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Introduction to the gravity model

The gravity model is the primary ex post econometric technique used to examine the determinants of trade flows. As implied by the name, the gravity model is a model of trade flows based on an analogy with the law of gravity in physics – relating trade between two countries to their size and the distance between them (Anderson 1979).

The gravity model has its origins in early work by Tinbergen (1962) and Poyhonen (1963) based on ‘ad hoc but intuitive theorizing’ (Deardorff 1984). In its simplest form, the model explains exports (Xij) from country i to country j in terms of their GDPs (Yi, Yj), the distance between them (Dij) and other factors affecting trade between them (cicj​):
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Taking the log-linearized form allows parameter estimates to be obtained using ordinary least squares (OLS) and other econometric estimation techniques [where c=ln(cicj) and is a constant]:
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In an augmented gravity model, trade between two countries is determined by supply conditions at the origin of trade, demand conditions at the destination of trade, and various stimulating or restraining forces on trade. 

For this study, variables included in the model were chosen based on approaches used in existing literature, and their importance to trade flows. The variables chosen and relevant literature is presented in section 
A.2. 
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Variables used in the model
Trade flows are influenced by a number of factors. Broadly these factors can be categorised into two groups:

· country specific determinants of trade — country characteristics such as their size, relative income, consumer tastes and level of development.

· trade agreement related characteristics — including whether or not a country has been part of regional or bilateral trade agreement(s).

Determinants of trade

Economic size
In its simplest form, the gravity model of trade specifies that trade flows increase as the GDPs of the trading partners increase as GDP provides an indicator for the level of demand in the importing country and level of supply in the exporting country. 

The specification used in this supplement follows Adams et al. (2003), who reviewed the theory and applicability of a number of ‘size variables’ and selected three variables — the sum of bilateral GDPs, the absolute differences in GDP per capita and the similarity in country size between the country-pairs. They noted that these variables captured not only the aggregate size of the trading partners but also the expenditure capabilities and taste preferences of each partner.

Resistance to trade – distance and other factors

Trade flows between two countries are reduced as the economic distance between them increases. For example, to the extent that geographical distance is a proxy for transfer costs, two countries geographically close to each other will trade more than two identical countries which are further apart. However, a number of other factors contribute to ‘economic’ distance which more fully embodies the costs associated with trading with other countries. Such other factors may include:

· transport prices (port, rail and air infrastructure);

· quarantine procedures;

· consumer tastes, language, cultural heritage; and

· geography, for example whether a country is landlocked or an island.

Many studies using the gravity model of trade include a number of dummy variables to control for these factors — for example Soloaga and Winters (2001) include variables to indicate if the pair of countries share a border, share a language or if either or both are islands.

However, controlling for these factors using individual variables introduces the risk of omitted variable bias, as it is likely that not all relevant characteristics will be included. This is further complicated as some economic factors affecting trade flows are inherently difficult to measure or are unobservable in trade flow data (for example, a preference or otherwise for produce made in a neighbouring country, efficiency in customs clearance and domestic policies and macroeconomic conditions). While difficult to measure and control for, these factors may still have a systematic influence on trade between countries. Trade patterns may also be influenced by military purchases, unusual production concentrations (such as crude oil) and non-economic factors such as wars, bans, and political and cultural relationships.

In addition, controlling for these country-specific effects individually imposes the restriction that the country-specific factors affect trade in a uniform manner across all countries. Relaxing this assumption, Cheng and Wall (2005) applied symmetric country pair fixed effects. These fixed effects replace all time-invariant country-pair specific factors such as distance and adjacency and, additionally, they control for all country-pair time-invariant specific effects which may affect trade flows, reducing the risk of omitted variable bias. While this approach removes the restriction that such factors affect trade uniformly for all countries, in assuming that the effects are constant, it only captures the average effect over the sample period.
Such symmetric country-pair fixed effects assume that the unobserved factors affecting trade are symmetric in nature — that is they affect exports from country A to country B in the same way as they affect imports from country B to country A. Relaxing this assumption, asymmetric time-invariant country-pair fixed effects are specified, which are consistent with the asymmetric nature of the multilateral resistance terms from Anderson and van Wincoop (2003) (discussed below). 
Multilateral resistance
Anderson and van Wincoop (2003) derive theoretical foundations for the gravity model of trade and provide important insights into the drivers of trade flows: that trade between two countries depends on the cost of trading between the two countries relative to the cost of each country trading with its other trading partners. They noted that in the absence of explicit multilateral resistance terms (which are not readily available), country-specific fixed effects provide consistent estimates of model parameters but may be less efficient than estimating the full model. 
Baier and Bergstrand (2009) undertake a Monte Carlo simulation to systematically test a number of alternative methods for approximating the multilateral resistance term, including time-invariant fixed effects, and find that time-invariant fixed effects should also generate unbiased estimates.

Asymmetric time-invariant country-pair fixed effects are used for this purpose. However, the use of time-invariant fixed effects has some drawbacks. Novy (2008) notes that using time-invariant fixed effects (versus time-varying fixed effects) as a proxy for multilateral resistance may introduce misspecification, the level of which depends on the degree to which multilateral resistance of a particular country changes over the time period of interest. For some countries (for example, the United States) he finds that multilateral resistance does not change significantly over the period 1970-2000, but for other countries (for example, Korea) he finds that multilateral resistance does vary substantially.

While this limitation remains in the specification of the model, the sensitivity of results to the choice of different time period (and therefore the assumption of time-invariant multilateral resistance) was tested by estimating the model for different time periods (see Appendix D). These sensitivity tests indicated that the coefficients on variables were generally stable across simulations, indicating that asymmetric time-invariant fixed effects provide a suitable proxy for time-varying multilateral resistance, in this analysis.
Time dummy variables
Given the potential for global events to influence the level of trade of all countries, both positively (for example, completion of the Uruguay Round of trade negotiations) and negatively (for example a global financial crisis), year dummy variables are included. These capture changes in the levels of trade common to all countries in each year.

Capturing the effect of trade agreements

Typically, the impact of trade agreements on trade flows is examined by adding bilateral or regional trade agreement-specific binary dummy variables to the augmented gravity model. 

Aitken (1973) was one of the earliest studies to apply the gravity model in examining the effect of trade agreements on trade flows, specifying a single dummy variable to capture the changes in trade between members of the EU and EFTA respectively.

Later work, for example Bayoumi and Eichengreen (1995), added a second dummy variable to estimate the additional effect of changes in trade (imports and exports) from members of an agreement to countries not part of the agreement. 

Soloaga and Winters (2001) extended the two dummy variable approach with a third dummy variable in order to differentiate the additional effects of a trade agreement on imports to members (from members and non-members) and on exports from members (to members and non-members). They argued that the effect of a trade agreement may have asymmetric effects on exports and imports. 

Following Carrere (2002), a modified version of the Soloaga and Winters (2001) three dummy variable approach is used, where the second and third dummy variables exclude trade with members. This allows the estimation of the effects of a trade agreement on three categories of trade flows:

· trade between members;

· imports to members from non-members; and

· exports from members to non-members.

Alternatives to the dummy variable approach

Dummy variables provide a broad indication of the effect of trade agreements on trade: they capture a common change in trade flows, irrespective of whether the change is due to lower tariffs or other factors which influence trade. Examination of the direct effects of reductions in specific trade costs would benefit from a more focussed approach on each trade cost of interest.
However, given that trade agreements typically affect trade through more than changes in tariffs, a dummy variable approach is pursued in this supplement. Any common changes in levels of trade not related to other factors controlled for by the model, that persist over the period of the agreement, would be captured by the dummy variables. Results presented from estimations using dummy variables should be interpreted with this in mind.
�	Dummy variables are binary variables which takes the value of zero or one, so named because of their simple form. Dummy variables identify an event or phenomenon of interest (for example a trade agreement), and hence allow the estimation of its effects.
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