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Abstract 

The effects of Free trade agreements (FTA’s) on trade volume and heterogeneity across FTA’s have been studied 

extensively over the past decades. This thesis finds the number and distribution of FTA’s within a region to be an 

important contributor to the effectiveness of a country’s FTA’s. How much a country is impacted by neighbour 

country trade agreements is modelled with two variables: Density and Connectedness. The density variable 

measures FTA cohesion between two regions and the connectedness variable the bond between bilateral trading 

partners. The effect of  FTA’s on trade volume is captured based on a connectedness/density ratio (CONDENS). 

It can be shown that a FTA in a less dense trade environment has a greater impact than in an environment where 

FTA density is relatively high. For the observed timeframe (2007- 2016) the median ratio of CONDENS is moving 

towards an equilibrium point, indicating decreasing (but positive) returns from already existing FTA’s and also 

positive effects for newly introduced FTA’s.  

 

 

Introduction 

Free trade agreements (FTA’s) are an important driver of trade friction reduction. The lowering 

of tariffs yields a positive effects on trade volume for both trading parties. However, how much 

a country benefits from preferential trade, depends not solely on own bilateral agreements but, 

on neighbours FTA’s as well. Similarly, if countries refuse to negotiate FTA’s, their bilateral 

trade volume might  even be hurt by the neighbours FTA.  

The effects of FTAs on trade are at least two-sided: positive for participants, and potentially 

negative for non-participants. I take a regional view to identify participants and non-participants 

of FTAs and derive how FTAs affect the individual country’s bilateral trade volume. Since 

both, the country and corresponding region may share FTAs with a mutual trading region, 

effects still may vary according to the number and distribution of FTAs between regions. This 

thesis develops two variables (Density and Connectedness) to describe those two types of FTA-

relation and to address the question: How is bilateral trade affected by the wider regional FTA- 

system of its neighbours?   

 By now, 98% of worldwide trade is conducted under WTO standards (WTO, 2021). Further, 

customs unions are implemented all over the world. Including vast regions in Eurasia, the 

Eurasian Economic Union (EACU), and in Europe the European Union Customs Union 

(EUCU) with close connections to the customs union of Finland, Switzerland, Norwegian, and 

Iceland (EFTA) or, MERCOSUR in South America. A great share of worldwide trade is 

conducted within those regional customs areas. On a bilateral level, preferential trade 

agreements (PTA’s) have reached greater importance over the last decades, which can be seen 
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by rises in the 1970s and by a massive increase in the 1990s and 2000s, cumulating to nearly 

seven hundred bilateral agreements today (Dür, A., Baccini, L. & Elsig, M. 2014). 

(a) Share of country pairs in percent                 (b) Total number of country pairs 

Figure1: RTA types (1958- 2019), source: Conte et.al (2021) 

 Figure 1 shows the relative and the absolute number of country pairs that conduct friction-

reduced trade beyond WTO standards. Customs unions (CUs) are hereby fragmented to 

member pairs as well, even if the CU includes more than two countries.       

Even though PTAs were treated as homogeneous entities in the past, countries and county pairs 

are heterogeneous (as well as the contracts themselves). This heterogeneity makes it hard to 

generalise the effects of PTAs on trade volumes. The economist Jeffrey H. Bergstrand is an 

early contributor to the evaluation of FTA effects with the use of the gravity model. He used 

the model to address heterogeneity across FTAs as well as phasing in and out effects. 

Eventually, the gravity model became an important tool for trade flow estimation including the 

effects of trade policies. Refining the gravity model with additional variables (e.g. depth 

indexes) helped obtain estimates with good explanatory power. Taking those two trends (the 

extreme growth of PTAs in the past, and increasingly refined tools to evaluate individual 

agreements) still leaves one question open: How effective is an FTA in the light of other FTAs 

that occur in a close geographic context (e.g. neighbours’ FTAs). Taking Europe as an example: 

Alongside the European Union’s PTAs, the European Free Trade Association (EFTA), Turkey, 

and Great Britain maintain preferential trade relations with South America. Compared to North 

America, one can see, that due to the North American Free Trade Agreement (NAFTA), there 

are basically no parallel agreements. For the geographical southern regions, the opposite is true: 

due to a relatively large number of small customs unions and single economies, there exist many 

parallel agreements per region. This parallelism translates to the FTA density variable.     
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Both, the density and connectedness variables are built from FTA data, provided by the CEPII 

dataset. All FTAs, including preferential trade agreements (PTAs) and customs unions (CU), 

are decomposed into bilateral contracts (e.g. a CU becomes a system of bilateral FTAs). To 

capture the effect of neighbours’ FTAs on a country’s trade flow, data on trade volumes 

(exports) is taken from the IMF’s Direction of Trade Statistics (DOTS) dataset (IMF, 2021), 

and a region is assigned to a country. The region is mirroring all relevant neighbours, that may 

influence a single country’s trade volume. To obtain robust results, four sets of regional 

classifications are used.  From the obtained counts of FTAs in a bilateral and bi-regional sense, 

the density and connectedness variable can be built. The first estimations show the effects of 

both variables on trade volume. This allows us to draw first conclusions about the main 

characteristics of density and connectedness regarding trade-altering properties. To gain 

explanatory power, a ratio of both variables is used in the form of a categorical variable. With 

the help of this variable, one can now estimate, how a new FTA would affect trade volume, 

depending on its effect on the connectedness/trade ratio. To estimate the effects on trade 

volumes, I use gravity model estimation with time-specific data, similar to the approach by  

Egger, Larch & Yotov (2020).                

Literature finds the effects of FTAs on trade volume to be highly heterogeneous. My approach 

helps to understand differences in the effectiveness of FTAs that occur from the general increase 

in the number of FTAs. I observe regions with different levels of density, consisting of countries 

with different levels of connectedness. The estimates show evidence, of when it is especially 

beneficial for a country to seek more FTAs. 

This approach helps to explain the trade diverting effects of FTAs (generated by the first FTA) 

and the more and more declining positive effects of FTAs that occur with higher FTA density. 

My approach to assigning geographic regions to countries is highly mechanistic and can be 

optimized further to generate estimates with greater explanatory power.    

FTAs became a tool to fight environmental issues and enforce higher labour standards. Since I 

am taking geographic regions into account, my approach may be used, to show if FTAs help 

build more sustainable supply chains, or if other more supply chain-oriented policies are 

needed. 

 

CERCS-Code: S 180 

Keywords: trade agreements, trade diversion, preferential trade 
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Vabakaubanduslepingute analüüs:  lepete regionaalse tiheduse ja seotuse näitajate roll  

  

Vabakaubanduslepingutel (VL) on oluline roll kaubanduskulude kahandamisel maailmas. 

Tollitariifide ja muude kaubanduspiirangute vähendamine avaldab positiivset mõju 

vabakaubanduslepinguga seotud riikide kaubavahetusele. Samas, kui palju konkreetne riik saab 

vabamast kaubandusest kasu, ei sõltu siiski mitte ainult antud riigi enda kahepoolsetest 

lepingutest teiste riikidega, vaid lisaks ka tema naabrite vabakaubanduslepingutest.  

  

Käesolev magistritöö keskendub vabakaubanduslepingutega seotud regionaalsetele aspektidele 

ning töö uurimisküsimus on, kuidas mõjutab kahepoolset väliskaubandust riikide vahel nende 

naabrite laiem piirkondlik vabakaubanduslepingute süsteem? Töö empiirilises osas leitakse, et 

vabakaubanduslepingute üldisem hulk ja jaotus antud riigi regioonis maailmas on antud 

konkreetse riigi vabakaubanduslepingute mõjude üks oluline tegur. Seda, kui palju riiki 

naaberriikide vabakaubanduslepingud mõjutavad, modelleeritakse töös gravitatsioonimudeli 

raamistikus kahe keskse muutujaga: a) lepete tihedus (FTA density) ja b) seotus (FTA 

connectedness). Lepete tiheduse muutuja mõõdab vabakaubanduslepingutel põhinevate 

kaubandusseoste tugevust kahe regiooni vahel ja seotuse muutuja kahepoolset 

kaubanduspartnerite vahelist liberaliseeritud kaubandusel põhinevat seost. 

Vabakaubanduslepingute mõju kaubavahetuse mahule kajastatakse magistritöös lepete 

seotuse/tiheduse suhte (CONDENS) alusel. Uuel vabakaubanduslepingul on madalama 

vabakaubanduslepete tihedusega regioonis  (st regioonis, mis on vähem kaetud 

vabakaubanduslepetega) suurem mõju, kui suhteliselt suure vabakaubanduslepingute 

tihedusega regioonis. Vaadeldud ajavahemiku 2007–2016 andmete põhjal viitavad töö 

empiirilise analüüsi tulemused vabakaubanduslepingute arvu suurenedes vähenevale (kuid 

siiski positiivsele) lepete seotuse/tiheduse suhte mõjule ekspordile. 

Seletus sellele võib olla järgmine: esimene vabakaubandusleping põhjustab muuhulgas ka 

kaubavahetuse ümbersuunamist (trade diversion) leppega mitte kaetud partnerriikidest 

kaubandusleppega kaetud partnerriigi/riikide suunas, samas kui järgnevad 

vabakaubanduslepingud aitavad nihutada riigi kaubandust tagasi nö loomulike partnerite 

suunas (vähendades seega kaubavahetuse ümbersuunamisefekti). 

Töö tulemused panustavad väliskaubanduse alasesse kirjandusse vabakaubanduslepingute 

heterogeensuse, kaubanduse ümbersuunamise ja globaalsete väärtusahelate teemadel.  
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Literature review         

Literature on FTAs is manifold and roots back to the middle of the 20th century. Whereas early 

literature mainly treats FTAs as homogeneous, later literature tries to find new ways to explain 

heterogeneity across FTAs and time. Herby, the gravity model proved to be a useful tool to 

capture the trade volume effects throughout the history of FTA research. A smaller fraction of 

literature is concerned about trade diversion, caused by FTAs.     

Baier, Scott, Bergstrand & Jeffrey (2007) use the gravity model in various time-lagged 

configurations to capture the effects of free trade agreements and phasing-in effects. The core 

estimates measure an average treatment effect ranging from 0.46 to 0.68 (for various time lags). 

Thereby, concluding an Average Increase in Trade of 86 percent after 10 years, for the preferred 

ATE (0.62). Dür et al. (2014) go deeper into the variation of preferential trade agreements 

(PTAs), by assigning depth indices to every single trade agreement. The authors show an effect 

for an undifferentiated PTA of 0.265 (30 percent increase in trade) and a significant increase 

with a higher depth of PTAs.                    

Baier, Scott, Yotov & Zyklin (2019) show the effects of the Transatlantic Trade and Investment 

Partnership (TTIP), which is a PTA in an ex-ante case, with positive effects for trading partners 

of around a 90 percent increase in imports and exports for the EU, and negative effects on 

exports and imports for non-participants, but an overall positive effect on trade volume and on 

world-scale welfare. Laget, Osnago, Rocha, & Ruta (2019) show the impact of deep PTAs on 

the global value chain (GVCs). With greater depth, which results from additional integration of 

policy areas to the contract, occurs an average increase in gross trade flows of 0.44 percent 

(Laget, et al., 2019).  To better capture phasing in effects of PTAs, Egger et al. (2020) use 

different time lags, which is partially similar to the approach of Baier et al. (2007), with 

significant effects ranging from 0.28 to 0.35, translating to an increase in trade volume by 32.3 

to 41.9 percent over the time period of 15 years. A text-based approach, to identify 

heterogeneity across PTAs, is taken by Seiermann (2018). Using contract text as a measure to 

identify rule maker and taker, she estimates the ATE on export to be +16.3 percent for the rule-

maker and about half that number for the rule taker. The positive trade effects of PTAs can be 

shown in the work of Ptashkina (2020) too. Using a text-based approach to capture 

heterogeneity across PTAs, she finds trade volume to increase by up to 4.6 percent for an 

average deep trade agreement.  

PTAs are plagued by heterogeneity in many forms: [1] effects are time-varying, [2] not all 

agreements can be viewed as equally powerful, effects may vary over [3] different sectors and 
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for [4] inner- state different regions, as well as they may be different for the two [5] trading 

partners. [1] Baier et al. (2007) and Egger et al. (2020) use time lags, to model the effects before 

and after the introduction of the PTA, to show anticipation effects and long-term effects. Egger 

et al. (2020) and Baier et al. (2016) find decreasing effects with every new PTA, compared to 

the predecessor PTA. [2] Recent approaches aim at identifying heterogeneity across contracts. 

Estevadeordal, Suominen, & Teh (2009) were one of the first researchers to differentiate treaties 

by differences in the product’s origin [Rule of Origins (RoO)]. Dür et al. (2014) evolve this 

approach into a depth classification of PTAs. Contracts can range from shallow to deep, 

depending on specific country characteristics. Greater effects on trade volume occur with the 

increasing depth of the agreement. Laget et al. (2019) constructed a depth variable by counting 

the number of policy fields a PTA includes. [3] They also find heterogeneity “..across industries 

with different levels of value added shares.” (Laget et al., 2019). Seiermann (2018) and 

Ptashkina (2020) use text-mining techniques to extract different levels of depth directly from 

trade contract text. Seiermann (2018) focuses on heterogeneity between trading partners [5], 

whereas Ptashkina (2020) is focusing on heterogeneity across contracts [2]. Márquez-Ramos 

(2016) is drawing conclusions from the consideration that: “..economic space does not just 

occur at the border but also within a country.” For her analysis, she is taking country-level 

regions of Argentina, Brazil, Poland and Spain into account, finding average positive effects 

and heterogeneity within country-level regions. Heterogeneity between trading partners is a 

special point of interest in the ex-post case studies by Bergstand, Baier, Sunesen & Thelle 

(2011) (comparison between six EU trade agreements) and Juust, Vahter & Varblane (2020), 

which investigates the EU-South Korea trade agreement, but also in the ex-ante Transatlantic 

Trade and Investment Partnership (TTIP) case study by Baier et al. (2019) and Larch & Yotov 

(2017). The trade volume altering effects of PTAs are not consistent across sectors as well, 

which may make it necessary to look at sectoral data on trade: Juust et al. (2020) show the 

asymmetric trade enhancing effects on the Automotive industry: EU automotive exports rise by 

up to 40.9 %, and thereby more than total trade, whereas export growth remains insignificant 

and merely existent for South Korea. Jean & Bureau (2016), find the positive effects of PTAs 

on agricultural goods and food exports to be 30–40 % on average. 

In literature, the heterogeneity across contracts leads to minor practical issues: The abbreviation 

FTA can be used simultaneously either for [1] Free Trade Agreement (Baier et al., 2007; Baier 

et al., 2019 or Francois, 2007 ) or [2] Free Trade Area (e.g. Freund & Ornelas, 2010). A free 

trade area can be viewed as a customs union (CU). The abbreviation PTA (preferential trade 

agreement) is commonly used in more recent papers by Egger et al. (2020), and Ptashkina 

https://www.lehmanns.de/search/new/author/Antoni+Estevadeordal?PHPSESSID=bopq6onei4v2r03ia7aq6stlb8
https://www.lehmanns.de/search/new/author/Kati+Suominen?PHPSESSID=bopq6onei4v2r03ia7aq6stlb8
https://www.lehmanns.de/search/new/author/Robert+Teh?PHPSESSID=bopq6onei4v2r03ia7aq6stlb8
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(2020) for bilateral free trade promoting contracts, following World Bank notation. World Bank 

states custom unions as regional trade agreements (RTAs) and plurilateral free trade agreements 

as a combination of RTAs and bilateral trade agreements (such as PTAs or FTAs). The CEPII 

Dataset distinguishes four types of agreements [Customs Union (CU), Economic Integration 

Agreements (EIA), Free Trade Agreements (FTA), and Partial Scope Agreements (PSA)], 

under the umbrella term Regional Trade Agreement (Conte, Cotterlaz & Mayer, 2021). Close 

to the meaning of EIA are Association Free Trade Agreements (World Bank notation). Those 

agreements may have a great impact on trade flow as Hepenstrick (2006) shows in the context 

of European – Swiss relations: A set of bilateral/multilateral contracts form “The Bilaterals 1 

and 2”, making the EU Switzerland’s most important trading partner (BAKBASEL, 2015). 

Gstöhl & Frommelt (2017) unravel those different layers of trade integration in Europe in the 

shadow of Brexit, by analysing the various types of bilateral and regional trade agreements in 

that region.               

The most commonly used tool for PTA effect estimation can be found in the structural gravity 

model using the Poisson regression by pseudo maximum likelihood (PPML) estimation 

method. The gravity model is heavily suggested in the corresponding books by Yotov, 

Piermartini, Monteiro, and Larch (2016) and Bacchetta, Beverelli, Cadot, Fugazza, Grether, 

Helble, Nicita & Piermartini (2012). However, the adoption of the gravity equation in the 

economic context roots back in the 20th century. The integration of the Heckscher-Ohlin model 

of inter-industry trade and the Helpman-Krugman-Markusen of intra-international trade, by 

Bergstrand (1985), or the integration of microeconomic models like the concept of Constant 

elasticity of substitution (CES) by Tinbergen (1962) Anderson (1979), are exemplary for this 

development.              

Baier et al. (2007) use data from 1960 to 2000 on 96 trading partners for the estimation. Data 

on trade flows is gathered from the International Monetary Fund’s Direction of Trade Statistics 

and data on the Gross Domestic Product (GDP) from the World Bank’s World Development 

Indicator. Data on PTAs is collected from various sources. The Baier et al. (2007) PTA dataset 

is further used by Baier et al. (2019) for 70 countries over a period from 1986 to 2006. For data 

on bilateral trade volumes and gravity variables, the United Nations (UN) COMTRADE 

database is used, as well as CEPII and UNIDO IndStat databases. Dür et al. (2014) generated 

the DETSA dataset from 587 full-text agreements for the time between 1945 to 2009. It is 

therefore considerably richer than World Trade Organization (WTO) and World Trade Institute 

databases. Both, Seiermann (2018) and Ptashkina (2020) use PTA data from the Text of Trade 

Agreements (ToTa) database.  Seiermann (2018) extracts the texts for 261 agreements for the 
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time period 2004- 2016, whereas Ptashkina (2020) uses 410 agreement texts for the longer time 

period 1949 – 2017. Data on trade flows is gathered from COMTRADE and on tariffs from the 

UNCTAD Trade Analysis Information System (TRAINS), in the case of Seiermann; and 

accordingly, from the World Integrated Trade Solutions (WITS) database (tariffs) and from the 

IMF Direction of Trade Statistics (DOTS) and CEPII databases (trade volumes) by Ptashkina 

(2020). The WITS database is used by Egger et al. (2020) as well as CEPII and UNIDO 

databases to gather data on total gross production.  Juust et al. (2020) exploit both the OECD’s 

Structural Analysis Database for data on nominal trade flows and value-added indicators, as 

well as the CEPII dataset for gravity data of 36 countries over the time period 2004 - 2015. 

Freund & Ornelas (2010) give a great overview of the development of multilateralism and 

regionalism. The problem of trade diversion, caused by increasing numbers of FTAs 

(proliferating regionalism) is already pointed out by Viner (1950): imports may differ from the 

most efficient source, due to preferential treatment of other exporter nations. Empirical work 

on the issue of trade diversion due to regionalism was performed by Chang and Winters (2002), 

Trefler (2004), and Romalis (2007). Hence, Freund & Ornelas (2010) find empirical literature 

to be: “.not entirely conclusive, it does suggest that trade diversion is not a major concern, 

though in some agreements and sectors it may matter.” Precedent to the Baier et al. (2007) 

approach to estimating the effects of free trade agreements with a gravity model, Baier, and 

Bergstrand (2004) show, what type of country pairs gain the most from RTA’s based on a 

general equilibrium model. They conclude heterogeneity across country’s willingness to form 

RTA’s, is dependent on the expected gains from trade liberalization or in other words: the 

likelihood of forming bilateral trade contracts increases with higher gains from trade 

liberalization. Highly beneficial agreements would generate both higher trade creation and 

diversion. Herz & Wagner (2010), undertake a gravity estimation, taking into account 

multilateral and regional trade systems of trading partners. From a large dataset (including 240 

RTA’s over 60 years) they show trade enhancing effects consistent with literature but, also trade 

diversion effects for exports from RTA members to non-participants (-3 percent). Laget et al. 

(2019) measure heterogeneity across FTAs by the number of areas covered by the contract.  The 

effects on trade volumes are larger compared with standard gravity estimates, “..suggesting the 

existence of indirect effects of singing deep PTAs through third countries.” (Laget et al., 2019). 

Krugmann (1991) as well as Baier and Bergstrand (2004) support a natural trading block view: 

trading partners seek free trade agreements if gains from trade are high. This gain is not solely 

down to geographic closeness but also to differences in GDP, relative factor endowment 

difference, capital labour ratio, etc.  
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DATA 

The empirical part is based on data from 211 countries over a time period from 2006 to 2016. 

For a country to be in the country list, a threshold population of 30.000 inhabitants (World 

Bank, 2019) must be met (see Appendix country). The deepening of trade relations can be seen 

from the steep incline in RTA’s [from 152 in 2006 to 284 in 2016 (WTO, 2020)]. Data on trade 

volumes (exports) is taken from the IMF Direction of Trade Statistics (DOTS) dataset (IMF, 

2021). The necessary gravitational data on gross domestic products (GDP), distances (DIST), 

common borders (CNTG), common language (LANG), and former colonialisation (COL) is 

taken from the CEPII dataset, a recognised source for gravity analysis. To build the Density 

(DENS) and Connectedness (CON) 

variables, data on bilateral free trade 

agreements for country pairs are needed. That 

requires the disassembly of regional trade 

agreements like CUs and multilateral 

constructs, into their bilateral components. In 

this sense, the European Union becomes an 

area, where every member holds a bilateral 

agreement with one of the other 26 member 

states. The binomial coefficient of 27 over 2 

(for bilateral contracts) yields a total number 

of bilateral contracts for the EU of 351. The CEPII database (CEPII, 2017) captures the bilateral 

properties of Customs Unions (CU) and Economic Integration Agreements (EIA) as an RTA 

dummy variable, that has already undergone this transformation and is already usable for 

bilateral analysis. The data on RTA contracts are provided by the WTO’s (2020) Regional 

Trade Agreements Information System (RTA-IS). The construction of the DENS and CON 

variables require region-specific data. In order to obtain robust estimates, a four-fold set of 

Figure 2: RTA composition (Worldbank,  

2020) 
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different region classifications 

is used. I exploit the UNICEF 

(2017) dataset to obtain data 

of: twenty-one UN sub-

regions1, twelve MDG- 

regions2, seven World Bank 

regions,3 and six WHO 

regions4. The regional data is 

used to generate region-pair 

IDs corresponding to the 

country pair IDs. The graph of 

trade volume for the observed 

time frame is characterised by 

two cuts around the years 2008 

and 2016 (figure 3).  

Gravity Model 

Newton’s Law of Universal Gravitation (Newton, 1687) came a long way until it finally entered 

social sciences in the form of a model to analyse patterns of immigration (Ravenstein, 1885) 

and to study trade flows (Tinbergen, 1962). In Newton’s model, the force between mass points 

is increasing with the weight of the points and vice versa. Further, the force is dependent on 

distance. The original idea of a mass point is translated to the country’s size (in terms of 

population, GDP, etc.). Distance is literally the distance between countries and the main driver 

of migration-/trade frictions. The gravity model is compliant with the foundations of modern 

trade theory: the Ricardian framework (Eaton & Kortum, 2002), Heckscher Ohlin model 

 
1 UN sub-regions (United Nations, 2021)*: Australia (AUS), Caribbean (CA), Central America (CAM), Eastern 

Africa (EAF), Eastern Asia (EAS), Eastern Europe (EEU),  Middle Africa (MAF), Melanesia (MEL), 

Micronesia (MIC), Northern Africa (NAF), Northern America (NAM), Northern Europe (NEU), Polynesia 

(POL), Southern Africa (SAF), South America (SAM), South- Central Asia (SCAS), South-Eastern Asia 

(SEAS), Southern Europe (SEU), Western Africa (WAF), Western Asia (WAS), Western Europe (WEU)  
2 Millenium Development Goals regions* (United Nations, 2014): Caribbean (CA) Caucasus and Central Asia 

(CCA),  Developed regions (DEV), Eastern Asia (EAS), Latin America (LA),  Northern Africa (NAF), Oceania 

(OCE), Southern Asia (SAS), South-Easten Asia (SEAS), sub-Saharan Africa (SSAF), Western Asia (WAS) 
3 World Bank regions* (World Bank, 2017): East Asia and Pacific (ASPA) Europe and Central Asia (EURAS) 

Latin America and Caribbean (LAM) Middle East and North Africa (ME) North America (NAM) South Asia 

(SAS) Sub-Saharan Africa (SAAF) 
4 WHO regions (World Health Organisation, 2017): Africa (AFR), Americas (AMR), Eastern Mediterranean 

(EMR), Europe (EUR), South- East Asia (SEAR), Western Pacific (WPR)  

*Abbreviations added by the author of this thesis  

Source: UNICEF(2017) dataset 

Figure 2: Total trade flows, source:  Conte et.al ( 2021) 
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(Deardorff, 1998), or the Armington with Constant Elasticity of Substitution model (Armington 

-CES) (Anderson & Wincoop, 2003). The ability to model trade frictions and trade-enhancing 

policies makes it a preferred tool by many economists today. Bergstrand is one of the first 

researchers to implement a dummy for EEC and EFTA membership in the model (Bergstrand, 

1985). This ability to model trade frictions and trade-enhancing policies makes it a preferred 

tool by many economists today.  

 

The Density variable 

The empirical part of tries to unfold the characteristics of the Density and Connectedness 

variables. The effect of the density variable represents the impact of the regional FTA system 

on the individual country. Therefore, the density variable takes the same values for all members 

of the same region. In order to (1) capture the effects and (2) ensure the robustness of estimates, 

a few measures were taken.  

(1) I assume the effects of density to vary starkly over time. The very first agreement 

between the two countries might have a strong positive effect. In that case, density 

would show a very low value but would suggest high positive effects. With more 

agreements between regions, a rebound effect could occur, meaning that with more 

neighbour (parallel) agreements, density would rise and the positive effects disappear. 

Density would therefore capture the diversion effects from the first to the last FTA. The 

problems with a dynamic density variable: either the positive or the negative effect 

might be captured. I am estimating the density equation using three settings to prove 

this assumption.  

(2) To ensure the robustness of the estimates, I am using four sets of regional sets for the 

individual countries 

A bilateral trade agreement is contracted between two countries. Those countries belong to 

regions (see Figure 3.1). The density variable is capturing the amount of parallel bilateral trade 

agreements between those two regions. Parallelism of agreements means, that every balanced 

country-pair under contract is responsible for one line of the contract between two regions. In 

other words: Importer country 1 having an agreement with Exporter country 2 counts as one 

line of the contract between two nations; Importer country 1 having a contract with Exporter 

countries 2 and 3 counts as one line as well since only one contract is balanced (one to one). In 

that way, the density variable shows the number of channels and goods that can flow between 
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regions with the benefits of lowered trade frictions due to the bilateral trade agreements.  In the 

case of density being very high (close to one), every country has at least one way to import or 

export from the other region with lowered trade frictions. In the opposite case (density is low) 

trade partners on each regional side have no way of enjoying friction- reduced trade. Density is 

equal for every unidirectional upregion pair.  

           Figure 3: FTA’s (Ai) between two regions 

 The construction of the DENS variable is based on the total amount of FTAs between two 

regions. Taking into account the situation in figure 3, the region of origin consists of three 

countries and the region of destination of 5 countries. For consistency, I take the number of 

countries within the region of destination to generate the density variable. In the above case, 

the region of destination consists of m = 5 countries and gives the reference to build the DENS 

variable. In total four FTAs are enforced between both regions. Note, to model density the 

system of parallel FTAs is based on trade between the region of origin and the individual 

countries of the region of destination, it is not based on two regions nor the countries of both 

regions. In order to count as a first (see above) or unique FTA. I take the region of destination 

view again: three countries of destination hold contracts with the region of origin (j=1, 4, 5). 

Since country1 country4 only hold one FTA, they are unique, and therefore, the FTA system of 

those countries counts as fully contributing to the density between the two regions. Country 5 

holds two agreements with the region of origin. In that case, only one FTA contributes to the 

density between both regions. From this situation (3 parallel agreements by 5 countries) we can 

conclude a density between the two regions in that case of DENS = 3/5. The case of opposite 

trade direction would yield a density of DENS = 2/3 (with overlapping FTAs in region i=2)5. 

 
5 For an example calculation see Appendix C, Addition 1 
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  𝐷𝐸𝑁𝑆𝑖𝑗,𝑡 ∗=
[∑ 𝑐𝑗(𝑠)𝑛

𝑖=1 ]

𝑚
   for 𝑐𝑗 = {

0, 𝑠 = 0
1, 𝑠 ≥ 1

   ,   𝑠 ∈  ℕ0                          (1) 

  𝐷𝐸𝑁𝑆𝑖𝑗,𝑡 ∗=
[∑ 𝑐𝑗(𝑠)𝑛

𝑖=1 ]−1

𝑚
   for 𝑐𝑗 = {

0, 𝑠 = 0
1, 𝑠 ≥ 1

   ,   𝑠 ∈  ℕ0                          (2) 

 

for: 𝑠𝑗= ∑ 𝐴𝑖𝑗,𝑡
𝑛
𝑖=0 , for 𝐴𝑖𝑗,𝑡 = {

0
1

                 (3) 

A… dummy variable that captures the existence of a trade agreement. 

s… Count for Number of Trade agreements (sum of A’s) 

c… dummy variable (c=1 if s >= 1 and c=0 if s=0) 

With the design of the density variable as a ratio, the risk of widely diverse effects of individual 

FTAs across the density band is high. I expect to find two main sections across the density 

band: one narrow section of highly trade enhancing effects and one broader band of negative 

effects on trade. In order to prove that and to be able to lay the focus on the negative section, I 

run four different regressions on the Density variable. The first version treats zeros as very 

small (e-7) and uses equation (1). The other versions use the shifted equation (2) and therefore 

generate “false zeros” with potential high positive effects (true zeros[low corresponding 

exports] + false zeros [high corresponding exports]). From this equation, one version will treat 

zeros as missing values, whereas another as very small (e-7). Finally, the last version treats zeros 

as ones.  For the dropped-zeros scenario, observations with highly positive effects are dropped 

as well. In the cases for very small values instead, those effects are conserved but together with 

the true-zero effect observations. For the third, I assigned the zeros the value 1 (far right end of 

the density range). This generates an even bigger effect of “watering down” the high positive 

effect observations (false zeros[high corresponding exports]+ true zeros[low corresponding 

exports] + true ones[medium high corresponding exports]) (figure4). This method is used to 

gain first evidence about the shape of the density curve and to evaluate tools for the dynamic 

analysis.  

 

3.1.2. The Connectedness variable 

The connectedness variable shows the country-specific side of bilateral trade. An intuitive 

approach to connectedness suggests that a country with many FTAs with the region of origin 

has a better trading position against neighbours with fewer agreements. Vice versa, a better 
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connection with the importer country yields positive effects on trade volume. The positive effect 

on trade volume might be due to a wider array of channels, over which goods can flow from 

the region of origin to the country of destination. There are many ways to model the 

connectedness variable. In a one-sided way, only the connectedness of one actor (importer or 

exporter) is of interest. Equation 4 and 5 are following this approach. A second possibility lies 

in combining the connectedness of both trading partners in one variable (shown in equation 6). 

Viewing connectedness in this way combines the effects of changing the “trade power” of both 

exporter and importer. A highly connected importer may have the benefit of trading with a 

wider array of partners from the other region, but, the highly connected exporter has the benefit 

of being more independent in choosing an importer for its goods.  

 𝐶𝑂𝑁𝑖𝑗,𝑡 ∗∗=  
∑ 𝐴𝑖𝑗

𝑛
𝑖=1

𝑛
         (4) 

𝐶𝑂𝑁𝑖𝑗,𝑡 ∗∗=  
∑ 𝐴𝑖𝑗

𝑛
𝑖=1

∑ ∑ 𝐴𝑖𝑗
𝑛
𝑖=1

𝑚
𝑗=1

                              (5) 

𝐶𝑂𝑁𝑖𝑗,𝑡 ∗∗=  0.5 ∗ (
∑ 𝐴𝑖𝑗

𝑛
𝑖=1

𝑛
* 

∑ 𝐴𝑖𝑗
𝑚
𝑗=1

𝑚
)       (6) 

Equation (4) views the destination countries cumulated FTAs against the number of countries 

of origin (number of maximal agreements). Total connectedness of CON = 1 is reached for 

the country of destination having FTAs with all countries of the upregion of origin. Instead of 

the number of countries, equation (5) takes the number of total FTAs with the region of origin 

as the denominator of CON. Here, total connectedness can be only reached if the country of 

interest is the only holder of FTAs with the corresponding region of origin. Equation (6) is a 

basically equation (4) but, for the perspective of  both the country of origin and destination. In 

this case, a total connectedness can only be reached if both countries hold FTAs with the 

corresponding regions.  

Gravity model on Density and Connectedness 

The estimation process is following the present stage of ‘good practice’ (Baier et al., 2016). 

The gravity equation is estimated with Ordinary Least Squares (OLS) and Poisson Pseudo 

Maximum Likelihood (PPML) estimation methods. Following Baier & Bergstrand (2007) and 

Baier et al (2016) a log-linear form of the gravity equation can be used due to the multiplicative 

form of the structural gravity equation (equation 1).  Following gravity equations are used. 
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For OLS: 

𝑙𝑛𝑋𝑖𝑗,𝑡 =  𝜋𝑖,𝑡 + 𝜒𝑗,𝑡 + 𝛽1𝑙𝑛𝐷𝐼𝑆𝑇𝑖𝑗 + 𝛽2𝐿𝐴𝑁𝐺𝑖𝑗 + 𝛽4𝐶𝐿𝑁𝑌𝑖𝑗 + 𝛽5𝑙𝑛𝐷𝐸𝑁𝑆𝑖𝑗,𝑡 + 𝛽6𝑙𝑛𝐶𝑂𝑁𝑖𝑗,𝑡 + 𝜀𝑖𝑗,𝑡 

            (7) 

For PPML: 

𝑋𝑖𝑗,𝑡 =  𝑒𝑥𝑝 [𝜋𝑖,𝑡 + 𝜒𝑗,𝑡 + 𝛽1𝑙𝑛𝐷𝐼𝑆𝑇𝑖𝑗 + 𝛽2𝐿𝐴𝑁𝐺𝑖𝑗 + 𝛽4𝐶𝐿𝑁𝑌𝑖𝑗 + 𝛽5𝑙𝑛𝐷𝐸𝑁𝑆𝑖𝑗,𝑡

+ 𝛽6𝑙𝑛𝐶𝑂𝑁𝑖𝑗,𝑡] 𝑥 𝜀𝑖𝑗,𝑡 

            (8) 

Implementing exporter-time fixed effects(𝜋𝑖,𝑡) and importer-time fixed effects (𝜒𝑗,𝑡) control for 

observable and unobservable factors that can affect trade volume between two countries. In 

order to eliminate Zero trade flows (problematic in the logarithmic case of OLS), zeros are 

replaced with small values (1 x 10-8). This method is not fully consistent, but very convenient. 

Unidirectional trade flow from the country of origin to the country of destination (gross exports 

from one country to another) is used as the dependent variable.        

The gravity specification relies mainly on the classic set of independent gravity variables: 

distance, language and colony, but dropping contiguity6. Distance (DIST) measures the distance 

between the most populated city of each country (Conte et al., 2021). Distance is expected to 

have a negative effect on trade volume since distance translates to the need for longer transport 

routes, which thereby introducing higher trade frictions/costs with every additional meter with 

melting comparative advantages (Ricardian trade theory). Language (LANG) serves as a 

dummy-variable to estimate trade frictions caused by a language barrier: a value of 1 indicates 

a common language between trading partners, and vice versa value of 0 is the opposite. The 

variable colony (COL) is a dummy-variable indicating a former colonial dependence “..if pair 

ever was in colonial or dependency relationship (including before 1948)”( Conte et al., 2021). 

The novelty of this thesis lies primarily in the introduction of density (DENS) and 

connectedness (CON) variable as a measure to model the effectiveness of FTAs while taking 

into account the pre-existent multilateral and regional FTA situation. In order to enhance the 

quality of the final estimate, a three-step approach is undertaken: 

 
6 It is common practice to incorporate the variable contiguity (CNTG) as an boarder-indicator to the gravity 

equation. The upregion includes (in the ideal set-up) all neighbouring countries. The gravity equation in this 

thesis 
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(1) Estimating the four versions of DENS for all datasets with the OLS-estimator. The CON 

variable is based on 4 (table A1 and A2). The best version (consistency in effects, 

goodness of fit) is carried on to step two.  

(2) Estimating the two additional versions of CON with the two best fitting upregion 

datasets (OLS) (table A3). 

(3) Estimating the most consistent version with the PPML estimator (table A3) 

The interpretation of both variables is not trivial since the effects are not directly summable. If 

a country is introducing a new FTA, this might change the density and connectedness 

differently. In this sense, a one percent increase in density might translate to one additional 

parallel FTA, but a one percent increase in connectedness to maybe 3 additional FTAs. 

Therefore, to capture the effect of an additional FTA, one has to pay attention to the specific 

situation. The density variable probably shows higher effects, since changes in density occur 

more unpredictably than changes in connectedness (due to the construction of only parallel 

FTAs count). The connectedness shows a smoother transition across the bandwidth since every 

single FTA shows a direct effect.  

The Ratio of Connectedness and Density the CONDENS variable       

The DENS and CON variables lean into the mechanical idea of the gravity model. Hence, 

viewed as single entities they lack explanatory power. But, combining them as a ratio, brings 

us to the core of this thesis. The ratio shows how the power of the country – region FTAs 

compares to the power of region – region FTAs. The intuition is that, if a country can introduce 

a new FTA in an environment of low DENS (little connection between regions), this agreement 

is more likely to have a big impact on trade, compared to the case of a high DENS environment.  

The explanation is, that the holder of the new FTA is generating a more unique trade channel 

of reduced trade frictions. In the high-density case, the channels of reduced trade frictions 

between regions are more plentiful, and trade volume remains in its natural paths. The 

CONDENS variable can be modelled as a continuous and as categorical variable. The 

continuous CONDENS variable is presented in a way, that it can take values from – 1 to ∞ 

(equation 9).  

 CONDENS = (CON-DENS) / DENS         (9) 

If a country has a stronger FTA system compared to its neighbours  (CON > DENS), the ratio 

is positive. This assumption is especially interesting in situations where there are only a few 

FTAs between regions. Here, CONDENS can take very high values, indicating distortions in 



 
 

19 
 

otherwise natural trading environments. For the opposite case of DENS being greater than 

CON, the ratio is negative. In the extreme case of CONDENS =  -1, a country holds no FTAs 

with the partner region, whereas all neighbouring countries hold at least one agreement with 

that region. The ratio of CON and DENS is going to be Zero for any case in which CON equals 

DENS (except CON = DENS = 0). This case can be viewed as a neutral case, it is reached also 

if every country has mutual agreements with every other country. The fact that CONDENS can 

take negative values makes this version unsuitable for logarithmic transformation and is 

therefore not used in its continuous form in the gravity estimation. Converting the continuous 

CONDENS variable into a set of categorical variables helps to understand the underlying 

dynamics of this ratio. All categorical values rank between -1 and 0. The intervals are given by:            

 

CON_DENS_WB_1: [ -1,-0.8)       

 CON_DENS_WB_2: [-0.8,-0.6)       

 CON_DENS_WB_3: [-0.6, -0.4)       

 CON_DENS_WB_4: [-0.4, -0.2)       

 CON_DENS_WB_5: [-0.2, 0] (no values)      
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Results 

Tables (A1) to (A2) present the estimates for the three types of density (based on equations 1 

and 2). Equation 1 is represented by DENS_pure (dropping Zero observations), whereas 

DENS_unpure is not dropping Zeros but, assigning the value 1e-7 . Equation is 2 is represented 

by DENS_one. The estimation is performed for all four region sets. Only the DENS_one 

estimator is showing consistent highly significant negative results. DENS_pure is only showing 

significant results for the MDG and WB datasets (both negative). DENS_nonpure is showing 

small, significant positive results. The fact, that the effect seems to change between 

DENS_nonpure and DENS_one, can be 

interpreted as an indicator for the highly 

dynamic properties of DENS in this range of 

very small values [e.g. if the density is very 

low, that means that there exists only a few (or 

only one) FTA between two regions]. A low 

density would correspond with highly positive 

effects on trade volume.  In order to identify 

the properties of the CON variable, table (A3)  

shows the effects for the best performing 

region sets MDG and WB, based on the 

previous DENS estimations. Equation (4) is 

represented by CON_single, Equation (5) by 

CON_total, (6) by CON_nm. The CON 

variable shows positive effects on exports in 

all configurations, providing robust evidence 

for the trade-enhancing properties of the 

variable CON.   Since the variables DENS 

and CON do not allow for a direct conclusion 

about the trade-altering effects of a single 

FTA, the ratio of both variables provides us a 

deeper insight. From equation (9), the 

CONDENS variable is derived from the 

DENS and CON variables. It is then 

transformed into a categorical dummy-

variable, following the given intervals. All 

Table 4: Regression results  

 

 

 

 PPML fixed effects 

   

                                Exports    

ln_Distance   -0.745*** 

                 (-283.55)    

 

Language   0.144*** 

(23.22)    

 

Colony   0.165*** 

                            (16.85)    

 

CON_DENS_1  0.241*** 

(39.34)    

 

CON_DENS_2  0.281*** 

(32.60)    

 

CON_DENS_3  0.615*** 

(66.33)    

 

CON_DENS_4  1.061*** 

(53.41)    

 

_cons    20.94*** 

     (44.11)    

 

N                    340127    

 

t statistics in parentheses 

* p<0.05, ** p<0.01, *** p<0.001 
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values are placed between -1 and 0, whereas the 5th category [-0.2, 0] yields no observations. 

Table (4) shows the results for the WB region dataset. The effects of CON_DENS are increasing 

with the intervals getting closer to the equilibrium of Zero. The reason for not having 

observations above Zero might be due to the time frame of the dataset, that is not taking into 

account the very early days of FTA contracting: we cannot observe high CON, low DENS 

situations seems anymore. 

Conclusion 

Density and Connectedness help to understand the dynamics of FTA effects, caused by a wider 

FTA- environment. But, they are not suitable to assess the effects of FTAs on trade volume. 

Yet, combining both variables as a ratio may help to assess the impact of new FTAs. One can 

see growing values for trade volume as CONDENS moves closer to Zero. This mirrors the idea 

of relatively high Connectedness yielding high benefits for single trade pairs. Table (8) shows 

that from 2007 to 2016 the world is moving slowly to a CONDENS ratio closer to Zero. That 

means, more countries introducing FTAs and shifting the CONDENS ratio to more beneficial 

areas. It might be 

surprising that most 

countries show negative 

CONDENS values. One 

explanation lies in the 

historic development of 

FTAs. With the 

introduction of the first 

FTAs in the late 1950s, 

DENS was generally very 

low for most country and 

region pairs. Only a few holders of FTAs could harvest the positive effects on trade volume, 

due to their relatively high FTA connectedness. Vice-versa, poorly connected neighbour 

countries experienced the negative effects of growing Density. This evidence follows the 

natural trading blocs theory by Krugmann (1991) and Baier and Bergstrand (2004): since a 

single FTAs between two countries (within two regions) has the power to promote large trade 

diversion, every next FTA between those regions is likely to has less impact in terms of trade 

diversion, or even restore the old ‘diversion-free’ trading bloc equilibrium. That would be 

consistent with the picture of  FTA effects on trade volume being on an incline since the dawn 

 

Table 5: Median CON, DENS and CONDENS values 
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of FTA research. Seeing actual movement in the Median CONDENS ratio towards Zero, shows 

that FTAs are now connecting more country- region pairs.  In other words: countries enhance 

their FTA Connectedness with trading partners. At the same time, former highly connected 

countries lose power (due to a higher FTA density in their region) and are forced to the Zero 

equilibrium as well. It is important to note that, in this model (that takes all economic actors 

into account) it is not possible to generate median or mean CONDENS values above Zero. Only 

individual country-region pairs can achieve values above that level. Those cases have the 

theoretical possibility to generate lots of distortions since they are the only beneficiary of 

reduced trade frictions. In the long run, it is likely for neighbour states to catch up and to 

establish a new equilibrium. With the catching-up process, the early very high gains vanish. 

This behaviour in FTA contracting can be seen in Figure (1): it shows the explosion of FTAs 

in the 1960s and 1990s, followed respectively by a phase of dampened FTA growth.  It can be 

shown from table (4), that an FTA in a highly dense FTA environment is less effective than it 

is in a less dense environment. Likewise, a higher FTA Connectedness is more likely to generate 

higher trade flows in an equally dense environment. With the information from the empirics 

part, we can conclude that it is always beneficial to introduce new FTAs, even though an FTA 

that promotes Connectedness more than Density may influence one’s trade volumes more 

positively.  In reality, we observe a stark increase in FTAs but, not nearly all countries have 

introduced them so far. Reasons for not doing so must lie with contracting costs. Those costs 

may be high, since countries might be forced to  reform environmental or labour standards. In 

that sense, FTA’s (especially deep agreements) might be limited in their ability to enforce 

policy measures on trading partners. Another reason, why not every country pair is connected 

by FTA’s, might be the heterogeneity of custom unions. If two customs unions introduce a 

FTA, that means that two already complex economic entities merge. They might internally be 

very heterogeneous, since they exist of (not only cooperating, but also rivalling) countries. 

Hereby, the cost of contracting is generated by the negotiation process for the FTA.             

In order to estimate the gains from FTA-induced trade, the consideration of regional trade 

relations may provide sharper results. Viewing CUs as regular FTA’s and relying strictly on 

geographic constraints to define regions, proved to work for different region-sets. It suits the 

mechanical nature of the gravity model and can be further extended to make use of purely 

geographic-driven methods (e.g. by the use of grid squares). Therewith, one would be able to 

generate more homogeneous regions, that would allow for a very detailed analysis. 
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Appendix A: Estimation tables 

 
Table A1: Trade effects (pair- fixed, time-fixed)   

 

                              OLS                   OLS           OLS        OLS   OLS      OLS         PPML    PPML 

     

                             Exports  Exports  Exports  Exports  Exports  Exports   Exports  Exports 

  

ln_Distance     -4.286***  -4.488***  -4.748***  -4.482*** -4.304*** -4.462***     - 0.854*** -0.803*** 

                          (-34.82)                (-38.78)             (-40.58)                (-35.19)               (-35.71)               (-36.75)         (-313.54) (-262.14)    
    

Language            3.404***               3.393***            3.580***              3.864***             3.643***             3.650***      0.137*** 0.121*** 

                           (15.01)                  (17.24)               (17.96)                 (16.95)                (18.51)                 (18.35)          (17.59)  (16.42)    
 

Colony               1.214*             1.045                 1.033                    1.032                   1.231                    1.286        0.127*** 0.181*** 

                            (1.99)                    (1.62)                 (1.56)                    (1.62)                   (1.85)                 (1.89)    (10.82)  (16.63)    
 

ln_CON_MDG          0.00957                -0.0471***         0.0825***          0.0188***                                            

                      (0.70)                    (-4.09)               (6.85)        (27.81) 
 

ln_CON_WB        0.0724***           0.0809***              0.136***    0.0336***   

                      (5.55)                  (6.94)                      (11.58)       (57.95)    
 

ln_DENS_MDG_pure       -0.544***            - 0.0415***  

                    (-4.72)                (-6.40)                                                  
 

lN_DENS_MDG_nonpure                          0.233***                                 

                                                     (25.68)                                    
 

ln_DENS_MDG_one_                                                               -1.123***                 

                                                                                   (-17.40)                    
 

ln_DENS_WB_pure            -0.00409        -0.117*** 

                                                               (-0.04)          (-28.16) 
 

ln_DENS_WB_nonpure                              0.129***   

           (12.96)         
 

ln_DENS_WB_one                                                -0.449***                 

                                                            (-6.38)                                           

                                       

 

N                    217701  323223   323223   270818   334623   334623  217701   270818    

t statistics in parentheses 

* p<0.05, ** p<0.01, *** p<0.001 
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Table A2: Trade effects (pair- fixed, time-fixed) .  

 

                                OLS  OLS  OLS  OLS  OLS  OLS  PPML  PPML 

     

                              Exports  Exports  Exports  Exports  Exports  Exports  Exports  Exports 

  

ln_Distance       -3.972*** -4.459*** -4.685*** -4.418*** -4.279*** -4.412*** -0.773*** -0.821*** 

                    (-30.25)               (-36.99)               (-39.42)       (-33.36)  (-34.33)  (-34.89)  (-205.98)  (-276.93)         
    

Language             3.638***  3.682***  3.716***  3.802***  3.680***  3.651***  0.202*** 0.152*** 

                     (11.98)   (18.57)   (18.69)   (16.78)   (18.52)   (18.15)   (19.78)   (21.14)    
 

Colony                0.368   1.134   1.109   0.966   1.078   1.197   0.240*** 0.0567*** 

                      (0.57)   (1.67)  (1.63)  (1.46)  (1.60)  (1.74)  (16.69)   (5.24)    
  

ln_CON_UN_SUB        0.0623***           0.0104                 0.0568***            0.0345*** 

                       (4.28)                  (0.82)  (4.60)            (50.17)  
   

ln_CON_WHO         0.0601*** 0.0691*** 0.129***       0.0256*** 

                            (4.47)                   (5.77)                  (10.67)                                              (37.59) 
 

ln_DENS_UN_SUB_pure       0.0809                                                  -0.0298*** 

                      (0.58)                                                      (-3.98)                     
 

lN_DENS_UN_SUB_nonpure         0.129***                                 

                                              (12.96)                                                                                        
 

ln_DENS_UN_SUB_one        -0.747***                 

                                                       (-9.19)                                                                 
 

ln_DENS_WHO_pure             0.0939                                          -0.0599*** 

                            (0.99)                                              (-10.89)      
 

ln_DENS_WHO_nonpure                               0.135***                                 

                                             (13.15)                                    
 

ln_DENS_WHO_one                                              -0.403***                 

                                                           (-5.79)   

              

N                              154703   328097   328097   263594   323930   323930   154703   263594    

  

 

t statistics in parentheses 

* p<0.05, ** p<0.01, *** p<0.001 
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Table A3: Trade effects (pair fixed, time-fixed).  

 

                                OLS  OLS  OLS  OLS  OLS  OLS  PPML  

     

                              Exports  Exports  Exports  Exports  Exports  Exports  Exports  

  

ln_Distance       -4.537*** -4.343*** -4.748*** -4.309*** -4.429*** -4.462*** -0.837*** 

                    (-42.49)         (-39.21)         (-40.58)   (-38.34)        (-38.46)  (-36.75)    (-347.93) 
    

Language            3.464***         3.314*** 3.580*** 3.635*** 3.824*** 3.650*** 0.153*** 

                     (17.66)          (15.32)                 (17.96)     (18.50)  (16.97)  (18.35)         (24.35) 
                      

Colony               1.086            1.339*      1.033   1.203         1.028            1.286   0.105*** 

                    (1.67)           (2.16)  (1.56)   (1.67)           (2.16)       (1.56)    (10.85) 
    

ln_CON_MDG_single      0.163***                                 

                     (16.87)  
                                   

ln_CON_MDG_total    0.0877***                 

                                   (7.46)   
 

ln_CON_MDG_nm      0.0825*** 

                                                        (6.85)   
  

ln_CON_WB_single        0.196***     0.0204*** 

           (19.44)      (47.10)  
   

ln_CON_WB_total          0.184***                 

            (14.12)    
                 

ln_CON_nm              0.136*** 

                                                         (11.58)   
  

ln_DENS_MDG_one     -1.144*** -0.752*** -1.123*** 

                     (-18.09)          (-9.03)      (-17.40)  
 

ln_DENS_WB_one                                -0.469***        -0.328***        -0.449***      -0.0582**         

          (-18.09)               (-9.03)         (-17.40)  (-18.73)      

                                                             

              

N                  332997  249637  323223  337262  279173  334623  337261                  

R-sq    0.560            0.557            0.557     0.559            0.560            0.556     0.893    

  

t statistics in parentheses 

* p<0.05, ** p<0.01, *** p<0.001 
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Appendix B: Regional structure 

 

Table B1: Regions, source: UNICEF (2017) 

Country name WHO WB UN_SUB MDG 

Aruba N.A. Latin America and Caribbean Central America N.A. 

Afghanistan 

Eastern 

Mediterranean South Asia South-Central-Asia Southern Asia 

Angola Africa Sub-Saharan Africa Central Africa South-Central-Africa 

Albania Europe Europe and Central Asia South Europe Developed regions 

Andorra Europe Europe and Central Asia South Europe Developed regions 

United Arab Emirates 

Eastern 

Mediterranean Middle East and North Africa West Asia West Asia 

Argentina Americas Latin America and Caribbean South America Latin America 

Armenia Europe Europe and Central Asia West Asia Caucasus and Central Asia 

American Samoa N.A. East Asia and Pacific Polynesia N.A. 

Antigua and Barbuda Americas Latin America and Caribbean Central America Central America 

Australia Western Pacific East Asia and Pacific Australia Developed regions 

Austria Europe Europe and Central Asia West Europe Developed regions 

Azerbaijan Europe Europe and Central Asia West Asia Caucasus and Central Asia 

Burundi Africa Sub-Saharan Africa East Africa South-Central-Africa 

Belgium Europe Europe and Central Asia West Europe Developed regions 

Benin Africa Sub-Saharan Africa West Africa South-Central-Africa 

Burkina Faso Africa Sub-Saharan Africa West Africa South-Central-Africa 

Bangladesh South-East Asia South Asia South-Central-Asia Southern Asia 

Bulgaria Europe Europe and Central Asia East Europe Developed regions 

Bahrain 

Eastern 

Mediterranean Middle East and North Africa West Asia Central America 

Bahamas Americas Latin America and Caribbean Central America Central America 

Bosnia and Herzegovina Europe Europe and Central Asia South Europe Latin America 

Belarus Europe Europe and Central Asia East Europe Developed regions 

Belize Americas Latin America and Caribbean Central America Latin America 

Bermuda N.A. North America Nord Amerika Developed regions 

Bolivia Americas Latin America and Caribbean South America Latin America 

Brazil Americas Latin America and Caribbean South America Latin America 

Barbados Americas Latin America and Caribbean Central America Central America 

Brunei Western Pacific East Asia and Pacific Sout-East Asia Sout-East Asia 

Bhutan South-East Asia South Asia South-Central-Asia Southern Asia 

Botswana Africa Sub-Saharan Africa South Africa South-Central-Africa 

Central African Republic Africa Sub-Saharan Africa Central Africa South-Central-Africa 

Canada Americas North America Nord Amerika Developed regions 

Switzerland Europe Europe and Central Asia West Europe Developed regions 

Chile Americas Latin America and Caribbean South America Latin America 

China Western Pacific East Asia and Pacific East Asia East Asia 

Cote d'Ivoire Africa Sub-Saharan Africa West Africa South-Central-Africa 

Cameroon Africa Sub-Saharan Africa Central Africa South-Central-Africa 

Democratic Republic of Congo Africa Sub-Saharan Africa Central Africa South-Central-Africa 

Congo Africa Sub-Saharan Africa Central Africa South-Central-Africa 

Colombia Americas Latin America and Caribbean South America Latin America 

Comoros Africa Sub-Saharan Africa East Africa South-Central-Africa 

Cape Verde Africa Sub-Saharan Africa West Africa South-Central-Africa 

Costa Rica Americas Latin America and Caribbean Central America Latin America 

Cuba Americas Latin America and Caribbean Central America Central America 
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Curacao N.A. Latin America and Caribbean N.A. N.A. 

Cayman Islands N.A. Latin America and Caribbean Central America Central America 

Cyprus Europe Europe and Central Asia West Asia Developed regions 

Czechia Europe Europe and Central Asia East Europe Developed regions 

Germany Europe Europe and Central Asia West Europe Developed regions 

Djibouti 

Eastern 

Mediterranean Middle East and North Africa East Africa South-Central-Africa 

Dominica Americas Latin America and Caribbean Central America Central America 

Denmark Europe Europe and Central Asia Nord Europe Developed regions 

Dominican Republic Americas Latin America and Caribbean Central America Central America 

Algeria Africa Middle East and North Africa Nord Africa Nord Africa 

Ecuador Americas Latin America and Caribbean South America Latin America 

Egypt 

Eastern 

Mediterranean Middle East and North Africa Nord Africa Nord Africa 

Eritrea Africa Sub-Saharan Africa East Africa South-Central-Africa 

Spain Europe Europe and Central Asia South Europe Developed regions 

Estonia Europe Europe and Central Asia Nord Europe Developed regions 

Ethiopia Africa Sub-Saharan Africa East Africa South-Central-Africa 

Finland Europe Europe and Central Asia Nord Europe Developed regions 

Fiji Western Pacific East Asia and Pacific Melanesia Latin America 

France Europe Europe and Central Asia West Europe Developed regions 

Faeroe Islands N.A. Europe and Central Asia N.A. N.A. 

Micronesia (country) Western Pacific N.A. Micronesia Oceania 

Gabon Africa Sub-Saharan Africa Central Africa South-Central-Africa 

United Kingdom Europe Europe and Central Asia Nord Europe Developed regions 

Georgia Europe Europe and Central Asia West Asia Caucasus and Central Asia 

Ghana Africa Sub-Saharan Africa West Africa South-Central-Africa 

Gibraltar N.A. Europe and Central Asia South Europe N.A. 

Guinea Africa Sub-Saharan Africa West Africa South-Central-Africa 

Gambia Africa Sub-Saharan Africa West Africa South-Central-Africa 

Guinea-Bissau Africa Sub-Saharan Africa West Africa South-Central-Africa 

Equatorial Guinea Africa Sub-Saharan Africa Central Africa South-Central-Africa 

Greece Europe Europe and Central Asia South Europe Developed regions 

Grenada Americas Latin America and Caribbean Central America Central America 

Greenland N.A. Europe and Central Asia Nord Europe Developed regions 

Guatemala Americas Latin America and Caribbean Central America Latin America 

Guam N.A. East Asia and Pacific Micronesia Oceania 

Guyana Americas Latin America and Caribbean South America Latin America 

Hong Kong N.A. East Asia and Pacific N.A. N.A. 

Honduras Americas Latin America and Caribbean Central America Latin America 

Croatia Europe Europe and Central Asia South Europe Developed regions 

Haiti Americas Latin America and Caribbean Central America Central America 

Hungary Europe Europe and Central Asia East Europe Developed regions 

Indonesia South-East Asia East Asia and Pacific Sout-East Asia Sout-East Asia 

Isle of Man N.A. Europe and Central Asia N.A. N.A. 

India South-East Asia South Asia South-Central-Asia Southern Asia 

Ireland Europe Europe and Central Asia Nord Europe Developed regions 

Iran 

Eastern 

Mediterranean Middle East and North Africa South-Central-Asia Southern Asia 

Iraq 
Eastern 
Mediterranean Middle East and North Africa West Asia West Asia 

Iceland Europe Europe and Central Asia Nord Europe Developed regions 

Israel Europe Middle East and North Africa West Asia Developed regions 
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Italy Europe Europe and Central Asia South Europe Developed regions 

Jamaica Americas Latin America and Caribbean Central America Central America 

Jordan 
Eastern 
Mediterranean Middle East and North Africa West Asia West Asia 

Japan Western Pacific East Asia and Pacific East Asia Developed regions 

Kazakhstan Europe Europe and Central Asia South-Central-Asia Caucasus and Central Asia 

Kenya Africa Sub-Saharan Africa East Africa South-Central-Africa 

Kyrgyzstan Europe Europe and Central Asia South-Central-Asia Caucasus and Central Asia 

Cambodia Western Pacific East Asia and Pacific Sout-East Asia Sout-East Asia 

Kiribati Western Pacific East Asia and Pacific Micronesia Oceania 

Saint Kitts and Nevis Americas Latin America and Caribbean Central America Central America 

South Korea Western Pacific East Asia and Pacific East Asia East Asia 

Kuwait 

Eastern 

Mediterranean Middle East and North Africa West Asia West Asia 

Laos Western Pacific East Asia and Pacific Sout-East Asia Sout-East Asia 

Lebanon 

Eastern 

Mediterranean Middle East and North Africa West Asia West Asia 

Liberia Africa Sub-Saharan Africa West Africa South-Central-Africa 

Libya 

Eastern 

Mediterranean Middle East and North Africa Nord Africa Nord Africa 

Saint Lucia Americas Latin America and Caribbean Central America Central America 

Liechtenstein N.A. Europe and Central Asia West Europe Developed regions 

Sri Lanka South-East Asia South Asia South-Central-Asia Southern Asia 

Lesotho Africa Sub-Saharan Africa South Africa South-Central-Africa 

Lithuania Europe Europe and Central Asia Nord Europe Developed regions 

Luxembourg Europe Europe and Central Asia West Europe Developed regions 

Latvia Europe Europe and Central Asia Nord Europe Developed regions 

Macao N.A. East Asia and Pacific N.A. N.A. 

Saint Martin (French part) N.A. Latin America and Caribbean N.A. N.A. 

Morocco 

Eastern 

Mediterranean Middle East and North Africa Nord Africa Nord Africa 

Monaco Europe Europe and Central Asia West Europe Developed regions 

Moldova Europe Europe and Central Asia N.A. N.A. 

Madagascar Africa Sub-Saharan Africa East Africa South-Central-Africa 

Maldives South-East Asia South Asia South-Central-Asia Southern Asia 

Mexico Americas Latin America and Caribbean Central America Latin America 

Marshall Islands Western Pacific East Asia and Pacific Micronesia Oceania 

North Macedonia Europe Europe and Central Asia South Europe Developed regions 

Mali Africa Sub-Saharan Africa WCA South-Central-Africa 

Malta Europe Middle East and North Africa South Europe Developed regions 

Myanmar South-East Asia East Asia and Pacific Sout-East Asia Sout-East Asia 

Montenegro Europe Europe and Central Asia South Europe Developed regions 

Mongolia Western Pacific East Asia and Pacific East Asia East Asia 

Northern Mariana Islands N.A. East Asia and Pacific N.A. N.A. 

Mozambique Africa Sub-Saharan Africa East Africa South-Central-Africa 

Mauritania Africa Sub-Saharan Africa West Africa South-Central-Africa 

Mauritius Africa Sub-Saharan Africa East Africa South-Central-Africa 

Malawi Africa Sub-Saharan Africa East Africa South-Central-Africa 

Malaysia Western Pacific East Asia and Pacific Sout-East Asia Sout-East Asia 

Namibia Africa Sub-Saharan Africa South Africa South-Central-Africa 

New Caledonia N.A. East Asia and Pacific Melanesia Oceania 

Niger Africa Sub-Saharan Africa West Africa South-Central-Africa 

Nigeria Africa Sub-Saharan Africa West Africa South-Central-Africa 

Nicaragua Americas Latin America and Caribbean Central America Latin America 
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Netherlands Europe Europe and Central Asia West Europe Developed regions 

Norway Europe Europe and Central Asia Nord Europe Developed regions 

Nepal South-East Asia South Asia South-Central-Asia Southern Asia 

New Zealand Western Pacific East Asia and Pacific Australia Developed regions 

Oman 

Eastern 

Mediterranean Middle East and North Africa West Asia West Asia 

Pakistan 

Eastern 

Mediterranean South Asia South-Central-Asia Southern Asia 

Panama Americas Latin America and Caribbean Central America Latin America 

Peru Americas Latin America and Caribbean South America Latin America 

Philippines Western Pacific East Asia and Pacific Sout-East Asia Sout-East Asia 

Papua New Guinea Western Pacific East Asia and Pacific Melanesia Oceania 

Poland Europe Europe and Central Asia East Europe Developed regions 

Puerto Rico N.A. Latin America and Caribbean Central America Central America 

North Korea South-East Asia East Asia and Pacific N.A. N.A. 

Portugal Europe Europe and Central Asia South Europe Developed regions 

Paraguay Americas Latin America and Caribbean South America Latin America 

Palestine N.A. Middle East and North Africa N.A. N.A. 

French Polynesia N.A. East Asia and Pacific Polynesia Oceania 

Qatar 

Eastern 

Mediterranean Middle East and North Africa West Asia West Asia 

Romania Europe Europe and Central Asia East Europe Developed regions 

Russia Europe Europe and Central Asia East Europe Developed regions 

Rwanda Africa Sub-Saharan Africa East Africa South-Central-Africa 

Saudi Arabia 

Eastern 

Mediterranean Middle East and North Africa West Asia West Asia 

Sudan 
Eastern 
Mediterranean Sub-Saharan Africa Nord Africa South-Central-Africa 

Senegal Africa Sub-Saharan Africa West Asia South-Central-Africa 

Singapore Western Pacific East Asia and Pacific Sout-East Asia Sout-East Asia 

Solomon Islands Western Pacific East Asia and Pacific Melanesia Oceania 

Sierra Leone Africa Sub-Saharan Africa West Africa South-Central-Africa 

El Salvador Americas Latin America and Caribbean Central America Latin America 

San Marino Europe Europe and Central Asia South Europe Developed regions 

Somalia 

Eastern 

Mediterranean Sub-Saharan Africa East Africa South-Central-Africa 

Serbia Europe Europe and Central Asia South Europe Developed regions 

South Sudan Africa Sub-Saharan Africa Nord Africa South-Central-Africa 

Sao Tome and Principe Africa Sub-Saharan Africa Central Africa South-Central-Africa 

Suriname Americas Latin America and Caribbean South America Latin America 

Slovakia Europe Europe and Central Asia East Europe Developed regions 

Slovenia Europe Europe and Central Asia East Europe Developed regions 

Sweden Europe Europe and Central Asia Nord Europe Developed regions 

Eswatini Africa Sub-Saharan Africa East Africa South-Central-Africa 

Sint Maarten (Dutch part) N.A. Latin America and Caribbean N.A. N.A. 

Seychelles Africa Sub-Saharan Africa East Africa South-Central-Africa 

Syria 

Eastern 

Mediterranean Middle East and North Africa West Asia West Asia 

Turks and Caicos Islands N.A. Latin America and Caribbean Central America Central America 

Chad Africa Sub-Saharan Africa Central Africa South-Central-Africa 

Togo Africa Sub-Saharan Africa West Africa South-Central-Africa 

Thailand South-East Asia East Asia and Pacific Sout-East Asia Sout-East Asia 

Tajikistan Europe Europe and Central Asia South-Central-Asia Caucasus and Central Asia 

Turkmenistan Europe Europe and Central Asia South-Central-Asia Caucasus and Central Asia 

Timor South-East Asia East Asia and Pacific Sout-East Asia Sout-East Asia 
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Tonga Western Pacific East Asia and Pacific Polynesia Oceania 

Trinidad and Tobago Americas Latin America and Caribbean Central America Central America 

Tunisia 
Eastern 
Mediterranean Middle East and North Africa Nord Africa Nord Africa 

Turkey Europe Europe and Central Asia West Asia West Asia 

Tanzania Africa Sub-Saharan Africa East Africa South-Central-Africa 

Uganda Africa Sub-Saharan Africa East Africa South-Central-Africa 

Ukraine Europe Europe and Central Asia East Europe Developed regions 

Uruguay Americas Latin America and Caribbean South America Latin America 

United States Americas North America Nord Amerika Developed regions 

Uzbekistan Europe Europe and Central Asia South-Central-Asia Caucasus and Central Asia 

Saint Vincent and the Grenadines Americas Latin America and Caribbean Central America Central America 

Venezuela Americas Latin America and Caribbean South America Latin America 

United States Virgin Islands N.A. Latin America and Caribbean N.A. N.A. 

Vietnam Western Pacific East Asia and Pacific Sout-East Asia Sout-East Asia 

Vanuatu Western Pacific East Asia and Pacific Melanesia Oceania 

Samoa Western Pacific East Asia and Pacific Polynesia Oceania 

Yemen 

Eastern 

Mediterranean Middle East and North Africa West Asia West Asia 

South Africa Africa Sub-Saharan Africa South Africa South-Central-Africa 

Zambia Africa Sub-Saharan Africa East Africa South-Central-Africa 

Zimbabwe Africa Sub-Saharan Africa East Africa South-Central-Africa 
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Appendix C: Additions 

 

Addition 1 

 

For the situation in Figure 4 Density can be calculated as follows: 

𝐷𝐸𝑁𝑆𝑖𝑗,𝑡 =
∑ 𝑐𝑗(𝑠)𝑛

𝑖=1

𝑚
  and: 𝑠𝑗 = ∑ 𝐴𝑖𝑗,𝑡

𝑚
𝑗=0 , for 𝐴𝑖𝑗,𝑡 = {

0
1

 

- A takes value 1, if an FTA exists. 

- s takes value 1, if one or more FTA’(s) exist.  

 

Density for a region pair:         [n=3; m=4] 

j (importer)-> 1 2 3 4 

𝐴1𝑗 1 0 1 0 

𝐴2𝑗 1 0 1 1 

𝐴3𝑗 0 0 1 0 

𝑠𝑗=∑ 𝐴𝑖𝑗
𝑚
𝑖=1  2 0 3 1 

𝑐𝑗(𝑠) 1 0 1 1 

 

𝐷𝐸𝑁𝑆𝑖𝑗,𝑡 =
∑ 𝑐𝑗(𝑠)𝑛

𝑖=1

𝑚
   =  

1+0+1+1

4
  = 0.75    

It follows that: 𝐷𝐸𝑁𝑆11 = 𝐷𝐸𝑁𝑆12 = 𝐷𝐸𝑁𝑆13 = 𝐷𝐸𝑁𝑆14 = 𝐷𝐸𝑁𝑆15 =…= 𝐷𝐸𝑁𝑆34 

 

Addition 2: 

A more detailed view on regions   

Marquez- Ramos (2016) unravels the effects of FTAs on the country- region level for 

Argentina, Brazil, Poland and Spain. In this sense she generates subregions (region on the 

federal level). This approach suits the gravity model in that it follows a similar mechanistic 

approach: countries become more comparable if viewed as the sum of their heterogeneous 

regional components as instead whole heterogeneous entities. Following this logic, countries 

become CUs of their individual regions. Furthermore, the regional components carry in sum 

more information than the country as a whole, whilst being highly comparable to another 

countries regions, due to less heterogeneity across those regional bits. In this thesis, I scale-up 
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this approach: the smallest entity is the single country (losing the benefits of a country-level 

regional study). The country is embedded in a surrounding region (upregion = multi country 

construct). This upregion is defined by geographic, historic, cultural and 

 

Figure C1: Transition from the subregion/region system to the region/upregion system 

political features (using 5 different region-sets).  In Marquez- Ramos (2016) model, trade that 

occurs between two countries, actually occurs between an exporter subregion and an importer 

subregion. Introducing the logic of natural trading blocks to the subregion level, we find the 

rule that natural trade partners are more likely to introduce FTA’s, violated: in reality a 

country’s FTA supports the country’s most trade- important subregion independent to other 

subregions. Vice versa, we would obtain a more detailed view about the effects of FTAs if able 

to view them in a subregion setting. Nevertheless, we can exploit the idea that ‘the- outer-FTA-

system’ is effecting the next smaller trading entity. In the country case, that would be the 

upregions FTA-system. And, we can introduce this logic to this already existent setting of 

countries and upregions by simply elevating the subregion – country setting by one step. We 

find full information on a country’s FTAs and region FTAs and can thereby research the 

combined effects on a tradevolume.   
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