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1. Introduction  

The last two decades have seen a proliferation of Preferential Trade Agreements (PTAs), with 

many countries now involved in numerous agreements – a phenomenon Jagdish Bhagwait has 

termed “spaghetti bowl” arrangements1. In the past most PTAs were regional trading 

arrangements, with members being geographically close (e.g. EU, NAFTA), but more recently 

countries and regional blocs have signed PTAs with diverse and geographically distant partners,2 

and regional groupings themselves have become more diverse (e.g. ASEAN). PTAs are intended 

to affect trade flows, and discussions of these effects are usually cast in terms of the concepts of 

trade creation and trade diversion. Trade creation emerges because partners can now compete 

with domestic producers free of trade barriers. Trade diversion occurs because partners now have 

preferential access to the domestic market relative to third parties. Both effects generate increased 

trade between partners: the former at the expense of domestic producers; the latter at the 

expense of trade with non-members.  

Estimating the magnitude of these effects has typically relied on the gravity model, with total 

bilateral trade or total exports as the variable of interest. In the absence of a theory-based 

alternative, the significance and magnitude of the estimated coefficients on dummies indicating 

the presence (or absence) of a PTA between two countries have provided the evidence. Here we 

build upon this pragmatic approach, taking as our starting point the observation that what usually 

motivates the formation of a PTA is the prospect of preferential access for exports. Yet the extent 

to which the access thus obtained is truly preferential will depend on whether competitors also 

have preferential access to the same market through this or other PTAs. If preferences are 

available to all exporters, then none have preferential access. In the past when countries were 

typically members of one PTA at most, this was perhaps a secondary issue. But now with most 

countries members of multiple agreements, the extent of preferential access is likely to be 

important for the trade effects of PTA membership.3 This is the issue that we investigate below. 

The empirical literature using the gravity model to analyse the trade creation effects of PTAs goes 

back to the 1970s. For our purposes it is useful to focus on the literature investigating the trade 

effects of the largest and most inclusive preferential trading system – that involving membership 

                                                           
1 The number of PTAs reported to the WTO was 25 in 1990, 91 in 2000 and 194 in 2007 (Urata and Okabe, 2007). 
2 For example, the US has signed agreements with Australia (2004), Morocco (2005) and Peru (2009), while the EU 
has signed agreements with Chile (2004), Algeria (2006) and Cote d‟Ivoire (2008). 
3 Our original dataset consisted of 184 countries. Of these 150 were at some point in more than one PTA. EU 
countries tend to be in the most PTAs. In addition to their own PTA, they have agreements with other regional 
blocs such as the European Economic Area, European Free Trade Association, the Overseas Countries and 
Territories, and the CARIFORUM, as well as a number of bilateral agreements with countries such as Chile, Cote 
d‟Ivoire, Croatia, Egypt, Faroe Islands, Israel, Jordan, Lebanon, Macedonia, Mexico, Montenegro, Morocco, South 
Africa, Syria, Turkey, Tunisia, and the Palestinian Authority. 
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of the GATT and its successor the WTO (referred to as the WTO hereafter). While the WTO 

does not (yet) provide for free trade among members, one would expect the considerable efforts 

and resources devoted to its intermittent rounds of multilateral trade barrier reductions over the 

past fifty years to be reflected in increased bilateral trade amongst its members. For this reason 

the findings of Rose (2004) that adding a WTO dummy to the gravity equation provided no 

strong evidence that the WTO had systematically encouraged trade were unexpected in general 

and disturbing for proponents of multilateral liberalisation. Naturally, this result did not go 

unchallenged. In subsequent work Subramanian and Wei (2007) found that the WTO did 

increase trade amongst industrial members, and Tomz, Goldstein and Rivers (2007) showed that 

the WTO appeared to be more effective if WTO „membership‟ was based on de facto 

compliance with WTO rules rather than formal membership. In all of these analyses, some 

allowance was made for the role of PTAs in influencing bilateral trade flows.  

The widespread application of the gravity equation has encouraged work on its theoretical and 

empirical foundations, and once recent methodological criticisms of gravity estimation are taken 

into account, Rose‟s original conclusions reappear. Three main issues are involved. First, the 

inclusion of controls for what Anderson and van Wincoop (2003) refer to as „multilateral 

resistances‟ (MR). Because the average trade costs of a country will affect its bilateral trade, failure 

to control for these induces omitted variables bias. Second, unobserved bilateral heterogeneity 

that influences trade and extends beyond the factors explicitly included, should also be taken into 

account. Countries that trade more for these unobserved reasons may be more likely to join a 

PTA, and the omission of these factors will bias the PTA estimate upwards4. Finally, the PTA 

coefficient estimate itself is subject to omitted variable bias if a single PTA dummy5 is included 

but the impacts of preferences on bilateral trade flows vary across individual PTAs. Eicher and 

Henn (IMF 2009) demonstrate that once the econometric analysis is done appropriately all these 

approaches consistently show that the WTO does not boost trade among members6. Instead it is 

PTAs that strongly influence trade flows.  

                                                           
4
 This is a point emphasised by Baier and Bergstrand (2002, 2004). They find that two countries are more likely to 

have a PTA the larger and more similar their GDPs, the closer they are to each other but the more remote the pair 
are from the rest of the world, and the wider (narrower) the difference in their relative factor endowments with 
respect to each other (rest of world). Baier & Berstrand (2007) suggest using bilateral fixed effects in a panel data set, 
which also controls for the time-invariant component of unobservable MR. 
5 Rose (2004), Subramanian and Wei (2007) and Tomz, Goldstein and Rivers (2007) all include an aggregate PTA 

dummy, and so do not account for distinct PTA effects. 

6 Felbermayr and Kohler (2010) note that by limiting the sample to country pairs where trade strictly positive (i.e. 

exploring the intensive margin), the literature has ignored the extensive margin – i.e. the possibility that WTO or 
PTA membership may initiate bilateral trade flows. They find that GATT membership was successful at the 
extensive margin, but not at the intensive margin. For the WTO on the other hand, they find consistent and robust 
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The simultaneous inclusion of WTO, GSP and PTA preferences raises the issue of how best to 

„code‟ potentially overlapping arrangements. One approach, followed by Subramanian and Wei 

(2007) for example, involves mutually exclusive and hierarchical coding, where for any bilateral trade 

flow a PTA dominates the GSP which in turn dominates the WTO. If a trade flow is covered by 

all three then PTA = 1, while WTO = GSP = 0. Or if both WTO and GSP apply, only GSP = 1. 

Under this coding the WTO dummy would then be a „pure‟ WTO effect. The alternative 

approach is mutually inclusive coding (as in Rose, 2004a, for example), where WTO, GSP and PTA 

= 1 if all three apply. We adopt a version of the inclusive coding below.  

The remainder of the paper is organised as follows. In Section 2 we use a standard model to 

derive our PTA variable, which takes account of PTA membership and the degree of preferential 

access into the importing country‟s market. In Section 3 we investigate a special case that further 

illustrates the properties of the model. Section 4 discusses the estimating method and data used, 

while Section 5 reports some preliminary results. Section 6 concludes. 

 

2. Preferential Access  

To illustrate the potential importance of preferential access in explaining trade flows in a gravity 

equation context, we adapt the familiar general equilibrium model of Anderson and van Wincoop 

(2003). Consider a world of n+1 countries where each country is specialised in the production of 

its own good and has a fixed real output. Countries have identical, homothetic CES preferences. 

Consumers in county j maximise 

   𝛽𝑖
𝜎  𝜎−1  

𝑐𝑖𝑗
 𝜎−1 𝜎 𝑛

𝑖=0  
𝜎  𝜎−1  

         s.t.  𝑝𝑖𝑗 𝑐𝑖𝑗 = 𝑝𝑗𝑖 𝑦 𝑗     (1) 

Where 𝜎 is the elasticity of substitution between goods, 𝛽𝑖  is a positive demand parameter 

relating to product i, 𝑦 𝑗  is the real output of country j, 𝑝𝑗  is the relative price of the output of 

country j (the output of country 0 is chosen as the numeraire), 𝑐𝑖𝑗  is the consumption of and 𝑝𝑖𝑗  

is the price of country i‟s output in country j. Trade costs imply that prices differ between 

countries. Let 𝑡𝑖𝑗 ≥ 1 be the trade cost factor between country i and j, implying that 𝑝𝑖𝑗 = 𝑝𝑖𝑡𝑖𝑗 . 

From (1), the value of the demand for country i‟s goods in country j can be derived as  

                                                                                                                                                                                     
evidence of a substantial trade-creating role of membership. This holds true for both developing and industrial 
countries, does not rely on informal compliance and is driven primarily by the intensive not the extensive margin. 
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𝑋𝑖𝑗 =  𝛽𝑖𝑝𝑖𝑡𝑖𝑗  
1−𝜎 𝑝𝑗

𝑅𝑗
𝑦 𝑗         (2) 

where  𝑅𝑗 =   𝛽𝑘𝑝𝑘𝑡𝑘𝑗  
1−𝜎𝑛

𝑘=0  is a measure of aggregate consumer prices in country j. In order 

to convert (2) into a gravity equation, Anderson and van Wincoop then use the market clearing 

conditions to solve for  𝛽𝑖𝑝𝑖 
1−𝜎 .  The market clearing condition for the output of country i 

requires that the value of its output equals the value of demand for it – i.e. from (2) that 

 𝑝𝑖𝑦 𝑖 =  𝑋𝑖𝑘
𝑛
𝑘=0 =  𝛽𝑖𝑝𝑖 

1−𝜎  𝑡𝑖𝑘
1−𝜎 𝑝𝑘

𝑅𝑘

𝑛
𝑘=0 𝑦 𝑘       (3) 

When the solution for  𝛽𝑖𝑝𝑖 
1−𝜎  is substituted in (2) we obtain a gravity equation 

 𝑋𝑖𝑗 =
𝑌𝑖𝑌𝑗

𝑌𝑊

𝑡𝑖𝑘
1−𝜎

Π𝑖𝑃𝑗
          (4) 

where 𝑌𝑖 , 𝑌𝑊 are the value of income (and expenditure) in country i and the world respectively,  

Π𝑖 ≡  𝑡𝑖𝑘
1−𝜎 𝜃𝑘

𝑃𝑘

𝑛
𝑘=0  and 𝑃𝑗 ≡  𝑡𝑘𝑗

1−𝜎 𝜃𝑘

Π𝑘

𝑛
𝑘=0  are the „multilateral resistance‟ (MR) terms, and 𝜃𝑘  is 

the share of country k in world income. Bilateral trade costs therefore appear directly in the 

gravity equation but also indirectly through the MR terms. When estimating this equation, the 

standard practice is to sweep the MR terms into (time varying if appropriate) country fixed 

effects, and to focus only on the direct trade costs effect (i.e. the 𝑡𝑖𝑘
1−𝜎  term), which is proxied 

with the usual variables – geographical distance and dummies for common languages and 

borders, being landlocked, former colonial status etc. Also included are dummy variables for PTA 

status, if preferential trade is of interest.  The coefficients on the PTA dummies are then 

interpreted as indicating the net trade creating effects of the relevant PTA, though it is recognised 

that the presence of PTAs will also affect bilateral trade flows through the trade costs and 

induced product price changes in the MR terms7.  

Our objective in this section is to examine the implications of PTA membership on trade flows 

in a little more detail, with the aim of extracting a variable that better captures these effects for 

the empirical analysis. We begin by deriving the effects of an arbitrary set of changes in trade 

costs on bilateral export flows. Let ŷ denote a proportional change (𝑑𝑦 𝑦 ) for any variable y. 

Then using (2) and assuming no induced changes in real outputs, we have 

 𝑋 𝑖𝑗 = − 𝜎 − 1  𝑝 𝑖 + 𝑡 𝑖𝑗  + 𝑝 𝑗 − 𝑅 𝑗     and   𝑅 𝑗 = − 𝜎 − 1  𝑚𝑘𝑗
𝑛
𝑘=0  𝑝 𝑘 + 𝑡 𝑘𝑗         (5) 

                                                           
7
 Anderson and Yotov (2011) explicitly use these relationships to measure the terms of trade and global 

efficiency effects of PTAs, using data on 2 digit manufacturing sectors. 
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This allows us to write  

 𝑋 𝑖𝑗 = − 𝜎 − 1   𝑝 𝑖 + 𝑡 𝑖𝑗  −  𝑚𝑘𝑗
𝑛
𝑘=0  𝑝 𝑘 + 𝑡 𝑘𝑗   + 𝑝 𝑗     (5A) 

where 𝑚𝑖𝑗 ≡
𝑋𝑖𝑗

𝑝𝑗𝑦 𝑗
 denotes the (import) market share of country i in j, with 𝑚𝑖𝑗 ≥ 0 and 

 𝑚𝑖𝑗
𝑛
𝑖=0 = 1, where the latter includes home sales of j. The term in brackets on the left of (5A) 

indicates that the value of exports from i to j falls if the cost of i‟s product rises in the j market, 

relative to a market-share weighted average of cost changes for all suppliers, including j itself. The 

second term indicates that an increase in the relative price of j‟s output tends to increase the value 

of imports from i by increasing numeraire income in j. As (5A) reveals, changes in trade costs will 

affect trade flows through three channels – a direct effect, a relative price effect and an expenditure effect – 

as laid out in equation (5B).  

 𝑋 𝑖𝑗 =− 𝜎 − 1  𝑡 𝑖𝑗 −  𝑚𝑘𝑗
𝑛
𝑘=0 𝑡 𝑘𝑗                     

𝑑𝑖𝑟𝑒𝑐𝑡  𝑒𝑓𝑓𝑒𝑐𝑡

− 𝜎 − 1  𝑝 𝑖 −  𝑚𝑘𝑗
𝑛
𝑘=1 𝑝 𝑘                    

𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒  𝑝𝑟𝑖𝑐𝑒  𝑒𝑓𝑓𝑒𝑐𝑡

+𝑝 𝑗 
𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒  

𝑒𝑓𝑓𝑒𝑐𝑡

 (5B) 

The latter two effects depend on the induced changes in relative prices. To determine these we 

totally differentiate the market clearing conditions (3) which gives us  

 𝑝 𝑖 =  1 − 𝜎 𝑝 𝑖 +  𝑒𝑖𝑘   1 − 𝜎 𝑡 𝑖𝑘 + 𝑝 𝑘 − 𝑅 𝑘 
𝑛
𝑘=0      (6) 

where 𝑒𝑖𝑗 ≡
𝑋𝑖𝑗

𝑝𝑖𝑦 𝑖
 denotes the (export) share of country j in the output of country i, with 𝑒𝑖𝑗 ≥ 0 

and  𝑒𝑖𝑗 = 1𝑗 , where the latter includes home sales of i. Note further that 𝑒𝑖𝑗 =
𝑋𝑖𝑗

𝑝𝑗𝑦 𝑗

𝑝𝑗𝑦 𝑗

𝑝𝑖𝑦 𝑖
=

𝑚𝑖𝑗
𝜃𝑗

𝜃𝑖
. Using (5) to substitute for 𝑅 𝑘  and rearranging leads to  

𝜎𝑝 𝑖 −  𝑒𝑖𝑘  𝑝 𝑘 +  𝜎 − 1  𝑚𝑗𝑘 𝑝 𝑗
𝑛
𝑗=1  𝑛

𝑘=0 = − 𝜎 − 1  𝑒𝑖𝑘
𝑛
𝑘=0  𝑡 𝑖𝑘 −  𝑚𝑗𝑘 𝑡 𝑗𝑘

𝑛
𝑗=0   (7) 

The right side of this equation shows how changes in trade costs affect the demand for i‟s output. 

Let 𝑡 𝑘
𝑚 ≡  𝑚𝑗𝑘 𝑡 𝑗𝑘

𝑛
𝑗=0  be the (import) market-share weighted average change in trade costs for 

all goods sold in country k. Then 𝑡 𝑖𝑘 − 𝑡 𝑘
𝑚  gives the change in i‟s trade costs of selling in k 

relative to this average. If this term is positive (negative), then k‟s demand for i‟s product will fall 

(rise) other things equal, with the magnitude of this change depending on the elasticity of product 

substitution. Let 𝑡 𝑖
𝑒 ≡  𝑒𝑖𝑗 𝑡 𝑖𝑗

𝑛
𝑗=0  denote the export-share weighted average change in trade costs 

for country i. Then we can write (7) as  

   𝜎𝑝 𝑖 −  𝑒𝑖𝑘  𝑝 𝑘 +  𝜎 − 1  𝑚𝑗𝑘 𝑝 𝑗
𝑛
𝑗=1  𝑛

𝑘=0 = − 𝜎 − 1  𝑡 𝑖
𝑒 −  𝑒𝑖𝑘 𝑡 𝑘

𝑚𝑛
𝑘=0    (8) 
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Demand for product i increases if the average change in its export trade costs is lower than the 

average in its export markets.  

Taking these equations for all the non-numeraire goods, gives us a system of n equations to solve 

for the n relative output price changes. This system can be written as  

  𝐷(𝜎) − 𝑆 𝑝 = −𝐷(𝜎 − 1) 𝑡 𝑒 − 𝐸𝑡 𝑚        (9) 

Where 𝑝  is the nx1 vector of proportional changes in relative output prices;  𝐷(𝜎) is an nxn 

diagonal matrix with 𝜎 as its diagonal elements; S is a nxn matrix whose ijth term is 𝑒𝑖𝑗 +

 𝜎 − 1  𝑒𝑖𝑘𝑚𝑗𝑘 > 0𝑛
𝑘=0 ; E is an nx(n+1) matrix of export market shares and 𝑡 𝑒  and 𝑡 𝑚  are, 

respectively, the nx1 and (n+1)x1 vectors of export and import weighted average trade cost 

changes defined above. Since the off-diagonal elements of  𝐷(𝜎) − 𝑆  are all negative and the 

sum of the coefficients in the ith row is 𝑒𝑖0 +  𝜎 − 1  𝑒𝑖𝑘𝑚0𝑗
𝑛
𝑘=0 > 0 ; then the diagonal 

elements are all positive and  𝐷(𝜎) − 𝑆  has a dominant diagonal. Thus  𝐷(𝜎) − 𝑆  is non-

singular. In principle we can then solve for the induced changes in relative prices as functions of 

the changes in trade costs from  

 𝑝 =  −𝐷(𝜎 − 1) 𝐷(𝜎) − 𝑆 −1 𝑡 𝑒 − 𝐸𝑡 𝑚                                                                   (10) 

and these solutions can be substituted in (5A) to obtain the total effects of trade costs changes on 

bilateral trade flows.  

Our interest is in identifying the effects of PTA membership amongst the trading parties on the 

value of their bilateral exports. We start from a pre-PTA equilibrium (i.e. where there are no 

PTAs), and then allow countries to form PTAs with an exogenously chosen subset of their 

trading partners. Initially we assume PTA membership has a uniform effect on bilateral trade 

costs and suppose that if country 𝑗 grants preferential access to exports from a set of trading 

partners 𝑖 ∈ 𝑆𝑗 , this corresponds to an equi-proportionate reduction in the trade costs for the 

corresponding exports – i.e. these costs become (1 − 𝛾)𝑡𝑖𝑗 ; 0 < 𝛾 < 1, 𝑖𝜖𝑆𝑗 , implying that 

𝑡 𝑖𝑗 = −𝛾. It then follows that 𝑡 𝑘
𝑚 = − 𝑚𝑗𝑘 𝛾𝑗∈𝑆𝑘

= −𝑚 𝑘𝛾, where 𝑚 𝑘 ≡  𝑚𝑗𝑘𝑗∈𝑆𝑘
 is the pre-

PTA market share of its PTA partners in country k, a measure of the extent of preferential access 

offered by k; and 𝑡 𝑘
𝑒 = − 𝑒𝑘𝑗𝑗∈𝑆𝑘

𝛾 = −𝑒 𝑘𝛾 , where 𝑒 𝑘 ≡  𝑒𝑘𝑗𝑗∈𝑆𝑘
 is the pre-PTA share of its 

PTA partners in country k‟s exports, a measure of the extent of preferential access offered to k. 

Equation (8) then becomes 

   𝜎𝑝 𝑖 −  𝑒𝑖𝑘  𝑝 𝑘 +  𝜎 − 1  𝑚𝑗𝑘 𝑝 𝑗
𝑛
𝑗=1  𝑛

𝑘=0 =  𝜎 − 1  𝑒 𝑖 −  𝑒𝑖𝑘𝑚 𝑘
𝑛
𝑘=0  𝛾  (11) 
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The impact of PTA formation on the demand for i‟s output thus depends on the extent of i‟s 

preferential access to its trading partners‟ markets (𝑒 𝑖) relative to the (export-share weighted) 

average of preferential access to those markets in general ( 𝑒𝑖𝑘𝑚 𝑘
𝑛
𝑘=0 ).  

Given the pre-PTA market shares and a value of 𝜎, we can use (9) and (10) to solve for the 

relative price changes in the form 

 𝑝 𝑖 = 𝑏𝑖𝛾; 𝑖 = 1, … , 𝑛         (12) 

Where the numerical values of the 𝑏𝑖  will depend on all the parameters in (10) and (11). These 

solutions can then be substituted in (5B) to get expressions for the proportionate changes in 

trade flows as a function of 𝛾.  

This leads us to the estimating equation for the effects of PTAs on trade flows. Let 𝑋 𝑖𝑗  denote 

the pre-PTA value of exports of i to j. Then we can write  

 𝑋𝑖𝑗 = 𝑋 𝑖𝑗  + 𝑑𝑋𝑖𝑗 = 𝑋 𝑖𝑗  1 + 𝑋 𝑖𝑗   

Which, using (5A) and the solutions for the price changes, gives us 

 𝑙𝑛𝑋𝑖𝑗 ≅ 𝑙𝑛𝑋 𝑖𝑗 + 𝑋 𝑖𝑗  

= 𝑙𝑛𝑋 𝑖𝑗 +  𝜎 − 1  𝐼𝑖𝑗 − 𝑚 𝑗  𝛾 −   𝜎 − 1  𝑏𝑖 −  𝑚𝑘𝑗 𝑏𝑘
𝑛
𝑘=0  + 𝑏𝑗  𝛾  (13) 

where 𝐼𝑖𝑗 = 1  if countries i and j are in the same PTA and 0 otherwise – i.e. 𝐼𝑖𝑗  is a standard 

PTA dummy variable. The first term is what the value of exports from i to j would be in the 

absence of PTAs (and will be captured by standard gravity variables below). The other terms 

capture the effects of PTAs on this trade. The first of these is of most interest to us here. It 

captures the direct effects of the trade cost changes on this trade flow – the effect normally 

attributed to the PTA dummy alone. If i and j are not members of a PTA (𝐼𝑖𝑗 = 0) and this term 

reduces to the direct trade diversion effects of the PTAs that the importing partner belongs to 

(− 𝜎 − 1 𝑚 𝑗𝛾). If i and j are members of the same PTA, then this term becomes + 𝜎 − 1  1 −

𝑚 𝑗  𝛾. The standard trade expansion effect is weakened to the extent that the importing country 

grants preferential access through this and other PTAs. Note that 𝑚 𝑗  will vary over time if j 

varies its membership of PTAs. The remaining term captures the indirect (relative price and 

expenditure) effects of the PTAs working through changes in output prices. In principle, (12) can 

be solved for the „b‟s which can then be inserted in (13) to provide estimates of 𝛾 and 𝜎. In 

practice these indirect effects may be consigned to time varying country fixed effects.  



 9 

3. A Special Case 

The drawback of the general case just described is that the links between the trade cost changes 

and the induced relative price changes are obscured by the matrix inversion. Some light can be 

shed on these links if we restrict the model a little further, however. Suppose initially that there 

are no trade costs (i.e. 𝑡𝑖𝑗 = 1  ∀𝑖, 𝑗). Then  

 𝑅𝑗 =   𝛽𝑘𝑝𝑘 
1−𝜎𝑛

𝑘=0 = 𝑅 and  𝑋𝑖𝑗 =
 𝛽𝑖𝑝𝑖 

1−𝜎

𝑅
𝑝𝑗𝑦 𝑗  

which implies that    𝑚𝑖𝑗 =
𝑋𝑖𝑗

𝑝𝑗𝑦 𝑗
=

 𝛽𝑖𝑝𝑖 
1−𝜎

𝑅
   

Market clearing for product i becomes   𝑝𝑖𝑦 𝑖 =
 𝛽𝑖𝑝𝑖 

1−𝜎

𝑅
𝑌𝑊  

and     𝜃𝑖 =
𝑝𝑖𝑦 𝑖

𝑌𝑊
=

 𝛽𝑖𝑝𝑖 
1−𝜎

𝑅
= 𝑚𝑖𝑗 ; and  𝑒𝑖𝑗 = 𝜃𝑗 . 

In words, country i‟s share of country j‟s market depends on the relative size of i, and j‟s share of 

i‟s exports depends on the relative size of j. We now modify this solution to allow for the fact 

that trade costs differ on different types of transactions. Starting from this base we can show that 

the relative price changes are simple functions of the trade cost changes8 

 𝑝 𝑖 = −  
𝜎−1

𝜎
  𝜃𝑘  𝑡 𝑖𝑘 − 𝑡 0𝑘 

𝑛
𝑘=0        (14) 

If i‟s market-share-weighted average trade cost increases relative to that of the numeraire country 

its relative price will fall, reflecting the induced shift in world demand away from i‟s output 

towards the numeraire‟s output, at constant relative prices. From (5A) the proportionate change 

in the exports from country i to country j resulting from the changes in trade costs and induced 

changes in relative prices can be written as 

 𝑋 𝑖𝑗 = − 𝜎 − 1  𝑡 𝑖𝑗 −  𝜃𝑘𝑡 𝑘𝑗
𝑛
𝑘=0  −  𝜎 − 1  𝑝 𝑖 −  𝜃𝑘

𝑛
𝑘=1 𝑝 𝑘 + 𝑝 𝑗   (15) 

 

The trade cost changes that we allow for from this equilibrium are (1) trade costs on internal 

transactions; (2) international trade costs that depend on geographical distance and other country 

characteristics; and (3) lower international trade costs amongst PTA members. Note that trade 

costs are treated as real costs in all cases. Let 𝐷𝑖𝑗  denote the „distance‟ between countries i and j 

(note that 𝐷𝑖𝑖 = 0, and we assume that 𝐷𝑖𝑗 = 𝐷𝑗𝑖 ). Distance will depend on geography, language 

and so forth as specified more fully below. Then we can write  

                                                           
8
 Details of this and other derivations are given in the Appendix. 
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 𝑡 𝑖𝑖 = 𝛽 > 0      and   𝑡 𝑖𝑗 = 𝐷𝑖𝑗 − 𝐼𝑖𝑗 𝛾    𝑖 ≠ 𝑗      (16) 

Here 𝛽 denotes the (proportionate) internal trade costs and 𝛾 is the proportionate reduction in 

external trade costs due to PTA membership as before. Substituting from (16) into (14) then (13) 

and rearranging we get 

𝑋 𝑖𝑗 =  𝜎 − 1 𝐼𝑖𝑗 𝛾 −
 𝜎 − 1 2

𝜎
 𝜃 𝑖 + 𝜃 𝑗  𝛾 +

 𝜎 − 1 2

𝜎
𝜃 𝛾 −  

𝜎 − 1

𝜎
 𝜃 0𝛾 

                         +
 𝜎−1 2

𝜎
 𝜃𝑖 + 𝜃𝑗  𝛽 −

 𝜎−1 2

𝜎
 𝜃𝐴𝛽 +  

𝜎−1

𝜎
 𝜃0𝛽     (17) 

                         − 𝜎 − 1 𝐷𝑖𝑗 +
 𝜎−1 2

𝜎
 𝐷 𝑖 + 𝐷 𝑗  −

 𝜎−1 2

𝜎
𝐷 +  

𝜎−1

𝜎
 𝐷 0 

Where 𝜃 𝑗 =  𝜃𝑘
𝑛
𝑘=0 𝐼𝑗𝑘  is the world income share of countries in a PTA with j; 𝐷 𝑗 =

 𝜃𝑘
𝑛
𝑘=0 𝐷𝑗𝑘  is the income-share weighted average distance of country i from its trading partners; 

𝜃 ≡  𝜃𝑘
𝑛
𝑘=0 𝜃 𝑘  is the income-share weighted average level of preferential access for the world; 

𝜃𝐴 =  𝜃𝑘𝜃𝑘
𝑛
𝑘=0  is the income-share weighted average market size; and 𝐷 =  𝜃𝑘

𝑛
𝑘=0 𝐷 𝑘  is the 

income-share weighted average distance from trading partners for the world. The first row of 

(17) collects the PTA effects, the second row the domestic trade cost effects and the third row 

the effects of distance. In each row of (17) the penultimate term relates to a world average and 

the final term to the numeraire country. The other terms relate to the trading parties. In the 

second row, the larger the two parties the greater their market shares of trade subject to the 

(presumably smaller) internal trade costs. In the third row, bilateral trade is reduced the more 

distant the trading parties are from each other, but this effect is moderated the more distant these 

parties are from their trading partners on average.  

 

Before we proceed to the estimation, it is worth considering what (17) reveals about estimating 

the effects of PTAs on bilateral trade flows. There are four relevant terms in (16), of which the 

last two are constants and will therefore be absorbed by the constant term in the equation. The 

first term is a PTA dummy. It captures the trade creation effects of the PTA and its coefficient 

will provide an estimate of  𝜎 − 1 𝛾. The remaining term is predicted to have a negative 

coefficient and captures the trade diversion effects (for this trade flow) which depend on the 

extent to which the importing country offers and the exporting country receives preferential 

access in general.  

 

As before, the expression for exports from i to j can be written as 𝑋𝑖𝑗 = 𝑋 𝑖𝑗  1 + 𝑋 𝑖𝑗  , where 𝑋 𝑖𝑗  

denotes the initial exports when all transactions faced the same trade costs. From above we have  

            
𝑋 𝑖𝑗

𝑌𝑖
= 𝑒𝑖𝑗 = 𝜃𝑗 =

𝑌𝑗

𝑌𝑊
    which gives us      𝑋 𝑖𝑗 =

𝑌𝑖𝑌𝑗

𝑌𝑊
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Hence 

 𝑙𝑛𝑋𝑖𝑗 = 𝑙𝑛𝑋 𝑖𝑗 + 𝑙𝑛 1 + 𝑋 𝑖𝑗  = 𝑙𝑛𝑌𝑖 + 𝑙𝑛𝑌𝑗 − 𝑙𝑛𝑌𝑊 + 𝑋 𝑖𝑗     (18) 

Note 𝑌𝑊  is constant in any period and so would be picked up by the constant in a cross section 

or a time dummy in a panel. 

 

4. Method and Data  

Since our focus is on market access, we follow the majority of the literature in using the value of 

exports as our dependent variable. We (will) estimate two equations – one corresponding to the 

general model where we solve for the relative price effects of preferential trade and the other 

corresponding to the special case where we have explicit solutions for these effects. In the 

general case we take a fairly standard specification of the gravity equation and augment it with 

our PTA related variables, obtaining 

        𝑙𝑛𝐸𝑋𝑃𝑖𝑗𝑡 = 𝛼0 + 𝛼1𝑙𝑛𝐺𝐷𝑃𝑖𝑡 + 𝛼2𝑙𝑛𝐺𝐷𝑃𝑗𝑡 + 𝛼3𝑙𝑛𝑃𝑂𝑃𝑖𝑡 + 𝛼4𝑙𝑛𝑃𝑂𝑃𝑗𝑡 + 𝛼5𝑙𝑛𝐷𝐼𝑆𝑇𝑖𝑗 +

            𝛼6𝐿𝐴𝑁𝐺𝑖𝑗 + 𝛼7𝐴𝐷𝐽𝑖𝑗  +𝛼8𝐿𝑂𝐶𝐾𝑖𝑗  +𝛼9 𝐼𝑖𝑗 − 𝑚 𝑗  + 𝛿𝑖(𝑡) + 𝜔𝑗 (𝑡) + 𝜏𝑡 + 𝜗𝑖𝑗 + 𝑢𝑖𝑗𝑡  (19) 

where 𝐸𝑋𝑃𝑖𝑗  is the value of merchandise trade flow imported by country 𝑗 from exporter 𝑖, 𝐺𝐷𝑃𝑖  

(𝐺𝐷𝑃𝑗 ) is the level of nominal gross domestic product of country 𝑖 (𝑗), 𝑃𝑂𝑃𝑖  (𝑃𝑂𝑃𝑗 ) is the 

population of country 𝑖 (𝑗), 𝐷𝐼𝑆𝑇𝑖𝑗  is the distance between economic centres of countries 𝑖 and 𝑗, 

𝐿𝐴𝑁𝐺𝑖𝑗  is a binary variable equal to one if countries 𝑖 and 𝑗 share a common language, 𝐴𝐷𝐽𝑖𝑗  is a 

binary variable equal to one if countries 𝑖 an 𝑗 share a common border, 𝐿𝑂𝐶𝐾𝑖𝑗  is a variable 

accounting for whether none, one or both countries are landlocked9, 𝛿𝑖(𝑡), 𝜔𝑗 (𝑡), and 𝜏𝑡  are 

exporter, importer and time fixed effects respectively, where the former two may also be time 

dependent10, and  𝜗𝑖𝑗  is a bilateral pair dummy. When we include the bilateral pair dummy, the 

distance and other geographical variables, which are bilateral-pair time-invariant variables have to 

be excluded from (18). All variables are included in log form, with the exception of the PTA 

variable(s) and the dummy variables. 

We have also derived the relevant gravity equation [after inserting (16) in (17) above] in the 

special case. Those terms relating to a world average or the numeraire country (the US in our 

                                                           
9 𝐿𝑂𝐶𝐾𝑖𝑗  takes on the value 0, 1 or 2 depending on whether none, one or both countries are landlocked respectively. 
10

 As discussed above the inclusion of country-pair fixed effects is used to account for the multilateral resistance 
terms. In a panel context however we may need to take account of the time varying nature of these terms through 
the inclusion of importer-time and exporter-time fixed effects (see Baldwin and Taglioni, 2006). 
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case) are captured by the constant and time dummies. The „distance‟ variable is given a fairly 

standard specification  

          𝐷𝑖𝑗 = 𝜑1𝐷𝐼𝑆𝑇𝑖𝑗 + 𝜑2𝐿𝑂𝐶𝐾𝑖𝑗 + 𝜑3𝐿𝐴𝑁𝐺𝑖𝑗 + 𝜑4𝐴𝐷𝐽𝑖𝑗     (20) 

In which case 𝐷 𝑗 =  𝜃𝑘
𝑛
𝑘=0 𝐷𝑗𝑘 = 𝜑1𝐷𝐼𝑆𝑇       

𝑗 +𝜑2𝐿𝑂𝐶𝐾        
𝑗 + 𝜑3𝐿𝐴𝑁𝐺        

𝑗 + 𝜑4𝐴𝐷𝐽     
𝑗 , where 

𝐷𝐼𝑆𝑇       
𝑗 =  𝜃𝑘𝐷𝐼𝑆𝑇𝑗𝑘

𝑛
𝑘=0  is the income share weighted average distance of j‟s trading partners; 

𝐿𝑂𝐶𝐾        
𝑗 ≡  𝜃𝑘𝐿𝑂𝐶𝐾𝑗𝑘

𝑛
𝑘=0  captures the extent to which potential trade with country j involves 

crossing land barriers11; 𝐿𝐴𝑁𝐺        
𝑗 ≡  𝜃𝑘𝐿𝐴𝑁𝐺𝑗𝑘

𝑛
𝑘=0  is the share of world income of countries 

who share a common language with country j; and 𝐴𝐷𝐽     
𝑗 ≡  𝜃𝑘𝐴𝐷𝐽𝑗𝑘

𝑛
𝑘=0  is the share of world 

income of countries adjacent to j. Including this plus (17) in (18) gives us the still rather unwieldy 

     𝑙𝑛𝑋𝑖𝑗 = 𝛼0 + 𝑙𝑛𝑌𝑖 + 𝑙𝑛𝑌𝑗 +  𝜎 − 1 𝐼𝑖𝑗 𝛾 −
 𝜎−1 2

𝜎
 𝜃 𝑖 + 𝜃 𝑗  𝛾 −

 𝜎−1 2

𝜎
 𝜃𝑖 + 𝜃𝑗  𝛽    −

              𝜎 − 1 {𝜑1𝐷𝐼𝑆𝑇𝑖𝑗 + 𝜑2𝐿𝑂𝐶𝐾𝑖𝑗 + 𝜑3𝐿𝐴𝑁𝐺𝑖𝑗 + 𝜑4𝐴𝐷𝐽𝑖𝑗 }     (21) 

            +
 𝜎−1 2

𝜎
{𝜑1 𝐷𝐼𝑆𝑇       

𝑖 + 𝐷𝐼𝑆𝑇       
𝑗  + 𝜑2 𝐿𝑂𝐶𝐾        

𝑖 + 𝐿𝑂𝐶𝐾        
𝑗  + 𝜑3 𝐿𝐴𝑁𝐺        

𝑖 + 𝐿𝐴𝑁𝐺        
𝑗  +

              𝜑4 𝐴𝐷𝐽     
𝑖 + 𝐴𝐷𝐽     

𝑗  }   + 𝛿𝑖(𝑡) + 𝜔𝑗 (𝑡) + 𝜏𝑡 + 𝜗𝑖𝑗 + 𝑢𝑖𝑗𝑡   

Again if we include bilateral pair (𝜗𝑖𝑗 ) dummies, then the geographical variables are excluded. 

 

Data on the GDP and population of the importer and exporter are from the World Development 

Indicators (2008) dataset. Data on distance, common language and adjacency are from CEPII12. 

The landlocked variable is constructed based on information from Wikipedia13. The trade data is 

taken from COMTRADE via WITS, and in our analysis we consider total exports of the reporter 

country 𝑖. The dataset includes up to 183 countries over the period 1976-2006. Finally, data on 

PTAs is taken from the WTO website14 (accessed at various dates) and complemented with 

information from Baier et al (2008) and Wikipedia.15  

So far we have modelled the case where all PTAs generate the same proportionate reduction in 

trade costs among their members. In reality this uniformity is unlikely given the flexibility that 

countries have in the depths of their liberalisations while still meeting the WTO obligations under 

Article XXIV. So in this section we allow that different PTAs might involve different levels of 

                                                           
11

 Note variable 𝐿𝑂𝐶𝐾𝑗𝑘  takes value 0 if neither j nor k is landlocked, 1 if j or k is landlocked and 2 if both are 

landlocked. If 𝜃𝐿 denotes the share or world income of land locked countries, then 𝐿𝑂𝐶𝐾        
𝑗 = 𝜃𝐿 if j is not 

landlocked, and 1 + 𝜃𝐿 if it is.  
12 http://www.cepii.fr/anglaisgraph/bdd/distances.htm 
13 http://en.wikipedia.org/wiki/Landlocked 
14 http://rtais.wto.org/UI/PublicAllRTAList.aspx 
15 The reason for considering alternative sources is that the WTO dataset only includes PTAs in force, thus excluding 
a number of PTAs that are no longer in force, but that would have been in the period of interest – e.g. the PTAs 
agreed between the EU-15 and Romania, Bulgaria and others in the 1990s, but which are no longer in force now that 
these countries are members of the EU. 
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trade cost reduction and introduce individual 𝛾s for the major PTAs. We also take account of the 

world‟s most extensive PTA - the WTO itself. WTO membership typically involves 

discriminatory trade barrier reductions in favour of other WTO members. Given that PTAs 

involve extensions of preferential access beyond that given for WTO membership, and that some 

of our PTAs involve WTO members and non-members, the issue of how best to code the cases 

of overlapping preferences arise. Taking account of the discussion in the Introduction, we have 

opted for a version of the mutually inclusive coding.  Our WTO dummy applies to all cases 

where both parties are WTO members. We then define two dummies for each PTA – WPH 

where both the PTA partners are also WTO members, and NPH where one or both are not. A 

significant coefficient on the WTO variable will indicate that the WTO has had a significant 

effect on trade flows. A significant coefficient on WPH, will indicate that that PTA has had a 

significant effect on trade flows in addition to any WTO effect. A significant coefficient on NPH 

indicates that the PTA has a significant effect on trade flows not covered by the WTO.      

The adjustments that consideration of multiple PTAs requires to our modelling specification are 

straightforward. Suppose that there are H separate PTAs, indexed as ℎ ∈ 𝐻 with associated trade 

cost reduction 𝛾ℎ . Define index 𝐼𝑖𝑗𝑡
ℎ  = 1 if countries i and j are members of PTA h at time t and 

= 0 otherwise. Then we can define preferential access measures analogous to those used above – 

i.e. 𝑚 𝑗𝑡
ℎ =  𝑚𝑘𝑗𝑡

𝑛
𝑘=0 𝐼𝑘𝑗𝑡

ℎ , which measures the preferential access to j‟s market given to members 

of PTA h, and 𝑒 𝑖𝑡
ℎ =  𝑒𝑖𝑘𝑡

𝑛
𝑘=0 𝐼𝑖𝑘𝑡

ℎ , which measures the preferential access that i receives through 

its membership of PTA h. To determine the changes in relative prices we use a modified version 

of (11) (ignoring the time dimension): 

   𝜎𝑝 𝑖 −  𝑒𝑖𝑘  𝑝 𝑘 +  𝜎 − 1  𝑚𝑗𝑘 𝑝 𝑗
𝑛
𝑗=1  𝑛

𝑘=0 =  𝜎 − 1   𝑒 𝑖
ℎ −  𝑒𝑖𝑘𝑚 𝑘

ℎ𝑛
𝑘=0  𝐻

ℎ=1 𝛾ℎ  (22) 

The solution to this system gives us expressions for the relative price changes in terms of the 

PTA cost reductions, i.e.  𝑝 𝑖 =  𝑏𝑖
ℎ𝐻

ℎ=1 𝛾ℎ .  

These in turn can be used to generate the expression for the proportionate change in the value of 

exports from i to j giving 

 𝑋 𝑖𝑗 =  𝜎 − 1   𝐼𝑖𝑗
ℎ − 𝑚 𝑗

ℎ 𝐻
ℎ=1 𝛾ℎ −    𝜎 − 1  𝑏𝑖

ℎ −  𝑚𝑘𝑗
𝑛
𝑘=1 𝑏𝑘

ℎ − 𝑏𝑗
ℎ 𝐻

ℎ=1 𝛾ℎ  (22) 

Again, we use the direct effects  𝐼𝑖𝑗
ℎ − 𝑚 𝑗

ℎ  terms in the standard gravity equation, relying on 

time-varying country fixed effects to capture the indirect (price) effects.  

 



 14 

5. Preliminary Results 

In this section we present and discuss some preliminary estimates for the general equation 

discussed above. We begin by just including a WTO membership variable and two PTA variables 

– one for WTO members (WPTA) and one for non-members (NPTA). Table 1 presents results 

using standard dummy variables. This allows us to compare the outcomes in our data set with 

those in the literature. The coefficients on the gravity variables are as expected, with the only 

anomaly being the changing sign on population in the importer. The coefficient on the WTO 

dummy is positive and significant, until we take account of unobserved heterogeneity (through 

bilateral pair dummies) when it becomes significantly negative (though small) or insignificant. 

PTA membership is shown to increase bilateral trade for both WTO members and non-

members, but more so for the former. The results in Table 2 employ our new WTO and PTA 

variables. The outcomes for the gravity variables are not different from Table 1. The coefficients 

on the WTO variable are again positive and significant until we introduce the bilateral pair 

dummies, when they become insignificant. PTA membership increases trade for both WTO 

members and non-members, but again more so the former. Since the model indicates that the 

coefficients are estimates of  𝜎 − 1 𝛾, we report the implied proportional trade cost savings (𝛾) 

for different values of  the elasticity of substitution16 (𝜎) in the upper part of Table 4. This 

indicates that PTAs have reduced trade costs by 3 - 7% for WTO members and 1 – 3% for WTO 

non-members 

The results when we consider individual PTAs are presented in Table 3. For brevity and because 

these are preliminary estimates we do not report the full estimated equations. Instead we 

concentrate on a few PTAs of interest, reporting estimated coefficients for the standard dummy 

and our new variable, for both WTO members and non-members17. The first point of interest is 

that the coefficients on the WTO indicators are very similar to those in Tables 1 and 2. 

Disaggregating the PTA variable leaves the WTO coefficients unaffected. With regard to whether 

particular PTAs result in trade cost reductions, we find both approaches give consistent results 

across the board for: the Andean Pact (AP) – trade among members is reduced; the Caribbean 

Community (CARICOM) – trade is increased; the European Economic Area (EEA) – trade is 

increased; the European Union (EU) – trade is increased; the Southern Cone Common Market 

(MERCOSUR) – no significant effect; and other PTAs – trade is increased. In other cases there 

is some variation, but once both bilateral pair dummies and importer exporter fixed effects are 

                                                           
16

 Here we follow Anderson and van Wincoop (JEL) who consider elasticities in the range 5 to 10 and take 8 as 

an illustrative value.  
17

 Obviously the estimates from the dummies and our new variables are taken from different regressions. 
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included we get consistent results for: Association of South East Asian Nations (ASEAN) – trade 

is reduced for WTO members, with no effects for the others; Asian Pacific Economic 

Cooperation (APEC) – no significant effects; European Free Trade Agreement (EFTA) – trade is 

increased; and the North America Free Trade Agreement (NAFTA) – no significant effects. 

Where the estimated effects are positive and significant the corresponding estimated trade cost 

reductions are reported in the lower part of Table 4. The largest reductions are for CARICOM 

and WTO non-members in the EEA, but none of these reductions seem particularly implausible.  

6. Conclusions  

Our objective in this paper has been to extend the empirical analysis of the effects of PTA 

membership on bilateral trade flows, by deriving a „better‟ indicator of the likely impact on trade 

of PTA membership. In particular, we sought to capture at least part of the potential trade 

diversion effects that are missed by the standard membership dummy. We began by considering a 

standard trade model that generates a gravity equation to explain bilateral trade. Taking the view 

that PTA formation leads to a reduction in bilateral trade costs amongst PTA members, we were 

able to derive a variable capturing the „direct‟ effects of PTA membership that involved 

subtracting an indicator of the degree of preferential access offered by the importing country to 

all its trading partners from the standard membership dummy. Thus this variable took a positive 

value for bilateral trade between PTA members and a negative value for bilateral trade where the 

importer was a member and the exporter was a non-member. Both the trade creation and (part 

of) the trade diversion aspects of PTA membership are accounted for. 

We then followed two approaches. The first was to simply include this variable in place of the 

PTA dummy in a standard gravity model and empirically investigate the outcomes. Our interest is 

to determine which PTAs have had a significant impact on trade flows and which have not. We 

are also interested in estimating the trade costs reductions associated with the former. Some 

(very) preliminary estimates of these reductions were discussed above. The second approach was 

to take the trade model itself a little more seriously and to derive an estimating equation from it. 

For this we needed to impose even stricter conditions, essentially taking as a base position a 

world in which there are no (internal or external) trade costs. Imposing internal and external trade 

costs; allowing for external trade cost reductions for PTA membership, then gave us an 

estimating equation that included expressions for the full trade creation and trade diversion 

effects. At this stage this equation awaits estimation.  
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Appendix 
 

We consider the special case where 𝑡𝑖𝑗 = 1  ∀𝑖, 𝑗  initially. Then, as noted above, 𝑚𝑖𝑗 = 𝜃𝑖   and  

𝑒𝑖𝑗 = 𝜃𝑗 . When we turn to solving for the relative price changes from (9), the ijth off-diagonal 

element of  𝐷 𝜎 − 𝑆  is  

−𝑒𝑖𝑗 −  𝜎 − 1  𝑒𝑖𝑘𝑚𝑗𝑘 = −𝜃𝑗
𝑛

𝑘=0
−  𝜎 − 1  𝜃𝑘𝜃𝑗 = −𝜎𝜃𝑗

𝑛

𝑘=0
 

and the ith diagonal element is  

𝜎 −  𝑒𝑖𝑖 +  𝜎 − 1  𝑒𝑖𝑘𝑚𝑖𝑘

𝑛

𝑘=0
 = 𝜎 − 𝜃𝑖 −  𝜎 − 1 𝜃𝑖  𝜃𝑘 = 𝜎 1 − 𝜃𝑖 

𝑛

𝑘=0
 

Hence  

 𝐷 𝜎 − 𝑆 =  

𝜎 1 − 𝜃1 −𝜎𝜃2

−𝜎𝜃1 𝜎 1 − 𝜃2 
⋯

−𝜎𝜃𝑛

−𝜎𝜃𝑛

⋮ ⋱ ⋮
−𝜎𝜃1 −𝜎𝜃2 ⋯ 𝜎 1 − 𝜃𝑛 

 = 𝐷(𝜎) 𝐼𝑛 − 𝟏𝜃′  

where 𝐼𝑛  is an nxn identity matrix; 𝟏 is an nx1 vector each of whose elements is unity, and 𝜃 is an 

nx1 vector whose ith element is 𝜃𝑖 . Fortunately determining the inverse of this matrix is 

straightforward 

 𝐷(𝜎) 𝐼𝑛 − 𝟏𝜃′  −1 =  𝐼𝑛 +
𝟏𝜃′

1 − 𝟏𝜃′
 𝐷  

1

𝜎
 =  𝐼𝑛 + 𝜽0

−1𝜃′ 𝐷  
1

𝜎
  

Where 𝜽0
−1 is an nx1 vector each of whose elements is 1 𝜃0  and  

 𝐼𝑛 + 𝜽0
−1𝜃′ =

 
 
 
 
 
 
 
 1 +

𝜃1

𝜃0

𝜃2

𝜃0

𝜃1

𝜃0
1 +

𝜃2

𝜃0

⋯

𝜃𝑛

𝜃0

𝜃𝑛

𝜃0

⋮ ⋱ ⋮
𝜃1

𝜃0
       

𝜃2

𝜃0
⋯ 1 +

𝜃𝑛

𝜃0 
 
 
 
 
 
 
 

 

Turning to the RHS of equation (9), in this special case 

  𝑡 𝑖
𝑒 =  𝜃𝑘𝑡 𝑖𝑘

𝑛
𝑘=0     and    𝑒𝑖𝑘 𝑡 𝑘

𝑚𝑛
𝑘=0 =  𝜃𝑘   𝜃𝑗 𝑡 𝑗𝑘

𝑛
𝑗=0  𝑛

𝑘=0 ≡ 𝜏  

where 𝜏  is the average change in trade costs (where each bilateral change is weighted by the 

income shares of the trading partners concerned). We can then write  

 𝑡 𝑒 − 𝐸𝑡 𝑚 = 𝑡 𝑒 − 𝝉  

where 𝝉  is an nx1 vector each of whose elements is 𝜏  . The solution for the proportional changes 

in the relative prices is then found from  

𝑝 = − 𝐼𝑛 + 𝜽0
−1𝜃′  𝐷  

1

𝜎
 𝐷 𝜎 − 1  𝑡 𝑒 − 𝝉  = −𝐷  

𝜎 − 1

𝜎
  𝐼𝑛 + 𝜽0

−1𝜃′   𝑡 𝑒 − 𝝉   

Consider the ith element of the nx1 vector  𝐼𝑛 + 𝜽0
−1𝜃′   𝑡 𝑒 − 𝝉  . This is 
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𝑡 𝑖
𝑒 − 𝜏 +  

𝜃𝑗

𝜃0

𝑛

𝑗=1

 𝑡 𝑗
𝑒 − 𝜏 = 𝑡 𝑖

𝑒 +  
𝜃𝑗

𝜃0
𝑡 𝑗
𝑒

𝑛

𝑗=1

− 𝜏  1 +
1 − 𝜃0

𝜃0
 = 𝑡 𝑖

𝑒 +  
𝜃𝑗

𝜃0
𝑡 𝑗
𝑒

𝑛

𝑗=1

−
𝜏

𝜃0
 

Now  
𝜃𝑗

𝜃0
𝑡 𝑗
𝑒𝑛

𝑗=1 −
𝜏

𝜃0
=  

𝜃𝑗

𝜃0
  𝜃𝑘

𝑛
𝑘=0 𝑡 𝑗𝑘  𝑛

𝑗=1 −  
𝜃𝑗

𝜃0
  𝜃𝑘

𝑛
𝑘=0 𝑡 𝑗𝑘  = −

𝜃0

𝜃0

𝑛
𝑗=0  𝜃𝑘

𝑛
𝑘=0 𝑡 0𝑘  

So   𝑡 𝑖
𝑒 − 𝜏 +  

𝜃𝑗

𝜃0

𝑛
𝑗=1  𝑡 𝑗

𝑒 − 𝜏 = 𝑡 𝑖
𝑒 −  𝜃𝑘

𝑛
𝑘=0 𝑡 0𝑘 =  𝜃𝑘  𝑡 𝑖𝑘 − 𝑡 0𝑘 

𝑛
𝑘=0   

Which gives solutions of  

             𝑝 𝑖 = −  
𝜎−1

𝜎
  𝜃𝑘  𝑡 𝑖𝑘 − 𝑡 0𝑘 

𝑛
𝑘=0        (A1) 

The change in the relative price of the output of country j depends on a market size weighted 

average of the difference between the changes in the trade costs of country i and the numeraire 

country into each market. Obviously  

𝑝 𝑖 − 𝑝 𝑗 = − 
𝜎 − 1

𝜎
  𝜃𝑘  𝑡 𝑖𝑘 − 𝑡 𝑗𝑘  

𝑛

𝑘=0

 

From the text the proportionate change in the exports from country i to country j resulting from 

the changes in trade costs and induced changes in relative prices can be written as 

 𝑋 𝑖𝑗 = − 𝜎 − 1  𝑡 𝑖𝑗 −  𝜃𝑘𝑡 𝑘𝑗
𝑛
𝑘=0  −  𝜎 − 1  𝑝 𝑖 −  𝜃𝑘

𝑛
𝑘=1 𝑝 𝑘 + 𝑝 𝑗   (A2) 

 

Deriving the Gravity Equation 

We now modify this special case to allow for different trade costs on different transactions. In 

particular we allow for (1) trade costs on internal transactions; (2) international trade costs to 

depend on geographical distance and other country characteristics; and (3) lower trade costs 

amongst PTA members. Using the notation in the text, we can write  

 𝑡 𝑖𝑖 = 𝛽 > 0      and   𝑡 𝑖𝑗 = 𝐷𝑖𝑗 − 𝐼𝑖𝑗 𝛾    𝑖 ≠ 𝑗      (A3) 

Here 𝛽 denotes the (proportionate) internal trade costs and 𝛾 the proportionate reduction in 

external trade costs due to PTA membership.  

 

Substituting from (A3) into (A1) and rearranging we get 

 𝑝 𝑖 =  
𝜎−1

𝜎
   𝜃 𝑖 − 𝜃 0 𝛾 −  𝜃𝑖 − 𝜃0 𝛽 −  𝐷 𝑖 − 𝐷 0       (A4) 

Where 𝜃 𝑗 =  𝜃𝑘
𝑛
𝑘=0 𝐼𝑗𝑘  is the world income share of countries in a PTA with j and  𝐷 𝑗 =

 𝜃𝑘
𝑛
𝑘=0 𝐷𝑗𝑘  is the weighted average distance of country j from its trading partners. Compared 

with the initial no-trade-cost equilibrium, the relative price of country i is more likely to increase 

the higher its share of preferential access (and hence the larger the increase in demand for its 

output), the smaller its domestic market (and hence the smaller the share of sales subject to the 



 21 

internal trade costs) and the closer it is to its trading partners, all relative to the numeraire 

country.  

 

Using (A4) we can write the change in the price of good i relative to a weighted average price 

change as 

 𝑝 𝑖 −  𝜃𝑘
𝑛
𝑘=1 𝑝 𝑘  =  

𝜎−1

𝜎
   𝜃 𝑖 − 𝜃  𝛾 +  𝜃𝐴 − 𝜃𝑖 𝛽 −  𝐷 𝑖 − 𝐷         (A5) 

Where 𝜃 ≡  𝜃𝑘
𝑛
𝑘=0 𝜃 𝑘  is the weighted average level of preferential access in the world, 𝜃𝐴 =

 𝜃𝑘𝜃𝑘
𝑛
𝑘=0  is the weighted average market size and 𝐷 =  𝜃𝑘

𝑛
𝑘=0 𝐷 𝑘  is the weighted average 

distance from trading partners in the world. Equation (A5) has an analogous interpretation to 

(A4) above. 

 

The direct effect of the trade cost changes on this bilateral trade flow can be derived as  

 − 𝑡 𝑖𝑗 −  𝜃𝑘𝑡 𝑘𝑗
𝑛
𝑘=0   =  𝐼𝑖𝑗 − 𝜃 𝑗  𝛾 + 𝜃𝑗𝛽 −  𝐷𝑖𝑗 − 𝐷 𝑗      (A6) 

Bilateral trade is increased if i and j are in a PTA (but the increase is smaller the larger is 

preferential access to j), is reduced the larger is country j (and hence the larger the share of sales 

facing only the internal trade costs) and is reduced if i is further away from j than j‟s average 

trading partner.  

 

We can now substitute from (A4), (A5) and (A6) in (A2) obtaining  

 𝑋 𝑖𝑗 =  𝜎 − 1  𝐼𝑖𝑗 − 𝜃 𝑗  𝛾 −
 𝜎−1 2

𝜎
 𝜃 𝑖 − 𝜃  𝛾 +  

𝜎−1

𝜎
  𝜃 𝑗 − 𝜃 0 𝛾 

                         + 𝜎 − 1 𝜃𝑗𝛽 +
 𝜎−1 2

𝜎
 𝜃𝑖 − 𝜃𝐴 𝛽 −  

𝜎−1

𝜎
  𝜃𝑗 − 𝜃0 𝛽   (A7) 

                         − 𝜎 − 1  𝐷𝑖𝑗 − 𝐷 𝑗  +
 𝜎−1 2

𝜎
 𝐷 𝑖 − 𝐷  −  

𝜎−1

𝜎
  𝐷 𝑗 − 𝐷 0  

Here the first row collects the PTA effects, the second the domestic trade cost effects and the 

third the distance effects. With an eye to estimation, (A7) can be simplified somewhat by 

collecting terms and isolating those terms that are independent of i and j. This gives the equation 

discussed in the text 

 𝑋 𝑖𝑗 =  𝜎 − 1 𝐼𝑖𝑗 𝛾 −
 𝜎−1 2

𝜎
 𝜃 𝑖 + 𝜃 𝑗  𝛾 +

 𝜎−1 2

𝜎
𝜃 𝛾 −  

𝜎−1

𝜎
 𝜃 0𝛾 

                         +
 𝜎−1 2

𝜎
 𝜃𝑖 + 𝜃𝑗  𝛽 −

 𝜎−1 2

𝜎
 𝜃𝐴𝛽 +  

𝜎−1

𝜎
 𝜃0𝛽     (A8) 

                         − 𝜎 − 1 𝐷𝑖𝑗 +
 𝜎−1 2

𝜎
 𝐷 𝑖 + 𝐷 𝑗  −

 𝜎−1 2

𝜎
𝐷 +  

𝜎−1

𝜎
 𝐷 0 
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Table 1: WTO and PTA estimates using standard dummy variables 

 (1) (2) (3) (4) (5) 
VARIABLES lnExports lnExports lnExports lnExports lnExports 

      
lnGDP Exporter 1.148*** 1.181*** 0.373*** 0.421*** 0.047* 
 (0.00276) (0.00275) (0.0203) (0.0246) (0.027) 
lnGDP Importer 0.945*** 0.964*** 0.798*** 0.895*** 0.723*** 
 (0.00291) (0.00290) (0.0236) (0.0257) (0.031) 
lnPop Exporter  -0.0708*** -0.101*** -0.846*** -0.273*** -0.169 
 (0.00344) (0.00341) (0.0744) (0.106) (0.221) 
lnPop Importer 0.00942*** -0.00790** 0.545*** 0.777*** 0.297 
 (0.00355) (0.00351) (0.0771) (0.100) (0.213) 
Contiguous 0.779*** 0.751*** 0.543***   
 (0.0285) (0.0288) (0.0291)   
Common Language 0.928*** 0.923*** 0.923***   
 (0.0126) (0.0124) (0.0135)   
Landlocked -0.406*** -0.307*** -1.046   
 (0.00914) (0.00905) (108.0)   
lnDistance -1.210*** -1.201*** -1.399***   
 (0.00578) (0.00572) (0.00679)   
DWTO Dummy 0.206*** 0.260*** 0.192*** -0.0524** 0.038 
 (0.0107) (0.0106) (0.0175) (0.0246) (0.032) 
DWPTA (WTO member) 0.308*** 0.378*** 0.313*** 0.326*** 0.289*** 
 (0.0132) (0.0132) (0.0134) (0.0267) (0.029) 
DNPTA (WTO non-member) 0.329*** 0.449*** 0.663*** 0.219*** 0.129*** 
 (0.0260) (0.0258) (0.0240) (0.0450) (0.045) 
      
Time Dummies No Yes Yes Yes Yes 
Importer / Exporter Dummies No No Yes No No 
Importer-Time, Exporter-Time  No No No No Yes 
Bilateral Pair Dummies No No No Yes Yes 
      
DWTO = DWPTA 27.79*** 38.42*** 27.74*** 101.27***  
DWTO = DNPTA 22.87*** 55.16*** 282.88*** 31.89***  
DWPTA = DNPTA 0.54 6.25** 179.42*** 4.78**  
      
Observations 265,054 265,054 265,054 265,054 265,054 
R-squared 0.663 0.673 0.738 0.087 0.144 
F-test 55937 21636  327.1  
Number of pair_id    24,284 24,284 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 2: WTO and PTA estimates using new variables 

 (1) (2) (3) (4) (5) 
VARIABLES lexports lexports lexports lexports lexports 

      
lnGDP Exporter 1.164*** 1.200*** 0.378*** 0.418*** 0.042 
 (0.00272) (0.00273) (0.0202) (0.0246) (0.027) 
lnGDP Importer 0.949*** 0.966*** 0.794*** 0.893*** 0.723*** 
 (0.00295) (0.00294) (0.0236) (0.0257) (0.031) 
lnPop Exporter  -0.0795*** -0.109*** -0.857*** -0.315*** -0.165 
 (0.00345) (0.00343) (0.0745) (0.105) (0.221) 
lnPop Importer 0.00752** -0.00836** 0.494*** 0.749*** 0.297 
 (0.00356) (0.00352) (0.0774) (0.101) (0.213) 
Contiguous 0.788*** 0.770*** 0.543***   
 (0.0286) (0.0289) (0.0291)   
Common Language 0.954*** 0.958*** 0.922***   
 (0.0125) (0.0124) (0.0135)   
Landlocked -0.405*** -0.313*** -1.018   
 (0.00917) (0.00908) (189.4)   
lnDistance -1.205*** -1.201*** -1.401***   
 (0.00570) (0.00565) (0.00680)   
WTO  0.0627*** 0.106*** 0.292*** 0.0251 0.018 
 (0.0134) (0.0133) (0.0206) (0.0300) (0.040) 
WPTA (WTO member) 0.318*** 0.354*** 0.299*** 0.255*** 0.281*** 
 (0.0131) (0.0131) (0.0135) (0.0279) (0.029) 
NPTA (WTO non-member) 0.226*** 0.270*** 0.629*** 0.111** 0.111** 
 (0.0259) (0.0256) (0.0240) (0.0460) (0.045) 
      
Time Dummies No Yes Yes Yes Yes 
Importer / Exporter Dummies No No Yes No No 
Importer-Time, Exporter-Time  No No No No Yes 
Bilateral Pair Dummies No No No Yes Yes 
      
WTO = WPTA 155.22*** 148.69*** 0.08 29.36*** 26.69*** 
WTO = NPTA 36.47*** 37.24*** 124.66*** 2.76* 2.57 
WPTA = NPTA 10.85*** 9.21*** 159.83*** 8.33*** 12.46*** 
      
Observations 265,054 265,054 265,054 265,054 265,054 
R-squared 0.662 0.672 0.738 0.087 0.144 
F-test 56014 21673  319.4  
Number of pair_id    24,284 24,284 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 3: Estimates for Individual PTAs  
 

 
WTO 0.0682*** 0.109*** 0.293*** 0.00893 0.017 
 (0.0132) (0.0130) (0.0206) (0.0300) (0.040) 
DWTO 0.198*** 0.254*** 0.185*** -0.0510** 0.035 
 (0.0107) (0.0106) (0.0177) (0.0248) (0.032) 
      
W-ASEAN -1.009*** -1.165*** -0.356*** 0.271 -0.444** 
 (0.125) (0.131) (0.0878) (0.256) (0.226) 
DW-ASEAN 0.306*** 0.429*** -0.477*** 0.105 -0.463** 
 (0.0821) (0.0831) (0.0879) (0.237) (0.228) 
N-ASEAN 0.0449 -0.0482 -0.110 0.633*** -0.144 
 (0.179) (0.187) (0.143) (0.241) (0.228) 
DN-ASEAN 0.853*** 0.981*** -0.174 0.465** -0.234 
 (0.162) (0.162) (0.142) (0.216) (0.230) 
      
W-AP 0.764*** 0.789*** 0.871*** -0.506 -0.628* 
 (0.0733) (0.0738) (0.0745) (0.355) (0.322) 
DW-AP 0.536*** 0.588*** 0.872*** -0.372 -0.596* 
 (0.0634) (0.0651) (0.0743) (0.288) (0.312) 
N-AP -0.400*** -0.380*** -0.200 -1.093*** -1.185*** 
 (0.133) (0.135) (0.146) (0.415) (0.411) 
DN-AP -0.396*** -0.318** -0.152 -0.938** -1.155*** 
 (0.132) (0.134) (0.145) (0.367) (0.403) 
      
W-APEC 0.871*** 0.890*** 0.735*** 0.0576 -0.003 
 (0.0283) (0.0277) (0.0266) (0.0772) (0.068) 
DW-APEC 1.582*** 1.552*** 0.822*** 0.273*** 0.044 
 (0.0268) (0.0265) (0.0267) (0.0853) (0.076) 
N-APEC 0.579*** 0.556*** 0.334*** -0.0720 -0.069 
 (0.0537) (0.0549) (0.0522) (0.128) (0.092) 
DN-APEC 1.271*** 1.399*** 0.617*** 0.613*** -0.0004 
 (0.0512) (0.0515) (0.0514) (0.111) (0.096) 
      
W-CARICOM 3.284*** 3.413*** 3.110*** 0.237 0.921*** 
 (0.0584) (0.0569) (0.0594) (0.281) (0.305) 
DW-CARICOM 3.109*** 3.255*** 3.116*** 0.368 0.963*** 
 (0.0583) (0.0569) (0.0595) (0.291) (0.307) 
N-CARICOM 1.940*** 1.848*** 2.096*** 0.794*** 0.834** 
 (0.137) (0.127) (0.116) (0.300) (0.323) 
DN-CARICOM 2.069*** 1.928*** 2.163*** 0.875*** 0.883*** 
 (0.134) (0.124) (0.116) (0.307) (0.325) 
      
W-EEA 0.0425 0.0264 0.199*** 0.218*** 0.263*** 
 (0.0396) (0.0395) (0.0417) (0.0670) (0.070) 
DW-EEA 0.195*** 0.245*** 0.195*** 0.264*** 0.279*** 
 (0.0381) (0.0380) (0.0413) (0.0654) (0.071) 
N-EEA 1.794*** 2.141*** 2.536*** 1.568*** 1.321*** 
 (0.440) (0.431) (0.469) (0.474) (0.345) 
DN-EEA 1.564*** 2.171*** 2.494*** 1.525*** 1.325*** 
 (0.428) (0.431) (0.471) (0.476) (0.345) 
      
W-EFTA 0.578*** 0.378*** 0.251*** 0.106 0.179** 
 (0.0608) (0.0639) (0.0746) (0.0716) (0.080) 
DW-EFTA 0.724*** 0.227*** 0.311*** 0.386*** 0.230*** 
 (0.0572) (0.0606) (0.0737) (0.0463) (0.078) 
      
W-EU -0.638*** -0.724*** -0.682*** 0.262*** 0.431*** 
 (0.0211) (0.0218) (0.0238) (0.0363) (0.044) 
DW-EU -0.127*** -0.0541*** -0.660*** 0.345*** 0.440*** 
 (0.0193) (0.0202) (0.0241) (0.0322) (0.045) 
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N-EU 0.689*** 0.779*** 0.918*** 0.462*** 0.334** 
 (0.109) (0.106) (0.107) (0.0732) (0.141) 
DN-EU 0.536*** 1.145*** 0.911*** 0.484*** 0.336** 
 (0.0954) (0.0971) (0.102) (0.0671) (0.141) 
      
W-MERCOSUR 1.629*** 1.575*** -0.364*** -0.0458 0.246 
 (0.164) (0.161) (0.112) (0.244) (0.173) 
DW-MERCOSUR 0.237** 0.311*** -0.319*** 0.229 0.273 
 (0.106) (0.113) (0.109) (0.182) (0.169) 
N-MERCOSUR  0.526** 0.772*** 0.209 -0.299 -0.047 
 (0.207) (0.232) (0.174) (0.222) (0.177) 
DN-MERCOSUR 0.333* 0.476** 0.367** 0.0162 0.007 
 (0.187) (0.189) (0.174) (0.160) (0.164) 
      
W-NAFTA -2.923*** -3.146*** -1.197*** -0.299 0.006 
 (0.119) (0.121) (0.157) (0.204) (0.107) 
DW-NAFTA -1.938*** -1.875*** -0.443* 0.363*** 0.098 
 (0.171) (0.172) (0.233) (0.113) (0.091) 
      
W-OTHER 0.198*** 0.252*** 0.270*** 0.183*** 0.213*** 
 (0.0145) (0.0145) (0.0152) (0.0301) (0.031) 
DW-OTHER 0.181*** 0.258*** 0.304*** 0.290*** 0.232*** 
 (0.0152) (0.0151) (0.0153) (0.0308) (0.032) 
N-OTHER 0.185*** 0.235*** 0.640*** 0.0877* 0.131** 
 (0.0257) (0.0255) (0.0256) (0.0528) (0.051) 
DN-OTHER 0.236*** 0.374*** 0.665*** 0.158*** 0.145*** 
 (0.0277) (0.0276) (0.0259) (0.0534) (0.052) 
      
Time Dummies No Yes Yes Yes Yes 
Importer / Exporter Dummies No No Yes No No 
Importer-Time, Exporter-Time  No No No No Yes 
Bilateral Pair Dummies No No No Yes Yes 
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Table 4. Estimates of percentage reductions in trade costs  

PTA Elasticity of Substitution (𝜎) 

 5 8 10 

A: Aggregate PTA    

WTO Not Significant Not Significant Not Significant 

WPTA 7.02 4.01 3.12 

NPTA 2.78 1.59 1.23 

 

B: Individual PTAs  

W-CARICOM 23.02 13.15 10.23 

N-CARICOM 20.85 11.91 9.27 

W-EEA 6.58 3.76 2.92 

N-EEA 33.03 18.87 14.68 

W-EFTA 4.48 2.56 1.99 

W-EU 10.77 6.16 4.79 

N-EU 8.35 4.77 3.71 

W-OTHER 5.33 3.04 2.37 

N-OTHER 3.28 1.87 1.46 

 


