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ABSTRACT

It is widely believed that the countries of Africa trade relatively little with the outside world, and among themselves, despite an extensive network of regional trade agreements. We examine this proposition by focusing on agricultural trade. Specifically, we ask whether non-tariff barriers (NTBs) are stunting agricultural trade within the Economic Community of West African States (ECOWAS), a grouping of 15 countries in West Africa that has removed tariffs on agricultural trade among its members. Our survey of truckers in Tambacounda (Senegal) in August 2009 found evidence of extensive bribery by police and border officials, effectively representing a barrier to trading.


We estimate a gravity model of agricultural trade, using data from 135 countries for 2000, 2003, and 2006, and employing two types of structural specification (Tobit and Heckit). A robust result emerges: agricultural trade among the countries of ECOWAS is higher than one would expect. This does not mean that there are no NTBs within ECOWAS, but it does imply that any such barriers are less harmful to agricultural trade in ECOWAS than in the world as a whole. Similar effects are found for the Common Market for Eastern and Southern Africa (COMESA) and the South African Development Community (SADC). This suggests that African countries are not averse to agricultural trade, and local traders have been effective at exploiting trade opportunities.

1. Introduction

Regional trade agreements (RTA) have long been a significant part of a wider strategy that aims at strengthening trade ties among African countries in general, and ECOWAS countries in particular
. The theoretical literature suggests that the removal of formal tariff barriers should lead to a significant increase in trade flows, and the trading partners could get a variety of benefits ranging from more rapid economic growth to increased welfare, at least in the long run.

However, as it is often the case with RTAs, much of the focus has been put on tariff barriers to trade, leaving out non-tariff barriers (NTBs) that could in some cases be associated with more constraints to trade than the formal tariffs. Some evidence suggests that despite the long experience of integration in Africa (e.g. more than three decades with ECOWAS), intra-regional trade has not improved significantly (Hanink and Owusu, 1998). While this may reflect the ineffectiveness of the existing RTA-related tariff reductions, we hypothesize that it is an indication of the relative importance of the remaining barriers to trade (e.g. NTBs). If this is so, a more comprehensive, coherent, and successful integration strategy would need to address the issue of NTBs. This is also the conclusion reached by Yang and Gupta (2007), who argue that “African countries need to undertake more broad-based liberalization and streamline existing RTAs.” This issue becomes even more relevant given that the countries of West Africa are in the process of creating a Customs Union, encouraged by the negotiations related to an economic partnership agreement with the European Union.
This process of assessing the importance of NTBs inevitably starts with an attempt to quantify their relative magnitude. In this study, instead of analyzing trade as a whole, we set out to analyze the relative importance of the remaining barriers to trade in agricultural commodities both in Africa overall, and in ECOWAS. 
The agricultural sector derives its strategic importance in African countries from its social and economic contributions. An estimated 70% of low-income African countries benefit from good agricultural conditions, with agriculture representing around 30% of GDP and providing at least half of employment in most of these countries (Diao et al. 2007). Therefore, any chance of success of economic integration in the region, and eventually, effective reduction in poverty, would most likely be based on the development and a freer trade in this sector. 

We do not have adequate direct measures that reflect the possible effects of NTBs, so we are obliged to address the issue indirectly.  The empirical methodology that we use is based on the comparison between potential trade and actual trade. In an ideal world, where all the frictions to international trade are removed (either through bilateral or multilateral agreements, or through domestic policies tackling issues related to transportation infrastructure, administrative rules, corruption, and the like), one would expect countries to trade with the rest of the world at their full potential. Therefore, the trade gap – i.e. the difference between actual and potential trade flows – would not be significantly different from zero. The actual world trading system obviously falls short of this hypothetical ideal, for many reasons, some of which are imposed upon countries (physical distance for instance), while others are amenable to policy (such as NTBs). In cases where tariff barriers have been removed – as is the case for agricultural goods within ECOWAS – negative gaps would mean that countries are still trading below their potential, after controlling for all the relevant factors that shape countries’ international trade patterns. This would be a clear (if indirect) indication of the importance of NTBs and other sources of trade resistance.

To determine the trade potential of countries, we begin by estimating a gravity model. The specification we use is theoretically sound, and relates bilateral agricultural trade flows to countries’ economic size (e.g. GDP), and a vector of multilateral resistance variables. The data used cover 135 countries, of which 36 are in Sub-Saharan Africa. This allows us to put trade within ECOWAS and other African countries into a worldwide context. The data are for 2000, 2003, and 2006, although for a few countries we only have data for one or two of these years.  

The main results show that agricultural trade flows are larger for countries that are bigger in size and closer to one another, as the gravity model predicts. Agricultural trade volumes are higher when tariffs are lower, and membership of a free-trade area boosts trade yet further.

We find that even after controlling for a wide range of variables, including tariffs and FTA membership, the countries in ECOWAS trade agricultural goods more than expected. This strongly suggests that non-tariff barriers on agricultural trade are not relatively high among these countries. Consistent with this view is our observation that the nominal rates of assistance to agriculture in the ECOWAS countries are generally negative, in contrast with the norm in most of the rest of the world, where agricultural protection is widespread. This does not mean that there are no remaining barriers to agricultural trade – we found clear evidence of extensive bribe-taking by highway police in Senegal, for instance – but such barriers do not appear to be as detrimental to trade as we had initially supposed.
It is also possible that unexpectedly high levels of intra-ECOWAS agricultural trade may reflect more than the absence of non-tariff barriers; perhaps the presence of ECOWAS has encouraged investment in services (such as transport) that might yield economies of scale, or in infrastructure (such as roads), that would also make agricultural trade less expensive.  We cannot rule this out, but note that ECOWAS countries rank very poorly in the 2010 Ease of Doing Business assessment by the IFC/World Bank (http://www.doingbusiness.org/rankings ): with the exception of Ghana (ranked 67 out of 183), all of the ECOWAS countries were in the bottom third of the distribution.
The paper is structured as follows. The next section provides some background, and is followed by a discussion of the methodology employed (section 3) and the data used (section 4). We present our estimation results in section 5, and finish with a brief conclusion in section 6. 
2. Background

One of the key patterns of the world trading system is undoubtedly the proliferation of free trade agreements (FTA). The past decade and a half has witnessed an acceleration in the pace of their formation and expansion. During the four and a half decades of the General Agreements on Tariffs and Trade (GATT), a total of 124 RTAs were notified to it; from 1995, when the World Trade Organization (WTO) was established, through 2006, the figure rose to 243 RTAs (Ferrantino 2006). This amounts to an annual average RTA notification of less than three from 1947 to 1994, and 20 from 1995 to 2006. As a result, each country is now involved in at least one trade agreement, with an average number of five agreements signed by each country, and it is estimated that nearly 40 percent of world trade occurs within these preferential blocs (World Bank, 2004). African countries have also adopted a similar trade strategy, with a total of ten intraregional RTAs on the one hand, and a complex web of cross-regional RTAs on the other (Ferrantino 2006).

This popularity of RTAs around the world, including in Africa, relates mainly to the economic arguments that present free trade as a powerful tool for achieving economic and social development, coupled with the glacial progress of the Doha round of WTO-sponsored multilateral trade negotiations. The international trade literature has suggested two types of gains associated with regional integration policy, as first documented by Viner (1950), and developed by Lipsey (1957). There are the static gains that stem from better access to larger markets, which would enable countries to fill the gap between potential trade and actual trade. This happens when the increase in trade with the new member countries (trade creation) outweighs the potential decrease in trade with nonmembers (trade diversion). In addition, there are the dynamic gains that come from scale economies and structural changes in the economy. The reduction or elimination of tariff barriers generates trade and growth opportunities for domestic economic activities.

The prospects of preferential trade agreements to African countries could be quite substantial in terms of economic and social benefits. When the fifteen West African states established ECOWAS in 1975, the stated goal was to promote economic integration in “all fields of economic activity, particularly industry, transport, telecommunications, energy, agriculture, natural resources, commerce, monetary and financial questions, social and cultural matters.” In 1993, the Treaty was revised to “reflect the desire of the member countries to deepen the integration process and accelerate economic development through the establishment of an economic and monetary union, and the strengthening of political co-operation within the region.”

Agriculture is by far the most strategic sector in the development process of the continent, because it employs on average nearly half of the labor force and constitutes a major source of income.
 The removal, or at least the reduction, of trade barriers would lead to the expansion of the sector, which could then take advantage of the subsequent larger markets. Gains from these sectors would first improve the economic and social conditions of the population, especially the large part that depends directly or indirectly on farming. 

However, after more than three decades, the regional integration process in Africa has generated, at best, mixed results. The statistical evidence first indicates that agriculture still contributes to about one fifth of total economic activity; this has not significantly changed between 1960-1980 and 1981-2006.
 In some countries, it has significantly increased, as in Liberia, where the share has more than doubled. On the other hand, a large proportion of the population still depends on agricultural activities as the main source of labor and income. For instance, the figure for Senegal in 2004 was 51 percent, and 85 percent for Burkina Faso in 2005 (World Bank: World Development Indicators). These figures, coupled with the fact that most of the countries trade more with third countries than with other members, could be an indication that the regional trade agreements may not have brought significant structural change either in economic activity or the labor force.

As for the trade creation and trade diversion effects of African RTAs, the results are also mixed. Musila (2005), comparing the trade performance of ECOWAS, the Economic Community of Central African States (ECCAS), and the Common Market for Eastern and Southern Africa (COMESA), suggests that trade creation and trade diversion vary across regions and over time. His findings indicate that trade creation has been relatively important, except for ECCAS countries, and trade diversion on the other hand has been found to be very weak, resulting in a positive net effect. Along these lines, Carrerre (2003) shows that African preferential agreements have generated significant intra-regional trade during their implementation, even though this has been achieved through trade diversion. This positive effect has been shown to be stronger when the RTA goes with currency unions. However, a study by Hanink and Owusu (1998) shows some contradictions.
 The authors first claim that the trade pattern still shows a low intensity of intra-regional trade, suggesting that the preferential trade agreements, after many decades, have not brought a significant rise in the share of intra-regional trade in the members’ total trade (on average 10%). Moreover, for most of the countries, the major trading partners are still outside the region. Some analyses even indicate that this trade pattern overall is similar to what it was prior to the formation of the regional blocks, and point to the ineffectiveness of most of the African RTAs in promoting trade among their member countries, although Foroutan and Pritchett (1993), using a gravity model, do not find that African countries trade less than one would expect.

Agricultural Protection in ECOWAS

When governments wish to favor their domestic agriculture, there are a number of policy instruments that they may use, including tariffs on imports, NTBs, and subsidies. Recently, Anderson et al. (2008), with World Bank support, have developed a methodology for measuring distortions to agricultural incentives, and have generated estimates for a large number of countries, including non-tariff barriers in cases where data were available. The information is summarized in the form of the nominal rate of assistance (nra); import tariffs, or subsidies on agricultural goods, raise the nra above zero, while tariffs on imports of agricultural inputs (which disfavor agriculture) reduce the nra below zero.
Worldwide, the nra was 0.217 (see Table 1), averaged over 2000, 2003, and 2006, which indicates relatively high levels of protection to agriculture. But the nra for the ECOWAS countries was -0.078, showing that agriculture there was, on balance, slightly disfavored. Table 1 shows this to be true in each of the ECOWAS countries for which data are available. 
In short, ECOWAS countries do not assist agriculture; indeed, they do just the opposite. So we should not be surprised if we are to find that evidence of NTBs in agriculture in these countries is also weak.
Table1 about here
Consistent with the lack of formal protection to domestic agriculture, the ECOWAS countries have eliminated all tariffs on agricultural trade within the bloc. However, there is a perception that non-tariff barriers – including perhaps quality control measures, monopolistic effects, technical standards (see Czubala et al. 2009), and transportation barriers – may remain substantial. 
It is difficult, and sometimes impossible, to measure all NTBs directly – that is the central challenge in the “border puzzle” that tries to explain why there is not more trade between the U.S. and Canada (Anderson and van Wincoop 2003). On the other hand, we have at least some concrete evidence that non-tariff barriers do indeed exist in parts of ECOWAS. We undertook a small survey of international truckers in Tambacounda, Senegal, in August 2009 – fuller details are given in Appendix 1 – in which we found that the cost of police shakedowns at checkpoints amounted to about 2 percent of the value of the cargoes transported. This is a form of unofficial non-tariff barrier to trade.

The question we now ask is whether agricultural trade within ECOWAS is higher or lower than one would expect, given a model of the (observable) determinants of trade. If this trade is found to be low, other things being equal, this would constitute powerful indirect evidence of the presence of non-tariff barriers to trade within the bloc.

3. Methodology

The well-established theoretical literature on FTAs suggests that a reduction or removal of tariffs on imports vis-à-vis some countries has the potential to boost trade flows with the new partners, and reduce trade flows with third countries (Viner, 1950). A net welfare improvement for society as a whole arises when the positive trade creation effect outweighs the negative trade diversion effect. In addition to these static, short-run effects, the economy can also reap some dynamic benefits that originate in the structural change subsequent to the initial productivity gains of the booming sectors (the agricultural sector could be a good candidate for African countries). In short, in the long run, the economy could benefit as a whole in terms of higher productivity, more trade flows, and increased welfare. The increase in the countries’ international trade may push actual trade flows towards potential trade flows, gradually reducing any gap between the two.

Although these results are mostly derived from total trade, a case can be made that they should also hold for a major subset of international trade, namely trade in agricultural commodities. This paper formally assesses the relevance of all these factors on trade in agricultural commodities, and the relative extent of their effects in the context of African countries in general, and ECOWAS countries in particular. This would allow one to make some reasonable inference as of the relative importance of the unobserved NTBs in terms of possible gaps between actual and potential trade flows.
To quantify these different trade effects arising from RTAs, the empirical literature has suggested a variety of methods. By far the most popular methodological approach is the gravity model. It was developed by analogy with Newton’s gravity law in physics that relates attractive forces between two objects positively to their masses and negatively to the square of the distance between them. Tinbergen (1962) is believed to have been the first to apply the same idea to trade flows: two countries are more likely to trade the bigger their masses are (e.g. GDP) and the closer they are to one another. This simple idea can be expressed in the following flexible gravity model:
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(1)
In this baseline specification, Tijt represents trade flows between country i and country j at time t, GDP the gross domestic product (proxy for country masses), D the distance between countries, X a vector of other factors that could potentially affect trade such as whether the countries share a border, or a common language, and ε a statistically well-behaved error term.

The economic rationale behind this basic equation is that higher income is an indication of larger production of goods and services in the exporting countries and higher demand in the importing countries. On the other hand, trade is inhibited by distance, which increases the transportation cost, as well as other transaction costs.

This intuition, coupled with the high predictive power of the model in early estimations, has made it the workhorse of empirical international trade. It also offers a straightforward way to estimate trade barriers and their effects on trade flows, as well as other factors that have the potential to shape countries’ international trade patterns, as summarized in the X vector. Some of these factors are observable in nature, like tariff barriers, free trade agreements, or institutional factors (language, border, colony, etc.). These observables can be easily handled in so far as the statistical information is readily available. An important and quite challenging task has been how to deal with unobservables, non-tariff barriers being the most important one, at least from a public policy perspective. In an ideal world, where all the tariff and non-tariff barriers to international trade are removed, one could reasonably hypothesize that all countries should be trading at their full potential; therefore there would not be any (significant) gap between actual and potential trade flows. But a slew of frictions mean that many countries are trading below their potential. In order to quantify the relative importance of each one of these factors in explaining the gap in trade performance, one might want to include these variables in the gravity model. One strategy to go about it would be to account for all possible factors that affect trade flows, and attribute any remaining unexplained gap between actual and potential trade to the unobserved variables, provided that the most appropriate econometric techniques are used to both estimate the model and deal with the many theoretical and empirical concerns raised about the gravity equation. Our methodological approach follows such a strategy.

A modification of the model in (1) allows one to account for the welfare effect of RTAs, namely trade creation and trade diversion. Following Cernat (2001), we consider two series of RTA variables, INTRA_RTA and EXTRA_RTA. The first is a dummy that takes the value of 1 if the pair considered is in the same corresponding RTA, and 0 otherwise. The second variable is also a dummy that takes the value of 1 if one country in the pair is a third partner. Table 2 summarizes how the sign of the estimated coefficients could be interpreted in terms of trade creation or trade diversion.

A country granting discriminatory preferential trade creates a bias that would more likely favor the recipients over third countries. The reduction in tariffs and other barriers reduce the relative price of items from member countries. As a result, the country should be importing relatively more from the partners, and relatively less from the outsiders. The trade creation arises from any increase in trade flows due to this change in the tariff structure. Any reduction in trade consecutive to the preferential agreement is referred to as trade diversion.
Table 2 about here

We include the appropriate dummy variables for three major RTAs in Africa: ECOWAS, COMESA, SADC, and four non-African RTAs: the Southern Common Market (MERCOSUR), the Association of Southeast Asian Nations (ASEAN), the North American Free Trade Agreement (NAFTA), and the European Union (EU). 

Until relatively recently, a major limitation of the gravity equation has been a lack of theoretical background, despite its undeniable empirical success. Subsequent research has set out to fill the void: Anderson (1979) derived the equation within a framework of perfect competition and a Constant Elasticity of Substitution expenditure function, and where domestic consumers’ decisions to buy domestic-made or foreign-made goods are described by the Armington assumption. Krugman (1980), and then Anderson and van Wincoop (2003), built the model from a monopolistic competition framework; Eaton and Kortum (2002) base their derivation on productivity differences following a Frechet distribution. 
These theoretically-oriented works have suggested additional explanations for trade flows, namely international price differentials, and what are referred to as multilateral resistance variables, or simply trade cost functions. The resulting reduced-form structural gravity model then has the following specification:
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In this framework, the X vector is the trade cost function, and the price variables are referred to as the multilateral price resistance terms. The cost function may be linear (although the theory does not suggest a clear functional form), and include, apart from distance, arguments such as common borders, common language, colonial ties, free trade area or a measure of the tariff barriers, and currency union. Other unobserved factors can fall in the error term, and help explain any potential gap between actual and potential trade. 
More concretely, our specification of (3) looks like this:
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where RTAijt is a binary variable that takes the value 1 if there a free trade agreement between the pair of countries in year t, and 0 otherwise; CU a dummy that takes the value of 1 if the pair has the same currency, LANG a dummy for common language, BORD a dummy for common border, LL a dummy for landlocked countries, TRF a measure of the average tariff rate on agricultural products for the importing country, and the Zijt are dummy variables for specific free-trade areas (such as ECOWAS, the EU, and so on).
In principle, some of the unobservables can be dealt with in a panel structure using a series of fixed effects. These help capture some unobserved heterogeneity in the countries’ performance in the international arena that is country- or time-specific. Second, they help deal with the multilateral price resistance variables, because we can almost never get fully satisfactory statistical information on ideal prices. Third, properly structured, they help deal with the endogeneity issue that arises, particularly with the FTA variable. On the other hand, the biggest problem with fixed-effects estimation is its “demolition of structure” (Anderson 2010, p.30), as the country dummy variables remove much of the policy-relevant variation – for instance, variables such as membership of ECOWAS drop out – which limits its usefulness for our purposes
We are supposing that causality runs from RTAs to trade, but there is some potential for endogeneity here: it is possible that countries that trade a lot are more amenable to joining together in a regional trade agreement (Márquez-Ramos et al. 2005). Baier and Bergstrand (2005) find that cross-section techniques such as instrumental variables do not resolve the issue, and argue that the use of panel data can help resolve the issue (and yields larger effects of FTAs on trade than had previously been thought). Our focus is somewhat different, as we are interested in the sign, but not necessarily the magnitude, of membership of ECOWAS on agricultural exports, but our use of data from three years (2000, 2003, and 2006), and inclusion of zero-export cases, work to reduce any potential downward bias in the estimates.
4. Data 

In this section we summarize the patterns of agricultural trade among ECOWAS countries, and introduce the data and variables used in the subsequent analysis.
Trade patterns of ECOWAS countries
The trade data matrix on exports is from the UN COMTRADE database, and includes information on 135 countries with populations of more than one million (for a listing, see the tables in Appendix 2) observed in 2000, 2003 and 2006.
 For each of these years, we first look at the ten most-exported agricultural products by ECOWAS countries.

There is a surprising degree of specialization in export crops across the countries of ECOWAS. The Côte d’Ivoire and Ghana dominate the exports of cocoa and derivatives, while Niger and Mali excel in live animal exports and Senegal accounts for 90% of the trade bloc’s exports of fish and fish products. The Côte d'Ivoire accounts for almost all of the ECOWAS exports of coffee and tea.

The key point here is that it appears that ECOWAS countries specialize in their respective areas of comparative advantage, which is linked to the specifics of their geographical location. This tends to indicate potential for efficient trade among ECOWAS countries. While intra-ECOWAS trade is insignificant for most commodities, there are exceptions, including exports of live animals by Niger and Mali, and of fish by Senegal.
Variables
The dependent variable in most of our gravity equation regressions is the log of agricultural exports from country i to country j measured in 2006 US dollars divided by the product of the GDPs of the two trading countries, as suggested by the structural gravity model. Distance is measured as a population-weighted average of the distances between the main cities in pairs of countries.
  
Most of the remaining variables are binary, and include the following:

· a contiguity variable, set to 1 if the exporter and destination countries share the same land border;

· a language variable, set to 1 if the trading partners share the same official language;

· a colonial link variable, set to 1 if the two countries had any colonial link;

· a colonial heritage variable, set to 1 if the two countries share a common colonial heritage;

· a dummy variable that equals one if the country is a member of any regional trade agreement;

· fourteen intra- and extra-RTA variables, for ASEAN, SADC, COMESA, ECOWAS, EU, MERCOSUR and NAFTA. This allows us to determine whether the net effect of RTAs differs across geographical regions or by the classification of partners involved, as discussed above;

· a currency union variable, set to 1 if the trading partners are members of the same currency union.

Two other useful variables are included in most of the regressions. The first measures the average tariff rate on agricultural imports into country i from country j; the numbers come from the World Bank’s Distortions to Agricultural Incentive project (Anderson, Valenzuela, and van der Mensbrugghe 2008). The second is the logistics potential index (LPI), also developed at the behest of the World Bank; it measures the quality of the logistics infrastructure in a country, and has been used in the context of gravity models of trade as a proxy for some types of trade “resistance” (Manners and Behar, 2007).

A full list of variables, with their definitions, sources of data, and basic descriptive statistics, is provided in Table A.2. 

5. Empirical Results

In this section we present and discuss the estimates from a number of different model specifications. These are all worldwide models, in the sense that they use data from the largest possible sample of countries.

We begin by estimating a stripped-down version of the gravity model for agriculture, and for all trade, for 2000. This allows us both to check that our results are essentially reasonable, and to compare them with those of Baier and Bergstrand (2005). 
The estimates reported in column (1) in Table 3 are based on a flexible gravity model. The dependent variable is the natural log of the US dollar value of bilateral exports; where exports are zero, we used ln(0.1), rather than dropping these observations (as done by, for instance, Baier and Bergstrand 2005). There are 16,688 observations for 2002. Unless otherwise noted, all the standard errors are heteroskedasticity consistent (“robust”), based on White’s method (Greene 2003).

The results are along the lines that we would expect: the value of agricultural trade between two countries is strongly related to the levels of their GDPs, and inversely related to the distance between them. There is more trade if the countries share a common border or a common language, or if they are members of a common regional trade agreement. Higher tariffs are associated with lower levels of trade, as one might expect. Despite the small number of regressors, the equation fits well, with an R2 of 0.50.
The structural gravity model posits that the dependent variable should be ln{agricultural exports/(GDPexporter×GDPpartner)}; estimates based on two simple versions of this model are shown in columns (2) and (3) of Table 3. The coefficients of the distance variable are very close to -2, which is what one would expect if trade is proportional to the square of the distance. The coefficients on the other variables are similar to those in the flexible gravity model. As expected, higher tariffs (as measured by prefrate, which is the simple average tariff on agricultural inputs from most-favored nations) are associated with less trade.
Table 3 about here

The last three columns of Table 3 report the results of a gravity model applied to all exports, not just agricultural exports. The results look similar to those found for agricultural trade alone, which provides a pragmatic justification for our estimates that focus only on agricultural trade. Here too, the structural gravity model fits less well, but the coefficients remain plausible. The final column shows, for comparative purposes, the estimation results for all trade in 2000 reported by Baier & Bergstrand. Their coefficients are smaller, as is to be expected, since they exclude zero-export cases (and we do not); more curious is the lack of significance of their RTA dummy variable.
Tobit model
The presence of many cases of zero values for exports raises significant problems of estimation; if, as is often done, the zeros are simply omitted (as done by Baier and Bergstrand 2005), the result is to bias the coefficients in an OLS model toward zero (Greene 2003). In our pooled sample, 45% of cases show zero exports, which implies that the coefficient estimates would be biased downward by almost a half.
  Our estimates in Table 3 include the zeros through the expedient of adding 0.1 (to avoid the problem of taking the log of zero), but this is hardly satisfactory.
One way of dealing squarely with the problem of the numerous zero values for agricultural exports is to estimate a Tobit model, with lower bound censoring at zero (although in practice the results in our model are not very sensitive to the choice of lower bound). Foroutan and Pritchett (1993) took a similar approach, as did Eaton and Tamura (1994).
The most usual presentation of the Tobit model supposes that there is a latent variable y*– we could think of this as “potential exports” perhaps – that depends on a set of X covariates and an error term, so:
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However, we only observe the dependent variable when it is positive, so our actual observations are given by:
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The results of estimating Tobit equations for the structural gravity model for each of the years (2000, 2003, and 2006), as well as for all the years combined, are set out in Table 4. The standard errors apply the White correction, and for the pooled data they are clustered by country pair.

The coefficients are quite consistent from one year to the next. Almost all the other variables have the expected sign and unsurprisingly, given the large size of the data set, are statistically significant at the 1% level. Agricultural trade falls as distance rises, and it is lower if a country is landlocked, but higher if countries share a common border, or a common language, or if the logistics potential index is bigger.
Our main interest is in the effect of free-trade areas, especially ECOWAS, on trade. Other things being equal, if two countries are members of ECOWAS (i.e. ecowas = 1), the positive and statistically significant coefficient shows that agricultural trade between them is higher than one might have expected; this effect holds even after controlling for membership of an RTA. This higher level of trade came partly at the expense of trade with other countries in 2000 and 2003 – the coefficient on extra_ecowas was negative in those years – but this was no longer the case in 2006 (see Table 2 for the relevant taxonomy). We interpret these results as consistent with the idea that non-tariff barriers on agricultural trade are not particularly high within ECOWAS, at least relative to the rest of the world.
Table 4 about here

The evidence also suggests that agricultural NTBs are not particularly strong within COMESA or SADC. The negative coefficient on the eu variable – suggesting that agricultural trade within the EU is lower than one might expect – seems surprising at first sight, but it should be noted that the model estimated here refers specifically to agricultural trade, which is distorted within the EU due to the Common Agricultural Policy. 
If the data are simply truncated at zero, this is similar to leaving out the zero observations, and one gets the marginal effects labeled “truncated” shown near the bottom of Table 4 (for ECOWAS). However, if the data are more properly thought of as censored – we would like to export, but fixed costs related to trading make it impractical, for small quantities at least – then we get the marginal effects labeled “censored” at the bottom of Table 4. Holding other variables constant, agricultural trade within ECOWAS is, based on these estimates, almost twice as large as one would otherwise expect.
Selection model
Another way to deal with the problem of zero-export observations is by using a two-step procedure, as done, for instance, by Helpman, Melitz, and Rubinstein (2008). In step 1, a probit equation is used to determine whether agricultural exports are greater than zero, and in step 2 we estimate the effect of variables on agricultural trade, conditional on the trade being non-zero. 
The results of estimating such an exactly-identified Heckman two-step procedure – sometimes referred to as a type-2 Tobit. or Heckit, model – are displayed in Table 5 for each year (2000, 2003, and 2006) and the three years combined: the second stage results are shown first (labeled “model equation”) and the first stage results below them (labeled “participation equation”). The estimation computes robust standard errors, and the pooled model allows for clustering by country pairs. The log likelihoods are higher than for the Tobit model, which is a point in favor of the two-step approach. A likelihood ratio test shows that the first- two equations are not independent, which implies that this selection model makes sense. 
The same variables are used in both stages of the estimation, so identification is achieved through nonlinear functional form: the initial probit equation is non-linear, unlike the second-stage equation. It would be possible to achieve a more robust identification if one could find one or more variables that influence whether country i exports to country j, while at the same time not affecting the amount that is exported. Helpman et al. (2008) claim that a variable that measures the presence of a common religion (or language) can serve this role, but this is not wholly convincing (Anderson 2010). 
The results of the selection models shown in Table 5 show consistently that agricultural trade is relatively high within ECOWAS, other things being equal; however, in contrast with the Tobit model, here the additional intra-ECOWAS trade does not seem to be at the expense of trade with the rest of the world. The selection models show all of the effects that we would generally expect a priori: countries trade less if they are landlocked or far apart, and more if they share a language, are members of a currency union, share a colonial experience, or are in a common regional trade agreement. 
Table 5 about here

6. Conclusion
It is widely believed that barriers to trade in Africa are serious. We examine this proposition in the context of agricultural trade within ECOWAS. The fifteen countries of the group are important agricultural producers, although their cash crops vary widely. 
The countries of ECOWAS have no tariff barriers on agricultural commodities, and they do not provide assistance, overall, to the agricultural sector. Might there nonetheless be NTBs that, essentially unobserved or unquantified, significantly restrict agricultural trade within the group? Certainly, we found strong (if anecdotal) evidence of impediments to truck-based trade, in the form of bribes demanded routinely at police checkpoints.
To test this, we have estimated a structural gravity model for agricultural trade, using worldwide data for 2000, 2003, and 2006, using Tobit and Heckit specifications.
The message that emerges is clear. Agricultural trade within ECOWAS is, if anything, greater than one would expect, even after controlling for tariffs and many other relevant variables. A plausible interpretation is that NTBs on agricultural within ECOWAS are not particularly important.

This does not mean that there are no barriers at all to agricultural trade – we have found tangible evidence of some trade barriers – but these barriers appear to be no higher, and are likely lower, than in the rest of the world.

For policy makers in ECOWAS, our results have some useful implications. First, since NTBs in agriculture do not appear to be unduly onerous, efforts to foster trade are free to focus elsewhere. Second, there is always scope for reducing the costs of trading, through investments in better roads, faster customs clearance, and fewer police payoffs, although as usual, a careful weighing of the costs and benefits of such measures, one project at a time, is in order.
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	Table 1. Nominal Rates of Assistance to Agriculture

	
	nra_covt
	nra_tott
	rra
	tbi
	N / N(rra)

	All years:
	
	
	
	
	

	All countries
	0.217
	0.219
	0.177
	-0.179
	26,522 / 24,734

	ECOWAS
	-0.078
	-0.019
	-0.204
	-0.136
	240 / 140

	2000
	
	
	
	
	

	All countries
	0.198
	0.197
	0.153
	-0.157
	10,877 /  9,834

	ECOWAS
	-0.085
	-0.062
	-0.210
	-0.079
	120 / 60

	2003
	
	
	
	
	

	All countries
	0.203
	0.207
	0.160
	-0.224
	10,877 / 10,132

	ECOWAS
	-0.072
	-0.056
	-0.198
	-0.193
	120 / 60

	2006
	
	
	
	
	

	All countries
	0.290
	0.300
	0.265
	-0.125
	4,768 / 4,768

	ECOWAS
	n.a.
	n.a.
	n.a.
	n.a.
	

	Benin
	-0.020
	-0.012
	
	-0.032
	

	Burkina Faso
	-0.040
	-0.014
	
	-0.050
	

	Côte d’Ivoire
	-0.258
	-0.232
	-0.346
	-0.539
	

	Ghana
	-0.062
	-0.043
	-0.163
	-0.424
	

	Mali
	-0.035
	-0.007
	
	-0.025
	

	Nigeria
	-0.057
	-0.070
	-0.107
	0.388
	

	Senegal
	-0.124
	-0.078
	-0.200
	-0.307
	

	Togo
	-0.029
	-0.015
	
	-0.067
	

	Notes:  The definitions are as follows:

nra_covt:  Nominal rate of assistance; production-weighted average of covered products.

nra_tott:  Nominal rate of assistance, production-weighted average of covered and non-covered products.

rra:  Relative rate of assistance

tbi:  Trade bias index, defined as ((1+nrax)/(1+nram)-1).

N refers to sample size for nra; N(rra) gives sample size for rra.

Source: World Bank.


	Table 2. Trade Creation and Trade Diversion: Sign of the Coefficients

	
	
	Intra_rta (=1 if both countries are members of the rta)

	
	
	+
	–

	Extra_rta (=1 if one country is an rta member)
	+
	Trade creation
	Trade creation

	
	-
	Trade diversion
	Trade diversion

	Source:  Adapted from Cernat (2001), p. 12.


	Table 3. Comparing Gravity Models with Different Specifications, 2000

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	
	Agric
	Agric, A/vW
	Agric, A/vW
	All trade
	All, A/vW
	BB

	ln_GDPexpcu
	2.327***
	
	
	2.529***
	
	

	
	(0.023)
	
	
	(0.023)
	
	

	ln_GDPdestncu
	1.900***
	
	
	1.839***
	
	

	
	(0.024)
	
	
	(0.023)
	
	

	log_Dist
	-2.468***
	-2.000***
	-2.023***
	-2.703***
	-2.204***
	-1.46***

	
	(0.077)
	(0.083)
	(0.084)
	(0.073)
	(0.079)
	(0.041)

	border
	2.532***
	3.272***
	2.908***
	0.816*
	1.596***
	0.59***

	
	(0.373)
	(0.335)
	(0.338)
	(0.386)
	(0.33)
	(0.144)

	com_lang
	3.885***
	3.363***
	3.365***
	3.554***
	2.994***
	0.97***

	
	(0.19)
	(0.204)
	(0.207)
	(0.189)
	(0.185)
	(0.099)

	rta_dummy
	2.583***
	3.281***
	3.471***
	1.966***
	2.699***
	-0.14

	
	(0.203)
	(0.216)
	(0.215)
	(0.201)
	(0.197)
	(0.103)

	prefrate
	
	
	-1.609***
	
	
	

	
	
	
	(0.388)
	
	
	

	N
	16,688
	16,688
	15,977
	16,688
	16,688
	7,302

	r2
	0.50
	0.12
	0.12
	0.52
	0.10
	0.39

	F
	4772.2
	735.2
	595.9
	3538.1
	696.4
	

	pvalue
	0.000
	0.000
	0.000
	0.000
	0.000
	

	ll
	-55414.1
	-57250.4
	-54880.1
	-55285.7
	-57446.7
	

	Notes: Standard errors in parentheses. Source of (6): Baier & Bergstrand, Table 2. * p < 0.05, ** p < 0.01, *** p < 0.001. The dependent variables are: column (1): log(US dollar value of agricultural exports); columns (2)-(3): log(US dollar value of agricultural exports/(GDPexporterGDPpartner));  column (4): log(US dollar value of all exports); columns (5)-(6): log(US dollar value of exports/(GDPexporterGDPpartner)).


	Table 4. Tobit Estimates of Gravity Model for Agricultural Exports

	
	2000
	2003
	2006
	All years

	
	
	
	
	

	log_Dist
	-2.130***
	-1.912***
	-1.649***
	-1.941***

	
	(0.076)
	(0.070)
	(0.084)
	(0.064)

	prefrate
	-0.138
	0.164
	1.068*
	0.215

	
	(0.328)
	(0.321)
	(0.452)
	(0.297)

	border
	2.963***
	3.003***
	2.049***
	2.674***

	
	(0.330)
	(0.295)
	(0.345)
	(0.278)

	
	
	
	
	

	rta_dummy
	1.487***
	1.008***
	1.223***
	0.972***

	
	(0.231)
	(0.173)
	(0.176)
	(0.151)

	com_lang
	3.010***
	2.868***
	2.840***
	2.911***

	
	(0.193)
	(0.175)
	(0.194)
	(0.157)

	cu_2cfa
	-0.382
	0.283
	-0.237
	0.001

	
	(0.289)
	(0.264)
	(0.317)
	(0.240)

	
	
	
	
	

	comcol
	1.701***
	1.664***
	1.265***
	1.540***

	
	(0.264)
	(0.251)
	(0.262)
	(0.216)

	colony
	1.151***
	1.099***
	0.995**
	1.157***

	
	(0.306)
	(0.279)
	(0.328)
	(0.271)

	landlocked
	-2.305***
	-1.795***
	-1.902***
	-2.028***

	
	(0.143)
	(0.137)
	(0.145)
	(0.114)

	
	
	
	
	

	asean
	2.320***
	2.699***
	-0.417
	1.710**

	
	(0.660)
	(0.510)
	(1.100)
	(0.618)

	comesa
	1.875**
	1.249
	1.408*
	1.716**

	
	(0.712)
	(0.642)
	(0.676)
	(0.563)

	ecowas
	1.661*
	2.278***
	3.231***
	2.565***

	
	(0.694)
	(0.639)
	(0.686)
	(0.557)

	
	
	
	
	

	eu
	-3.247***
	-3.144***
	-0.927**
	-2.220***

	
	(0.443)
	(0.396)
	(0.313)
	(0.297)

	mercosur
	4.273***
	4.666***
	4.925***
	4.798***

	
	(1.195)
	(1.176)
	(1.172)
	(1.168)

	nafta
	-2.465*
	-2.135*
	-2.887
	-2.365*

	
	(1.132)
	(1.068)
	(1.756)
	(1.038)

	
	
	
	
	

	sadc
	2.593**
	4.085***
	2.285*
	3.111***

	
	(0.972)
	(0.869)
	(0.995)
	(0.794)

	extra_asean
	2.033***
	1.779***
	1.382***
	1.711***

	
	(0.161)
	(0.154)
	(0.168)
	(0.137)

	extra_comesa
	0.281
	0.051
	0.271
	0.216

	
	(0.184)
	(0.174)
	(0.176)
	(0.148)

	
	
	
	
	

	extra_ecowas
	-0.826***
	-0.764***
	0.023
	-0.525***

	
	(0.173)
	(0.168)
	(0.170)
	(0.140)

	extra_eu
	1.164***
	0.681***
	0.088
	0.483***

	
	(0.132)
	(0.125)
	(0.129)
	(0.100)

	extra_merc~r
	1.931***
	2.005***
	1.724***
	1.892***

	
	(0.197)
	(0.200)
	(0.211)
	(0.166)

	
	
	
	
	

	extra_nafta
	1.196***
	0.783***
	-0.226
	0.561***

	
	(0.173)
	(0.160)
	(0.200)
	(0.145)

	extra_sadc
	-0.127
	0.081
	-0.641**
	-0.227

	
	(0.200)
	(0.192)
	(0.201)
	(0.163)

	lpireporter
	4.227***
	3.805***
	3.696***
	3.979***

	
	(0.107)
	(0.103)
	(0.109)
	(0.089)

	
	
	
	
	

	lpipartner
	3.222***
	3.005***
	2.649***
	3.038***

	
	(0.105)
	(0.101)
	(0.107)
	(0.087)

	Observations
	13,684
	14,314
	13,555
	41,553

	F
	291.1
	260.8
	194.8
	340.4

	Log likelihood
	-28473.6
	-30756.2
	-28787.2
	-88204.3

	Memo: marginal effects, ECOWAS

	  of y*
	1.661*
	2.278***
	3.231***
	2.565***

	  of y, truncated
	1.220*
	1.757***
	2.471***
	1.951***

	  of y, censored
	0.867*
	1.268***
	1.783***
	1.402***

	Notes:  The dependent variable (y) is log(US dollar value of agricultural exports/(GDPexporterGDPpartner)); y* is the latent variable. Standard errors are shown in parentheses. * p<0.05; ** p<0.01; *** p<0.001.


	Table 5. Heckman Two-Stage Estimates of Gravity Model for Agricultural Exports

	
	2000
	2003
	2006
	All years

	Model equation
	
	
	
	

	log_Dist
	-1.021***
	-0.964***
	-0.883***
	-0.983***

	
	(0.038)
	(0.037)
	(0.045)
	(0.034)

	prefrate
	-1.712***
	-1.713***
	-1.499***
	-1.712***

	
	(0.243)
	(0.246)
	(0.258)
	(0.209)

	border
	1.155***
	1.378***
	1.228***
	1.262***

	
	(0.142)
	(0.137)
	(0.141)
	(0.121)

	
	
	
	
	

	rta_dummy
	0.516***
	0.417***
	0.527***
	0.355***

	
	(0.100)
	(0.092)
	(0.092)
	(0.074)

	com_lang
	1.134***
	1.084***
	1.188***
	1.143***

	
	(0.096)
	(0.092)
	(0.098)
	(0.081)

	cu_2cfa
	0.408***
	0.710***
	0.336**
	0.544***

	
	(0.120)
	(0.120)
	(0.123)
	(0.104)

	
	
	
	
	

	comcol
	0.682***
	0.708***
	0.732***
	0.698***

	
	(0.140)
	(0.132)
	(0.140)
	(0.113)

	colony
	0.841***
	0.809***
	0.713***
	0.828***

	
	(0.133)
	(0.138)
	(0.131)
	(0.121)

	landlocked
	-0.325***
	-0.539***
	-0.657***
	-0.505***

	
	(0.082)
	(0.084)
	(0.096)
	(0.068)

	
	
	
	
	

	asean
	1.942***
	1.717***
	2.224***
	2.005***

	
	(0.293)
	(0.300)
	(0.383)
	(0.281)

	comesa
	0.116
	0.775*
	0.698
	0.616*

	
	(0.386)
	(0.352)
	(0.388)
	(0.282)

	ecowas
	1.020***
	1.564***
	1.818***
	1.542***

	
	(0.290)
	(0.282)
	(0.304)
	(0.231)

	
	
	
	
	

	eu
	-0.322
	-0.566**
	0.083
	-0.355**

	
	(0.179)
	(0.178)
	(0.144)
	(0.126)

	mercosur
	2.266***
	2.840***
	2.264**
	2.523***

	
	(0.604)
	(0.714)
	(0.806)
	(0.687)

	nafta
	0.009
	-0.003
	0.121
	0.067

	
	(0.292)
	(0.270)
	(0.273)
	(0.261)

	
	
	
	
	

	sadc
	0.823*
	0.933*
	0.781
	0.921**

	
	(0.392)
	(0.365)
	(0.436)
	(0.315)

	extra_asean
	0.849***
	0.829***
	1.083***
	0.900***

	
	(0.085)
	(0.082)
	(0.091)
	(0.071)

	extra_comesa
	0.215*
	0.328**
	0.344**
	0.284***

	
	(0.106)
	(0.102)
	(0.112)
	(0.085)

	
	
	
	
	

	extra_ecowas
	0.790***
	0.988***
	1.045***
	0.933***

	
	(0.097)
	(0.096)
	(0.102)
	(0.078)

	extra_eu
	-0.031
	-0.255***
	-0.276***
	-0.289***

	
	(0.068)
	(0.068)
	(0.069)
	(0.054)

	extra_merc~r
	0.398***
	0.889***
	0.525***
	0.601***

	
	(0.102)
	(0.108)
	(0.123)
	(0.091)

	
	
	
	
	

	extra_nafta
	-0.304**
	-0.431***
	-0.576***
	-0.454***

	
	(0.093)
	(0.099)
	(0.117)
	(0.085)

	extra_sadc
	-0.012
	0.022
	-0.169
	-0.044

	
	(0.117)
	(0.116)
	(0.132)
	(0.097)

	lpireporter
	-0.304***
	-0.247***
	-0.081
	-0.154**

	
	(0.062)
	(0.059)
	(0.063)
	(0.051)

	
	
	
	
	

	lpipartner
	-0.301***
	-0.238***
	-0.226***
	-0.203***

	
	(0.057)
	(0.056)
	(0.059)
	(0.047)

	Participation equation
	
	
	
	

	log_Dist
	-0.378***
	-0.360***
	-0.265***
	-0.333***

	
	(0.021)
	(0.021)
	(0.021)
	(0.016)

	prefrate
	0.232**
	0.273*
	0.491***
	0.271**

	
	(0.088)
	(0.107)
	(0.114)
	(0.089)

	border
	0.677***
	0.719***
	0.296**
	0.520***

	
	(0.162)
	(0.168)
	(0.115)
	(0.106)

	
	
	
	
	

	rta_dummy
	0.972***
	0.731***
	0.335***
	0.432***

	
	(0.132)
	(0.114)
	(0.062)
	(0.059)

	com_lang
	0.480***
	0.521***
	0.450***
	0.492***

	
	(0.060)
	(0.057)
	(0.055)
	(0.043)

	cu_2cfa
	0.283
	0.355
	-0.070
	0.149

	
	(0.223)
	(0.203)
	(0.146)
	(0.121)

	
	
	
	
	

	comcol
	0.245***
	0.227***
	0.153**
	0.207***

	
	(0.059)
	(0.058)
	(0.054)
	(0.045)

	colony
	0.869**
	0.924**
	0.287
	0.536***

	
	(0.288)
	(0.317)
	(0.150)
	(0.146)

	landlocked
	-0.485***
	-0.344***
	-0.318***
	-0.384***

	
	(0.032)
	(0.031)
	(0.031)
	(0.023)

	
	
	
	
	

	asean
	-0.142
	0.801
	-0.727**
	-0.222

	
	(0.406)
	(0.468)
	(0.252)
	(0.197)

	comesa
	-0.122
	-0.186
	0.187
	0.165

	
	(0.190)
	(0.170)
	(0.132)
	(0.117)

	ecowas
	-0.636**
	-0.415*
	0.268
	-0.009

	
	(0.209)
	(0.196)
	(0.170)
	(0.134)

	
	
	
	
	

	eu
	3.830***
	3.663***
	-0.115
	-0.377*

	
	(0.208)
	(0.245)
	(0.156)
	(0.153)

	mercosur
	5.075***
	5.271***
	8.958***
	5.053***

	
	(0.212)
	(0.202)
	(0.136)
	(0.185)

	nafta
	3.576***
	3.604***
	-0.892
	-0.632

	
	(0.184)
	(0.169)
	(0.629)
	(0.485)

	
	
	
	
	

	sadc
	0.050
	0.426
	0.241
	0.342

	
	(0.284)
	(0.301)
	(0.228)
	(0.213)

	extra_asean
	0.349***
	0.274***
	0.100**
	0.228***

	
	(0.041)
	(0.040)
	(0.038)
	(0.032)

	extra_comesa
	0.102**
	0.052
	0.072*
	0.078**

	
	(0.039)
	(0.037)
	(0.035)
	(0.029)

	
	
	
	
	

	extra_ecowas
	-0.198***
	-0.222***
	-0.077*
	-0.163***

	
	(0.035)
	(0.034)
	(0.032)
	(0.026)

	extra_eu
	0.424***
	0.320***
	0.005
	0.164***

	
	(0.045)
	(0.044)
	(0.033)
	(0.027)

	extra_merc~r
	0.419***
	0.341***
	0.326***
	0.356***

	
	(0.049)
	(0.049)
	(0.048)
	(0.037)

	
	
	
	
	

	extra_nafta
	0.632***
	0.560***
	0.004
	0.327***

	
	(0.068)
	(0.066)
	(0.065)
	(0.046)

	extra_sadc
	0.042
	0.064
	-0.075
	0.003

	
	(0.044)
	(0.042)
	(0.041)
	(0.033)

	lpireporter
	1.294***
	1.208***
	1.008***
	1.156***

	
	(0.032)
	(0.031)
	(0.031)
	(0.024)

	
	
	
	
	

	lpipartner
	1.038***
	1.045***
	0.823***
	0.965***

	
	(0.031)
	(0.030)
	(0.028)
	(0.022)

	Observations
	13,939
	14,600
	13,839
	42,378

	of which: censored
	3,860
	3,673
	4,910
	17,692

	Log likelihood
	-24263.7
	-26715.4
	-26226.6
	-77770.9

	Notes:  The dependent variable (y) is log(US dollar value of agricultural exports/(GDPexporterGDPpartner)). Standard errors are shown in parentheses. * p<0.05; ** p<0.01; *** p<0.001.


.

Appendix 1. Case Study: Transport Cost Barriers in West Africa

To get a better sense of the possible scope of non-tariff barriers to trade in West Africa, we interviewed fifteen truckers in Tambacounda, Senegal, on August 18-21, 2009. Although this is an opportunity sample, and is too small to yield statistically representative results, the exercise did yield some useful information, as reported below. Research has linked transport cost to the volume of trade (Radelet and Sachs, 1998; Limão and Venables, 2001); however, a recent survey of transport costs carried out by the World Bank in Africa covered only four main corridors, and did not include Senegal or its neighbors (Teravaninthorn and Raballand, 2008).

Tambacounda is an important truck stop on the international routes that link Dakar with Guinea, Mali, and Guinea-Bissau. Our sample included truckers on the latter two routes. Most of the trucks carried either bulky manufactures (cement, tires, sugar, flour), or agricultural products (rice, peanuts, baobab fruit, maize, sweet potatoes, onions, smoked fish, and millet). Transport companies rent the trucks from their owners, and employ the drivers, who in turn are provided with money to pay for fuel, tolls, and informal fees.

The strongest opportunity for corruption is at road checkpoints, where truckers are subject to some safety controls. Most of the carriers are old trucks and are likely to be stopped and charged for some "infraction" such as old tires or excessive weight. Drivers typically pay bribes in such cases, to avoid larger fines, and to reduce the time that they are delayed at the checkpoints. 

	Table A1. Transport and Corruption Costs, Dakar-Kayes and Dakar-Bissau

	
	Dakar-Kayes (Mali)
	Dakar-Bissau

	Distance (km)
	750
	
	666
	

	Driving time, minutes
	2,880
	
	4,320
	

	Of which: spent at checkpoints
	296
	
	732
	

	
	CFAF
	US$
	CFAF
	US$

	Value of cargo
	3,557,143
	7,887
	6,500,000
	14,412

	All-in rental price of truck for trip
	643,750
	1,427
	650,000
	1,441

	 - Fuel cost (estimated)
	225,000
	499
	199,800
	443

	 = Rental price net of fuel cost
	418,750
	928
	450,200
	998

	Memo:  All-in rental cost per km
	858
	1.90
	976
	2.16

	Corruption costs:
	
	
	
	

	  Bribes
	31,286
	69
	58,333
	129

	  Cost of lost time
	43,054
	95
	76,284
	169

	  Memo: value of a minute of  driving
	145
	0.32
	104
	0.23

	Memo items:
	
	
	
	

	Corruption costs as % of net rental cost
	18%
	
	30%
	

	Corruption costs as % of value of cargo
	2.1%
	
	2.1%
	

	Source: Author interviews, Tambacounda, August 2009.

Note: In August 2009, the exchange rate was 451 CFAF/USD.


The key numbers from our interviews are shown in Table A1. At between $1.90 (Dakar-Kayes) and $2.16 (Dakar-Bissau), the overall cost per kilometer is not especially high, and indeed is lower than the average of $2.79 per kilometer found by Teravaninthorn and Raballand on four trunk roads in Africa in 2008. But it is nonetheless inflated by the cost of bribes, and by the opportunity cost of the time spent at checkpoints (which is between 10% and 17% of the total journey time), especially at the borders. Overall, corruption costs come to between 18% and 30% of the net rental cost, and so are substantial by any standard. This is somewhat higher than the figure of 10% found by Teravaninthorn and Raballand (2008). Drivers repeatedly pleaded for less uncertainty about the checkpoints, and for a system where they are charged only once if there is an infraction. The full corruption costs are equivalent to 2.1% of the value of the cargo, which may be interpreted as the tariff equivalent of the corruption on the road. In short, we have some evidence that non-tariff barriers, at least in the form of police checkpoints, are common on some of the main trucking routes in and around Senegal. 

Appendix 2. Supplemental Tables
	Table A11: Distribution of the  Most-Exported Commodities in ECOWAS in 2006

	
	Benin
	Côte d'Ivoire
	Gambia
	Ghana
	Guinea
	Mali
	Niger
	Nigeria
	Senegal
	Togo
	Total 

	Cocoa and cocoa preparations 
	0.0
	57.2
	0.0
	42.0
	0.0
	0.0
	0.0
	0.6
	0.1
	0.2
	100

	Edible fruit, nuts, peel of citrus fruit, melons 
	4.3
	61.2
	0.2
	30.1
	0.0
	0.8
	0.1
	2.0
	1.3
	0.0
	100

	Fish, crustaceans, mollusks, aquatic invertebrates nes 
	0.5
	1.7
	0.1
	5.9
	0.6
	0.1
	0.2
	0.0
	90.8
	0.1
	100

	Lac, gums, resins, vegetable saps and extracts nes 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	97.8
	2.1
	0.0
	100

	Meat, fish and seafood food preparations nes 
	0.2
	70.8
	0.0
	20.6
	0.0
	0.0
	0.0
	0.0
	8.5
	0.0
	100

	Animal, vegetable fats and oils, cleavage products, etc.
	6.1
	48.5
	0.0
	1.0
	0.0
	1.8
	1.6
	0.0
	36.2
	4.9
	100

	Miscellaneous edible preparations 
	0.0
	74.7
	0.0
	0.6
	0.5
	0.1
	0.1
	0.0
	23.4
	0.6
	100

	Coffee, tea, mate and spices 
	0.0
	93.3
	0.0
	0.8
	1.7
	0.3
	0.8
	0.0
	0.1
	3.0
	100

	Live animals
	0.0
	0.0
	0.0
	0.8
	0.0
	56.7
	42.3
	0.0
	0.1
	0.0
	100

	Raw hides and skins (other than fur skins) and leather 
	0.0
	2.4
	0.0
	0.3
	0.0
	2.4
	1.0
	83.7
	10.3
	0.0
	100

	Source: COMTRADE
	
	
	
	
	
	
	
	
	
	
	


	Table A12: Distribution of the  Most-Exported Commodities in ECOWAS in 2003

	
	Benin
	Côte d'Ivoire
	Gambia
	Ghana
	Guinea
	Mali
	Niger
	Nigeria
	Senegal
	Togo
	Total 

	Cocoa and cocoa preparations 
	0.0
	73.7
	0.0
	26.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.3
	100

	Edible fruit, nuts, peel of citrus fruit, melons 
	5.7
	60.0
	0.0
	14.3
	19.0
	0.3
	0.1
	0.0
	0.5
	0.2
	100

	Fish, crustaceans, mollusks, aquatic invertebrates ne 
	0.7
	1.6
	0.2
	6.6
	0.0
	0.0
	1.6
	0.0
	87.6
	1.7
	100

	Meat, fish and seafood food preparations nes 
	0.0
	51.9
	0.0
	38.4
	0.0
	0.0
	0.0
	0.0
	9.5
	0.2
	100

	Animal, vegetable fats and oils, cleavage products, etc.
	4.1
	48.9
	0.8
	5.8
	0.0
	0.4
	1.0
	1.2
	28.9
	9.0
	100

	Miscellaneous edible preparations 
	0.1
	85.7
	0.0
	0.9
	0.0
	0.5
	0.2
	0.0
	12.0
	0.6
	100

	Coffee, tea, mate and spices 
	0.1
	89.1
	0.0
	7.7
	0.0
	0.1
	0.3
	0.3
	0.3
	2.3
	100

	Live animals
	0.0
	0.1
	0.0
	5.9
	0.0
	45.3
	48.6
	0.0
	0.1
	0.0
	100

	Tobacco and manufactured tobacco substitutes
	16.0
	8
	0.9
	2.7
	0.0
	1.2
	7.9
	0.0
	59.3
	7.4
	100

	Oil seed, oleagic fruits, grain, seed, fruit, etc, nes
	18.7
	21.8
	0.8
	36.1
	0.0
	0.83
	5.8
	1.0
	4.1
	10.9
	100

	Source: COMTRADE


	Table A13: Distribution of the  Most-Exported Commodities in ECOWAS in 2000

	
	Benin
	Burkina Faso
	Côte d'Ivoire
	Gambia
	Ghana
	Guinea
	Mali
	Niger
	Nigeria
	Senegal
	Togo
	Total 

	Cocoa and cocoa preparations 
	0.0
	0.0
	77.0
	0.0
	22.4
	0.1
	0.0
	0.0
	0.1
	0.0
	0.3
	100

	Edible fruit, nuts, peel of citrus fruit, melons 
	7.6
	0.8
	74.0
	0.2
	14.0
	0.5
	0.3
	0.5
	0.1
	1.8
	0.2
	100

	Fish, crustaceans, mollusks, aquatic invertebrates ne 
	0.5
	0.0
	3.0
	1.2
	6.4
	0.8
	0.0
	0.7
	0.7
	85.7
	1.1
	100

	Meat, fish and seafood food preparations nes 
	0.0
	0.0
	61.4
	0.1
	28.5
	0.0
	0.0
	0.0
	0.0
	9.8
	0.1
	100

	Animal, vegetable fats and oils, cleavage products, etc.
	0.7
	2.3
	39.1
	0.1
	4.1
	0.1
	0.2
	0.2
	1.7
	50.6
	1.0
	100

	Miscellaneous edible preparations 
	0.0
	0.5
	93.0
	0.0
	1.6
	0.5
	0.0
	0.8
	0.0
	3.2
	0.4
	100

	Coffee, tea, mate and spices 
	0.0
	0.0
	90.3
	0.0
	2.4
	2.3
	0.2
	0.4
	0.1
	0.0
	4.2
	100

	Live animals
	0.0
	22.9
	0.3
	0.0
	0.4
	0.1
	0.2
	76.1
	0.0
	0.0
	0.0
	100

	Oil seed, oleagic fruits, grain, seed, fruit, etc, nes
	14.4
	5.4
	5.7
	9.3
	12.2
	1.0
	1.1
	7.2
	35.0
	3.8
	4.9
	100

	Tobacco and manufactured tobacco substitutes
	4.8
	3.1
	12.5
	0.0
	20.4
	0.1
	0.0
	53.8
	0.0
	2.8
	2.4
	100

	Source: COMTRADE
	
	
	
	
	
	
	
	
	
	
	
	


	Table A2: Selected Descriptive Statistics 

	Variable
	Variable Definition
	Obs
	Cases = 1
	Proportion = 1
	Source

	Binary variables (either 0 or 1)
	
	
	
	

	colony
	Indicates colonial ties
	64,824
	864
	0.013
	CEPII

	comcol
	Indicates common colonizer
	64,824
	4,719
	0.073
	CEPII

	comlang_off
	Indicates common language
	62,208
	8,166
	0.126
	CEPII

	contig
	Indicates contiguity
	64,380
	1,542
	0.024
	CEPII

	cu_2cfa
	Indicates currency union
	66,603
	1,257
	0.019
	Rose & Engel 2001; EU; IMF

	asean
	1 if both in ASEAN
	66,603
	243
	0.004
	Various

	comesa
	1 if both in COMESA
	66,603
	1,200
	0.018
	Various

	ecowas
	1 if both in ECOWAS
	66,603
	675
	0.010
	Various

	eu
	1 if both in EU
	66,603
	876
	0.013
	Various

	mercosur
	1 if both in MERCOSUR
	66,603
	48
	0.001
	Various

	nafta
	1 if both in NAFTA
	66,603
	27
	0.0004
	Various

	sadc
	1 if both in SADC
	66,603
	507
	0.008
	Various

	extra_africa
	1 if trade outside Africa
	66,603
	29,764
	0.432
	Various

	extra_asean
	1 if trade outside ASEAN
	66,603
	7,560
	0.114
	Various

	extra_cemac
	1 if trade outside CEMAC
	66,603
	4,320
	0.065
	Various

	extra_comesa
	1 if trade outside COMESA
	66,603
	15,480
	0.232
	Various

	extra_ECOWAS
	1 if trade outside ECOWAS
	66,603
	12,060
	0.181
	Various

	extra_eu
	1 if trade outside EU
	66,603
	13,148
	0.197
	Various

	extra_merc~r
	1 if trade outside MERCOSUR
	66,603
	3,480
	0.052
	Various

	extra_nafta
	1 if trade outside NAFTA
	66,603
	2,628
	0.040
	Various

	extra_sadc
	1 if trade outside SADC
	66,603
	10,608
	0.159
	Various

	extra_waemu
	1 if trade outside WEAMU
	66,603
	6,768
	0.102
	Various

	intra_africa
	1 if both partners Africa
	66,603
	6.627
	0.100
	Various

	intra_extr~a
	1 if at least one Africa
	66,603
	35,391
	0.531
	Various

	rta_dummy
	1 if regional trade agreement
	66,603
	6,032
	0.091
	Various

	landlocked
	1 if country is landlocked
	65,262
	14,304
	0.219
	Various

	Continuous variables
	Obs
	Mean
	sd
	Min
	Max
	Source

	gdp2005ppp
	GDP PPP in 2005 USD, bn
	64,219
	361
	1,150
	0.639
	12,700
	World Bank

	gdpcap2005~p
	GDP constant 2000 USD
	64,219
	10,286
	11,718
	251
	51,586
	World Bank

	pop_total
	Total population, m
	19,966
	79.2
	200
	1.323
	1,310
	CEPII

	dist
	Distance, km
	64,824
	7,175
	4,198
	9.6
	19,812
	CEPII

	distw
	weighted distance, km
	64,824
	7,167
	4,193
	8.9
	19,650
	CEPII

	exp_agric
	Total agricultural exports, $m
	66,603
	27.2
	286
	0
	18,300
	COMTRADE

	prefrate
	Tariff on agricultural inputs
	60,513
	0.160
	0.149
	0
	10
	World Bank

	lpireporter
	Logistics performance index
	61,239
	2.884
	0.568
	1.34
	4.11
	World Bank

	trade
	Total exports
	66,603
	2.92E+08
	3.13E+09
	0.01
	2.42E+11
	COMTRADE


	Table A3: List of Countries

	Albania
	Croatia 
	Ireland
	Nepal
	South Africa

	Algeria
	Cuba
	Israel
	Netherlands
	Spain

	Angola
	Czech Republic
	Italy
	New Zealand
	Sri Lanka

	Argentina
	Côte d'Ivoire
	Jamaica
	Nicaragua
	Sudan

	Armenia
	Denmark
	Japan
	Niger
	Swaziland

	Australia
	Dominican Republic
	Jordan
	Nigeria
	Sweden

	Austria
	Ecuador
	Kazakhstan
	Norway
	Switzerland

	Azerbaijan
	Egypt
	Kenya
	Oman
	Syria

	Bangladesh
	El Salvador
	Kuwait
	Pakistan
	Tajikistan

	Belarus
	Eritrea
	Kyrgyzstan
	Panama
	Tanzania

	Belgium
	Estonia
	Laos
	Papua New Guinea
	Thailand

	Benin
	Ethiopia
	Latvia
	Paraguay
	Timor-Leste

	Bolivia
	Finland
	Lebanon
	Peru
	Togo

	Bosnia and Herzegovina
	France
	Lesotho
	Philippines
	Trinidad and Tobago

	Botswana
	Gabon
	Liberia
	Poland
	Tunisia

	Brazil
	Gambia
	Libya
	Portugal
	Turkey

	Bulgaria
	Georgia
	Lithuania
	Korea, Dem. People’s R.
	Turkmenistan

	Burkina Faso
	Germany
	Macedonia
	Korea, Rep.
	USA

	Burundi
	Ghana
	Madagascar
	Moldova
	Uganda

	Cambodia
	Greece
	Malawi
	Romania
	Ukraine

	Cameroon
	Guatemala
	Malaysia
	Russia
	United Arab Emirates

	Canada
	Guinea
	Mali
	Rwanda
	United Kingdom

	Central African Republic
	Guinea-Bissau
	Mauritania
	Saudi Arabia
	Uruguay

	Chad
	Haiti
	Mauritius
	Senegal
	Uzbekistan

	Chile
	Honduras
	Mexico
	Serbia & Montenegro
	Venezuela

	China
	Hong Kong
	Mongolia
	Sierra Leone
	Vietnam

	Colombia
	Hungary
	Morocco
	Singapore
	Yemen

	Congo, Dem.Rep.
	India
	Mozambique
	Slovakia
	Zambia

	Congo, Rep.
	Indonesia
	Myanmar
	Slovenia
	Zimbabwe

	Costa Rica
	Iran
	Namibia
	Somalia
	

	Note:  Data were not available for countries shown here in italics.


� Corresponding author:  Abdoulaye Seck: � HYPERLINK "mailto:abdoulaye.seck@ucad.edu.sn" �abdoulaye.seck@ucad.edu.sn�. We would like to thank the two anonymous referees for their very helpful comments. The authors are pleased to thank the World Bank Institute Research Capacity Building Program on Regionalism and Agricultural Trade for financial and moral support for this research.


� The Lagos Treaty on May 28, 1975 founded the Economic Community of West African States (ECOWAS). Its fifteen members are Benin, Burkina Faso, Cape Verde, Côte d’Ivoire, Gambia, Ghana, Guinea (Conakry), Guinea Bissau, Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leone, and Togo. Mauritania withdrew in 2000.


� The ten RTAs in Africa: Arab Maghreb Union (AMU), Pan-Arab Free Trade Area (PAFTA), Common Market for Eastern and Southern Africa (COMESA), West African Economic and Monetary Union (WAEMU/UEMOA), Economic Community of Western African States (ECOWAS), Central African Economic and Monetary Union (CEMAC), Economic Community of Central African States (ECCAS/CEEAC), Southern African Development Community (SADC), East African Cooperation (EAC), and Southern African Customs Union (SACU).


� World Development Indicators, 2008.


� Authors’ calculations, from World Development Indicators, where available (same for the next statistics).


� Those differences in the findings may have to do with the more important focus on the currency unions in Carrere (2003), which appear “to have largely reinforced the positive effect on the corresponding preferential trade agreements on intra-regional trade, while dampening their trade diversion effect” (Abstract). 


� Similar methodologies that capture trade creation and trade diversion effects using dummy variables can also be found in Endoh (1999) and Soloaga and Winters (2001).


� The database lists 150 countries with populations of a million or more (including Puerto Rico), but trade data were only available for 135 of these countries, and in a few cases only for one or two of the three years.


� The information on distance is available via � HYPERLINK "http://www.cepii.fr/anglaisgraph/bdd/distances.htm" �http://www.cepii.fr/anglaisgraph/bdd/distances.htm� .


� The data may be found at � HYPERLINK "http://go.worldbank.org/88X6PU5GV0" ��http://go.worldbank.org/88X6PU5GV0� .


� Greene (2003, p.766) notes that the OLS coefficients are approximately equal to the Tobit coefficients multiplied by the proportion of non-limit observations in the sample.
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