


1 Introduction

The unprecedented surge of preferential trade liberalization since World War II spurred

theoretical and empirical work on the matter alike. Theoretical research illustrated under

which conditions preferential trade agreements (PTAs) induce welfare gains for partici-

pants.1 Econometric work confirmed that economic and political fundamentals determine

preferential trade liberalization through PTA membership very much along the lines hy-



strands of recent empirical research in international economics: first, the work on em-

pirical estimation of general equilibrium models where trade costs exert bilateral as well

as multilateral effects on trade and GDP (see Eaton and Kortum, 2002; Anderson and van

Wincoop, 2003; Anderson, 2009); second, research on zeros in bilateral trade matrices for

any year or averages of years suggesting that the extensive margin of bilateral trade should

be modeled explicitly in empirical analysis (see Santos Silva and Tenreyro, 2006; 2008;

and Helpman, Melitz, and Rubinstein, 2008); third, the literature on endogenous PTAs

and their causal effects on trade flows (see Baier and Bergstrand, 2002; 2007; 2009).2

Interestingly, these obviously important three bodies of work are virtually unconnected.

This paper treats PTA membership as an endogenous determinant of bilateral trade

while allowing for (numerous) zero bilateral trade flows in the empirical model, and re-

specting both the bilateral and multilateral effects of endogenous PTAs on trade in the

quantification of PTA effects. In contrast to preceding work by Eaton and Tamura (1994),

Santos Silva and Tenreyro (2006, 2008), and Helpman, Melitz and Rubinstein (2008), we

allow (binary) determinants of exports to be endogenous. In particular, we suggest em-

pirical models based on pseudo-maximum likelihood estimation with endogenous (binary)

explanatory variables.

We apply these models to a cross-sectional data-set of bilateral trade flows and their

determinants – among them a binary PTA membership indicator – for the year 2005. We

compute cum-PTA bilateral trade flows and compare them to counterfactually predicted

trade flows in a sine-PTA general equilibrium. Eliminating PTAs reduces trade flows

among members directly, but it entails also indirect effects on third countries through the

impact of PTAs on producer prices, consumer prices, and GDP.

Our findings may be summarized as follows. The results shed light on three potential

2The quantification of the effects of preferential trade agreement (PTA) membership has been a major
source of interest of empirical bilateral trade flow modelers for decades. See Tinbergen (1962), Glejser
(1968), Aitken (1973), for some of the earliest examples and Freund (2000), Soloaga and Winters (2001),
and Carrère (2006) for more recent ones. Greenaway and Milner (2002) provide a useful survey. For
decades, the dominant paradigm in related work was that countries were randomly assigned to PTAs.
Only recently, Baier and Bergstrand (2002, 2004, 2007, 2009), Magee (2003), and Egger, Egger, and
Greenaway (2008) allowed for PTAs to be endogenous to trade in an econometric sense.
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biases associated with the ignorance of the three mentioned issues: general equilibrium

(third-country) effects of PTA membership; zeros in trade matrices; and the endogeneity

of PTAs. The biases are of different magnitude, though. For instance, a log-linear model

of exports which ignores general equilibrium effects on top of the other problems leads to a

bias of -73 percentage points or -66% relative to the preferable two-part PPML approach.

A one-part Poisson pseudo-maximum likelihood (PPML) model which disregards non-

random selection into positive exports and treats PTA membership as exogenous leads

to a bias of the impact of PTAs on members’ relative to nonmembers’ trade by -56

percentage points or -51% relative to a two-part PPML model which copes with all of the

mentioned problems. A one-part model which acknowledges endogenous PTA membership

but disregards the problem of an excessive number of zeros in the data leads to a downward

bias of the PTA effect by about -11 percentage points. As compared to these biases it

is less harmful to ignore that PTA membership effects are heterogeneous due to the

variation in most-favored nation tariff rates. For instance, ignoring heterogeneous tariffs

in the preferable two-part PTA model leads to a downward bias of the PTA-induced effect

of less than one-fifth of a percentage point.

The remainder of the paper is organized as follows. The next section briefly introduces

the bilateral trade flow model we will rely upon. Section 3 points out three problems with

the implementation of that model in applied work targeted towards the analysis of PTA

membership effects on trade. Section 4 describes the specification and data. Section

5 introduces the modeling strategy to overcome these obstacles by treating zero trade

flows implicitly, and presents the corresponding estimation results. Section 6 derives

a zero-inflated gravity equation, lays out the econometric two-part model, and gives the

estimation results thereof. Section 7 computes the impact of PTA membership as observed

in the year 2005 to a situation without any PTA memberships in the same year. The last

section concludes with a summary of the most important findings.
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2 Specifying bilateral trade flows in the vein of An-

derson and van Wincoop (2003)

Anderson and van Wincoop (2003) derive a general representation of bilateral aggregate

nominal trade flows in new trade theory models with one sector and N countries. For

instance, such models include the ones of Anderson (1979) or Krugman (1980) with love-

of-variety preferences à la Dixit and Stiglitz (1977). Their framework can be briefly

introduced as follows. Let us denote nominal exports of country i to country j (with

i, j = 1, ..., N) by Xij and refer to trade costs associated with exports from country i to

j as tij. Finally, use yi, yj, and yW for country i’s, country j’s, and world GDP (total

expenditures), respectively. Then, nominal bilateral exports are determined as

Xij =
yiyj

yW

t1−�
ij Π�−1

i P �−1

j , (1)

where � is the elasticity of substitution among products (variants) and Πi, Pj are so-called

multilateral resistance (MR) terms for exporters and importers, respectively. MR terms

reflect multilateral (non-linearly weighted) trade costs firms of an exporting country and

consumers in an importing country are faced with. Empirically, these MR-terms are not

observed but they can be readily derived as solutions of the following set of 2N equations3

Π1−�
i =

N
∑

j=1

(

t1−�
ij P �−1

j yj/yW

)

; P 1−�
j =

N
∑

i=1

(

t1−�
ij Π�−1

i yi/yW

)

∀i, j. (2)

The structural representation of the model brings about a substantial advantage over

other, reduced-form (i; j



effects is that [...] there are no spillovers [...] .” Since spillover effects from one country-

pair to others are at the very heart of the matter, a full account of the impact of trade

costs or PTA membership on exports in general equilibrium needs to respect their effect

on all variables on the right-hand side of (1): on trade costs as such (tij), on exporter GDP

(yi), importer GDP (yj), and world GDP (yW ), respectively (since they are a function

of trade flows), and on the exporter and importer MR terms (Πi and Pj), respectively.

Notice that the direct effects of trade costs are generally dampened by the MR terms as

illustrated in Anderson and van Wincoop (2003).

Since direct measures of trade frictions tij are typically not available, one uses proxy

variables thereof. The bilateral distance between countries’ capitals (DISTij), a com-

mon international border indicator (BORDij), and a common official language indicator

(LANGij) are typical examples. In most empirical models of bilateral trade flows, trade

policy is accounted for as an element of tij by including an indicator variable of prefer-

ential trade agreement membership (P T Aij). The commonly adopted assumption about

the relationship between tij and these proxy variables is

t1−�
ij = exp(�1 ln DISTij + �2BORDij + �3LANGij + . . . + �P T Aij). (3)

Substituting (3) into (1), we obtain the multiplicative model

Xij = exp(Z ′
ij� + �P T Aij + �i + 
j), (4)

where Zij = (1, ln DISTij, BORDij, ...) is a vector containing a constant and all trade cost

or trade facilitating variables except P T Aij. Generally, binary variables such as BORDij

enter as they are in Zij and continuous variables such as DISTij enter in logs as in (3).

Moreover, � = (�0, �1, �2, . . .) is a vector of coefficients corresponding to the elements in

Zij. �i = ln(yiΠ





This research thus assumed that PTA membership of one country-pair only affects this

pair’s bilateral exports but not those of other country-pairs. The latter feature is at odds

with both intuition and structural models such as the one of Anders



variables capturing political affinities or impediments to bilateral trade liberalization;

country size and relative factor endowments; and proxies for iceberg trade costs. We clas-

sify two countries as belonging to a common PTA, if they are active since 2005 or earlier

as notified to the World Trade Organization. The data are augmented and corrected by

using information from PTA secretariat web-pages and they are compiled to obtain a

binary dummy variable reflecting PTA memberships for the year 2005. The three sets of

exogenous variables contain the following elements:

Variables capturing political affinities or impediments to bilateral trade liberalization: Po-





two countries have a common language and zero else (LANGij); an indicator variable

which is set to one if two countries are located at the same continent and zero else

(CONTij); an indicator variable which is set to one if one of two countries had been

a colony of the other in the past and zero else (COLONYij); an indicator variable

which is set to one if one of two countries had been a colony of the other after the year

1945 and zero else (CURCOLij); an indicator variable which is set to one if one of two

countries had a common colonizer in the past and zero else (COMCOLij); an indica-

tor variable which is set to one if one country was part of the other in the past and

zero else (SMCTRYij). All of the mentioned trade cost indicators are taken from the

geographical database provided by the Centre d’Etudes Prospectives et d’Informations

Internationales (CEPII). The list of variables in Baier and Bergstrand (2004) did not in-

clude (country dummies and) DIST2

ij, LANGij, COLONYij , CURCOLij, COMCOLij,

or SMCTRYij. We only include a subset of these variables in the exports outcome

equation since the other ones do not display a significant direct impact on exports.12

In some of the econometric models applied here, selection into positive exports has

a stochastic component and is otherwise determined by a function of a complete set of

exporter and importer dummy variables and the following set of regressors: the PTA

indicator variable; log bilateral distance between two countries’ capitals (DISTij); the

aforementioned common language indicator (LANGij); and an indicator variable which is

set to one if two countries have a common land border and zero else (BORDij).
13 When-

ever both selection into positive exports and into PTAs are specified in the mentioned

way, we model the two processes as a recursive bivariate probit model.

Finally, in our application we include the following trade cost variables in Zij in the

nominal exports outcome equation (5): DISTij , BORDij, and LANGij . Otherwise, nomi-

12



nal exports are a function of a complete set of exporter and importer dummy variables,14

and of (potentially endogenous) PTAij . Data on bilateral exports in nominal U.S. dollars

are collected from the United Nation’s World Trade Database.

−− Table 1 −−

Table 1 summarizes mean, standard deviation, minimum and maximum of the dis-

tribution of the dependent and independent variables employed in the estimated models.

Here, we would like to emphasize that about 37 percent of the cells of the bilateral ex-

ports matrix are zero and about 22 percent of the 15,750 country-pairs in our data-set

are members of a common PTA.

5 Estimating a gravity model with zero export flows

and endogenous PTA membership

For an assessment of the effects of PTA membership on trade flows, it is necessary to

obtain consistent estimates of the unknown parameter vector � and the PTA parameter

of interest, �. However, � does only reflect direct effects of PTA membership on exports.

To quantify total effects – which also account for feedback across countries consistent with

general equilibrium – we need to compute counterfactual exports without PTA member-

ship. The latter also account for the impact of PTA membership on GDPs and MR terms

as explained in Section 2. We will quantify the impact of PTA memberships by compar-

ing predicted exports of PTA insiders with PTAs as of 2005 relative to outsiders with

predicted relative trade flows in a counterfactual scenario without any PTAs. While this

end is exemplified in Section 7, our objective in the subsequent sections is to consistently

estimate � and �.

14Which capture GDP and MR terms in (5).
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5.1 Econometric model

Since the parameters of interest in model (5) are � and �, terms �i and 
j can be considered

as nuisance parameters from an econometric point of view. The model to be estimated

thus represents a two-way country-specific effects model, where �i and 
j subsume the

effects of GDP and MR terms, but may depend on other country-specific factors as well.

The appropriate econometric methods to be used depend on the assumptions on the rela-

tionship between (�i, 
j) and the regressors, Zij and P T Aij. If (�i, 
j) were independent

of Zij and P T Aij, random effects estimation would be consistent and efficient. However,

as independence is precluded by the underlying economic model which suggests that �i

and 
j depend on Zij and







estimates �̂. Using these in (8) for �, we optimize over �, � and #. As a consequence of

applying two-step procedures, second-step standard errors have to be adjusted to account

for the variance of first-step estimates.18

5.2 Estimation results

It is the aim of this section to apply the aforementioned methods to estimate the pa-

rameters needed to infer the impact of endogenous PTA membership on exports while

allowing for zero exports in the data-generating process. In this s



The results in Table 2 suggest the following conclusions. First of all, as the discus-

sion below indicates, selection into PTAs based on observables is positive. Observed

factors raising the probability of joining a PTA also have a trade-increasing effect. Hence,

particularly those country-pairs which display a high level of goods trade flows anyway

select into PTAs. Notice that this result is consistent with the hypothesis in Baier and

Bergstrand (2004) according to which PTAs exhibit the highest welfare gains in countries

where bilateral trade flows would be (and are) large.

Second, there is evidence for selection on unobservables. Endogeneity of PTAij can be

assessed by a simple t-test on #̂, an estimate of the (scaled) correlation between PTAij

and the stochastic error in the exports. If PTAij is exogenous, the correlation must be

zero, so that the null hypothesis # = 0 provides a valid test for exogeneity. We find that

#̂ is negative and significant in the PPML model, thus rejecting exogeneity of PTAij.
20 A

negative # indicates that unobservables (i.e., factors other than the economic and politic

determinants which we include in our models) favoring the creation of a PTA on average

come along with unobservables that have a negative impact on bilateral trade. This

negative self-selection based on unobservables leads to a downward bias in the estimated

parameters: The point estimate for PTAij increases as we abandon the assumption of

PTAij to be exogenous. This is true for OLS, PPML and NLS. Not surprisingly, the

major difference across columns for PPML and NLS estimates, respectively, arises for the

parameter of PTAij. The remaining parameters are fairly similar across the columns.

However, the estimates differ relatively starkly between PPML and NLS. Yet, there we

know that PPML is preferable over NLS according to the discussion in Santos Silva and

Tenreyro (2006) and Section 5.1 above.

The results from the probit estimation for the reduced form equation of PTA suggest

the following conclusions. The political variables turn out to be important for the decision





Among the effects of cultural, geographical, and political indicator variables, the ones

of common language LANGij and COLONYij are statistically insignificant. The effect

of LANGij on PTA membership in 1998 in Magee’s (2003) application was positive and

significant. Both COLONYij and LANGij were absent from Baier and Bergstrand’s (2004)

models. However, we find statistically significant effects of a positive influence if countries

are on the same continent CONTij (consistent with Baier and Bergstrand, 2004), if they

had a common colonizer, COMCOLij, if one of them was a colony of the other after

1945, CURCOLij



for zero trade flows in the deterministic part of the model. We will do s







similar relationship as the one used before,

E(Xij ∣Zij, Wij , P T Aij, Iij = 1) = �ijΨij, (18)

where �ij and Ψij are analogous to the expressions in (9). However, note that as this

functional form is now assumed to hold for positive exporters only, and not for all obser-

vations as in (8)-(9), the parameters �, � and # in (18) do not denote the same quantities

as in the model of Section 5.

Let us now turn to the first part of the model, the probability of country i to serve

country j via exports at all. For this purpose, the model for Iij as defined by equation

(11) is translated into a stochastic process

Iij =

⎧

⎨

⎩

1 if Q



where Φ2



tive error at the level of the outcome equation, and its reformulation to a multiplicative

error setup is not trivial as tractability of the model relies partially on the additivity

assumption. The two-part model, on the other hand, as seen above, lends itself easily

to a generalization with a common endogenous binary variable in both parts. Clearly,

these reasons are not substantive, but they should not be downplayed either, especially,

in large-scale applications as the present one.23



and of the trading volume.

Last, we return to the independence assumption about the two parts of the model. This

might sound stronger than what it really is. It should be stressed that the independence

of the two decisions in the two-part model is conditional on observables, i.e., – in our

specification – after controlling for economic determinants and any importer or exporter

specific heterogeneity. In the end, whether selection into trade is endogenous to trade

volume is an empirical matter, dependent on data and specification. We resorted to Kim’s

(2006) model to empirically test the hypothesis of exogenous selection in our model. The

formal test failed to reject the conditional independence of the decision to trade from the

trading volume.25

Therefore, to follow a two-part approach may well be defendend on the grounds of the

collective force of the above arguments as well as on the absence of compelling empirical

evidence for significant correlation between the parts of the model in our application. To

be clear, we are not arguing against the use of selection models in trade in general, nor

are we suggesting that two-part models should always be preferred for estimating trade

models. Nonetheless, in the present context, it does seem to be the better choice.

6.3 Estimation results

In this subsection, we summarize the parameter estimates from PPML and NLS models

described in Section 6.2. Similar to Table 2, Table 4 summarizes the parameter estimates

of four alternative models of nominal bilateral exports in U.S. dollars (Xij). Again, every

pair of columns gives the parameters of the four covariates of interest in the export out-

25Using our specifications from section 6.3 applied to the model of Kim (2006) yielded a t-statistic of
0.18 for a test of exogeneity of the decision to trade. At the same time, a test for exogeneity of PTA
was rejected with a t-statistic of 6.66, confirming our previous results. Also, all coefficients exhibited
the same signs and significance patterns. As a further check, we estimated Kim’s (2006) selection model
with endogenous binary regressor again, but this time using a common religion variable as an instrument



come equation – PTAij , DISTij , BORDij , and LANGij . Yet, now we distinguish between

the process generating zero versus positive exports and the one generating alternative

positive values of exports. The former hurdle process is captured by a probit model for

Iij as explained in Section 6.2, while the latter is estimated via PML. The first pair of

columns, columns two to four, gives the parameters with both PPML and NLS when

treating PTAij as exogenous. In the second pair of columns, columns five to seven, we

treat PTAij as endogenous. There, we assume that the processes determining PTAij and

Iij may be captured by a recursive bivariate probit model for both PPML and NLS.

−− Table 4 −−

Similar to the results in Table 2, we find that the point estimate for PTAij increases

as we abandon the assumption of PTAij to be exogenous. Again, this result holds true

for both PPML and NLS. The point estimates of the one-part and two-part models

are relatively similar to each other in broad terms. However, some differences remain,

suggesting that zero exports are not generated in sufficient magnitude by the PPML or



which is reflected in the overestimation of the impact of PTA on the decision to trade

when neglecting endogeneity. As a matter of fact, the results in Table 4 suggest that after

controlling for endogeneity, PTA membership has an impact on the intensive margin,

but does not significantly affect the extensive margin of trade. Such a result could for

instance be brought about by a world with sufficiently high market-specific fixed entry

costs which are unaffected by PTA formation, whereas marginal delivery costs are lowered

by PTA membership. Note that the fact that the estimated correlations are of different

signs is perfectly compatible with the general specification of the model. The differently

signed correlations suggest that, after controlling for economic and political determinants,

extensive and intensive margins of export appear to be driven by heterogeneous factors.

Venturing beyond that point would be purely speculative so that we have to leave it at

that.

−− Table 5 −−

Table 5 summarizes the results of the bivariate probit estimation for the PTA equation

only. It turns out that the coefficient estimates are very similar to the ones obtained from

the univariate probit estimates in Table 3. The parameter estimates of interest which

correspond to the extensive margin of exports equation are reported in Table 4.

7 Quantification and discussion

We will illustrate the importance of considering both self-selection into PTAs and zero

export flows by means of counterfactual analysis. In particular, we will compute the

impact of PTA membership as observed in the year 2005 to a situation without any PTA



estimator of Abadie and Imbens (2006), for the year 2000; implying an effect of about

97%) and 2.36 (using the same approach for the year 1990). While these estimates lie

in a similar range as the ones reported in previous work and take non-linear effects of

trade costs as possible determinants of PTA formation into account, they do not consider

non-linear general equilibrium effects of PTAs on exports. Baier and Bergstrand (2007)

acknowledge general equilibrium effects with panel data but assume that PTA membership

is exogenous. However, the average treatment effects from their preferred models are still

very close to the cross-sectional endogenous treatment effects in their more recent paper,

amounting to 0.62 (implying an effect of about 86%) and 0.54 (implying an effect of about

72%). Relative to Baier and Bergstrand’s, Magee’s (2003) estimated PTA-effects on trade

seem extremely large: they amount to in between almost 300 percent and 800 percent!

However, these estimates do not account for fixed country effects in both the outcome

equation for trade values and the PTA equation.

Unlike previous work, our quantification of PTA effects on trade flows respects general

equilibrium effects, accounts for the differential impact of PTAs on the extensive and

intensive margins of exports, and treats PTAs endogenously. Finally, we will also infer

the importance of something that did not surface in the debate about PTA effects on

trade yet: that most-favored nation tariffs are heterogeneous so that PTA membership

does not bring about identical tariff reductions across country-pairs (see Anderson and

van Wincoop, 2002, for a treatment of tariff effects in their general equilibrium model).

Starting point of the quantification are the parameter estimates summarized in Tables

2 and 4. Note that so far we did not need to rely on any specific underlying model.

Our estimation equations leading to the econometric specification for the parameter es-

timation is perfectly consistent with a wide range of recent international trade models.26

Specifically, it captures new trade theory models with love-of-variety preferences and ho-

mogenous firms à la Krugman (1980), the Anderson and van Wincoop (2003) exchange

economy, the Helpman, Melitz and Rubinstein (2008) model allowing for firm hetero-

26This is due to the fact that the differences between models are country-specific, which is captured by
country-fixed effects in our estimation equations.
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geneity and zero trade flows, the Eaton and Kortum (2002) Ricardian model, and the

Melitz and Ottaviano (2008) model with quasi-linear quadratic preferences and endoge-

nous mark-ups. However, if one wants to go further and run a counterfactual analysis, it



alter heterogeneous tariffs and (in Table 6b).

−− Tables 6a and 6b −−

In a nutshell, the figures in the tables suggest the following conclusions. First, trade

among PTA members increases due to preferential tariff abolition. For instance, the

PPML model which assumes exogenous PTA formation, no specific process for the exten-

sive margin to export, and no heterogeneous tariff effect on trade and GDP in the upper

left corner of the table points to an increase in nominal exports among PTA members rela-

tive to nonmembers by 54% relative to an equilibrium without any PTAs. This is reflected

in the number which is given in the outer left column at the top row of Table 6a labeled

“Average percentage increase of trade flows of members in excess of non-members”. The

PPML-based effect is about 45 percentage points higher with endogenous PTA formation

(about 99% higher exports among PTA members relative to nonmembers than without

PTAs; see the results in the third column at the top of Table 6a). Ignoring the hetero-

geneity of tariffs brings about a negligible bias in our application.30 To see the latter,

compare the results at the top of Table 6a with the corresponding ones in Table 6b.

Modeling the process of endogenous selection into positive exports separate from the

non-linear process of positive exports is relatively important. It raises the predicted effect

of PTA formation with endogenous PTAs on insiders’ trade relative t



Moreover, Tables 6a and 6b indicate that a focus on PTA effects on average trade flows

– as had been done in most of the previous work on endogenous PTA effects on trade

flows – conceals the sizable variation effects across country pairs.32 To see this, consider

the two blocs of results in the lower parts of Tables 6a and 6b. There, we report four

moments of the distribution of the percentage changes of bilateral exports both of PTA

members (at the center of each table) as well as of non-members (at the very bottom of

each table): the mean, the standard deviation, the minimum, and the maximum effect for

each model.33 Obviously, most of the models display a standard deviation of effects within

the groups of PTA members and non-members, which exceeds the average effect. The

variation in the effects is entirely due to the relevance of heterogeneity across countries in

general equilibrium. Hence, the underlying theoretical model suggests that the treatment

effect of PTA membership is inherently heterogeneous. The results even point to negative

effects from the simultaneous implementation of PTAs in the world economy on some PTA

members (accruing to third country effects of foreign PTAs). Similarly, there are even

PTA non-members which gain from the simultaneous implementation of foreign PTAs.

PTA members face positive and PTA non-members negative effects of PTA formation on

trade flows only on average.



a theoretical and an empirical perspective. First, proposed models principally allow for

a disproportionate number of zero trade flows and endogenous PTA membership which

previously proposed estimators for gravity models did not allow for (and accommodated

only one or the other). Second, the proposed models allow for estimation of effects which

fully account for general equilibrium effects of PTA membership associated with GDP

responses to membership and ultimately heterogeneous treatment effects of PTA forma-

tion. For instance, recently proposed micro-econometric methods (such as propensity

score matching or switching regression) did not share this feature.

8 Concluding remarks

This paper proposes non-linear econometric techniques for the analysis of trade policy

effects on bilateral trade flows which subsume three features: th
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Africa, EC and Switzerland and Liechtenstein, EC and Syria, EC and Tunesia, EC and

Turkey, Agreement on the European Economic Area (EEA), European Free Trade As-

sociation (EFTA), EFTA and Bulgaria, EFTA and Chile, EFTA and Croatia, EFTA

and FYR Macedonia, EFTA and Israel, EFTA and Jordan, EFTA and Mexico, EFTA

and Morocco, EFTA and Romania, EFTA and Singapor, EFTA and Tunisia, EFTA and

Turkey, FYR Macedonia and Bosnia and Herzegovina, The Unified Economic Agreement

between the Countries of the Gulf Cooperation Council (GCC), Georgia and Armenia,

Georgia and Kazakhstan, Georgia and Russian Federation, Georgia and Turkmenistan,

Global System of Trade Preferences among Developing Countries (GSTP), India and

Sri Lanka, Israel and Turkey, Japan and Mexico, Japan and Singapor, Kyrgyz Republic

and Armenia, Kyrgyz Republic and Kazakhstan, Kyrgyz Republic and Moldova, Kyrgyz

Republic and Russian Federation, Asociación Latinoamericana de In



Development Community (SADC), South Asian Association for Regional Cooperation

Preferential Trading Arrangement (SAPTA), Singapore and Australia, South Pacific Re-

gional Trade and Economic Cooperation Agreement (SPARTECA), Thailand and Aus-

tralia, TRIPARTITE, Turkey and Bosnia and Herzegovina, Turkey and Croatia, Turkey

and FYR Macedonia, United States and Chile, United States and Isreal, United States

and Jordan, United States and Singapore, Unites States and Australia, Traite Modifié de

l’Union Économique et Monétaire Ouest Africaine (WAEMU/UEMOA).
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Table 3: Probit estimation results for reduced form equation for PTA

Dep. var.: PTA Coeff. Std.err.

DURABij 0.0059 0.0030
DURAB2

ij -0.0001 0.0000
POLCOMPij -0.1083 0.0133
POLCOMP2

ij 0.0011 0.0001
AUTOCij 0.0737 0.0155
AUTOC2

ij -0.0007 0.0002
DISTij



Table 4: Estimation results for two-part gravity models for trade

Exogenous PTA Endogenous PTA
Pr(Iij = 1∣⋅) E(Xij∣., Iij = 1) Pr(Iij = 1∣⋅) E(Xij ∣., Iij = 1)

Probit PPML NLS Biv. Probit PPML NLS
(1) (2) (3) (4) (5) (6) (7)

PTAij 0.3647 0.4789 0.6215 -0.0879 0.7690 0.8789
(0.0555) (0.0626) (0.1001) (0.1116) (0.1243) (0.2049)

DISTij -1.1950 -0.7023 0.5921 -1.2736 -0.6269 -0.5603
(0.0384) (0.0296) (0.0755) (0.0410) (0.0417) (0.0569)

BORDij -0.4388 0.6589 -0.6262 -0.3120 0.6563 0.5642
(0.1681) (0.0632) (0.0398) (0.1679) (0.0619) (0.0714)

LANGij 0.6415 0.2164 0.2531 0.6180 0.2464 0.2846
(0.0629) (0.0644) (0.0815) (0.0627) (0.0620) (0.0801)

�̂v� – – – 0.3012 – –
(0.0637)

#̂ – – – – -0.2028 -0.1754
– (0.0843) (0.1271)

Number of observations 13500 9891 9891 15750 9891 9891
Number of countries 126 126 126 126 126 126

Notes:



Table 5: Bivariate probit estimation results for PTA



Table 6a: Counterfactual results, homogenous tariff rates

One-part models Two-part modelsb

Exogenous PTA Endogenous PTA Exogenous PTA Endogenous PTA

PPML NLS PPML NLS PPML NLS PPML NLS
Average percentage increase of trade flows
of PTA members in excess of non-members 54.27 74.33 98.66 120.10 63.01 83.98 110.07 129.45
ΔXij among PTA members in %:a

mean 20.0853 27.4616 34.3624 42.1099 18.3858 25.3532 31.9194 38.4637
std. dev. 20.8203 28.7353 37.1613 45.9208 19.1919 26.7205 34.7583 42.1930
min -31.0661 -38.0643 -45.2417 -50.1009 -30.7348 -37.9412 -45.3082 -49.7424
max 89.0851 128.2430 174.0078 222.9863 82.1443 115.3547 156.3760 189.3391
# of PTA member pairs with
positive effect 2734 2735 2710 2713 2784 2781 2764 2761
negative effect 240 239 264 261 240 243 260 263
ΔXij among PTA non-members in %:a

mean -8.4788 -10.4377 -12.8658 -14.2747 -8.5206 -10.5419 -13.0371 -14.3023
std. dev. 11.0091 13.4688 16.1528 17.8867 10.9200 13.4392 16.1881 17.7507
min -53.9526 -62.8453 -71.2951 -76.0053 -53.4747 -62.6759 -71.3592 -75.6461
max 13.5321 18.6218 21.9596 27.1705 11.6169 14.6234 17.9313 19.9144
# of PTA non-member pairs with
positive effect 648 637 585 576 566 560 511 513
negative effect 6224 6235 6287 6296 6256 6262 6311 6309

Notes:
a ΔXij : base scenario trade flows minus counterfactual trade flows relative to counterfactual trade flows in %; std. dev.: standard deviation.
b In the two-part models, ΔXij was calculated in the sub-sample of pairs with positive trade flows Xij in both the benchmark and the
counterfactual equilibrium.
There are 3,609 PTA member pairs, whereof in 635 (585) ΔXij = 0 occurred in the one-part (two-part) models. Of the 12,016 PTA



Table 6b: Counterfactual results, heterogenous tariff rates

One-part models Two-part modelsb

Exogenous PTA Endogenous PTA Exogenous PTA Endogenous PTA

PPML NLS PPML NLS PPML NLS PPML NLS
Average percentage increase of trade flows
of PTA members in excess of non-members 54.17 74.19 98.52 119.93 62.87 83.80 109.88 129.24
ΔXij among PTA members in %:a

mean 19.7942 27.0693 33.9699 41.6003 18.0771 24.9497 31.5141 37.9557
std. dev. 20.9280 28.7512 37.1605 45.8032 19.3134 26.7589 34.7823 42.1189
min -31.6092 -38.3996 -45.5465 -50.4034 -31.3305 -38.2633 -45.6025 -50.0361
max 87.9299 126.3383 171.8040 219.7474 79.8197 112.5929 153.5508 188.1116
# of PTA member pairs with
positive effect 2726 2723 2710 2715 2777 2774 2761 2759
negative effect 248 251 264 259 247 250 263 265
ΔXij among PTA non-members in %:a

mean -8.5979 -10.5893 -13.0031 -14.4396 -8.6385 -10.6909 -13.1720 -14.4632
std. dev. 11.1147 13.5771 16.2462 17.9829 11.0350 13.5559 16.2894 17.8548
min -54.1725 -63.0465 -71.4552 -76.1490 -53.7025 -62.8824 -71.5227 -75.7942
max 13.3921 18.1760 21.5421 26.4472 11.0525 13.9861 17.2845 19.2018
# of PTA non-member pairs with
positive effect 637 624 574 576 561 550 500 510
negative effect 6235 6248 6298 6296 6261 6272 6322 6312

Notes:
a ΔXij : base scenario trade flows minus counterfactual trade flows r


