	
	


	
	



B
Econometric estimation
This appendix sets outs the estimation strategy used to estimate the impact of trade agreements on trade flows.
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Early approaches to estimating the model
Early approaches to estimating the parameters of the gravity model can be characterised by small samples — typically less than 40 countries and only a few years worth of data. Further, these early studies typically applied ordinary least squares (OLS) or panel regression techniques to a log-linearized form of the model — for example Aitken (1973), McCallum (1995) and Baier and Bergstrand (2001). 

These techniques are still commonly used in gravity model estimation, despite a number of recent studies identifying a range of reservations from applying these approaches, as identified by Adams et al. (2003), Baldwin and Taglioni (2006), Ghosh and Yamarik (2004, 2005) and Hillberry (2009). 
This appendix addresses these issues below.
Accounting for zero trade flows 
More recent work has benefited from the availability of increasingly comprehensive bilateral trade samples. However, one feature of these increasingly comprehensive samples, in particular, requires careful treatment.

As the country coverage of a sample of bilateral trade flows increases, the number of potential trade links increases. For example, in a 10 country sample, there are 45 potential bilateral trade links — in a 50 country sample there are 1225 potential links.

If every country traded with every other country across the world, there would be no bilateral links without some trade. This is not the case. There are many country-pairs which do not trade with each other due to a broad range of trade barriers and other factors. As such, many bilateral trade links record zero trade flows.

This can create obstacles for estimating the impacts of trade agreements on trade flows and the inclusion of a significant number of zero trade flows without appropriate consideration may result in biased estimates (Santos Silva and Tenreyro 2006).

Can zero trade flows be discarded?

Helpman, Melitz & Rubinstein (2008) develop a theoretical model of trade which features both intensive (increasing trade between existing products or firms) and extensive (increases in trade due to the creation of new products or firms) trade margins and is consistent with a number of stylized features of actual trade flow data (such as zero trade flows). At an aggregated level, their theoretical model represents new and existing trade between countries rather than firms. They do not test the Poisson method themselves, but they state that a Poisson estimator (as used by Santos Silva and Tenreyro (2006)) would be consistent with their own method.

They show that studies that discard bilateral trade links for which no trade occurs are likely to derive biased results as a consequence. That is, focussing solely on bilateral trade links where trade always occurs biases downwards the estimated effect of trade barriers because, they argue, it is the barriers which act as constraints at the extensive margin (stopping the development of new trade flows) which are the most costly. 

Their model is also consistent with another empirical observation that larger economies typically trade with a larger number of partner countries. They note that since 1970, the majority of the growth in trade occurred among countries that traded with each other in 1970 (prior to 1970 it was the growth of new trade links). 
According to this finding, incorrect treatment of zero flows in the model estimation may lead to bias in the estimated coefficients of the explanatory variables.

In order to test the sensitivity of the results to the inclusion of zero trade flows, the sensitivity of the results to dropping the zero trade flow observations is examined in appendix D.
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The Poisson estimator

As noted, recent studies exploring the prevalence of zero trade flow observations find that discarding this information will bias the results. Further, they also note that it is not appropriate to use standard OLS or panel regression techniques in the presence of a significant number of zero trade flows — an alternative estimator is required if there is a significant number of zero trade flow observations.

A number of studies, for example Adams et al. (2003) and Felbermayr and Kohler (2004), test the appropriateness of alternative estimators in the presence of zero trade flows. These suggest that the Tobit estimator is superior to a standard OLS approach.

However, more recent work has shown that, in some situations, the Tobit estimator may not be appropriate as it assumes that the dependent variable follows a censored or truncated normal distribution. But zero bilateral trade flows are typically not the product of censoring or truncation — zero trade flows occur for specific reasons. The factors which determine whether or not two countries trade may be different from the factors which determine the level of trade between two countries.

Liu (2007) makes a strong case as to why zero trade flows should be included in the estimation of the gravity model and suggests a Poisson regression model as most appropriate. Using the Poisson estimator, he estimates a gravity model on a large panel dataset to examine the effects of the formation of the WTO on world trade. A number of other recent studies also suggest the Poisson estimation procedure as an alternative based on a number of its characteristics — for example its ability to handle zero trade observations without a truncated distribution assumption and the non-linear functional form making it better suited to trade flow data.
The Poisson estimator

The Poisson estimator has traditionally been used in count data models (for example, the number of items in a queue) where zero values are frequent. In such cases, the dependent variable is assumed to be normally distributed. The Poisson probability function takes the form:


[image: image1.wmf](

)

!

|

Pr

i

y

i

i

i

y

e

x

y

Y

i

i

l

l

-

=

=







                   (3)

That is, each observation of the dependent variable yi is distributed under a Poisson distribution with parameter λi related to the independent variables xi. The most common formulation for λi is the log-linear formulation 
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 and it follows that the expected value of the dependent variable is given by 
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 (Green 2008).

It can be shown that the estimated coefficients from the Poisson model are semi-elasticities or proportional changes:
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Studies have suggested that the Poisson model is more appropriate in the context of examining trade flows due to it being a more consistent estimator as zero trade flows are assumed to be generated outcomes rather than a product of censoring or truncation. The standard Poisson estimator assumes that any zero trade-flows in the data are produced by the same ‘data generating process’ as the non-zero trade flows. Thus it assumes that variables in the model lead to both trade flows and zero trade flows. However, some studies suggest the usefulness of the Poisson model alone may be limited in the presence of a large number of zero trade flows.

Martin and Pham (2008) use a Monte Carlo simulation to examine the use of the Poisson estimator in the gravity model of trade where zero trade flows are present. They caution against using the Poisson estimator in the presence of a large proportion of zero trade flows (around 50 per cent), but when they reduce the number of zero trade flows in their simulations to between 30 and 50 per cent, they find a ‘dramatic improvement’ in both linear and non-linear models, although they do not mention the results for the Poisson regression specifically.

Westerlund and Wilhelmsson (2009) also conduct a Monte Carlo simulation to compare the Poisson estimator against others — with approximately 10 per cent zero trade flows — and conclude that the fixed effects Poisson estimator is expected to yield more accurate results.

Burger et al. (2009) also caution that if there are a significant number of zeros in the data, the standard Poisson estimator may be biased: 

The most important cause of “non-Poissonness” is that some zeros in the data are produced by a different process than the remaining counts (including some of the other zeros), e.g., the complete lack of trade between pairs of countries because of a lack of resources (in which case the trade probability is identically zero by definition), compared to the lack of trade between pairs of countries due to the distances and differences  in preferences  and  specializations  (in which  case  the  trade probability is theoretically different from zero). (p. 12)
Taking these limitations into account, all country-pairs which do not trade over the full 1970 to 2008 period are excluded from the regression, leaving only those country-pairs which record at least one bilateral trade flow over the period. This reduces the number of zero-trade flow observations from approximately 29 per cent to 23 per cent.
�	Calculated as (c2-c)/2 where c is the number of countries in the sample. Bilateral trade links refer to links without specifying if they are bi-directional or uni-directional trade flows – see Lui (2007).
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