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Introduction

The 2005 Summit of the Americas adjourned withettisg a date for further
negotiations for the Free Trade Agreement of theeAcas (FTAA). While the FTAA
may be resurrected, it is clear that enthusiasnthimagreement has declined
precipitously from 1995, when the FTAA negotiatidiegan. At the same time, bilateral
agreements have proliferated throughout the Amgri@asing the possibility that
bilateral agreements are stumbling blocks for naéal accords. The question of
whether bilateral agreements are "building bloaks"stumbling blocks" remains at the
heart of the integration policy debate, and thesarygests that one key difference
between these two outcomes is trade diversiondéigeee to which bilateral agreements
hinder multilateral negotiations depends on themixof trade diversion created by the
bilateral agreements. Unfortunately, there are (i€any) effective and practical
measures of trade diversion in the multi-countnytegt.

Measuring trade diversion is important for polioy two reasons. First, as noted
above, trade diversion makes multilateral agreesiess attractive. Second, trade
diversion is generally considered to be a riskilatéral agreements because it is
economically inefficient. Multilateral agreememtgoid this inefficiency, making the
policy choice between bilateral and multilateralessgnents both relevant and dependent
on being able to measure trade diversion.

Our paper makes two main contributions. The fgst measure of trade

diversion that can easily be applied to the mutktry context. We begin with

! For examples of this debate, see Ethier (19988H1)%and Krueger (1995).



Krishna'’s (1998) theoretical political economy mbaehich suggests that bilateral
agreements can reduce the incentives to pursudaterl negotiations in the presence
of trade diversion. Implicit in his model is a mefor trade diversion that can be
empirically applied to a multi-country environmdayt adapting Anderson (1979) and
Anderson and van Wincoop (2003, henceforth AW). 8h@w the importance of
“multilateral resistance” measures in empiricatdgts. Trade between two countries,
after controlling by size and other variables,esm@asing in their bilateral trade barrier
relativeto the averagbarrier of the two countries to trade with all theartners. While
AW focus on the omitted variable bias that comesfignoring multilateral resistance,
we show that incorporating multilateral resistanae generate an alternative empirical
metric for trade diversion that matches Krishna98) framework.

Our second contribution is the application of @gigproach to a new and unique
data set on tariff rates. Studies of trade diwer$iave traditionally focused on discrete
events, such as the entry into force of a tradeeagent. Rose (2004), in particular, finds
that the WTO (GATT) has had very little, if anyfesft on trade other than that generated
from tariff changes. These results suggest tlatdimg on tariffs is a more appropriate
way to focus on the effects of trade agreements.

Relatively few, however, have attempted to anatiieeeffects of preferential
trade liberalization because the data requiremametsonsiderable. To get the appropriate
tariff data, one must examine each preferentiditi@greement and record the tariff

phase-in schedule, which is how we constructedi#te used in this paper.

2 Prominent examples include Romalis (2001), whai$es on NAFTA, and Rose (2004), who focuses on
the WTO.



We ground our empirical work by explicitly incoroing asymmetric tariff
barriers into the familiar gravity model, followirspme recent empirical attempts to
directly measure trade costs (Hummels 2001a, LiambVenables 2001). Our data
allow us to take advantage of tagymmetricmature of preferential tariffs among
members of a preferential trade area in order tpl@yrand enhance AW's non-linear
estimation approach. Baier and Bergstrand (20@%yever, suggest that the OLS
estimates are sufficient. We therefore use boginagezhes. The AW results have a
smaller variance over time than the OLS estimdtesboth approaches suggest rising
trade diversion.

Combining these theoretic advances with a newlysttanted data set generates
an approach that is intuitively straightforwardallihg average tariffs, such as through
pursuing certain bilateral agreements, increasesrélale-reducing effect of the remaining
tariffs. Ceterus paribus, a bilateral agreemerrteiases the difference between a
country's average tariff and the remaining tariffhie trade diversion that drives
Krishna's (1998) model emerges as an increasireggtive estimated effect of
remaining tariffs. That is, the remaining tarifigpear to become more effective at
blocking trade as the bilateral agreement diveaiset from the pairs outside the
agreements.

The Latin American experience between 1985 and p8@vides an excellent
opportunity to evaluate the link between bilatesraliand multilateralism for two main
reasons. First, negotiations for the Free Traded&gent of the Americas, expected to
have been completed in 2005, have bogged downulineous negotiations for

bilateral agreements have been generating whatdms to be known as the "spaghetti



bowl" of bilateral agreements and reductions irfgrential tariff rates. In few places has
the question of whether bilateral agreements hindéelp multilateral trade negotiations
been as relevant for policy as in Latin Americardhe last 15 years. Second,
concentrating on a geographically defined regidowad us to focus on the tariff effects
and abstract somewhat from the multilateral rescstaeffects of distance.

Finally, having asymmetric tariff rates offers ag thance to make two
additional contributions. First, while the majgrdf the literature uses average tariff
rates under the assumption that tariff rates asecally symmetric, we show that, while
trade flows are generally symmetric, tariff ratesgrally are not. Second, employing
asymmetric tariffs also allows us to estimate tlastecity of substitution of goods
between countries — a critical, but rarely estimaparameter in many theoretic trade
models.

Our study unfolds in six remaining sections. Ilctia | we present our data,
discuss trade liberalization in the Americas, aigihlilght the importance of asymmetry
in tariff data. In Section Il we show how we combikrishna and AW's theoretic
approaches. In Section Il we describe our estonapproach. Section IV contains our

results and we explore robustness in Section Vrbefoncluding in the final section.

|. Data and Stylized Facts

A. Summary Statistics

The major data collection effort of this paper ilwaal constructing the
preferential bilateral tariff rates for all posstidilateral relations among the 29 countries

included in our sample from original sources, idiidn to the MFN rates that each



country applies to the rest of the world. The datased in this study covers the period
from 1985 to 1997 and the following countries: Arggea, Bolivia, Brazil, Colombia,
Chile, Ecuador, Mexico, Paraguay, Peru, UruguayeZeela, Japan, the United States,
Canada, and the European Union. The standard grauviiables come from standard
sources in the gravity literature, and in particitam Andrew Rose's website. We have
complemented these data with trade data from UiNittbns COMTRADE database.
All MFN tariff data have been collected from offatinational statistical sources and
regional integration secretariats. All preferentaalff data have been collected directly
from original tariff schedules from regional andbkeral trade agreements (reciprocal and
non-reciprocal) signed and implemented during &g under study. It includes
bilateral and regional agreements signed undelt A& framework; NAFTA agreement
and other non-reciprocal agreements with the Uriiiiades and the European Union.
Table 1 contains the list of countries includedhe data and some summary
statistics. Several features deserve mentionthédst of countries shows, we focus on
Latin America but include Canada, the United Stadeesope, and Japan. The data
exhibit the typical gravity model data charactéestn the sense that larger and closer
countries trade more. Table 1 contains the aveadgelorem tariff rate, but we use
log(1+tariff) (in which a 10% tariff would be 0.10) our estimation. Due to our sample
period, the tariff rates European countries have&zh other and impose on non-
European countries are identical for all countvighin the European Union. We discuss

the evolution of tariffs in Latin America in the xtesection.

B. Trade Liberalization in the Americas



Between 1985 and 1997, bilateral and sub-regioadktagreements proliferated
throughout the Americas. Figure 1 illustrates whatow known as the "Spaghetti
Bowl" of regional trade agreements. These agre&weere often accompanied by
unilateral trade liberalization. Our data covas fberiod of liberalization and the phase-
in period. The data from our sample show fallimge average tariff rates (Figure 2).
The decline begins in 1985. Average tariffs fallrdatically during the 1989-1991 period
before leveling out around 1993. This declineiinge average tariffs reflects falling
MFN tariff levels as well as falling preferentialiffs incorporated in bilateral
agreements. Figure 3 shows the MFN tariff ratpsusgely from the preferential tariff
rates. The proliferation of bilateral agreememis &lling average tariffs is evident in
Figures 2 and 3.

Bilateral and sub-regional agreements are, by dieim exclusive. The result of
these agreements that differs from multilaterabagrents is that the difference between
the maximum tariff and the mean tariff rises witlateral agreements. If multilateral
resistance matters, then this suggests that, e#égctthe remaining tariffs (for countries
not included in the agreement) effectively risdaiee to the mean). This is exactly
what happened in the Americas, as shown in Figuréidgure 4 shows both the standard
deviation of importer tariff rates and the averdgierence between the mean and
maximum tariff. Both rise as the mean tariff fallBhe multilateral resistance concept, as
described by the theory above, suggests thatshegrdifference between average tariffs
and the maximum tariff also affects trade betweemgorter and the country facing the

maximum tariff — even if the maximum tariff doest mbange.



C. Asymmetry

One contribution of this paper is that it incorgesasymmetric tariff variables.
Trade patterns are generally symmetric: counthiaséxport a lot to a partner generally
import a lot from that partner. This is true for @ntire sample. Figure 5 illustrates this
pattern for 1997 with a graph of country exports and trade partner courntsyexports.
The resulting coefficient (standard error) of thplied simple regression is 0.904
(0.025) with an adjusted?®f 0.784. One country’s exports to a given parexplain
about 80% of the variation of partner exports ®first country. This graph indicates
that total trade is a very good proxy for unilatérade.

Tariffs, in contrast, are generally not symmetiiiégure 6 illustrates this point for
1997 in which one country’s tariffs explain lesani0% of the variation in their
partner’s tariffs towards theth The symmetry of tariffs increases over our samgigor
to 1990, one country’s tariffs explain less than d®ihe variation in the partner’s tariffs.

The implication of this asymmetry is that averagelé barriers introduce
possibly significant measurement error when theyusied as proxies for partner-specific
tariffs. This measurement error would result temtation bias, biasing the estimated
effects of tariffs towards zero, suggesting thatliterature that relies on average tariffs
underestimates the real impact of tariffs. Thgitealso highlights the importance of
asymmetric tariffs. As the theory in the next setshows, the estimated effect of these

asymmetric tariffs measures trade diversion.

Il. Theory

® The resulting coefficient (standard error) of theff regression is 0.616 (0.040) with an adjusRaf
0.390.



Krishna (1998) employs a Cournot model to show thédtilateral agreement
between two countries can make liberalizing witiied country (forming a multilateral
agreement) less attractive if the bilateral agregngetrade diverting. One of AW’s main
insights is that the concept of “multilateral résmce” affects trade patterns. In this
section, we combine these contributions to illustdaow the “multilateral resistance”
concept can be applied to Krishna’'s basic apprdaclgenerate a metric of trade
diversion.

We begin with the simplest form of a Cournot mot€bnsider three countries,

1, 2, and3. Defining exports from countiy as ¢ and the constant marginal production
cost in country as g, assume tha's demand for imports is simple and lind2x1-Q in
which Q=q;+qs. The Cournot solution fd's demand for imports from each country is

then

1-2g,+g
Q= 1 3
3 (1)
q = 1-29,+0,
° 3
Tariffs that country 2 imposes on each tradingrgartan be modeled as a simple
increase in marginal production costs. Thus, théet-reducing effect of a tariff that
country 2 imposes on country 1, for example, igracfion of the tariff that country 2
imposes on country 3. That is, the effect of tHrdfton bilateral trade is a function of the

“multilateral resistance” that is represented reseountry 2’s tariff on all other

countries (which, in this case, includes just couBt).

* Since this presentation is simply illustrative, assume homogeneous goods, zero transportatics) cost
and benevolent governments, and abstract almastlgritom the consumption side and domestic
production.



Figure 7 graphs the effects of country 2’s impé&nasn country 1 as a function of
2’s tariffs on imports from countries 1 and 3. Whenffs on imports from 3 are zero,
higher tariffs on country 1 cause import (valueshdll, as the line in the facing plane (in
the {trade,t1} space) shows. The effect of thdftan imports from 1, however, is
affected by 2’s tariff on country 3. Higher tasifbn imports from 3 reduce the trade-
suppressing effect of tariffs on 1, which is dué¢he trade diverting effect of 2’s tariffs
on 3. Higher tariffs on country 3 divert traderfr@® to 1, making the tariff on 1's exports
less effective. Krishna’s (1998) insight is thaide diversion that occurs from bilateral
tariff changes (e.g. through a bilateral trade agrent) reduce the gains from extending
the agreement to third parties. This result islent in Figure 7, and it illustrates both
that the estimated effect of bilateral tariffs caflect trade diversion and the importance
of focusing on multilateral resistance measuresmpirical estimates of the effects of
tariffs.

The standard empirical tool used to analyze tiedi@mes is the gravity model.
The gravity model has a rich history and has régexiperienced an important
resurgence (e.g. Evenett and Keller 2002, HansdrKaang 2004). AW show that
multilateral resistance can be easily incorporatealthe gravity model. Their theoretic
focus is on trade costs, which, in their empirigalk, justifies a focus on the effects of
distance. Here we focus on tariff component aldéreosts. Following AW, a
theoretically correct representation of the grawiydel begins with the assumption that
all goods are differentiated by place of origirhisSTassumption suggests that each
country produces only one good. Since we are isteden aggregate goods’ flows, this

assumption provides a reasonable starting point.



The second assumption is that consumers have ¢déntiomothetic preferences
that can be approximated with a CES utility functioAW, for example, specify the

following function for consumers in countygonsuming goods from countryi :

(Zi IBi(l_U)/qu(U_l)/U)U/(U_l) | (2)

which is maximized according to the budget constrai

2. PG =Y 3

Define g as the constant elasticity of substitution betwgeods from each country as

a positive consumption weight (summing ovéo one),p; as the price of regiongoods

in countryj, and finallyy; as the nominal income of consumers in couptrilaximizing

(2) subject to (3) generates the following demanrccbuntryi goods in country.
>.(an)

in which z, = p ¢ represents countiis imports from countrj.®

(4)

Since our focus is on tariffs, we next assumetdré#ts are the only factors that
affect the price (we incorporate distance sho#dly) allow incomplete "pass through"

from tariffs to prices captured by the coefficignt

P =Ry (5)
We then follow Anderson (1979) and Deardorff (19@8)p complete the derivation by
noting that market clearance implies that each tgisnincome is equal to the sum of the

production shipped to each country,

%i=2,% (6)

® The complete derivation is included in a referegipendix.
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Defining world income ag/" = zi y, and income shares &=y, / y" leads to

, ﬂ(i) @

y" | QP
in which
Q=(x,qrar7g)"” ®
P =(X )"

Our focus is not only on tariff levels, but the eumn of tariffs over time. Thus,
we assume that distance is a fixed cost that acisdemand "shifter" rather than a
variable that causes a movement along the demand.c@Although differing somewhat
from the current literature, we think this is aseaable interpretation of the effects of
distance in our context for several reasons. ,Histance is symmetric and constant over
time® Second, countries that are far apart will caesity buy less from each other
regardless of temporal deviations in price. Thatlistance is less likely to cause a
movement along the demand curve than a shift icdtinee. Third, treating distance as a
demand shifter allows us to focus on the effectsoffs and to estimate the elasticity of
substitution directly (as AW cannot do, but notpassible with asymmetric tariff data).
We therefore define imports as exports minus aspraration cost (the traditional iceberg

assumption):

Inz =Inx —In(¢f).” 9)

® Shipping costs may be neither constant nor synie@see Hummels 2001b). In fact, it is likely thiagy
have declined over the long run. We thereforevatlze effect of distance to change over time in our
empirical work.

"We worried about the fact that we exclude the ¢$fe€ average distance in this specification begahis
was one of the key contributions of AW. As we shiowhe robustness section, however, similar result
emerge when the average distance variables argettlin OLS regressions. We believe that this beay
due to the fact that we focus on the Americas, Wwhie geographically concentrated countries, aativiie

11



Combining (7) and (9) and taking natural logs afhbsides gives us our gravity model:

Inx, =Ny +Iny -Iny+alnd +Q-o)Int-(1-0)In Q- (1-0o)In P (10)

This specification suggests that both the level@aretall average of tariffs affect
trade volumes. This multilateral resistance apgticaiggests that not only do bilateral
tariffs matter, but they matter when compared terage tariff levels. This result
suggests an alternative metric for trade diversihen two countries enter into a trade
agreement and trade between them rises while braiteeen other partners falls, the
tariffs that agreement countries have on thirdipattecome more effective.

To illustrate this point, we calibrate the demaypstem (7)-(9) above for four
countries {,2,3,9 and examine how a reduction in 2’s tariff on feeffs the trade
between 2 and 1 for a range of 2 's tariffs on tguh's goods. The results are shown in
Figure 8. Not surprisingly, Figure 8 is very sianito Figure 7. As 2’s tariffs on 1 fall,
trade between 1 and 2 increases, as expectedtrabeereducing effect of any given
tariff 2 imposes on 1, however, depends on théf &irmposes on 3. As 2 reduces tariffs
on 3, trade between 1 and 2 falls and 2’s tariffd doecome more effective in the sense
that, at any given tariff level, trade is lower.

The intuition is very straightforward. In both tA8V and Krishna models, lower
tariffs on 3 cause 3’'s exports to 2 to rise andekjgorts to 2 to fall: trade is diverted from
1to 3. The real effects of tariffs are therefdependent on average tariffs, or the
"multilateral resistance" generated by other tarifThe changing effect of asymmetric

specific tariffs therefore offers a metric of tradieersion.

focus on the effects over time. Our solver refuseproduce estimates when average distance was
included multiplicatively with tariffs, which didat bother us too much because, as Hummels (2001b)
points out, the interpretation of results generatgdnultiplying distance and tariffs seems probléma

12



This metric of trade diversion differs from othecent innovations in the
literature. Romalis (2002) examines trade diverdig looking at how trade between
Mexico, the United States, and Canada changediamitpthe North American Free
Trade Agreement (NAFTA) by comparing trade betwinase countries and trade with
Europe. This is a novel approach and works we#nvbne wants to focus on a trade
agreement. In the Americas, most bilateral agre¢srteave prolonged "phase-in"

periods that suggest that focusing on asymmetriéstés important.

[ll. Estimation Strategy

Our basic strategy begins by specifying a stoch&stm of (10):

Inx, =k+Iny+Iny+aind +A-o)yint -1-0)In Q- (1-0o)In P+,e.(11)
AW suggest that the most theoretically consistppr@ach to estimating these
parameters would be to find thes, «, and a constant terk) that solve the following

nonlinear optimization problem:

min =3 (Inx, —k=Iny-Iny -aln ¢ -(@A-oy Int +(1-0)InQ+ (I-0)In l.F>)2 (12)

ka,on i j#

subject to

)1/(1—(7 )

(Zi (tjr] / Fj))l—agj
(Zi '/ N)l—a)l/(l—a)

Q

P

8 (13)

8 The second condition differs from (8) because wsttute (5) and assume that goods are evenly
weighted across countries (the betas are iderticalll countries and sum to one).
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Baier and Bergstrand (2005) argue that the nonliapamization approach is
unnecessary when using the gravity model to resblwéborder puzzle” and other
issues. Their derivation, however, like AW, assssy@nmetric trade costs. When
tariffs are asymmetric, as in our case, it is neacthat their OLS approach is similar to
the nonlinear optimization approach. In the resséiction, we begin with results
generated from solving this problem and then comga solver results with those
generated by unconstrained and constrained OLSlama how the estimates of the tariff

effect change when average tariffs (and other bbas are added.

IV. Empirical Results

Table 2 contains the results from the minimizapooblem described in (12) and
(13). Our data range from 1985-1997, and we caledlparameter estimates for each
year by solving (12) and (13) separately for eagdwry Like [AW], we do not report
standard errors for our estimafeSeveral interesting results emerge from Tabl&l2e
elasticity of substitution estimates are greatantbne in all years. The distance
estimates are negative (as expected), rise (inatksalue) between 1985 and 1990, and
fall (in absolute value) between 1990 and 1997.

With the exception of 1985, all of the estimateshef effects of tariffs are
negative. The tariff estimates are generally enringe of, albeit on the high side,
estimates found elsewhere in the literature. Uniile distance estimates, they increase
(in absolute value) after 1990. The growing eff@dariffs over time is consistent with

the idea of growing trade diversion. The absolatiees of the tariff effect are larger

° One reason the gravity model is so heavily usédasstatistical significance of the main variabie
rarely an issue. Our OLS estimates, describedeaméxt section, show no cause for concern about
statistical significance.
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after 1990, the year that many of these bilategeg@ments began to go into effect, than
in the years 1986-1990. To the extent that Krishmeodel applies to the Americas, these
results are consistent with rising trade diversiontributing to the falling enthusiasm for
the FTAA.

In addition to the annual estimates, the table etsdains results from solving the
model with pooled data. We solved the model pagpdiata over 1985-87, 1988-90,
1991-1993, 1994-1996, and 1997 to get an ideaso$dinsitivity to changes in sample
period. Like the earlier results, the estimateifteffect rises consistently between 1988

and 1997, which, again, is consistent with risirgglé diversion.

V. Robustness

Our estimation approach follows AW, but divergesisavhat from the gravity
model literature that generally relies on crossise@nd/or OLS estimation. To explore
the robustness of our estimation approach andtsesug also present cross-section and
panel OLS estimates. The gravity model that isetiéely to be found in the literature
might look something like:

Inx, =k+BIny+g,Iny+pIngd+B,Int+pH +e (14)
in which s is actually a vector of parameters that refleetdffects of the variables
contained ind. These variables may include controls for commomléxs, languages, or
other characteristics, but has not traditionallgtamned controls for average tariff levels.

One important difference between this specificatiod equation (11) is the
interpretation of the coefficient on the tariff iayle. In most of the gravity model

literature that includes tariff estimates, the ficadnt on tariffs in equation ( 14) is
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interpreted as the direct effect of tariffs (thgtas; ). Without the appropriate
multilateral resistance terms and correspondingréteal foundation, most gravity
specifications abstract from the elasticity of gitbBon component. In the solver
approach, however, it is possible to separatevtbedrms. In the results that follow, we
follow the convention in the gravity literature (fthe sake of comparability) and
interpretfs asy .

Table 3 contains the results from 5 different gsaspecifications. All five
columns contain OLS estimates using the log of &spas the dependent variable. For
these results, we pooled data from 1985 to 189f/e begin with the most basic
specification that includes (natural logs of) theft rate (1+tariff), distance, the GDP of
each partner (importer and exporter), and a constam. In the second column we add
dummy variables that traditionally appear in gnawtodels that account for a common
border, either being landlocked, either being &ani$, and having a common language.
In the third column we exclude these dummy varigablgt include the average tariff rate
of each country. In the fourth column, we inclunigh the average tariff rates of each
country and the traditional variables (common bgrdic.). The final column excludes
these traditional variables but adds the averagjante to the rest of the world for each
country.

The results in the first column seem to suggesintiportance of the excluded
multilateral resistance measures. The estimatdsst#nce and the GDP of each country
are consistent with prior expectations, but thefteffect is positive. When the

traditional gravity model variables are includeccalumn (2), the tariff effect becomes

9 This period is chosen to be comparable with thegbsolver results. We also discuss year-by-year
results shortly.
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negative, as expected, perhaps suggesting tha Wlaeisbles are correlated with the
country-specific effects of average tariffs andéfiere may pick up some of their effect.
Note that their inclusion has little effect on titber variables and, with the exception of
being an island, they all are statistically sigraft.

When we replace the traditional variables withdkierage tariff rate, we find an
estimate of the tariff effect that is much largargbsolute value) than our solver
estimate, while, again, our other estimates chétilge Including the traditional gravity
variables with our average tariff rate generatsslldarger estimate of the tariff effect
but has only a small effect on the average tafifat estimates, as seen in column 4.
Finally, column 5 shows that a similar tariff effesstimate emerges when we include the
average distance measures along with the averaffertaasures. The main point from
this table is that multilateral resistance measuaragter in the sense that including them
affects the tariff effect estimates.

In addition to multilateral resistance, theory alsplies several constraints.
Moving closer to theory, Table 4 contains the cased OLS estimates in four
columns. In the first column, we constrain thefioent on the income terms to equal 1.
In the second column, we constrain the coefficiemtshe average tariff variables to be
equal to each other. In the third column, we aamstthe income coefficients to equal 1
and include country specific (not pair specificdefil effects? In the last column, we
constrain the income variables to 1 and the avesagévariable coefficients to equal

each other.

™ We do not include pair-specific fixed effects fmveral reasons. First, the theory suggestshbat t
multilateral resistance measures are country-dpetiiplying country-specific fixed effects. Seahn
perhaps not surprisingly, we do not get signifioastimates when including pair-specific fixed eféec
since the pair-specific fixed effects results aentified from purely time-series variation, whismot

strictly consistent with theory.
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The results in the first column suggest that jaststraining the income terms to
equal one generates larger tariff effects to tlygseerated with the solver. The average
tariff coefficients suggest elasticities of suhstan that are close to those generated from
the solver? Constraining the average tariff coefficients toelo@al generates a
somewhat smaller tariff effect. The distance fioeht is not affected by the change in
constraints.

When fixed effects are included, however, the tastimate falls dramatically to
about 6% of the estimate in column 2. To the exieat including the multilateral tariff
resistance measures generates similar estimatiesse generated by the solver and these
are closer to the "correct" estimates, the result®lumn 3 suggest that country-specific
fixed effects are a poor substitute for multilateesistance variables when tariffs are
asymmetric.

In the final column, we apply all three constrai@ach income coefficient is
equal to one and the coefficients on the averagé ariables equal to each other). The
resulting estimate of the tariff effect is the estte in Table 4 that is most similar to the
solver estimates. Changing the constraints andétuding fixed effects seems to have
little effect on the estimate of the distance Jaea

One key difference between the estimates pres@amfEables 3 and 4 and the
solver estimates is that the OLS estimates arpmnesented year-by-year. To investigate
changes over time, we pool the data over time addde interaction terms for each year
between 1985 and 1997 (leaving out 1988 as theargfe year). These years mirror

Figure 3 by capturing the different periods of &ditheralization in the Americas. The

12 Based on th€ andP coefficients in equation (10), if b is the coeiffiat estimate and s is the elasticity of
substitution, then b=-(1-s), implying a range dfraates of the elasticity of substitution of 3.9857.144.
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estimated coefficients on the tariff-year interanf suggest a growing negative effect of
tariffs over time. The coefficient on the 1997eiraction term shows that the tariff effect
in 1997 is statistically significantly larger (ibsolute value) than the tariff effect in
1988. In both columns 1 and 2 the tariff effects statistically different at the 1% level,
while in the third regression the tariff effecte statistically different at the 10% level.
Additionally, since the coefficient on the 1997ardction term in the third regression has
the correct sign as predicted by theory, it is appate to conduct a one-sided t-test.
Based on the one-sided test, the tariff effectstaestically different at the 5% level. In
other words, there was a statistically and econaltyisignificant increase in trade
diversion between 1988 and the end of the 199@silaegional agreements proliferated.
Figure 9 presents the estimates of the tariff &féfom year-by-year OLS
regressions. We graph coefficients from annuainedes of equation 1 from Table 3 and
equations 3 and 4 from Table 4 along with the gobatimates of the tariff effect. The
"base" regression (the first equation in Table&)agates increasingly positive tariff
effects. Adding the multilateral variables, sushfram equation 4 in Table 4, generates
negative tariff effects that are at least 2-3 tikaeger in absolute value than the solver
estimatesincluding fixed effects generates negative taffiiéets that are larger than the
multilateral estimates, but exhibit a similar vaga (the annual changes are similar). The
equations with the multilateral resistance effettsw a growing (negative) effect of
tariffs over time that matches the falling avertaydfs and rising difference between the
mean and average tariffs that is consistent watierdiversion. The solver estimates

result in the most moderate increase in the effetariffs and the one with the smallest
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overall variance in annual changes. Overall, haregthe results all suggest rising trade

diversion throughout the 1990s.

VI. Conclusion

Policymaker and academics alike have been engagegigorous debate over
the best way to achieve economic integration. fWeemain approaches are multilateral
negotiations and expanding bilateral negotiatiofise relative success of the GATT and
the WTO over the last 50 years reveals the potdmiaefits from multilateral
negotiations. While both may occur simultaneously, results suggest that allowing or
pursuing bilateral negotiations reduces the padégtins from multilateral negotiations
because we find evidence of trade diversion, wisdenerally believed to be
economically inefficient and reduces the gains fromitilateral negotiations. Krishna
(1998) and others have suggested that bilaterakaggnts can hinder multilateral
agreements. Since the overall gains from multddteagreements are potentially quite
large (Brown et al. 2003), understanding how biktagreements affect multilateral
negotiations is a critical question for policy.

Specifically, we do this by combining two importamintributions. We show
how Krishna’s insights can be incorporated intodhevity model using the multilateral
resistance approach implemented by Anderson antiracoop (2003). By adapting
this approach to asymmetric tariffs, we illustratav this concept can be used to help
measure trade diversion in the multilateral contétir results suggest that omitted

average tariff levels create an important omittadable bias in gravity models.
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Including these measures can help illustrate therpial effects of trade diversion that
occur when countries pursue bilateral agreements.

We apply this approach to Latin America. Latin Aroa is particularly
appropriate to address this question because tkatrproliferation of bilateral
agreements has coincided with declining enthusfasrurther multilateral
liberalization. Using several different estimatepproaches, we find significant
evidence of an increasing tariff effect that issistent with trade diversion. These
results are consistent with Krishna’s suggestiaen ltilateral agreements that induce
trade diversion can reduce the incentives to punsulélateral trade agreements.

Our paper is consistent with other recent workemmanalism in Latin America
that shows that the rise of bilateralism is notassarily a negative development.
Estevadeordal, Freund, and Ornelas (2008) sudugisa$ countries adopt bilateral
agreements, they also tend to reduce product-spé&tiN tariffs. They suggest that this
behavior could be an attempt by governments tocaeobffset the trade-diverting effects
of bilateral agreements, such as the kind we finithis paper. Furthermore, by
understanding the potential and actual trade dnge#ffects of bilateral agreements,
governments can address the potential problemsys what effectively spread free trade
throughout the region, such as described by Esesrddl, Harris, and Suominen (2007)
in the context of Rules of Origin.

It is important to highlight what we do not showthwvour results. We do not
show that the increase in trade diversion expltiadack of enthusiasm for the FTAA.
Linking the rise in trade diversion with the poiaehtvelfare effects of the FTAA would

involve country-specific analysis beyond the scopthis paper, and therefore is left for
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future research. In the meantime, however, dootimg changes in trade diversion is a

potentially important first step towards effectivade policies in the region.
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Figure 1: The "Spaghetti Bowl" of Trade Agreementsin the Americas
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Figure 2: Simple Average Tariff Rates
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Notes: This figure shows the simple (unweighted) annuakrage of the log of the tariff rate plus one in the
data used in the empirical work.
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Figure 3: Preferential and MFN Tariff Rates in Latin America
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Note: The countries included are Argentina, Bolivia, BlraChile, Colombia, Ecuador, Mexico,
Paraguay, Peru, Uruguay and Venezuela. Calcutatmtude only ad valorem tariffs.



Figure 4: Tariff Dispersion
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Notes: The standard deviation line graphs the annualaazeof the standard deviation of the log of one
plus the tariff rate within importing countrieshd “Max to Mean” ratio graphs the annual averaggef
maximum tariff divided by the mean tariff within parting countries.
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Figure 5: The Symmetry of Trade
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Notes: The y-axis measures the log of exports for coujgrirading partner for 1997. The fitted values
line is the predicted value of an OLS regressiothefexports of country i on country j's exporihe
resulting coefficient (standard error) of that e=gion is 0.904 (0.025) with an adjusteétR0.784.
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Figure 6: The Asymmetry of Tariffs
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Notes: The x-axis (y-axis) measures the log of one phestariff rate for country j (country i, countrsj
trading partner) for 1997. The fitted values lis¢he predicted value of an OLS regression ofdlyeof
one plus the tariff rate of country i on the logooie plus country j's tariff rate. The resultingefficient
(standard error) of that regression is 0.616 (0.0dth an adjusted Rof 0.390.
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Figure 7: Cross-Tariff Effects in a Simple 3-County Cournot Model

If country 2 imposes tariffs on countries 1 andh&ttare simply added to the production
cost from each countryg; andgs ), the demand for importsR*ql ) from 1 as a function
of tariffs on 1 (represented by “ta”) and tarifis ® (represented by “tc”) is shown below:
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Figure 8: Cross-tariff Reduction Effects

Notes: Results from a four-country simulation of the sled demand system (7) and(8) in whichz , y;,

y;, andy” are setto 1. "Trade" represents flows from coutitt to country "2" and "ta" and "tc" represent
country 2's tariffs on countries 1 and 3. A sim@leountry Cournot model, such as that postulated b
Krisha (1998), exhibits similar properties. SeguFe 1.

32



Figure 9: Comparison of Tariff Effects
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Notes: Each line represents coefficient estimates ordteariff variable in year-by-year regressionsheT
"Base" regression also includes distance and inaoineach country. The "Cons Fixed FX" also corgain
country fixed effects and constrains the incomeffanents to equal 1. The "Cons Multilat" replaci®
country fixed effects with average tariff rates &ach country and constrains their coefficientbecequal
(income coefficients were also constrained to be)onThe "Solver Est" line graphs the results from
solving the Anderson-van Wincoop — type problemdescribed in the text.
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Table 1: Summary Statistics

Mean Log Mean Log Mean St. Dev. Mean
Exporting Country Trade GDP Tariff Tariff Distance
Argentina 4.988 12.165 11.508 11.412 5219.30
Austria 5.069 12.084 9.796 14.573 3599.89
Bel-Lux 6.213 12.317 9.796 14.573 3319.59
Bolivia 1.336 8.700 11.057 10.966 4589.30
Brazil 6.259 13.121 11.281 10.659 4396.56
Canada 5.598 13.289 13.041 12.644 3859.19
Chile 4.777 10.610 11.603 11.221 5362.56
Colombia 4.254 11.011 11.251 10.923 4162.59
Germany 7.969 14.376 9.796 14.573 3514.26
Denmark 5.269 11.879 9.796 14.573 3531.74
Ecuador 2.486 9.644 10.794 10.238 4355.15
Spain 6.219 13.101 9.796 14.573 3310.81
Finland 4.886 11.674 9.796 14.573 3923.52
France 7.166 14.059 9.796 14.573 3923.52
Great Briton 7.104 13.840 9.796 14.573 3280.93
Greece 3.139 11.445 9.796 14.573 4016.96
Ireland 4.737 10.854 9.796 14.573 3286.33
Italy 7.081 13.874 9.796 14.573 3577.70
Japan 7.212 15.124 13.112 12.615 7606.15
Mexico 4.731 12.611 11.854 11.577 4741.56
Netherlands 6.457 12.688 9.796 14.573 3340.37
Peru 3.600 10.429 11.565 9.880 4664.74
Portugal 4.209 11.250 9.796 14.573 3296.30
Paraguay 1.219 8.787 11.025 10.943 4786.59
Sweden 5.935 12.342 9.796 14.573 3733.96
Uruguay 2.675 9.445 11.171 10.836 5212.52
United States 8.179 15.731 13.076 12.642 3880.63
Venezuela 4.016 11.137 11.474 11.350 3885.44

Notes: Trade and Gross Domestic Product (GDP) are measutgd. dollars. The
tariff is the average ad valorem tariff rate, anel standard deviation (St. Dev.) of the
tariff rate is over time and country. These avesagre over all countries and all years
1985-1997. Distance is measured in kilometers.
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Table 2: Solver Estimates

Year K o c n
constant distance elast. sub. tariffs
1985 -13.715 -1.041 1.391 1.198
1986 -0.516 -1.852 14.201 -1.225
1987 -0.647 -1.878 10.972 -1.237
1988 -0.962 -1.889 8.744 -1.244
1989 -0.589 -2.092 4,783 -1.216
1990 -0.731 -2.263 3.505 -1.217
1991 -3.051 -1.700 8.108 -1.344
1992 -3.980 -1.686 6.551 -1.375
1993 -7.325 -1.377 5.896 -1.508
1994 -6.406 -1.464 6.927 -1.454
1995 -5.513 -1.518 7.392 -1.428
1996 -6.455 -1.394 7.663 -1.485
1997 -119.663 -0.148 11.116 -1.938
85-87 -1.068 -1.454 2.542 -1.630
88-90 -0.754 -2.137 4.078 -1.230
91-93 -4.042 -1.660 7.530 -1.371
94-96 -6.230 -1.421 7.170 -1.473
97 -119.663 -0.148 11.116 -1.938

Notes: Tariff coefficients and their standard errors walso calculated using
bootstrapping. The coefficients were found to iaseover time, ranging from
-3.973 t0 -51.122. The standard errors also inegkaser time, ranging from
0.039 to 2.008.



Table 3: Cross Section Estimates

1) (2) (3) (4) (5)
Mult and
Base Common Multilat Common  Multilat Dist
Log(1+(Tariff/100)) 0.654 -0.313 -4.946 -9.490 -B36
(0.129)***  (0.132)** (0.792)*** (0.790)***  (0.859)***
Ln Distance -1.195 -1.053 -1.080 -0.844 -1.113
(0.013)*** (0.015)*** (0.021)*** (0.023)***  (0.024)***
Ln Real Gdp Exporter 0.969 0.939 0.846 0.799 0.848
(0.007)*** (0.007)*** (0.007)*** (0.007)***  (0.007)***
Ln Real Gdp Importer 0.846 0.796 0.975 0.948 0.986
(0.007)*** (0.008)*** (0.007)*** (0.007)***  (0.007)***
Common Border 0.725 0.822
(0.048)*** (0.048)***
Either Is Landlocked -0.656 -0.670
(0.032)*** (0.032)***
Either Is An Island 0.039 -0.003
(0.030) (0.029)
Common Language 0.175 0.200
(0.030)*** (0.030)***
Log Avg Exp Tariff 3.122 3.436 2.472
(0.353)*** (0.341)***  (0.359)***
Log Avg Imp Tariff 5.168 8.591 5.956
(0.770)*** (0.759)***  (0.858)***
Ln Avg Dist Reporter World 0.680
(0.067)***
Ln Avg Dist Partner World 0.130
(0.075)*
Constant -7.333 -7.388 -8.576 -9.468 -15.141
(0.157)*** (0.181)*** (0.215)*** (0.241)*** (0.812)***
Observations 9709 9709 9709 9709 9709
R-squared 0.83 0.84 0.83 0.84 0.83

Notes: Standard errors in parentheses. * significant &b;1'3 significant at 5%; *** significant
at 1%.
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Table 4: Constrained Cross Section Estimates

1) (2) (3) (4)
Income Multilat Fixed FX  All Cons
Log(1+(Tariff/100)) -4.894 -3.191 -0.193 -2.129
(0.810)***  (0.404)***  (0.145) (0.410)***
Ln Distance -1.081 -1.117 -1.215 -1.140
(0.021)*** (0.015)*** (0.012)*** (0.015)***
Ln Real Gdp Exporter 1.000 0.974 1.000 1.000
: (0.007)*** . :
Ln Real Gdp Importer 1.000 0.845 1.000 1.000
. (0.007)*** . :
Log Avg Tariff Exporter 2.935 3.387 3.349
(0.360)***  (0.338)*** (0.345)***
Log Avg Tariff Importer 6.144 3.387 3.349
(0.786)***  (0.338)*** (0.345)***
Constant -10.812 -8.283 -9.268 -10.377
(0.176)***  (0.183)*** (0.123)*** (0.137)***
Observations 9709 9709 9709 9709

Notes: Standard errors in parentheses. * significant &b;13 significant at 5%; *** significant

at 1%. The first column's regression included threstraint that the income coefficients equal
one. The second column's regression constraireavigrage tariff coefficients to be equal. The
regression in the third column includes countryesiefixed effects and constrains the income
coefficients to equal one. The last column's regjon constrains the income coefficients to equal
one and the average tariff coefficients to equaehesher.
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Table 5: Fixed Effects with Interaction Cross Sectin Estimates

1) (2) (3)
No Cons Income Full Cons
Log(1+(Tariff/100)) -1.553 -1.371 -10.147
(0.302)***  (0.300)***  (0.897)***
(85 Dummy)*Log(1+(Tariff/100)) -1.162 -1.668 -1.766
(0.359)***  (0.342)***  (0.340)***
(86 Dummy)*Log(1+(Tariff/100)) -0.096 -0.336 -0.440
(0.341) (0.340) (0.338)
(87 Dummy)*Log(1+(Tariff/100)) 0.134 -0.009 -0.090
(0.338) (0.339) (0.337)
(89 Dummy)*Log(1+(Tariff/100)) -0.841 -0.870 -0.820
(0.369)**  (0.373)**  (0.371)**
(90 Dummy)*Log(1+(Tariff/100)) -2.294 -2.111 -1.443
(0.491)***  (0.494)***  (0.496)***
(91 Dummy)*Log(1+(Tariff/100)) -2.744 -2.361 -0.749
(0.728)***  (0.733)*** (0.745)
(92 Dummy)*Log(1+(Tariff/100)) -3.187 -2.982 -0.950
(0.851)***  (0.859)** (0.877)
(93 Dummy)*Log(1+(Tariff/100)) -2.819 -3.403 -1.149
(0.928)***  (0.933)*** (0.953)
(94 Dummy)*Log(1+(Tariff/100)) -2.611 -3.503 -1.210
(0.936)***  (0.935)*** (0.956)
(95 Dummy)*Log(1+(Tariff/100)) -2.847 -3.308 -0.886
(0.920)***  (0.924)*** (0.948)
(96 Dummy)*Log(1+(Tariff/100)) -3.298 -3.851 -1.439
(0.950)***  (0.953)*** (0.976)
(97 Dummy)*Log(1+(Tariff/100)) -2.917 -4.056 -1.643
(0.965)***  (0.954)***  (0.977)*
Ln Distance -1.140 -1.137 -0.969
(0.014)***  (0.014)*** (0.022)***
Ln Real Gdp Exporter 0.152 1.000 1.000
(0.063)** : .
Ln Real Gdp Importer 0.729 1.000 1.000
(0.071)*** .
Log Avg Tariff Exporter 9.578
(0.923)***
Log Avg Tariff Importer 9.578
(0.923)***
Constant 4.088 -9.442 -12.354
(2.191)***  (0.132)*** (0.310)***
Observations 9709 9709 9709

Notes: Standard errors in parentheses. * significant &b;1'3 significant at 5%; *** significant

at 1%. The first column's regression included cguspecific fixed effects and no constraints.
The second column's regression included countrgispéixed effects and constrains the income
coefficients to equal one. The last column's regjon included country-specific fixed effects
and constrains the income coefficients to equalantethe average tariff coefficients to equal
each other.
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Referee’s Appendix: Derivation of the Demand Functins

Following the specification of Anderson and van ¥ap (2000), a theoretically
correct representation of the gravity model begyith the assumption that all goods are
differentiated by place of origin. This assumptsuggests that each country produces
only one good. At this stage, in which we are ieséed in the affect of average tariff
levels on aggregate flows of goods, this assumpiomides a reasonable starting point.

The second assumption is that consumers have ¢dértomothetic preferences
that can be approximated with a CES utility funeticAnderson and van Wincoop
(2000), for example, specify the following functifor consumers in countfy
consuming goods z from couniry

(Z ﬁ(l—a)lazga—l)la)gl(g_l) (Al)
il )
which is maximized according to the budget constrai

2 Pg =y (A2)

Define o as the constant elasticity of substitution betwgeods from each countrg,
as a positive consumption weight (summing averone)p; as the price of region
goods in country, and finallyy; as the nominal income of consumers in country

L= AT Ay =X e "3
Next we drop the by just looking at the maximization problem foilopée in country .
L= A727) +ay-3) pd (A%)
Maximize (A4) by taking the derivative with respéateach z For each we get
N o o1\oal 3 o o-1_
o = (X727 g7 i -2 pz=0 (AS5)
The terms in red cancel out. Recall that (Zi,8,‘1"’)’”4“"1)’”)0/(0_1) and that
0_1—1: J_l—g = —_1
o o o O
we now have
UATZ =A(X" A7 7)o (A6)

which can be written as
UATZ7 =A(X) 67 7) pz (A7)

The next step is to sum over all N goods which alibw us to simplify the problem
because the terms in red cancel out:

UY BT =X 7)Y nz (A8)
so that we are left with
Uu=1>"pz. (A9)

If we are operating on our budget constraint, tyer ziN A z. Therefore,
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(>, 85772) = (A)7 (and thaty; = y and) =

From (A7) we can now see that

7:7 21 (z IBra Z_a 1) (A]_O)
which implies that
VB 37 =AY pz=4" ¥ pz (A1)
Collecting they terms to the left and the z terms to the rightget
Y OBRT =1 (A12)
which is
VB =A"n7. (A13)
Raising both sides to the powermfjenerates the following result.
yﬁi-fr:/}fr-lpfrZ (A14)
Multiply both sides byp' ™ and sum again over all N goods to get
Y3 B =AY g (A15)

Once again, the terms in red cancel out when thewuer optimizes, giving us an
expression for the lambda term..

z IB—U 1-o _Aa'—l (A16)
...that we put into (A14) to get our demand functidrhis is country's demand function
for goods produced by country For the sake of intuition, assume that thetieifg of
substitution is greater than 1. Then imports fiountryi (defined asp; ) are a

decreasing function of the own price and an inengafsinction of the price of
substitutes. They are also a positive functiohafhe income and the preference

parameter beta:
1-0 1 o Lo "
yB _ y(ﬁ.n))gzy{ﬂ] =zp=X, (AL17)

>0 ﬂ“’ X (BR) P

J

in which

P=(X"(a n)”)l'l”- (A18)

To complete the derivation of the gravity modelsifirst necessary to incorporate the
effects of distance and tariffs. We first illusedhe Anderson and van Wincoop
approach. They define a generic trade cost fagttmat is multiplied by the exporter's
pricepi , such thap; = pitj . They then note that the general equilibrium strreeof the
model implies

=2, % - (A19)
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As they show in their equation (8),
Y= (BRy /Py
= (BRI G /Ry (A20)
(BR)7H =y IRy
They then defineg, = %W in which y" = Zi Yy, . Multiplying and dividing the right hand

side byy" allows us to express the last line of (A20) as

Bn)" %Zjﬂj /RY8

¥ (A21)
y" vop |
AP :{sz(ﬁj IR) 6}}
We simplify (A21) by defining
Q=[Z,6/Rg]"" (r22)

Putting the resulting expression f&p; into (A17) generates the gravity model that we
use for estimation:

1-o

w @D
yj| Q-_ll%- 1-o
- L’i :ﬂ(i] (A23)
Q

)gj _yj P yw

J
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