estimations.
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Table 10: Econometric Results: Static Panel Data Models using PCA (Central America)

El Salvador

Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDistgt -1.4410 -1.3706 -1.3459 -1.1511 -1.1235
(0.2802) (0.2638) (0.3050) (0.3394) (0.2259)
In{GDPy} 0.9682 0.9363 0.9309 1.2206 1.2038
(0.2538) (0.2312) (0.1874) (0.2240) (0.1260)
Constant -33.3871 -31.7367 -31.4544 -45.9148 -45.1051
(12.7344) (11.6302) (9.4661) (11.3694) (6.2786)
Guatemala
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDisti -0.8235 -0.8665 -0.8547 -0.7272 -0.7630
(0.2025) (0.2052) (0.1847) (0.2119) (0.1714)
In{GDP;y} 0.5514 0.6460 0.6730 0.7863 0.6644
(0.1866) (0.1773) (0.1329) (0.1495) (0.0699)
Constant -11.1513 -15.9459 -17.3147 -22.9154 -16.7167
(9.3725) (8.9702) (6.7437) (7.5850) (3.5219)
Honduras
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDisty -1.8609 -2.1071 -2.0854 -2.4194 -1.8213
(0.3491) (0.3896) (0.2925) (0.4539) (0.2917)
In{GDP;} 1.5852 1.8233 1.8006 2.5851 1.8348
(0.3677) (0.3942) (0.2378) (0.4474) (0.1993)
Constant -64.0538 -76.1723 -75.0172 -113.1776 -75.7803
(18.3233) (19.6914) (11.7924) (22.2994) (9.8279)
Mexico
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDisti; -0.7123 -0.5347 -0.6669 -0.4457 -0.4854
(0.1757) (0.1108) (0.0600) (0.1276) (0.1032)
In{GDP;} 0.7659 0.8090 0.7901 0.8077 0.8416
(0.1402) (0.0735) (0.0444) (0.0766) (0.0358)
Constant -21.3567 -23.5808 -22.6035 -23.5841 -25.4120
(7.4856) (3.9757) (2.3869) (4.1809) (1.9230)
Panama
Variable Pooled OLS FGLS AR(1) Prais-Winsten Random Effect Instrumental Variable
EcDistgt -1.4118 -1.3265 -1.3135 -1.2799 -1.7237
(0.3358) (0.3092) (0.3525) (0.3330) (0.3371)
In{GDPy} 0.8664 0.8046 0.8034 0.7836 1.1869
(0.2313) (0.2134) (0.2306) (0.2476) (0.1769)
Constant -28.5814 -25.3561 -25.2262 -24.4737 -44.8640
(11.6004) (10.7121) (11.6443) (12.4592) (8.8099)

Standard deviation in parenthesis.
All variables are statistically significant at 5%.
Source: Authors’ estimations.
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