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Abstract 
This paper examines the preferential trade agreements’ (PTAs) effects on import flows. 
In previous studies, standard gravity models based on ordinary least squares (OLS) are 
applied in order to study the effects of PTAs participation. However, the use of this 
traditional method leads to an increased risk of so-called self-selection bias. That is, 
the countries that enter PTAs are non-randomized, which implies that these countries 
possess different features compared to other, often weaker, countries. In contrast to 
previous studies, I apply a matching technique which is able to address this selection 
bias, heterogeneity, and is more robust to solve the misspecification bias. Thus, 
despite that this remedial so-called propensity-score matching technique is utilized to 
filter out the problems of self-selection, we still come to the main conclusion that PTAs 
participation seems to increase the nations’ import flows.  
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1. Introduction 
For almost half of the previous century, many papers have been focused on the impact 

of multilateral trade agreements and organizations on trade flows by addressing in 

various ways (Baier and Bergstrand, 2009). The trade agreements contain general 

agreement on tariffs and trade (GATT/WTO), generalized system of preferential (GSP), 

and preferential trade agreements (PTAs) 1 and etc. In most of these researches there 

are empirical evidences that have proved that the multilateral trade agreements have 

more or less increased international trade. In this paper I will mainly focus on analyzing 

the impacts of PTAs.  

Varies from the previous research, there are two contributions made in this study. First, 

by adopting the matching technique I examine how the import flows are affected by 

the PTAs membership. This method is more robust to address the misspecification bias 

and accounts for the selection bias. The countries entering into PTAs are non-

randomized, in other words, the features of PTAs member themselves are different 

from the countries who did not select PTAs. This issue is called “self-selection” 

(Heckman et al., 1997) which should be controlled when dealing with the event 

involves two situations. Otherwise, the empirical results would lead to serious bias 

(Persson, 2001).  

The other unique contribution is to isolate the PTAs effect from the other trade 

agreements. Most of papers when estimating the multilateral trade agreement, they 

have conducted several agreements or organizations, such as GATT/WTO, GSP, and 

FTA dummy in the same model, sometimes it is difficult to separate their influence on 

trade flows. In this paper, I only indicate PTAs dummy in my model. Additionally, the 

data set I used relies on wider range of time period compared to previous studies.  

PTAs were established in order to reduce tariffs and blocs between countries where 

trade occurs. The main concerning is whether this so-called “discriminatory” reduction 

of tariffs has improved the welfare between the member countries or could negatively 

effects on welfare of member countries. This issue can also be addressed as whether 

PTAs membership is “trade creation” or “trade diversion” which pointed out by (Viner, 

1950). Viner (1950) was the pioneer who started the research of PTAs in the 1950s. His 

well-known research is Vinerian approach which mainly focuses on estimating the 

welfare effects of PTAs on member countries (Bhagwati and Panagariya, 1996). In 

(Viner, 1950), the main argument on the “trade creation” and “trade diversion” was 

                                                           

1
 In 1944, PTAs was first created by Belgium, Netherlands, and Luxemburg, and until 2010, there more 

than 400 PTAs have been established. PTAs are pacts between countries who sign the PTAs that offer 

preferential tariffs in certain products.  
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the comparative advantage. The “trade creation” was due to the absence of the 

comparative advantage of goods between trading countries. While, the potential 

existing “trade diversion” might likely be effected by the presence of comparative 

advantage of goods between members and non-members (Bhagwati and Panagariya, 

1996).  

After (Viner, 1950), a massive of studies has addressed this issue. Up until now, the 

method of estimating the welfare of PTAs has been maturely developed. The gravity 

model was the standard and most common used tool when examining the impact of 

PTAs on trade. In recent papers, as more people involved in this issue, more statistical 

problems have been taken into consideration. Such as, the issue of heterogeneity: 

Foster (2011) stated: “membership in PTAs is likely to be endogenous as countries self-

select into PTAs for reasons related to the level of trade.” This heterogeneity among 

countries can also be viewed as “self-selection” (Heckman et al., 1997). The common 

method was adopted to deal with this issue by adding country-pair fixed effect. Tomz 

et al., (2007), Baier et al., (2008); Eicher and Henn (2011) have shown examples in their 

researches when examining the impact of trade policies on trade relations. In more 

recent papers, there is another method called matching analysis which has been newly 

employed to examine this heterogeneity issue. The matching techniques was first used 

to estimate medicine care, nowadays people find out that the matching analysis is the 

perfect method when dealing with the country self-selection problem in trade issues. 

Egger (2008) adopted matching method estimating the new PTAs membership effect 

on trade structure. Baier and Bergstrand (2004) pointed out that the welfare impacts 

of PTAs are affected by inter-industry and intra-industry. By taking these two factors 

into account, Egger (2008) found out that the PTAs membership might decrease inter-

industry trade while increasing the intra-industry trade. Baier and Bergstrand (2009) 

estimated the long-run membership of PTAs effect on trade flows by using 

nonparametric matching techniques. They found that the short-run is likely to have 

larger effect on membership of PTAs by using nonparametric approach which is similar 

to the estimate result by using parametric matching techniques.  

Another endogenous issue that has been pointed out by (Anderson and Wincoop, 2003) 

is the “multilateral resistance” term. They claimed that trade relations depend on the 

multilateral resistance of both importers and exporters. To control this multilateral 

resistance term, a traditional way is suggested by adding time-vary importer and 

exporter fixed effects. However, in recent paper, Chang and Lee (2011) empirically 

proved that this endogenous “multilateral resistance” term can also be solved by using 

matching techniques.  
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Based on the previous researches present above, we are able to aware that examines 

how the PTAs membership effect on trade flows involves in many issues, such as the 

mentioned problems: heterogeneity and “multilateral resistance”. These two terms 

can be dealing with by adding country-pair fixed effect and time-varying fixed effect 

respectively in linear regression method. However, a more efficient method and more 

robust to the misspecification bias is the matching technique which allows to obtain 

more accurate results.  

1.1 Purpose  

My purpose of this paper is to examine how the bilateral world trade flows are 

affected by membership in PTAs. To address this issue, I use the matching method 

relying on gravity model to compare the average effect of PTAs members with the 

potential outcome of PTAs members if they did not enter into PTAs (The details will be 

presented in theoretical and empirical framework). I directly use Tomz et al., (2007a)’s 

dataset, included 163 sample countries over the period 1946-2004 to estimate the 

trade flows between countries. In the gravity model, the imports flows between 

countries is suggested as dependent variable, and GDP, distance, and some nature 

factors are included as independent variables.  

1.2 Outline and Frameworks 

In section 2, the general background and the theory about PTAs will be presented. In 

section 3, theory about gravity model and propensity score matching will be explained. 

In section 4, presents the information about previous studies on PTAs. In section 5, 

model specification and variables explanation will be provided. In section 6, empirical 

analysis, the empirical results from both the linear regression and propensity score 

matching will be discussed. In section 7, a conclusion is drawn and further studies will 

be suggested.  
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2. Background and Theory of PTAs  
In this section, I will first provide the present status of PTAs and the trade flows among 

countries after joining into PTAs from a statistical perspective. In the second part, I will 

present the theory of PTAs based on the argument from previous research that 

whether PTAs membership is “trade creation” or “trade diversion”.  

2.1 Background 

Countries establish PTAs under negotiation regarding certain goods and services. This 

common agreement is confirmed by World Trade Organization (WTO) (Ahearn, 2011). 

PTAs were formed in order to liberalize trade relations between countries by offering 

lower or non-tariffs preferences and increase quota in goods that settled in the 

agreements. Under this circumstances, The PTAs members are enjoy lower tariffs as 

well as the other special services on trade than non-member countries, the PTAs 

membership is predicted to increase trade flows, countries will be more motivated to 

trade more due to the less trading cost2. Since now, there are various arrangements 

under the category of PTAs, such as, bilateral and regional agreements, free trade 

agreements (FTAs): North American Free Trade Agreement (NAFTA) and Association of 

Southeast Asian Nations (ASEAN) and etc. In recent decades, PTAs has been a 

proliferation in developing its network among countries. As the statistical research 

made by Baccini et al. (2011), in the period of 1945-2009, there are 404 agreements 

has been signed in PTAs. In 2009-2010, 20 more new agreements were implemented in 

force under the WTO. And since now, there are more agreements still in negotiated 

process (Baccini et al., 2011).  European Union (EU), for instance, since the EU itself has 

been created, until 2008 EU established 199 PTAs and become the largest membership 

of PTAs in the world (Ahearn, 2011). In Asian area, approximately 60 PTAs has been 

established and their total trade volume shared 50% of the world trade. United States 

involved in PTA based on the form of NAFTA, which is well uniform and standardized 

(Ahearn, 2011). Except these main areas in the world, African and Latin America also 

involved in PTAs (Baccini et al., 2011).  

As mentioned, one of PTAs’ main tasks is to fulfill the trade liberalization. Is this 

presumption really accomplished? A statistical report from World Trade Report, (2011) 

that the trade volume between PTAs members does have a great improvement. The 

trade occurs between PTAs members covered 18% of the world trade in 1990 that 

increased to 35% until 2008.  Accounted by dollar instead, the value of trade created 

by PTAs members was 537 billion dollars in 1990 that went up to 4 trillion dollars until 

                                                           

2
 The more detail about whether PTAs have increased trade is presented in the following part (theory of 

PTAs) 
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2008 (Krishna, 2012). Though, PTAs already generates a significant promotion on trade 

relations, there still arguments suspect its efficiency. They claimed that whether 

implementing PTAs efficiently is more related to the political stage rather than 

economic issue. It is ambiguous to declare that the undertaking of preferential tariffs is 

in accordance to liberalization (Krishna, 2012).  

2.2 Theory of PTAs 

To focus on the issue whether the membership of PTAs has fairly improved trade 

relations, we have to first acknowledge the theory of PTAs. Despite the popularity and 

proliferation of PTAs, the debate regarding the impact of PTAs on trade is still in the 

process. The earliest research addressed by Viner (1950) was the welfare impact of 

PTAs, and later, massive studies have further developed this issue. The period of 

analyzing PTAs can be separated as two stages: “First Regionalism” and “Second 

Regionalism” (Bhagwati, 1991). The First Regionalism involved the issue of “static” that 

investigates the welfare impact of PTAs membership. In this paper only the first 

regionalism is addressed which is more related to the topic I investigated.  

“Static” theory 

The “static” theory was firstly created by Viner (1950). Later, Bhagwati (1998) have 

deeply developed this approach in two categories: “trade creation and trade diversion” 

and “natural trading partners”. This section was mainly focus on the two issues based 

on Bhagwati (1998).  

(1) “Trade creation and trade diversion” :  

Viner (1950) in his researches showed massive evidence that offering preferential 

tariffs between two countries is necessarily leading to positive impact on welfare of 

the two countries. However, this claim has been criticized in three aspects Bhagwati 

(1998): First, the trade gains due to the diminishing tariffs between PTAs members will 

cause redistribution of this trade revenue between the members. A “Panagariya 

rectangle” was made by Panagariya (1995) showing the evidence at this point that 

when a country with high-tariff signed PTAs with low-tariff country, the trade revenue 

can never cover the amount absence of tariffs. Second, there are numbers of 

researches both on economic and political aspects, examined the impact of PTAs that 

can directly causing trade diversion. Third, the common sense that members in PTAs 

are likely to have less trade blocs than non-members is been criticized. There are 

numbers of countries even they have signed PTAs, and are still experiencing have 

relative high tariffs in both the products clarified and not clarified in the agreements.  

(2) “Natural trading partners”:  
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This concept was pointed out by Wonnacott and Lutz (1989) who illustrated that if two 

countries joined PTAs, and they are “natural trading partners” in the first stage, the 

welfare within members should be improved subsequently. Within the idea of “natural 

trading partners”, there are two aspects that have been taken into discussion by later 

researchers, namely trade volumes and transport cost. Bhagwati (1996) provided a 

graph showed that welfare can be effectively improved when the initially trade 

happened, due to the loss of tariffs on specific goods clarified in PTAs. The welfare of 

the member countries increases as the tariffs decreasing. However, when the welfare 

approaches to the optimal point, any further diminishing tariff will decrease the 

welfare of the countries. For the transport cost, Wonnacott and Lutz (1989) considered 

that lower distance will lead to larger initial volume of trade between members of 

PTAs. Bhagwati (1996) provided a model arguing that a country with longer distance 

will cause more transport cost compare to another country with shorter distance, 

hence, would less likely be the “natural trading partner” with domestic country. 

However, the country with longer distance is more incline to set up a PTAs 

membership with this domestic country, due to it is more elasticity.  

This part mainly clarifies the different opinions from the previous researches regarding 

the theory of PTAs that by examining whether the PTAs membership is “trade creation” 

or “trade diversion” rely on the concept of tariffs and transport cost. However, this 

argument is still on a debate, in this study will examine this issue from the empirical 

perspective.   
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3. Previous Studies 
There has been a massive studies working on the trade agreements based on different 

aspects of view, different analytical methods and various theories. However, this paper 

will only focus on the series of researches that rely on empirical analysis by adopting 

gravity model. I will include not only the studies that focus on PTAs, also the other 

related or similar agreements will be illustrated.  

As mentioned in the introduction part, there are several main problems when 

analyzing trade agreements effects. They are heterogeneity and the “multilateral 

resistance” (MR). The previous papers dealing with these two problems can be 

distinguished into two series: one is that using the method by adding country-pair and 

time-varying fixed effect respectively corresponding to the former and later issues. The 

other method is that using the recent developed matching approach. 

Rose (2002) is a pioneer who addressed the issue that the impact of multilateral trade 

agreements on trade flows by using the gravity model, World Trade Organization 

(WTO), Generalized Agreement on Tariffs and Trade (GATT), and the Generalized 

System of Preferences (GSP) are objects in his research. 175 countries and over fifty 

years time period were included as a sample size. In order to control the unobserved 

factors he added sets of dummy variables that related to nature factors in the gravity 

model, Rose (2002) was find any evidence that proves countries in the membership of 

WTO increasing their trade value than the countries outside. While he found that the 

GSP has strong positive effect on trade.  

Followed by Subramanian and Wei (2007) analyzed the PTAs, WTO, and GSP effect on 

imports. They found that PTAs has a significant positive effect on imports based on 

their results provided. Subramanian and Wei (2007) quoted Anderson and Van 

Wincoop (2003)’s modified gravity model by including country fixed effects to serve for 

“multilateral resistance”. Wincoop (2003) pointed out that the trade flows between 

both importers and exporters depends on the multilateral resistance. Therefore, fixed 

effects for both importer and exporter should be added in the gravity model. 

Moreover, different from general studies, in order to separate the influence of the 

agreements, Subramanian and Wei (2007) classified the category of PTAs, WTO, and 

GSP dummies in more decomposed way. Subramanian and Wei (2007) used import 

value between two countries as dependant variable rather than average value of both 

imports and exports in Rose (2002). They are based on Bagwell and Staiger (2002, 

2005)’s argument that when country A provides preference tariffs to country B, we 

should expect country B imports more from country A due to the low tariffs. Whereas, 

there is no reason that country A should export more to country B. This claim has been 

cited by Rose in his later researches. Tomz et al., (2007b) examined the impact of PTAs, 
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WTO, and GSP on imports in a fairly similar way with Subramanian and Wei (2007). He 

also found the positive impact of PTAs on trade. In Eicher and Henn (2011)’s research, 

they summarized those previous work that I presented above and developed a new 

approach that reduce the omitted variable bias at three aspects: multilateral 

resistance, unobserved heterogeneity, and individual PTAs trade effects. They found 

PTAs causing positive effect on trade.  

On the other hand, more recently, the method called propensity score matching, 

which has been adopted to examine the impacts of trade agreements on trade flows. 

Egger et al., (2008) estimated the endogenous PTAs on trade structure, in order to 

control the endogenous problem they employed the method of score matching 

analysis. Instead of analyzing the trade volume, “trade diversion” and “creation” as 

many researches addressed, Egger et al., (2008) emphasized the trade structure 

influenced by the new formation of PTAs. In their gravity model, they include the 

factors of “inter-industry” and “intra-industry” trade that were demonstrated by Baier 

and Bergstrand (2004) and were considered as crucial determinants of trade 

liberalization. Egger et al., (2008) found that substantial impact of endogenous PTAs on 

intra-industry trade. However, there might be negative effect of PTAs on inter-industry.  

Baier and Bergstrand (2009) estimated the impact of PTAs membership on trade flows 

with mainly focus on long-run effects. They employed nonparametric matching 

method by dealing with the self-selection problem, stressed on “ex-post” (analyzing 

the partial effects of PTAs on trade, usually estimated by gravity model) rather than 

“ex-ante” (analyzing the effects of formation of PTAs on trade flows, normally 

examined by computable general equilibrium model) effects on trade.  Under the 

nonparametric matching techniques, Baier and Bergstrand (2009) found stable and 

significant long-run effects of PTAs membership on trade flows. This result is similar to 

the result that estimated by parametric matching method.  

Chang and Lee (2011) also conducted nonparametric methods, when analyzing the 

effect of GATT/WTO membership on trade flows. On contrary to Baier and Bergstrand 

(2009), they examined GATT/WTO rather than PTAs effects. Chang and Lee (2011) 

directly used Rose (2004) and Tomz et al., (2007b)’s dataset, however, different from 

their method that used parametric estimation (this method would be bias without 

concerning heterogeneous and self-selection problem criticized by Chang and Lee 

(2011), Chang and Lee applied pair-matching methodology to estimate the GATT/WTO 

effects. After controlling these problems, Chang and Lee (2011)’s found fairly different 

results from Rose (2004).  

Based on trade creating theory, mentioned by previous studies, Foster et al., (2011) 

examined the effect of PTAs membership on trade margins (both on extensive and 
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intensive margins) by including 174 exporting countries over period 1962-2000 (the 

dataset is from (Feenstra et al., 2005). Foster et al., (2011) first used gravity model 

with the variables in difference form that take difference of each variable before enter 

into PTAs and after signed PTAs, and then conducted the matching method controlling 

self-selecting problem to make comparison with the former method. They found that 

joining PTAs has significant positive effect on extensive margin. However, little 

evidence was found on intensive margin.  

After the series of researches on investigating in PTAs membership effect on trade 

flows at various aspects and different methods was presented. We can generally 

conclude that the heterogeneity, and self-selection are crucial problems and matching 

econometric is an efficient and appropriate method to address such problems.  
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4. Theoretical Framework  
In this section, I will provide the standard equation and general knowledge about 

gravity model and explain why it is appropriate for analyzing the trade flows. 

Subsequently, the theory and assumptions behind the matching technique will be 

presented to provide basic understanding before heading to empirical analysis.  

4.1 The Gravity Model  

The gravity model was earliest discovered by Isard and Peck (1954) and Beckerman 

(1956) for analyzing trade flows. They found that the trade pattern has greatly 

correlation with geographical distance. The closer of two countries will tend to trade 

more. Later on, Tinbergen (1962) and Pöyhönen (1963) first used gravity model in 

analyzing trade flows. However, they further developed Isard and Peck (1954) and 

Beckerman (1956)’s idea by adding national incomes factors (this factor later 

measured by GDP) into this model. They found that the income of a country is another 

important of determinants that effect on trade and positively related to trade volume 

between any of two countries. Linnemann (1996) included population as explanatory 

variable that was found have positive effect on bilateral trade. Berstrand (1989) 

extended even further that added GDP per capita instead of population variables. 

However, this idea has been criticized by GDP per capita is easily lead to 

multicollinearity with GDP in regression analysis. In later studies, the gravity model has 

been wildly quoted with different variables and model specification serving to various 

purposes of researches.  

Though the gravity model has been developed well by the later studies, it still has its 

weakness of lacking economic theory support. In order to find economic evidence, 

Anderson (1979) derived the gravity model from the pure expenditure system model 

and the trade-share-expenditure system model based on the economic theory. 

Bergstrand (1985) used the general equilibrium model of world trade, Hechscher-

Ohlin-Samuelson model, and purchasing power parity (PPP) derived the gravity model. 

Except these theory findings, there are several economists also made similar theory 

evidences (Ratnayake and Townsend, 1999). These investigations have made a great 

theory contribution supporting to the gravity model and put the model in a more 

persuasive way.  

The standard gravity model developed by Tinbergen (1962) was specified as: 

Tij  = A ∗
Y i Yj

D ij
                                                                                                                 (Eq. 4.1.1) 

In the equation 4.1.1, where Tij  is independent variable that measured by the total 

trade flows between country i and j.  A  is the constant term, Y  and D  are two 
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explanatory variables.  Yi  and Yj  are national incomes in country i and j separately, Dij  

is the geographical distance between country i and j, which normally measured the 

distance between the capitals of the two countries. National incomes are expected 

have positive relations with total trade volume. Based on the supply and demand 

theory in economics, more income in a country will directly cause larger domestic 

consumptions, demand for products increase subsequently, and thus more trade flows 

between countries. Distance is assumed negatively related to trade flows, due to the 

larger transport cost, if the distance between trading countries is farer.  

However, the trade issue is more complicated and contradictory at various aspects 

than we expect, Tinbergen (1962)’s original gravity model was not sufficient to 

demonstrate more complicated issue. Except the variables of GDP and distance, there 

are plenty of factors would also likely to effect the trade relations. Thus, gravity model 

has been modified in a massive way. Here presents one of the examples of modified 

gravity model and also the model of this study based on: 

TFij  = αYi
β

Yj
γ

Ni
δNj

ϵdij
θUij                                                                                             (Eq. 4.1.2)  

Where TFij  is the trade flows between country i and j. α is the constant term. Yi  and Yj  

are national incomes in country i and j. Ni  and Nj  are population in country i and j. dij  

is the geographical distance between country i and j. β, γ, δ, ϵ, θ are coefficients. Uij  is 

the disturbance of error term (Anderson, 1979).  

In the equation 4.1.2, different from the standard gravity model, population has been 

added as explanatory variables. This is one of the examples from modified gravity 

model, in later researches, gravity model is normally specified in logarithm term and Y 

measured by GDP instead of national incomes. Also, sets of dummy variables are 

conducted in gravity model when more factors are necessarily to be controlled for.   

4.2 Propensity Score Matching  

The concept of propensity score was first introduced by Rosenbaum and Rubin (1983) 

who applied the matching techniques to deal with the issue of selection bias when 

comparing treatment and control groups in social programs. After that, propensity 

score approach has been wildly employed and developed in the perspective of the 

econometric and statistical. The econometric approach is relied on structural models 

and non-random statistic, while statistical method is more likely to analyze the 

experimental outcomes based on randomized statistic (Guo and Fraser, 2010, p.4). On 

the econometric perspective, Haavelmo (1943) is a pioneer that developed the 

assumption of counterfactual that is comparing the outcomes between “true causal 

effect” and “spurious causal effect” and find interdependence among them. This 

concept of counterfactual provided a crucial theory support to the matching approach 
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and has been adopted by the later researchers. On the statistic aspect, Rubin (1974) 

has developed this idea to a well-known concept called “Neyman-Rubin counterfactual 

framework”, different from Haavelmo (1943), this assumption is to compare the 

outcome of the group who actual received treatment to the potential outcome of the 

group who are not participates to the treatment. This approach has extended to both 

randomized and nonrandomized statistics (Guo and Fraser, 2010, p.5). In recent 

decade, it has been more popular in the economic field (both in micro and 

macroeconomics perspectives). Persson (2001) is a pioneer who applied the matching 

method to macroeconomic issues. He used matching econometrics to estimate the 

Currency Unions effect on trade.  

4.2.1 Roy-Rubin Model 

Before heading to the matching technique, we need to first acquaint about the Roy-

Rubin model which was developed (Roy, 1951 and Rubin, 1974), and is the theory 

matching approach based on. Roy-Rubin model involved in three elements, individuals 

(denoted by “i”), treatment factor (denoted by “W”), and outcome variable (denoted 

by “Y”). The treatment variable “W” is binary, it denoted as (Wi = 1) if the individuals i 

in the sample who received treatment, otherwise, (Wi = 0) if the individuals i are not 

received the treatment. Under these two conditions, we have outcome (Yi1) if the 

group has been treated, and outcome (Yi0), if the individuals have not been treated. 

The difference between the outcome of treated and untreated individual is what we 

want to estimate (treatment effect), which is written as:  

τi
 = Yi1 - Yi0                                                                                                                   (Eq. 4.2.1) 

There is one problem in this situation, τi is not directly observed due to the individual 

in the experiment cannot be treated and not treated simultaneously. In another words, 

if the individual i treated, then their outcome of untreated we cannot possible to 

obtain. Therefore, we estimate the average treatment effect (ATE) instead.  

Assuming we have two groups that participate (Wi = 1) and non-participate (Wi = 0) to 

the treatment and denoted their expected condition of effects in each group as E (Yi1) 

and E (Yi0) separately, then the average treatment effect is expressed as:  

τATE  = E (Yi1) – E (Yi0)                                                                                                  (Eq. 4.2.2) 

However, it reveals a problem again, if the sample size in the experiment is 

randomized, how could we estimate the expected effect? Heckman et al., (1997) 

demonstrated the issue called “self-selection” that is before the experimental 

conditions, among the research objects would have large possibility of processing 

different characteristics. To solve this problem, another measurement called average 
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treatment effect on treated (ATT) has been presented, which only focus on the group 

where individuals are actually attended the experiment, the equation is expressed as:  

τATT  = E (Yi1 | Wi = 1 ) – E (Yi0 | Wi = 1)                                                                   (Eq. 4.2.3) 

The ATT value is the difference between the outcome of the treatment group who 

participated to the program and the potential outcome of the treatment group who 

did not participate. The latter case is the so-called “counterfactual outcome” (Rubin, 

1974), (it should be noted in the second term of equation 4.2.3, the outcome denoted 

as Yi0). This “counterfactual outcome” is still not observed, because we could not 

possibly know that the effect of non-treatment if the group has already been treated. 

Therefore, to obtain this expect value of ATT, there are two assumptions required:  

Assumption 1: conditional independence assumption (CIA)  

When evaluating the effect of treatment, the term of exogeneity has been illustrated, 

and assuming the treatment satisfies the condition of exogeneity. Lechner (1999) 

pointed out the conditional independence assumption (CIA). Given series covariate 

variables of X that assumed cannot be influenced by treatment factor. These X 

variables are considered as the control factors that lie beyond the treatment factors, 

however, might have the effects on dependent variables as well (The descriptive of X 

variables that are included in this study will be presented in the empirical part). Based 

on the fact that any individuals i, in both conditions of participated (Wi = 1) and not 

participated (Wi = 0) to the experiment, we are able to observe the outcome of Yi1 and 

Yi0 respectively. We are able to conclude that the outcome Yi is independent of Wi, and 

also can say Wi is an exogenous variable of Yi. Thus, we have the assumption of CIA 

was expressed as: 

Yi0, Yi1 ⊥ Wi | X                                                                                                           (Eq. 4.2.4) 

Where, the sign of “⊥” represents independence and the term of Wi | X means the 

outcome of Wi given the value of X. Based on the assumption above, the term of E (Yi0 

| Wi = 1) is replaced by E (Yi0 | Wi = 0) that is the outcome of group who not 

participated to the program.  

Assumption 2: overlap  

The assumption of overlap is built under the conditions that the research objects with 

the given X might have large probability that both being in the treatment group and 

control group (Heckman et al., 1999). In order to control the overlap, the control 

variables of X should satisfy the following conditions: 

0 < prob (Wi = 1 | X) < 1                                                                                           (Eq. 4.2.5) 
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In the equation 4.2.5 means that the probability of X in the treated group should lie at 

the range of greater than 0 and less than 1, however should not equal to 0 and 1. The 

probability of X is normally obtained via probit model (the detail will be presented in 

the empirical part). The implication of the two assumptions above is that all factors 

might potentially affect the treatment effect require to be included and thus larger and 

more reliable data are needed (Caliendo and Kopeinig, 2008).  

4.2.2 Propensity Score Matching (PSM)  

In the previous section mentioned that E (Yi0 | Wi = 1) can be replaced by E (Yi0 | Wi = 0) 

under the assumption of CIA. To be more explicit, that is the expected outcome of the 

group (control group) who did not receive the treatment substitutes the potential 

outcome of the treatment group who have not been treated. Such substitution occurs 

in the condition that both group (control and treatment) should have similar 

characteristic, in another words, the covariates of Xi in both groups should be similarly 

distributed. Given the P(Xi) as a function of X, the essential idea behind PSM was that 

matches the distribution of X given by P(Xi) value in treatment group (Wi = 1) with the 

similar or nearest value of P(Xi) in control group (Wi = 0), in this situation, it satisfies 

the requirement that both treatment and control group have similar futures 

(Rosenbaum and Rubin, 1983). Intuitively, the formula was expressed as: 

Wi ⊥ Xi | P(Xi)                                                                                                            (Eq. 4.2.6) 

In the equation 4.2.6 means the outcome Wi is independent of Xi
 given by the 

probability of Xi. To estimate the ATT effect based on the propensity score, the 

equation  4.2.3 can be reformed as: 

τATT = E (Yi1 | P(xi), Wi = 1 ) – E (Yi0 | P(xi), Wi = 0)                                                (Eq. 4.2.7) 

The PSM can be implemented by several methods: Nearest Neighbor Matching (NN), 

Caliper and Radius Matching, Kernel Matching and Local Linear regression, and 

Stratification Matching. In this study will only provide the results from NN matching, 

Kernel matching and Stratification Matching. Following will explain three of these 

methods:  

Nearest Neighbor Matching (NN) 

The most common used method is the NN matching. The individuals in the treatment 

group based on the propensity score matching with the individuals in the control group 

who have the nearest propensity score as a partner. Such a matching method can be 

classified as: “with repetition” and “without repetition”. With repetition is that the 

individuals in the control group can be used to match more than once, and the latter 

case, however, is allowed to match only once (Caliendo and Kopeinig, 2008). In figure 1, 
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the upper two dots in the treated group is the example of matching “without 

repetition”, for the individuals in the control group used only once a time. The lower 

two dots in treated group is the example of matching “with repetition”, we can see 

that there is an individual in control group used more than once. Matching with 

repetition is considered that are more likely to improve the matching quality and 

decrease the bias that is involved in matching process compared to the approach 

without repetition. Especially under the conditions when we have the propensity score 

across the treatment and control groups is not close enough. Assume we have the 

numbers of individuals with high score in the treatment group, while in the control 

group is few. If repetition is not allowed, then we will have limited numbers of 

matching partners and thus the results will more likely to be biased. When repetition 

involved, we are able to obtain higher quality and lower bias results (Smith and Todd, 

2005). In this study I use the NN matching with repetition.  

Figure 1: Nearest Neighbor Matching  

 

Kernel Matching  

Different from NN matching, Kernel matching belongs to the non-parametric matching 

method, and instead of matching the P(Xi). In kernel matching, for each individual in 

the treated group, we use almost all observations with weighted value in the control 

group to matching with (Caliendo and Kopeinig, 2008). In figure 2 is an example of 

kernel matching, suppose to find match for the third dot in the treated group, we use 

all the observations in control group with weighted value to matching with. For the 

propensity score in the control group near from the third dot we put higher weight and 

for the propensity score far from the third dot we put lower weight, so that for each 
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individual in the treated group we are able to find different weighted value to match 

with. Kernel matching is considered as an efficient approach that decreases the 

variance of the matching results, since more information is accumulated.  However, 

there is weakness of kernel matching, Caliendo and Kopeinig (2008) states: “possibly 

observations are used that are bad matches”. The approach to solve this problem is to 

include the term of common support (see additional knowledge) which in this study 

has taken into account.   

Figure 2: Kernel Matching 

 

Stratification Matching  

The stratification matching is to set several intervals based on the P(Xi) value within 

the treatment group and control group separately and for the individuals in each 

interval in the treated group we use the individuals in the nearest interval in control 

group to match with (treatment and control group). In figure 3, we have different 

intervals in both treated group and control group. For instance, we want to match the 

individuals in the first interval in the treated group and we use the individuals in 

nearest interval (also the first interval) in control group to match with. This approach is 

also called “interval matching” (Caliendo and Kopeinig, 2008). However, there is a 

problem that how many intervals should be sub-classified? Cochran (1968) indicated 

that five branches are sufficient to construct matching and decrease the bias in the 

results.  
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Figure 3: Stratification Matching  

 

Additional knowledge: common support  

Common support is the common region comparable of both treatment group and 

control group. In the matching process this region of common support should be 

determined. Heckman et al., (1997) illustrated that the including of common support 

would likely to decrease the bias and improve the comparable of matching. Dehejia 

and Wahba (1999) also claimed that the sub range of the control group should be 

selected to match the treatment group so that to increase the comparable of the two 

groups. Thus, the region of common support is crucial to be defined. To determine the 

region of common support, there is an approach called “minima and maxima criterion” 

can be adopted (Caliendo and Kopeinig, 2008). The essential idea behind this approach 

is to find an appropriate range for both treatment and control group. Drop the 

participants with propensity score less than the smallest and greater than the largest 

score. In a more intuitive way, assume that we have the range of [0.3, 0.97] in the 

treated group and [0.02, 0.72] in the control group. Then the region of common 

support is [0.3, 0.72]. The example shows in figure 4, we only matching the individuals 

with the range of the two blue lines and excluding the individuals lie outside of the 

lines. One thing should be noted is that the factor of common support is more 

important in the Kernel matching compared to the other matching method (Caliendo 

and Kopeinig, 2008). All the matching approaches used in this study have included the 

common support.  
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Figure 4: Common Support  
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5. Empirical framework  
In this section, I will introduce the specification of the gravity model, in which each 

variable will be explained.  The dataset as well as the empirical approach that use for 

estimating the PTAs membership effect on import flows in the world will also be 

discussed.  

5.1 Data  

This study is to analyze the impact of PTAs on import flows in the world. To fulfill this 

task, I directly use the dataset from Tomz et al., (2007a). This dataset contains imports 

flows between countries, GDP value, geographical distance, PTAs and the other 

agreements, and sets of natural factors such as: common language and currency, 

colonization, border etc. However, as I mentioned in the introduction section, this 

study will be specific on PTAs, thus I will drop the other agreements variables, only 

kept PTAs.  The dataset extends the period from 1946-2004 and includes 163 countries 

(the list of sample countries in the appendix). Here we only introduce the main 

variables, According to Tomz et al., (2007a), imports flows from 1948-2004 were 

collected from the International Monetary Fund (IMF), under the subcategory of 

Direction of Trade Statistics (DOTS). Due to the data before 1948 is not available, the 

imports value of 1946 and 1947 were obtained from individual country statistical 

yearbooks. GDP in each countries were collected World Bank (World Development 

Indicators). Distance is obtained from CIA World Factbook and the Gazetteer of 

Conventional Names.3 (Tomz et al., 2007a).   

5.2 Model Specification and Variables Explanation  

To identify the impact of PTAs on import flows, I adopt the form of gravity model 

based on Baier and Bergstrand (2009) who also analyzed the effects of free trade 

agreements (FTAs) on international trade flows by using matching approach. As we 

know that FTAs is one of the components of PTAs. Thus their model is also appropriate 

for this study. However, slightly differences made from Baier and Bergstrand (2009) is 

that the dependent variable is measured by imports instead of total volume of trade 

between two countries, and more dummies are included in my model. Here present 

the Baier and Bergstrand (2009)’s gravity model as a benchmark: 

lnTFijt = β0 +  β1 (lnGDPitGDPjt) + β2 (lnDistij)                                                            

+ β3 (ADJij) + β4 (Langij) +  β5 (FTAijt) + εijt                                               (Eq. 5.2.1) 

                                                           

3
 For the more information and details about the data (See Tomz et al., 2007a) 
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Where TFijt is the total trade flows between country i and j in year t, GDPitGDPjt is the 

gross domestic product in country i multiplies the gross domestic product in country j 

in year t, this measurement is called “economic activity”. Distij is the distance between 

country i and j, ADJij is the dummy variable that denoted by 1 if both countries share 

border, denoted by 0 if otherwise, Langij is the dummy variable that equal to 1 if both 

countries share a common language, equal to 0 if otherwise, FTAijt is the dummy 

variable that takes value of 1 if both countries are members of FTA in year t, 0 if 

otherwise. εijt is the error term.  

The modified gravity model4 in this study is specified as: 

lnMijt = β0 +  β1 (lnGDPitGDPjt) + β2 (lnDistij) + β3 (PTAijt) + β4 (ComColij)  

+ β5 (CUij) + β6 (ADJij) + β7 (Landlij) + β8 (Islandij)  

+ β9 (AreaiAreaj) + β10 (Langij) + εijt                                                        (Eq. 5.2.2) 

Where i represents the importers (including 163 countries) and j denotes the exporters, 

t is the time period of 1946-2004, and following is the definition of each variable:    

 

 

 

 

 

 

 

 

 

 

                                                           

4
 In this model, different from the gravity model presented in the Eq. 4.1.2, the measurement of 

population in country i and j are dropped. When analyzing the trade agreement effect on bilateral 

trade, in most of previous researches was excluded this variable of population as showing in the 

papers of Baier and Bergstrand (2007, 2009); Tomz et al., (2007a); Egger et al., (2008); Subramanian 

and Wei (2007); and Rose (2002). 
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Table 5.1: The description of each variable in equation 5.2.2  

Variables  Description  Coefficient  

lnMijt Dependent variable, the import flows from country i to j.  

 Constant term  β0 

lnGDPitGDPjt The measurement of economic activity in country i and j. It is 

calculated by the gross domestic product in country i multiplies 

the gross domestic in country j. 

 

 product in country j in year t. 

β1 

lnDistij Geographical distance between country i and j. β2 

PTAijt The dummy variable that takes value of 1 if countries i and j are 

both members of FTA in year t, 0 if otherwise. 

β3 

ComColij The dummy variable that equal to 1 if i and j are colonies of the 

same colonizer, 0 of otherwise. 

β4 

CUij The dummy variable equal to 1 if i and j use the same currency, 0 

if otherwise. 

β5 

ADJij The dummy variable that denoted by 1 if i and j shareing border. β6 

Landlij The dummy variable that is 2 if i and j are both landlocked, value 

to 1 if only one country is landlocked, 0 otherwise. 

β7 

Islandij The dummy variable that is two if i and j are both island, equal to 

1 if only one country is island, 0 otherwise. 

β8 

AreaiAreaj The area in i and j.  β9 

Langij The dummy variable that is 1 if i and j speak common language. β10 

εijt The error term that assumes normality-distributed.  

 

Instead of total trade flows, in equation 5.2.2 takes import flows from country i to j as 

dependent variable. An argument made from Bagwell and Staiger (2002, 2005) that 

assuming there are preferential tariffs offered from countries A to B, we should expect 

the increasing in imports from country A to B due to the low tariffs. And there is no 

reason that the export should increase. This argument was cited by the later 

researches such as: Subramanian and Wei (2007) and Tomz et al., (2007b). Aside the 

first three terms of right-hand side of the equation keeping the same as constructing in 

equation 5.2.1, I added more dummy variables compare to Baier and Bergstrand 

(2009).  

In table 5.2 presents the existing researches that proved the empirical relationship 

between trade and the list of variables in equation 5.2.2. The terms of positive and 

negative in the third column means the expected relationship. 
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Table 5.2: List of variables and their correlation with trade flows 

Variables Researches Correlation 

lnGDPitGDPjt Rose, (2002); Baier and Bergstrand, (2007); Tomz et al., (2007a, 
b); Liu, (2009); Foster et al., (2011) 

Positive  

lnDistij Rose, (2002); Subramanian and Wei, (2007); Tomz et al., 
(2007a, b); Eicher and Henn, (2011) 

Negative  

PTAijt Baier and Bergstand, (2007); Barier and Bergstand, (2009); 
Foster et al., (2011) 

Positive  

ComColij Tomz et al., (2007b); Subramanian and Wei, (2007); Liu, (2009) Positive  

CUij Rose, (2002);  Persson, (2001); Liu, (2009) Positive  

ADJij Baier and Bergstrand, (2007); Chang and Lee, (2011) Positive  

Landlij Tomz et al., (2007a); Liu, (2009); Eicher and Henn, (2011)  Negative  

Islandij Rose, (2002); Liu, (2009); Eicher and Henn, (2011) Positive  

lnAreaiAreaj Tomz et al., (2007b); Liu, (2009); Eicher and Henn, (2011) Negative  

Langij Rose, (2002); Subramanian and Wei, (2007); Tomz et al., 
(2007b) 

Positive  

5.3 Descriptive Statistics  

This part presents the descriptive statistics about the dataset used in this study, the 

observations, mean, standard deviation, minimum and maximum values are provided 

for each variable. All values are in logarithm form in this dataset. In table 5.3 is the 

descriptive of the total dataset, there are 381,656 observations which contain 163 

importing countries with each of their trading partners across the period 1946-20045. 

In table 5.4 presents the summarizing statistical of treated group (members of PTAs) 

and table 5.5 describes the observations in the control group (non-members of PTAs). 

In the former, there are 45,508 country pairs entering into PTAs. In the latter, 336,148 

country pairs are not members of PTAs in this dataset.  

 

 

 

 

 

 

                                                           

5
 There are some years and trading partners missing in this dataset, due to the data is not available.  
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Table 5.3: Descriptive statistics for each variable   

Variables  Obs Mean Std. Dev. Min. Max. 

Imports 381,656 15.17295 2.287846 11.51302 24.55006 

GDP 381,656 45.84444 2.460036 35.82043 55.88262 

Distance 381,656 8.544438 0.8510218 4.772036 9.895504 

PTAs 381,656 0.1192383 0.3240691 0 1 

Colonizer  381,656 0.0042525 0.0650726 0 1 

Currency  381,656 0.0114658 0.1064631 0 1 

Border  381,656 0.0462982 0.2101305 0 1 

Landlocked  381,656 0.2542316 0.4740178 0 2 

Island  381,656 0.1829213 0.4096308 0 2 

Area  381,656 25.11978 2.651946 13.47495 32.9672 

Language  381,656 0.1270725 0.3330547 0 1 

 
Table 5.4: Descriptive statistics in treated group PTAs = 1 

Variables  Obs Mean Std. Dev. Min. Max. 

Imports 45,508 16.16574 2.566015 11.51318 24.55006 

GDP 45,508 46.107 2.835308 35.82043 54.25256 

Distance 45,508 7.86692 1.043794 4.772036 9.895504 

PTAs 45,508 1 0 1 1 

Colonizer  45,508 0.0000439 0.0066293 0 1 

Currency  45,508 0.0361475 0.1866591 0 1 

Border  45,508 0.1628285 0.3692132 0 1 

Landlocked  45,508 0.2858618 0.5223008 0 2 

Island  45,508 0.1056957 0.3325833 0 2 

Area  45,508 25.03176 2.358938 15.06853 32.06723 

Language  45,508 0.2258504 0.4181457 0 1 

 
Table 5.5: Descriptive statistics in control group PTAs = 0 

Variables  Obs Mean Std. Dev. Min. Max. 

Imports 336,148 15.03854 2.213586 11.51302 24.11189 

GDP 336,148 45.8089 2.402535 36.55272 55.88262 

Distance 336,148 8.636161 0.7773246 4.772036 9.895504 

PTAs 336,148 0 0 0 0 

Colonizer  336,148 0.0048223 0.0692751 0 1 

Currency  336,148 0.0081244 0.0897687 0 1 

Border  336,148 0.0305223 0.1720196 0 2 

Landlocked  336,148 0.2499494 0.466934 0 1 

Island  336,148 0.1933761 0.4178791 0 2 

Area  336,148 25.1317 2.688943 13.47495 32.9672 

Language  336,148 0.1136999 0.3174469 0 1 
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6. Empirical Analysis  
The aim of this study is to compare the difference between ordinary least square (OLS) 

and matching technique while estimating the impact of PTAs membership on import 

flows. Thus in this section I will present the empirical results from both methods and 

further interpret the results and make a comparison.  

6.1 Regression Results from OLS 

As I mentioned in the introduction as well as the previous studies, the method for 

investigating the impact of multilateral trade agreements on trade flows from the 

existing studies can be generally classified into two perspectives: one is the regression 

method with adding fixed effects to control the omitted variable bias6. Another is the 

matching technique which separates the country sample into PTAs members and non-

PTAs members, and then making comparison of the two groups. In this part, I will first 

present the results which are estimated by OLS method.  

There are two main problems that have to be controlled with when applying the OLS 

method. The first issue is the “multilateral resistance” term which is pointed out by 

(Anderson and Wincoop, 2003). The argument they have made is that the trade 

relations are not efficiently covered by the multilateral resistance. They claimed that 

the fixed effects for both importing and exporting countries should be illustrated in 

model, since the multilateral resistance accounts both importing and exporting 

countries which would effect on trade flows. Thus, Anderson and Wincoop (2003) 

suggested time-vary fixed effect to control the term of “multilateral resistance”. 

Subramanian and Wei (2007) emphasized this issue when examining the WTO effect 

on trade found a positive relation. Compare to Rose (2002, 2004)’s research that 

excluded the issue of “multilateral resistance” and found no evidence that WTO 

increased trade flows. The other problem is the “unobserved bilateral heterogeneity”, 

Baier and Bergstrand (2007) found that the countries are more likely to sign the trade 

agreements if their trade flows have been “naturally elevated all along”. However, in 

the OLS regression, the time invariant country-pair fixed effect is suggested to deal 

with the “unobserved bilateral heterogeneity”. Eicher and Henn (2011) examined the 

PTAs membership effect on trade by including the both two above omitted bias and 

found positive relations between PTAs membership and trade flows.  

In the table 6.1 are the regression results from equation 5.2.2. I report both before and 

after adding the fixed effects results so that we are able to make comparison. Column 
                                                           

6
 Including the fixed effect is able to control the unobserved heterogeneity which is normally time 

invariant. There two main omitted bias which are “multilateral resistance” controlled by time-varying 

fixed effect and “unobserved heterogeneity” controlled by country-pair fixed effect.  
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(1) are the results without any controlling effect, we can see that all the variables are 

significant from 1% level. The GDP term represents in both importers and exporters 

are 0.738, and positively related to the bilateral imports. The geographical distance 

between importing and exporting countries are negatively associated with imports 

flows which is accordance to the theory that further distance lead to lower imports 

flows due to the transportation cost. There also sets of dummy coefficients, except for 

landlocked and land area shows the negative correlation with the imports flows, 

common colonizer, common currency, sharing border, island and common language 

are natural factors that could improve trade relations. And the results are also 

accordance with the researches that I presented in table 5.2. For the landlocked, it is 

expected that have negative relations with trade, due to the transportation factor. 

Land area in the existing studies is expected to increase trade relations, however, 

reveals negative effects which is -0.08. Subsequently, focus on the coefficient of PTAs 

which is important in this study, showing positive effect on trade which is 0.232. For 

the countries joining into PTAs are likely to increase 26% = (e0.232 – 1)*100 of imports 

flows within the country members. However, this result is not trustable due to the 

presence of omitted bias. Column (2) adds the time varying dummy in order to control 

the term of “multilateral resistance”. Overall, except for common colonizer, the 

coefficients of all variables have slightly increased in relationship to imports flows 

comparing to the results in column (1). PTAs raises to 0.377 which increase the impact 

of PTAs membership on trade to 46% = (e0.377 – 1)*100. Column (3) is the results by 

including the country-pair fixed effect to deal with the “unobserved heterogeneity”. 

The coefficient of PTAs is 0.349 slightly lower than that in column (2). It implies that 42% 

= (e0.349 – 1)*100 increase of import flows is caused by PTAs membership. Column (4) is 

the combination of both time-varying and country-pair fixed effects. The results are 

similar with column (3). All variables are significant at 1% level. The coefficient of PTAs 

is 0.363 which is 44% = (e0.363 – 1)*100 change in import flows. The results in column (4) 

are more reliable compare to the other columns, since the issue of “multilateral 

resistance” and “unobserved heterogeneity” have been accounted for. These 

percentage changes in import flows should be noted, the PTAs dummy in the dataset is 

defined as time varying dummy. This means that the PTAs membership equals to 0 

across the period before the time point when country pairs enter into PTAs and equals 

to 1 through the period after the time point when country pairs enter into PTAs. Thus, 

the percentage increasing in imports flows caused by the PTAs membership should be 

consider as average change across the period after country pairs entered into PTAs.  
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Table 6.1: Regression results from OLS before matching  

Variables  (1)  (2) (3) (4) 

lnGDPitGDPjt 0.738*** 

(0.001) 

0.767*** 

(0.005) 

0.543*** 

(0.002) 

0.564*** 

(0.005) 

lnDistij -0.731*** 

(0.003) 

-0.708*** 

(0.015) 

-0.891*** 

(0.004) 

-0.888*** 

(0.004) 

PTAijt 0.232*** 

(0.008) 

0.377*** 

(0.025) 

0.349*** 

(0.007) 

0.363*** 

(0.007) 

ComColij 2.104*** 

(0.037) 

1.808*** 

(0.104) 

1.562*** 

(0.036) 

1.554*** 

(0.037) 

CUij 0.985*** 

(0.023) 

1.002*** 

(0.075) 

0.952*** 

(0.022) 

0.941*** 

(0.022) 

ADJij 0.586*** 

(0.013) 

0.589*** 

(0.060) 

0.396*** 

(0.013) 

0.394*** 

(0.013) 

Landlij -0.214*** 

(0.005) 

-0.156*** 

(0.020) 

0.305*** 

(0.068) 

-0.947*** 

(0.044) 

Islandij 0.275*** 

(0.006) 

0.238*** 

(0.032) 

-0.328 

(83.227) 

0.862*** 

(0.027) 

lnAreaiAreaj -0.080*** 

(0.001) 

-0.097*** 

(0.005) 

0.472*** 

(0.007) 

0.431*** 

(0.011) 

Langij 0.375*** 

(0.007) 

0.388*** 

(0.034) 

0.311*** 

(0.008) 

0.310*** 

(0.008) 

Constant -10.514*** 

(0.051) 

-11.623*** 

(0.246) 

-14.572*** 

(0.204) 

-14.472*** 

(0.205) 

Observations  381,656 381,656 381,656 381,656 

R2 0.602 0.611 0.667 0.667 

Fixed effects Non  year country year & country 

Note: ***=significant at 1% level. In the brackets is the standard deviation. Time varying fixed 

effect included in column (2) is to control the “multilateral resistance”. Column (3) with country-

pair fixed effect is to deal with “unobserved heterogeneity”. Column (4) is the combination of both 

terms.  

6.2 Propensity Score Matching   

An alternative strategy to examine the impact of PTAs membership on import flows is 

the matching approach. In the theoretical framework I presented the theories and 

assumptions that support the matching method. To obtain a treatment effect in a 

program, the essential idea is to compare the difference between the sample 

population after they received the treatment and the potential outcome that they 

have not received this experiment. The latter case is the counterfactual fact and is not 

directly obtained, because we are unable to observe the outcome of the population 

who do not participate in the program if they are already participating. However, this 

counterfactual is allowed to be substituted by the population who are not received the 

treatment under two assumptions which I presented in the theoretical part. Thus, in 

this study we basically require two conceptual groups which are received experimental 

treatment, the countries that are actually joined in PTAs is the treatment group (Wi = 

1); and the control group which did not participate in the experiment, in this case is 

the countries that did not enter into PTAs (Wi = 0). However, The PTAs members are 
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nonrandomized, it means that countries are members in PTAs might possess 

distinguished features such as larger economic size, and higher trade flows compared 

to those countries who have not participated into PTAs, this problem is so-called “self-

selection” (Heckman et al., 1997) and is what matching technique controlled for. In 

order to deal this self-selection issue, we need to guarantee the characteristics of both 

the PTAs members and non PTAs members are similar. One method will be applied in 

this study is to create a function of covariate variable of X (X contains the independent 

variables listed in equation 5.2.2, except for PTAs dummy). This covariate variable of X 

is considered as the factors that lie beyond the PTAs membership and can be 

considered as features of the sample countries. This function of X is noted as P(Xi) 

which is obtained by probit model in this study. Matching approach is to base on the 

probability of Xi of each PTAs member, finding the nearest results of P(Xi) of each non 

PTAs member matching to. This method is so-called propensity score matching (PSM) 

(Rosenbaum and Rubin, 1983).  

The probit model7 is normally used to obtain the matching score of each group. Egger 

et al., (2008) adopted the matching method based on probit model to estimate the 

PTAs effect on trade structures. This study also employs the probit model serving to 

the propensity score matching. In the table 6.2 reports the results of probit regression 

with the treatment of PTAs (Wi) as dependent binary variable, Wi= 1 if countries enters 

into PTAs, Wi = 0 if countries did not join PTAs, and the independent variables are the 

same as presenting in equation 5.2.2. All the indicators are significant at 1% level, and 

most of signs of the coefficients are consistence with the expectations and similar with 

the results from linear least square, except for common colonizer and island showing 

negative sign which are expected to be positive. The pseudo R-square is 0.124 which is 

relatively low, however, still proves the explanation of all the indicators to PTAs effects.   

 

 

 

 

 

 

 

 

 

 

                                                           

7
 The probit model is one of the probability models and is used to estimate when the dependent 

variable is binary. This dependent variable is normally measured as the probability that an event will 

occur and should lie at the range of 0 ≤ prob (Yi | Xi) ≤ 1. 
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Table 6.2: Regression results from probit model  

Variables  Coefficients  P-value  95% CI 

lnGDPitGDPjt 0.074*** 

(0.001) 
0.000 [0.072, 0.077] 

lnDistij -0.465*** 

(0.004) 
0.000 [-0.473, -0.458] 

ComColij -2.354*** 

(0.250) 
0.000 [-2.844, -1.864] 

CUij 0.542*** 

(0.022) 
0.000 [0.499, 0.586] 

ADJij 0.222*** 

(0.012) 
0.000 [0.198, 0.246] 

Landlij -0.014** 

(0.006) 
0.023 [-0.026, -0.002] 

Islandij -0.033*** 

(0.008) 
0.000 [-0.049, -0.017] 

lnAreaiAreaj -0.002 

(0.001) 
0.102 [-0.005, 0.000] 

Langij 0.298*** 

(0.008) 
0.000 [0.282, 0.314] 

Constant -0.715*** 

(0.059) 
0.000 [-0.830, -0.600] 

Observations  381,656   
Pseudo R2 0.124   
Note: ***=significant at 1% level, **=significant at 5% level, in the brackets is the standard 

deviation, CI = Confidence Interval.  

In the table 6.3 are the estimation results of treatment effect of PTAs membership 

from three matching algorithms. In column (1) is based on the nearest matching, the 

observations have been used in both groups are fairly close, which 45,508 in treatment 

group, 35,729 in the opposite group. And the ATT effect of PTAs in nearest matching is 

0.569 which implies the countries joined into PTAs would increase their imports flows 

by 76.6% = (e0.569 – 1)*100. Kernel matching in column (2), the ATT effect is 0.519 

which is close to the result in nearest matching. The number 0.519 means 68% = (e0.519 

– 1)*100 extension of imports flows in the PTAs membership. Moreover, the 

observations used in non-participated group are much greater than that in the 

participated group. The ATT effect of PTAs is 0.406 in column (3) relying on 

stratification matching. This result 0.406 is slightly less than the previous that in two 

methods which means a 50.1% = (e0.406 – 1)*100 raising in imports flows are affected 

by the PTAs membership. Similar with Kernel matching, the observations in both 

groups vary considerably. Overall, the ATT effects of PTAs membership in the three 

matching algorithms are statistically close. Compare to the PTAs effects of 0.377 and 

corresponding to the 46% increasing in imports flows in table 6.1 column (2), the 

results used by matching approach is higher which are 76.6%, 68%, and 50.1% 

extension in imports flows affected by PTAs membership respectively.   
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Table 6.3: Estimation of treatment effect after matching 

ATT Nearest matching 

(1) 

Kernel matching 

(2) 

Stratification 

matching 

(3) 

PTAs 0.569 

(0.23) 

0.519 

(0.02) 

0.406 

(0.013) 

# of Treated 45,508 45,508 45,464 

# of Controls 35,729 334,514 334,558 

# of Obs. Used 81,237 380,022 380,022 

Note: In the brackets is the standard deviation 
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7. Conclusion  
This study estimates the impact of PTAs membership on import flows between 163 

countries in the period of 1946-2004. Initially, I employ the OLS method based on 

gravity model which is commonly used by the previous papers to examine the impact 

of multilateral trade agreements on trade. In order to make a comparison, in the 

second stage, I apply the matching method to account for the “self-selection” beyond 

the PTAs membership.  

In the first stage, when analyzing the linear relationship between PTAs membership 

and trade flows, I add time-varying fixed effect to address the “multilateral resistance” 

and country-pair fixed effect accounting for the “unobserved heterogeneity”. The 

coefficients of each variable reveal higher value after control the two terms compare 

to the results without including any of the fixed effect. The variables in the gravity 

model are highly significant and most of coefficients signs are in accordance with the 

theory assumption, even if land area shows the negative effects on trade which is 

opposite to the existing papers. According to the coefficient of PTAs in the results, I 

found positive and significant impact of PTAs membership on imports flows.  

However, the results obtained by the linear regression strategy are not reliable. 

Persson (2001) analyzed the currency union effect on trade by using the matching 

strategy criticized Rose (2000)’s work that the lack of controlling “self-selection” 

increased the risk of bias in Rose’s regression results. Persson (2001) adopted the 

matching method instead of linear regression and found significant different results 

from Rose (2000). In the second stage of the empirical part, I employ the propensity 

score matching relying on various matching algorithms: NN matching, kernel matching 

and stratification matching to address the issue of “self-selection”. The results were 

estimated by ATT which is the difference between treatment and control groups. 

These two groups are matched according to the propensity score of each group 

guaranteed to have similar features. The ATT results from different matching 

algorithms are fairly similar. And the countries that are members of PTAs are more 

likely to create imports flows compared to the non-member countries.  

In the section of background I provided the arguments that whether the PTAs are 

“trade creation” or “trade diversion”. In this study, the evidence is provided of trade 

creation effect of PTAs. Both the linear regression strategy and match method are 

adopted to examine whether the import flows are affected by PTAs membership, the 

results from both strategies have proved that the positive and significant PTAs 

membership effect on import flows. However, the results in latter case are more 

reliable due to account for “self-selection”.  
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Appendix: List of countries 
Afghanistan Albania Algeria  Angola 

Argentina  Armenia  Australia  Austria 

Azerbaijan Bangladesh Belarus  Belgium 

Benin Bhutan  Bolivia Bosnia 

Botswana Brazil Bulgaria Burkina Faso 

Burundi Cambodia Cameroon Canada 

Central African Rep. Chad Chile China 

Colombia Congo (Brazzaville) Congo (Kinshasa) Costa Rica 

Croatia Cuba Czech Republic Czechoslovakia 

Denmark Dominican Republic Ecuador Egypt 

El Salvador Eritrea Estonia Ethiopia 

Finland France Gabon Gambia 

Georgia Germany Germany East Germany West 

Ghana Greece Guatemala Guinea 

Guinea-Bissau Haiti Honduras Hong Kong 

Hungary India Indonesia Iran 

Iraq Ireland Israel Italy 

Ivory Coast Jamaica Japan Jordan 

Kazakhstan Kenya Korea North Korea South 

Kuwait Kyrgyzstan Laos Latvia 

Lebanon Lesotho Liberia Libya 

Lithuania Macedonia Madagascar Malawi 

Malaysia Mali Mauritania Mauritius 

Mexico Moldova Mongolia Morocco 

Mozambique Myanmar Namibia Nepal 

Netherlands New Zealand Nicaragua Niger 

Nigeria Norway Oman Pakistan 

Panama Papua New Guinea Paraguay Peru 

Philippines Poland Portugal Puerto Rico 

Romania Russia Rwanda Saudi Arabia 

Senegal Serbia and Montenegro Sierra Leone Singapore 

Slovakia Slovenia Somalia South Africa 

Spain Sri Lanka Sudan Swaziland 

Sweden Switzerland Syria Taiwan 

Tajikistan Tanzania Thailand Togo 

Trinidad and Tobago Tunisia Turkey Turkmenistan 

UK USA USSR Uganda 

Ukraine United Arab Emirates Uruguay Uzbekistan 

Venezuela Vietnam West Bank Yemen North 

Yemen South Yemen Yugoslavia Zambia 

Zimbabwe    

Source: Tomz, (2007a) 
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