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General Introduction

In 1970, according to World bank data, the total exports of goods and services represented approximately 13.5 % of world GDP. Since then, this share has continuously increased to represent 30 % in 2018. As international transport costs, tariffs and other commercial barriers decreased throughout this period, countries found it more and more profitable to trade with each other. This is no surprise since all the theoretical models demonstrate that trade is more profitable than autarky. The asserted gains of trade are generally in term of price and variety. Said otherwise, through trade, countries can consume more of the same goods they could have produced in autarky and also different other varieties of goods that they could not have produced their selves.

Many authors tried to quantify the magnitude of these gains in recent years. [START_REF] Bernhofen | An empirical assessment of the comparative advantage gains from trade: evidence from japan[END_REF], for instance, used as a natural experiment the opening of Japan to world trade in the 19 th century to assess the magnitude of the gains from trade. They estimated that the gains from the trade liberalization were at most 8 to 9 % of GDP. [START_REF] Irwin | The welfare cost of autarky: evidence from the jeffersonian trade embargo, 1807-09[END_REF] did a similar exercise in assessing the welfare cost of the Jeffersonian trade embargo between December 1807 and March 1809 in the United States. He estimated the welfare loss to be about 5 % of GNP. One of the most comprehensive work is the paper of Costinot and Rodríguez-Clare (2014) who, assuming different market structures and taking into account the existence of multiple sectors and trade in intermediate goods, estimated that a move to autarky would imply on average between 27 % and 40 % of real income decrease for the 33 countries of their data set.

The welfare gains from trade are thus undeniable. This justifies the reduction in tariff and non-tariff barriers that we observed in the last 30 years following the vague of unilateral and multilateral trade liberalizations triggered notably by the Tokyo round or the Uruguay round, and which led us to the current era of globalization. One of the main consequences of this phenomenon is the fragmentation of the production process. If countries were specialized in products in the past, thanks to low tariffs, low transports costs and differences in technology, they are rather specialized in specific tasks as of today.

It means that many firms find it more profitable to outsource or externalize some tasks required to produce a good to other firms in other countries so that they focus on a core activity realized with the highest degree of efficacy.

As goods became increasingly complex, the necessity of fragmenting the production process for many firms has become an imperative because of the cost and the difficulty to master every step of the production process of a good from the upstream to the downstream. This explains the wave of offshoring that has occurred since the end of the 20 th century for many western companies to take profit from low labour costs, notably in East Asia. The extent of this phenomenon has been quite significant, especially in Europe, Asia and America, but less in Africa. As a matter of facts, according to Johnson and Noguera (2012), the value-added to gross exports ratio, which is the share of value-added in a unit of good that is exported, was on average 78 % for the 16 African countries of their data set in 2004, while it was 64 % for East-Asian countries and 70 % for western European countries. It means that on average, 30 % of the value of the exported goods from Western Europe come from other countries, while it is only 22 % for Africa.

This lower participation of African countries in the global value chains and more generally to international trade is often explained by many factors among which the importance of their level of trade costs. Whether it is the lack of qualitative transport infrastructures tied to the geography of the continent, the time in transit from the factory to the gate of expedition or even the remoteness from the most extensive economic markets, African countries are known for their high level of trade costs. See Bosker and Garretsen (2012), Freund and Rocha (2011), Buys et al. (2006), Limao and Venables (2001), Amjadi and Yeats (1995).

High trade costs are even more critical when it comes to being involved in the international fragmentation of the production process. As Koopman et al. (2014) or Yi (2003) showed, a small reduction in tariffs can have magnified and non-linear effects on the growth of trade. This is due to the fact that for a good to reach its final state, its components need to cross the borders of many countries as many times as required to complete the production process. A one-percentage-point tariff reduction on trade is, therefore, logically amplified.

Low tariffs and transport costs thus represent critical requirements to participate effectively in the world production network and consequently, increase the level of exports. While decreasing tariffs is a matter of political will and can be implemented with more or less ease, decreasing transport costs is much more complicated, especially for countries suffering from a blatant lack of transport infrastructures or huge geographical constraints.

Are the countries facing this kind of difficulties, therefore, condemned to low levels of exports? Said differently, is it possible to export as much as other countries despite facing higher levels of trade costs? Furthermore, as participating more in the global value chains is among the key priorities of policymakers in many developing countries today, what can they precisely expect in term of welfare gains?

Providing answers to these questions is essential for many reasons. First of all, extreme poverty is still a widespread issue in many developing countries. While the most recent estimates of the world bank indicate that only 10 % of the world's population lived under 1.90 $ per day in 2015 in comparison to 36 % in 1990, this reduction has not been even across regions. In fact, the number of extreme poor has increased instead of diminishing in Sub-Saharan Africa, which is now home to more than half of the extreme poor. In East-Asia, though, this number has substantially decreased along with an increasing integration through trade in the global economy and sustained economic growth. As have shown [START_REF] Frankel | Trade and growth in east asian countries: cause and effect? Technical report[END_REF] specifically for the case of East-Asia and many other studies in general (See [START_REF] Singh | Does international trade cause economic growth? a survey[END_REF] for a survey), trade is highly likely among the main drivers of this economic growth and consequently of poverty reduction in this part of the world.

If condemned to low levels of trade because of their high level of trade costs, tackling extreme poverty would, therefore, be even more difficult for the concerned countries.

Secondly, as theoretical trade models predict, trade is inversely proportional to the distance between countries. As a result, in most regions in the world, intra-regional trade represents the highest share of their total trade. For instance, according to data from UNCTAD 69 % of European exports were sent to fellow European countries, while the share is 56 % for America, 61 % for Asia but only 15 % for Africa in 2018. The lack of qualitative transport infrastructures, as mentioned earlier, certainly plays a role in explaining this low share of intra-regional trade in Africa. Specifically, the road quality is pretty bad in most African countries, especially sub-Saharan African countries1 . With 16 landlocked countries in the continent over 54 countries, the road transport network undoubtedly plays a critical role in explaining the low intensity of intra-regional trade.

Improving it is thus essential to stimulate intra-regional trade in Africa. Except this continent, other regions in the world face high intra-regional trade costs but need for various reasons a good level of intra-regional trade. It is for instance the case of Brazil, which has a vast territory and needs strong economic linkages between its states to occupy and ensure control over its whole territory. This is especially critical for its Amazonian region which is often perceived by the international community as an ecological reserve for humanity. Developing economic linkages through trade between this region and the rest of the country is thus of geostrategic interest. However, as it is far from the economic centre and not very well served by transport infrastructures, this could be complicated to achieve. Due to all these considerations, it is, therefore, interesting to determine whether it is possible to be internationally or intra-regionally export efficient despite facing a high level of trade costs.

Thirdly, although the international production network is increasingly fragmented, it is not straightforward to determine accurately up to what extent this phenomenon increase the welfare gains of trade. Most of the studies that are interested in this matter use a framework in which they allow for trade in intermediate goods to calculate the welfare gains of trade. We can cite, for instance, Caliendo and Parro (2015) or Costinot and Rodríguez-Clare (2014). By using their framework, the welfare gains thereby obtained embed the share related to international fragmentation. However, the net share of fragmentation in the welfare gains cannot be properly determined. As the welfare gains of trade are inversely proportional to the share of domestic trade in intermediate goods, one should be able to determine properly this share in order to assess reliably the contribution of international fragmentation in the welfare gains.

Standard trade models as those presented in the two previous papers generally highlight the share of direct domestic trade in intermediate goods, however, international fragmentation implies also an indirect share which appears when a country exports its intermediate inputs to third countries which are later exported back by the latter to the origin country embedded in their final goods exports. Calculating the net contribution of international fragmentation in the welfare gains of trade would requires identifying this share of indirect domestic trade in intermediate goods which is not highlighted in the previous models. Fally and Hillberry (2018) use an approach that allow them to quantify the impact of fragmentation on the welfare gains of upstream and downstream countries, but they do not explicitly estimate the net contribution of fragmentation in the welfare gains of trade. Providing a clear answer to this question is, therefore, of great interest.

We discuss these questions in three different chapters. In the first one, we study the intranational trade performance of the state of Amazonas in Brazil, divided into two distinct entities among which one host a Free trade zone. More precisely, as this state is located far from the economic centre of the country and not well served by transport infrastructures, we try to determine whether despite these considerations it succeeds in exporting intranationally at least as much as other Brazilian states. To do so, we build upon stochastic frontier analysis; an econometric method developed independently by [START_REF] Aigner | Formulation and estimation of stochastic frontier production function models[END_REF] and Meeusen and van Den Broeck (1977). This method allows us to determine the trade performance of each Brazilian state as regards their exports to each of their partners, thus avoiding the fairly criticized method of calculating trade potentials. We also use more conventional estimators such as the Poisson pseudo maximum likelihood estimator in order to assess the intensity of intra-national exports in comparison to international exports for each Brazilian state, which is another measure of intra-national trade performance; or to measure the real level of trade costs for each state.

In the second chapter, we assess the trade performance of African countries. As we mentioned earlier, many studies2 have already established that African countries export less than the other countries of the world and that it is related to their lack of qualitative transport infrastructures. We reassess these conclusions using the latest advances in the literature regarding the estimation of trade flows to check whether they still hold. Specifically, we use the Poisson pseudo maximum likelihood estimator to estimate the trade equation for bilateral gross trade flows and, after disentangling these flows into intermediate and final goods bilateral exports, we assess whether there is a penalty regarding African trade flows. On top of that, as policymakers are more interested in value-added trade flows which are directly related to GDP, we formulate and estimate a model for value-added exports so as to assess whether with this variable the trade performance of African countries remains low in comparison to other countries.

In the last chapter, considering the fact it is difficult to determine reliably the net contribution of international fragmentation in the welfare gains of trade using standard trade models that are based upon gross exports3 , given that they do not explicitly allow the identification of the share of indirect domestic trade in intermediate goods, we propose a model based upon value-added exports that allows us to do so. More precisely, using the gravity model for value-added exports developed in the previous chapter as a building block, we formulate a general equilibrium model that is solved in change following the exact hat algebra of Dekle et al. (2008). Then, we calculate the welfare gains of trade in comparison to a move to autarky or following any given trade shock and we obtain the net contribution of fragmentation in the welfare gains. This net contribution is calculated as the sum of the gains related to direct trade in intermediate goods and indirect trade in intermediate goods in the total welfare gains of trade. The model also allows us to assess how trade costs influence the participation of countries in the global production chain and their position as upstream or downstream countries.

Our results suggest that a high level of trade costs is not redhibitory for trade performance. Particularly, we found that despite facing among the highest levels of trade costs in Brazil as evidenced by their exporter multilateral resistance terms, Manaus and RAM (Rest of Amazonas), the two entities composing the state of Amazonas, were among the top performers in term of intra-national exports in Brazil in 2008. We also found evidence that a high share of manufactured value-added as a percentage of GDP exerts a positive impact on trade efficiency. As Manaus, where the free trade zone (FTZ) is implanted, presents the highest share of manufactured value-added as a percentage of GDP in Brazil, a share mainly attributable to the firms of the free trade zone, it suggests that the FTZ plays a role in explaining this situation.

In addition, we found that African countries exports are not as weak as it is suggested by the literature despite the high level of trade costs they undoubtedly face. In fact, when it comes to gross exports, our results suggest that they do not export less than the average country in the world when the Poisson pseudo maximum likelihood is used. The same conclusion goes for their intermediate goods exports, but not for their final goods exports for which they are clearly under-performing. Moreover, we found that the impact of trade costs on African countries exports is higher, especially as regards their final goods exports. Nevertheless, when the independent variable is expressed in value-added terms, this supplementary impact is 6 times lower; meaning that African value-added trade flows are less sensitive to trade costs than their final goods trade flows. This result is due to the integration of the "cost of fragmentation" in the value-added trade equation, that is the sum of trade costs of third countries through which the value-added of the origin country passes to reach its final destination. This "cost of fragmentation" plays a critical role in the third chapter as it allows us to identify the net contribution of fragmentation in the welfare gains of trade.

As our evidence suggests, the net contribution of fragmentation in the welfare gains of trade is not that high, at least in comparison to the gross contribution. By defining this net contribution as the sum of the gains related to direct trade in intermediate goods and indirect trade in intermediate goods, which is related to the above-mentioned cost of fragmentation; we show that turning off trade in intermediate goods would reduce welfare by approximately 3.5 percentage points on average only, a figure way lower than what would suggest a classical trade model. This represents 24 % of the average welfare gains of trade, while a classical trade model would predict a share of 51 % for the gains related to international fragmentation. We also show that the total welfare gains from trade are different using our model than what could predict a classical one, especially for upstream and downstream countries. Specifically, they are 8.5 percentage points higher for the most downstream countries and 5 percentage points lower for the most upstream ones; a result in line with the findings of Fally and Hillberry (2018).

Introduction

The world economy as of today is characterised by the prominence of international trade flows that have increased considerably in the last 30 years. As attested by the extensive literature on this subject pioneered by [START_REF] Tinbergen | Shaping the world economy; suggestions for an international economic policy[END_REF], the pattern of bilateral trade flows depends on the economic size of the two trading partners. However, it is subjected to substantial and varied impediments, ranging from man-made restrictions to geographical barriers. Limao and Venables (2001) insisted on the role of infrastructures and "landlockedness", showing that a representative landlocked country will trade approximately 60 % less than a median coastal economy. They also showed that the poor performance of African countries in their intra-national or international exports could be explained solely by the bad quality of their infrastructures.

The Amazonian region in Brazil is subjected to these strong impediments. Located quite far from the economic centre of the country and not very well served by the low-quality Brazilian transport network, this region has experienced a lot of difficulties, especially with the rubber production decline at the beginning of the 20th century. Despite Brazilian authorities' efforts, this remote zone with low population density was almost wholly disconnected from the rest of the country, a real problem because of its size and substantial wealth in natural resources. Besides its increasingly widespread perception as an ecological reserve for humanity by the international community throughout time could have been detrimental to Brazil sovereignty in this region [START_REF] Nunes | La zone franche de manaus, l'échec régional d'une industrialisation réussie[END_REF]. It explains the various policies implemented from the thirties until today to connect it with the rest of the country, consolidate the sovereignty of Brazil and therefore preserve this geostrategic asset.

Among these policies, the creation of the Free Trade Zone of Manaus in 1957 (ZFM) is of great importance. The official objective of this zone effectively implemented in 1967 was twofold as stated by SUFRAMA (Superintendancia de la Zona Franca de Manaus).

Create an economic hub in West Amazonia and promote socioeconomic integration with the rest of Brazilian states to reduce the regional disparities and guarantee the country's national sovereignty on its whole territory. As we can imagine, these objectives are very challenging, especially socioeconomic integration which implies connecting an isolated region to a distant economic centre knowing that the transport network is far from excellent.

It is therefore very interesting for at least three reasons to determine whether this goal has been accomplished and if the Free Trade Zone (FTZ) played a role in the process.

First of all, a lot of regions in the world are in this situation, that is to say with lowquality transport infrastructures and trying most of the time unsuccessfully to stimulate the level of their international and intra-regional trade integration by different means. Some authors, as well as international organisations, promote the somewhat natural solution of improving the quality of transport infrastructures to stimulate their exports. However, this solution could be quite expensive, especially in some regions where the lack of infrastructures is very pronounced. For example, Buys et al. (2006) estimated that upgrading the level of the transport network in Africa for overland trade to an acceptable level would require about $20 billion for initial upgrading and $1 billion annually for maintenance. On top of the fact that these improvements probably need a lot of time to be efficiently implemented because of coordination matters or other considerations, the amounts mentioned above are quite important and raise the question of their opportunity in comparison to the expected trade benefits only. If there is an alternative solution that could stimulate trade in the short to medium term at a reasonable cost before the implementation of these necessary improvements, it could be very interesting for the concerned countries.

Secondly, the theoretical and empirical literature on FTZs has focused on export processing zones (EPZs) which most of the time impose restrictions on domestic sales. The case of (ZFM) is quite different since local sales have been widely encouraged by tax incentives following the objectives detailed above. Thus, this FTZ has been excluded from several empirical analyses because of its alleged inward orientation.

Finally, as explained by [START_REF] Madani | A review of the role and impact of export processing zones[END_REF] the locational choice of a Free Trade Zone is an essential factor of success. According to him, a lot of Free Trade Zones failed to accomplish their goals like the "Zone Franche d'Inga" in former Zaire or the Puerto Limon Zone on Costa Rica's Atlantic/Caribbean coast because of a poor locational choice as it is the case for the Free Trade Zone of Manaus. It is therefore very interesting to determine whether in these particular conditions the ZFM succeeded or at least contributed to the improvement of the state of Amazonas economic linkages with the rest of Brazilian states. [START_REF] Yücer | Internal and international vertical specialization of brazilian states-an input-output analysis[END_REF] provide preliminary insights on this matter. Questioning the existence of internal vertical specialization in the Brazilian production system, they show that the state of Amazonas is quite well connected to the rest of the country. Precisely, they show that this state presents the highest import content from other Brazilian states in its international exports, and also exports more indirectly than directly its valueadded notably through other Brazilian states. As interesting as these results are, they unfortunately do not provide insights on the singular role of Manaus to explain this phenomenon, nor on the existence of a potential catalytic effect of Manaus on the Rest of Amazonas.

To solve this problem, we use a data set developed by [START_REF] Yücer | Internal and international vertical specialization of brazilian states-an input-output analysis[END_REF] that separates the state of Amazonas in two entities, Manaus and the rest of Amazonas. Instead on relying upon input-output analysis as [START_REF] Yücer | Internal and international vertical specialization of brazilian states-an input-output analysis[END_REF], we provide answers to our questions by using a gravity model that helps us to determine the real level of trade costs faced by each state or entity in its trade relationships and also to derive different measures of trade performance. We notably calculate the intensity of intra-national trade with respect to the benchmark for international trade regarding each Brazilian entity; and derive using stochastic frontier analysis a measure of bilateral export efficiency for these states.

Our results suggest that Manaus and the Rest of Amazonas present the highest level of trade costs among Brazilian states, but despite this, are among the most efficient intranational exporters in Brazil. Their trade performance scores are indeed among the highest of the set of Brazilian states. It is therefore plausible that the Free Trade Zone of Manaus is the missing link to explain this situation. This idea is not devoid of sense since we found evidence using stochastic frontier analysis that a high percentage of manufactured value-added in comparison to total value-added has a positive effect on export efficiency. The fact that Manaus presents the highest manufactured value-added as a percentage of GDP in Brazil (a value-added principally attributable to the firms of the FTZ) supports this idea.

The main contribution of this paper is, therefore, to rigorously show that Manaus and the Rest of Amazonas are among the most efficient intra-national exporters in Brazil, this suggesting that a good set of tax incentives can offset the disadvantages associated with remoteness and high transport costs, and substantially stimulate a given country exports.

It also enriches the conclusions of [START_REF] Yücer | Internal and international vertical specialization of brazilian states-an input-output analysis[END_REF] by providing insights on the singular role of the Free Trade Zone of Manaus to explain this phenomenon.

The remainder of this paper is organised as follows. Section 1.2 presents the ZFM and its system of tax incentives before going to its economic results. In section 1.3, we slightly modify the Anderson and Van Wincoop structural gravity model to suit our problem and present different estimations methods with an emphasis put upon stochastic frontier analysis. Section 1.4 and 1.5 are devoted to the results and section 1.6 to some concluding remarks.

The Free Trade Zone of Manaus, specificities and economic results

The concept of Free Trade Zone may have different meanings and refer to different situations depending on the objectives and policies established by the government that builds them. They can nevertheless be defined broadly as geographical areas within the borders of a country where regulation is more business-friendly than in the rest of the national territory according to [START_REF] Farole | Special economic zones: progress, emerging challenges, and future directions[END_REF]. These rules concern especially the investment climate, customs duties and taxes or international trade.

In most cases, FTZs around the world are export-oriented. The Free Trade Zone of Manaus however does not seem to abide by this trend since the stylized facts show a concentration of its sales in the Brazilian market. The fact that contrarily to most EPZs across the world which have restricted access to the internal markets of their host countries, the one of Manaus is also set to stimulate trade relationships with the other Brazilian states by mean of a wide range of incentives could be an explanation. This is a fundamental distinction, which led [START_REF] Johansson | Export processing zones as catalysts[END_REF] to brand it an "Import Processing Zone".

Precisely, the incentives granted to ZFM can be divided into two main categories: federal incentives, and state level incentives. The first are the most important in value and have to do with custom duties and legal entities income tax, but also some Brazilian specific taxes as the tax on industrial products or some social contributions. For example, in 2008, these incentives reached $R 14 billion, approximately 16% of the total amount of tax incentives provided by the Brazilian government to the entire country according to the finance department. It represented nearly one-third of Manaus GDP in 2008 which was R$ 38 billion (IBGE).

State level incentives are weaker but significant enough to be mentioned. The main incentive is a tax called ICMS (Imposto sobre circulação de mercadorias e prestação de serviços), a value-added tax perceived by each state and which is the primary source of tax revenues for many of them. In 2008, the state of Amazonas renounced to R$ 3 billion of ICMS revenues but collected R$ 4.6 billion, about 70 % of the state budget revenue. It is R$ 500 million more than the ICMS collected by the state of Para whose GDP was R$ 58 billion at the same time, and which do not provide the same level of ICMS incentives to its firms. The tax incentives effect on the state revenue therefore appears to be more than compensated by its effect on firms' activity in Amazonas.

With all these tax incentives, the results of the FTZ are noteworthy, particularly regarding foreign direct investment, production or employment. We can see it in figure 1.1 which presents the evolution of some economic indicators of the industrial pole of Manaus, 2000 being the year of reference. It shows a strong progression of FDI, with a six-fold increase from $ 1021 million in 2000 to $ 6688 million in 2010. Besides, even if this figure is not shown in the chart, they represented 60% of total investment (TDI) in the industrial pole of Manaus in this period, a clear indicator of the attractiveness of the FTZ for The figure presents PIM's internal and external trade balance for the period 1988/2018 in thousands dollar and shows that the increase in production since 2000 or earlier did not result in a proportional increase of PIM external exports. Even if they grew, they remained well below exports to the rest of Brazil which sharply soared as illustrated in the chart. It is shown in particular that the foreign trade deficit and international imports were almost of the same scale, which suggests weak international exports.

Despite the recent disappointing results related to the political instability in Brazil, these stylized facts suggest that Manaus, a municipality which represents 80% of Amazonas GDP is an outstanding performer in term of intra-national exports with the help of PIM, at least relative to international exports. However, without a comparison with other Brazilian states, it is quite difficult to determine whether the goal of socioeconomic integration with the rest of the country has been satisfactorily achieved for the state of Amazonas. To clarify this matter, a gravity model can be used to assess each Brazilian state export performance.

Model specification

The gravity model has been widely used in the economic literature to explain bilateral trade relationships and has become the standard workhorse for doing so because of its empirical success. It has many uses that range from counterfactual simulation analysis to the assessment of countries' trade performance. It is for this latter use that we decided to work with this model. We want to assess each Brazilian state trade performance, Manaus and the Rest of Amazonas being considered as states, in order to decide whether these two entities export performance is similar to other Brazilian states and good enough to achieve socio-economic integration with the rest of the country.

Measuring trade performance has generally been done by deriving measures of trade potentials from the difference between predicted trade flows (that is to say by the empirical model) for each bilateral relationship, and flows that actually occurred. This kind of measures can be helpful to determine for example whether Amazonas exports are in line with those of other Brazilian states. However, this method has driven some criticism from [START_REF] Egger | An econometric view on the estimation of gravity models and the calculation of trade potentials[END_REF], regarding the inappropriateness of in-sample projections of trade potentials.

He argued that a well-specified model should not present systematic differences between observed and in-sample predicted trade flows. De Benedictis and Vicarelli (2005) took Egger's remark a step further noting that out-of-sample predictions also are not immune to the eventuality of misspecification of the estimated model since the potential bias in the coefficients is also transmitted to the out-of-sample predicted flows. In other words, the trade potentials predicted for countries that were not in the sample originally used to obtain the parameters of the model will also be affected by the bias inherent to these parameters. To avoid these considerations, we use a different strategy than the calculation of trade potentials to obtain our measures of trade performance. Doing so requires a slight modification of Anderson and Van Wincoop (2003) structural gravity model.

The structural gravity Model

Despite the empirical success of the gravity model to explain bilateral trade, it has been criticized for a long time because of its lack of theoretical underpinnings. Many attempts have been made to address this problem beginning with [START_REF] Anderson | A theoretical foundation for the gravity equation[END_REF] or [START_REF] Bergstrand | The generalized gravity equation, monopolistic competition, and the factor-proportions theory in international trade[END_REF] although the complexity of their models impeded their use as an everyday toolkit for trade economists. An essential contribution of Anderson and Van Wincoop (2003) simplified the expressions derived in the previous works, therefore allowing the thus theoretically founded gravity model to be used with more ease as a workhorse for trade economists. One of this work core added values is the demonstration of the relative trade costs importance in the explanation of bilateral trade. This is based on the idea that for a given bilateral barrier between two regions, say A and B for example, a rise of trade barriers with all other trading partners for A decreases the relative trade cost for B and thus increase trade between them. This justifies the integration of what they called multilateral resistance indexes (MR) in the gravity model and thus prevents the gold medal mistake mentioned by Baldwin and Taglioni (2006), generally observed in previous works on the estimation of this equation.

Anderson and Van Wincoop's model has the following form:

X ij = Y i Y j Y w T ij Π i P j 1-σ (1.1) With P 1-σ j = i Y i Y w T 1-σ ij Π i 1-σ (1.2) And Π 1-σ i = j Y j Y w T 1-σ ij P 1-σ j (1.3)
And where Y w is the world GDP, Y i and Y j respectively the GDP's and expenditures of countries i and j and T ij the trade costs factor between the two countries. 1 -σ < 1 is the trade costs elasticity, and Π i and P j represent the exporter and importer outward and inward multilateral resistance terms respectively. This model stems from a problem of maximisation under constraints. To address our specific question, we derive a similar kind of model. Specifically, we have the following utility function:

i β 1-σ σ ij c σ-1 σ ij σ σ-1 (1.4) subject to the budget constraint: i p ij c ij = Y j (1.5)
Where c ij is the consumption of region i goods by region j, p ij the price of region i goods for region j consumers and β ij = α i γ ij a positive distribution parameter. Contrarily to AVW, we assume that this parameter is composed of an idiosyncratic component α i and a bilateral component γ ij instead of being solely specific to i. This assumption of bilateral preferences is also made by authors as [START_REF] Combes | The trade-creating effects of business and social networks: evidence from france[END_REF] or Costinot and Rodríguez-Clare (2014). However, as in the original AVW article, p ij = p i t ij where p i is the exporter's supply price net of trade costs and t ij the trade cost factor between i and j. The nominal value of exports from i to j is therefore x ij = p ij c ij and the total income of region i which stems from the market clearing condition is

Y i = j p ij c ij .
A simple maximisation of the utility function under the budget constraint yields:

x ij = (β ij p i t ij ) 1-σ Y j P 1-σ j (1.6) With P 1-σ j = i (β ij p i t ij ) 1-σ (1.7)
The market clearing condition implies that:

Y i = j (β ij p i t ij ) 1-σ Y j P 1-σ j (1.8)
As AVW, we solve for the scaled price α i p i . It follows that:

(α i p i ) 1-σ = Y i j γ ij t ij P j 1-σ Y j (1.9) = Y i Yw j γ ij t ij P j 1-σ Y j Yw = Y i Yw j γ ij t ij P j 1-σ θ j with θ j = Y j
Yw and Y w = j Y j the world income.

By defining

Π i 1-σ = j γ ij t ij P j 1-σ θ j (1.10)
We get:

(α i p i ) 1-σ = θ i Π i
1-σ and thus,

P 1-σ j = i γ ij t ij Π i 1-σ θ i (1.11)
Finally, we obtain:

x ij = Y i Y j Y w γ ij t ij Π i P j 1-σ (1.12)
which is the Anderson and Van Wincoop's structural gravity equation scaled by the parameter γ ij 1-σ . This parameter plays a prominent role in our model as it represents a bilateral preference that region j has on region i goods, or said differently region i's effectiveness in selling its goods to region j. Its range is [0,1[ such that the more region j appreciates region i goods, the closer is γ ij 1-σ to 1 and inversely.

Empirical strategy

Given its nonlinear nature, many authors estimate a log-linear version of this equation. It gives:

ln X ij = a 0 + a 1 ln Y i + a 2 ln Y j + (1 -σ) ln T ij -(1 -σ) ln Π i -(1 -σ) ln P J + (1 -σ) ln γ ij + v ij (1.13)
Where a 0 is the constant, and v ij the error term. Regarding trade costs, they are usually approximated by different types of variables. The equation is often as follows:

T ij = d δ 1 ij .exp(δ 2 cont ij + δ 3 lang ij + δ 4 ccol ij + δ 5 col ij + δ 6 smctry ij + δ 7 wto ij + δ 8 RT A ij ) (1.14)
With d ij representing the bilateral distance, and cont ij , lang ij , ccol ij , col ij , smctry ij , wto ij , RTA ij representing dummies respectively for the presence of a common border, a common official language, a common colonizer, if the territory is or has been one of its partner colonies in the past, for the country's trade with itself, if the trading partners are members of WTO, and finally if there is a trade agreement between the two partners.

δ 6 is thus a parameter that quantifies the average intensity of internal trade with regards to international trade for the regions of the set, or in other words, the border effect. In equation 1.14, this parameter is the same for all the regions, but we could render it region specific. As suggested by [START_REF] Combes | The trade-creating effects of business and social networks: evidence from france[END_REF], it should have a positive value because the informational transaction cost is lower inside a country than between two countries, or because consumers have systematic preferences for local goods. It means that we could have model our bilateral preference parameter γ ij as a function of the border effect. As it is not the case, γ ij is therefore region i's efficacy in selling its goods to region j conditionally on not being member of the same country. This distinction between country and region is critical because as we will make clear in the data section, our database embed inter-state Brazilian trade flows and international trade flows.

Regarding the multilateral trade resistance terms, they are generally not directly observable. Many authors used remoteness indexes as proxies for them, but because of their discordance with theory, exporter and importer fixed-effects are more advisable [START_REF] Head | Gravity equations: Workhorse, toolkit, and cookbook[END_REF]. When using cross-sectional data, the latter option makes impossible the integration of other idiosyncratic variables such as GDP because of perfect collinearity. We can therefore only estimate parameters from dyadic variables.

Since Silva and Tenreyro (2006) raised concerns regarding the consistency of parameters obtained by estimating log-linearized trade equations via ordinary least squared, the Poisson Pseudo maximum likelihood estimator is more and more used. It allows the model to be estimated in level, therefore, dealing better with zero trade flows in trade data. The model estimated becomes :

X ij = exp( a 0 + a 1 ln Y i + a 2 ln Y j + 1 -σ ln T ij -(1 -σ) ln Π i -(1 -σ) ln P J + (1 -σ) ln γ ij ) + n ij (1.15)
with X ij representing exports in value from country i to country j, the other variables remaining unchanged. Fally (2015) goes further by advocating that there is only one estimator of the pseudo maximum likelihood (PML) category, namely the Poisson pseudo maximum likelihood which is fully consistent with structural gravity when fixed effects are included in the estimation. This is because its first order conditions automatically satisfy the equilibrium constraints imposed to derive the multilateral resistance (MR) terms in equations (1.10) and (1.11). Accordingly, these terms can be obtained from the fixed effects estimates after some manipulations. More formally, it can be shown that for a model formulated as following:

X ij = exp(a i + ln T 1-σ ij + ln γ 1-σ ij + b j ) (1.16)
Where ln γ 1-σ ij is the bilateral preference parameter as in equation (1.12), the equilibrium conditions Y i = j X ij and Y j = i X ij can be rewritten as:

Y i = j exp(a i + ln T 1-σ ij + ln γ 1-σ ij + b j ) (1.17) Y j = i exp(a i + ln T 1-σ ij + ln γ 1-σ ij + b j ) (1.18) ⇒ j T 1-σ ij γ 1-σ ij Y 0 exp(b j ) = Y 0 Y i exp(-a i ) ⇒ i T 1-σ ij γ 1-σ ij Y -1 0 exp(a i ) = Y -1 0 Y j exp(-b j )
We define:

Π 1-σ i = Y 0 Y i exp(-a i ) (1.19) P 1-σ j = Y j Y 0 exp(-b j ) (1.20)
where b j and a i are respectively estimates of the importer and exporter fixed effects, and Y 0 the income of the reference country. By incorporating them into equations (1.17) and (1.18), we find the expressions of Π 1-σ i and P 1-σ j derived from the previous theoretical model (equations (1.10) and (1.11)). It proves that (1.19) and (1.20) are their solutions. As we may have noticed, because of the equilibrium conditions, these equations are valid only under the requirement of consistent data that is to say a data set where output equals the sum of outward trade, and expenditures equal the sum of inward trade. This requirement is generally met by inter-country input-output matrices, which unfortunately are very scarce.

But beyond that, there is a concern with our empirical model. In practice, preferences are not easily observable. When they are not explicitly controlled in the estimation, the estimated model is the traditional AVW model (equation (1.1), (1.2), (1.3)). In an empirical formulation, they logically represent a component of the error term. For the log-linear case, the estimated model therefore becomes:

ln X ij = a 0 + a 1 ln Y i + a 2 ln Y j + 1 -σ ln T ij -(1 -σ) ln Π i + ε ij (1.21) with ε ij = v ij -u ij and u ij = (σ -1) ln γ ij
Estimating this kind of equation is straightforward using stochastic frontier analysis.

Stochastic frontier analysis

Independently developed by [START_REF] Aigner | Formulation and estimation of stochastic frontier production function models[END_REF] and Meeusen and van Den Broeck (1977) for cross-sectional data, the initial purpose of the stochastic frontier model is to estimate firms' efficiency in their production. For this, a maximum production achievable by a firm is firstly predicted by the model based on its production factors. Any gap between the actual and predicted levels of production is explained by a composite error term (ε i ) formed by a two-sided component v i (alternatively positive or negative) and a one-sided strictly positive component u i . The two-sided component captures outside influences beyond the control of the producer and the one-sided captures the degree of firm's inefficiency such that ε i = v iu i . The basic stochastic production frontier model is thus as follows:

C i = f (A i , β) + v i -u i (1.22)
With C i representing the dependent variable, A i the vector of explanatory variables with β as the vector of coefficients, and v iu i the components of the error term ε i . The model can be estimated by maximum likelihood under some assumptions on the distribution of the composite error term. The literature generally assumes a half-normal distribution N + (0, σ 2 u ), a truncated normal distribution in u N + (u, σ 2 u ), or exponential and gamma distributions for the inefficiency term u i because it is supposed to be strictly positive and a normal distribution for the two-sided term v i . The estimation gives us the variance of the error term for the whole sample (σ 2 = σ 2 v + σ 2 u ), and the observation specific inefficiency is obtained by calculating the conditional expectation of u i knowing ε i as proposed by [START_REF] Jondrow | On the estimation of technical inefficiency in the stochastic frontier production function model[END_REF]. Assuming a half-normal distribution for u i , these authors showed that the conditional density function of

u i knowing ε i is f (u i | ε i ) ∼ N + (u * i , σ 2 
* ) with:

u * i = -ε i σ 2 u σ 2 v + σ 2 u and σ 2 * = σ 2 v σ 2 u σ 2 v + σ 2 u (1.23)
It implies that the conditional mean is:

E[u i |ε i ] = u * i + σ * φ( u * i σ * ) Φ( u * i σ * ) (1.24)
where φ(.) and Φ are respectively the normal probability density function and the normal cumulative distribution function. Using the same method, [START_REF] Battese | Prediction of firm-level technical efficiencies with a generalized frontier production function and panel data[END_REF] derived an observation specific conditional efficiency term which ranges between 0 and 1, the most efficient observations being naturally close to 1. We have:

E[exp(-u i ) |ε i ] = exp(-u * i + 1 2 σ 2 * ) Φ( u * i σ * -σ * ) Φ( u * i σ * ) (1.25)
These results are founded on the assumption of a half-normal distribution for u i , but we could have used different distributions. [START_REF] Kumbhakar | Stochastic frontier analysis[END_REF] showed besides that regardless of the distribution chosen for u i, the results remain consistent as long as we are only interested in a ranking of the most efficient observations. However, there is less flexibility regarding heteroskedasticity. According to the previous authors, ignoring the two-sided error term heteroskedasticity only biases the constant, but it is better not to ignore the inefficiency term heteroskedasticity to avoid biased parameter estimates. To address this, [START_REF] Caudill | Frontier estimation and firmspecific inefficiency measures in the presence of heteroscedasticity[END_REF] proposed to estimate a model where the variance of u i, σ 2 u is a function of covariates. We thus get u i ∼ N + (0, Z i α). It allows the inefficiency term to be heteroskedastic and also highlights the variables Z i that are its determinants.

Before considering the use of this method, we need to test its applicability. We hence need to check if our assumption on the error term form that is to say

ε i = v i -u i 2 with
u i a positive real number and v i distributed symmetrically around 0 is credible. If this assumption is correct, ordinary least squares residuals should be asymmetrical and left skewed. To test this, we can use a sample-moment based statistic following [START_REF] Schmidt | Simple tests of alternative specifications in stochastic frontier models[END_REF] 3 and a skewness-kurtosis test of normality. If the null hypothesis of no skewness is rejected, we can hence estimate the stochastic frontier model. An alternative way is to perform a likelihood ratio test between the stochastic frontier and the OLS estimations, which amounts to testing the hypothesis that σ2 u =0. See [START_REF] Kumbhakar | A practitioner's guide to stochastic frontier analysis using Stata[END_REF].

Authors like [START_REF] Ravishankar | The gravity model and trade efficiency: A stochastic frontier analysis of eastern e uropean countries' potential trade[END_REF] or [START_REF] Kang | International trade efficiency, the gravity equation, and the stochastic frontier[END_REF] have already used this kind of empirical model to estimate gravity equations. It is especially useful when it comes to the determination of bilateral trade potentials. Contrarily to the conventional method which estimates the benchmark level of trade achievable by a country with its trading partners and defines the trade potential as the deviation with this benchmark, the stochastic frontier model calculates the maximum level of trade achievable by a country with a given partner. The level of trade efficiency or inefficiency can consequently be determined via the deviation with this maximum and serve as an indication of trade potential. This measure is better than a simple difference between actual and predicted trade flows because the two-sided noise term, which in principle captures outside influences beyond the control of the exporter has been singled out.

Data and econometric results

Data

Our dataset is composed of aggregate bilateral trade flows for 222 importing countries and entities (including the different Brazilian states and 217 exporting countries and entities from three different sources, the COMTRADE database, the Brazilian external trade and development department and the 2008 Brazilian inter-regional input-output matrix estimated by [START_REF] Guilhoto | Estimation of the input-output matrix using preliminary data from national accounts: application and analysis of economic indicators for brazil in 2005[END_REF]. The COMTRADE database is the main source for international trade flows but does not provide Brazilian states trade data. Besides, some countries did not report their exports for the year 2008 although their imports were recorded. It explains the difference between the number of exporters and importers. 4 The Brazilian external trade and development department provides trade flows for each Brazilian state with their international partners but does not propose trade flows between Brazilian states. It is worth mentioning that these data include exports to Brazilian states from countries that are absent in the COMTRADE database, and also that both imports and exports are provided in their FOB value. The 2008 Brazilian interregional input-output matrix estimated by [START_REF] Guilhoto | Estimation of the input-output matrix using preliminary data from national accounts: application and analysis of economic indicators for brazil in 2005[END_REF] provides trade flows between Brazilian states. In this database, we have 26 Brazilian states + the state of Amazonas which is divided into two entities, Manaus and the rest of Amazonas. We restricted our samples to 2008 because of Brazilian intra-national trade data availability. 2008 flows aside, the more recent are from 1999. The sources of the other variables used in our estimations are reported in table 1.1. For instance, we obtained the geographic distance between each pair of countries/states by using a generator built by the Centre for Biodiversity and Conservation of the American Museum of Natural History (AMNH). The distance of a country to itself is calculated following [START_REF] Redding | Economic geography and international inequality[END_REF]:

d ii = 0.33 area π .
Whenever necessary, we converted Brazilian data in US dollar using the average exchange rate in 2008 1$= 1.8346$R. Before going to the econometric results, it would be interesting to present some descriptive statistics. Figure 1.3 presents summary statistics on Brazilian states intra-national exports and GDPs, Manaus and the Rest of Amazonas being considered as states. As we can see, Manaus total exports to other Brazilian states are very close to the average of the sample, and way above the median. It is not the case for its GDP which is inferior to the mean and the median of the sample. This fact already suggests that Manaus is a good performer in term of internal exports. However, as we can see, the value of its internal exports is superior to its GDP, which means that a share of the said internal exports comes from somewhere else. We should therefore pay attention to this if we want to determine the export performance of Manaus rigorously. Regarding the rest of Amazonas (RAM) the situation is entirely different as its exports are lower than its GDP and both are inferior to the first quartile. It is therefore difficult to make a preliminary conclusion regarding its trade performance in comparison to other Brazilian states. The econometric results analysis should provide more insights.

Econometric Results

In this sub-section, we present the econometric results obtained using different estimators among which ordinary least squares, Pseudo Poisson maximum likelihood, and the stochastic frontier estimator. To ease the analysis, table 1.2 presents the different variables used in the estimations, their definitions and expected signs.

For each estimator, we used the following empirical models:

• OLS: ln X ij = a i + b j + (1 -σ) ln T ij + v ij • PPML: X ij = exp (a i + b j + (1 -σ) ln T ij ) + n ij • Stochastic frontier: ln X ij = a i + b j + (1 -σ) ln T ij + ε ij -with ε ij = v ij -u ij -and u ij = (σ -1) ln γ ij
Where a i and b j represent respectively exporter and importer fixed effects. •

T ij = d δ 1 ij .exp(δ 2 cont ij + δ 3 lang ij + δ 4 ccol ij + δ 5 col ij + δ 6 smctry ij + δ 7 wto ij + δ 8 RT A ij )
In the second specification, we estimate 28 different parameters δ i for each Brazilian state border effect including Manaus and the rest of Amazonas.

• T ij = d δ 1 ij .exp(δ 2 cont ij + δ 3 lang ij + δ 4 ccol ij + δ 5 col ij + δ i border ij + δ 7 wto ij + δ 8 RT A ij )
border ij is, therefore, a dummy equal to one for the trade of a given Brazilian entity, Manaus, RAM or any other state with all other Brazilian entities and zero otherwise whereas smctry ij is a dummy equal to one whenever a Brazilian state trades with another one and zero otherwise. More precisely, with border ij each Brazilian entity has a dummy for its exports to other Brazilian entities and with smctry ij we only have one dummy for the inter-Brazilian entities trade. Also, as mentioned in the data section, we have internal trade flows only for Brazil.

Distinguishing between these two trade costs specifications has critical implications for the assessment of trade performance that will follow in the next section. The idiosyncratic parameters δ i as they represent the intensity of internal trade in comparison to international trade for each Brazilian state are per se measures of intra-national export performance. As we analyse them in more detail in the following section, we do not show them in table 1.3 that presents our preliminary econometric results.

The first 3 columns present results obtained using the second specification of trade costs while the last three columns use the first specification. The PPML estimations have 41,586 observations while it is 24,564 for the others because of zero trade flows. Importer and exporter fixed effects parameters are not shown in this table to save space. As regards the stochastic frontier estimations, the variables Usigma and Vsigma represent respectively the log of the variance regarding the inefficiency component of the error term u ij and the two-sided component v ij . The estimations have been made on the assumption of a normal distribution for the two-sided noise term, and an exponential distribution for the inefficiency term. We also assumed homoskedasticity for the two components of the error term. We will relax this assumption in the following section. As we can see, the distance coefficient is close to what is observed in the literature. When the PPML estimator is used, we have a coefficient around 0.75 whereas the coefficient is above unity when OLS or stochastic frontier are used. Furthermore, we see that Brazilian states trade far more with themselves than with their international partners as the parameters related to the variable "smctry" show. According to the PPML estimation in column 4, they traded approximately 15 times more "exp (2.715)" between each other than with foreign countries in 2008, a coefficient at least twice lower than that obtained by [START_REF] Daumal | Measure and determinants of border effects of brazilian states[END_REF] for 1999 data. We should however mention that OLS suggest a significantly higher intra-Brazilian level of trade.

Roughly, all the other variables in these estimations have expected signs and coefficients. As this work is not about determining their true value, we will not pay much attention to their analysis and will focus more on the stochastic frontier results presented in columns 3 and 6. It appears that the log of the inefficiency term variance is significant at the 1% level no matter the specification of trade costs,thus suggesting the existence of an inefficiency component in the error term. This idea is confirmed by a likelihood ratio test between the OLS and the stochastic frontier estimation presented in appendix 1..1 which amounts to test the hypothesis that σ 2 u =0 as said in section 1.3.3. With the help of the results presented above, we derived different measures of trade costs and trade performance to carry out our analysis on Manaus and the rest of Amazonas level of trade integration in Brazil.

Manaus and the rest of Amazonas trade performance

To asses properly the trade performance of the two entities composing the state of Amazonas in our sample, we carry out an analysis that is organized in three parts. Firstly, we show that Manaus and the rest of Amazonas are among the most efficient intra-national exporters in Brazil. Then, we show that despite their intra-national export efficiency these two entities levels of trade costs are among the highest of the subset of Brazilian states. This apparently counter-intuitive result leads us to our third point which is to envisage the tax incentives provided by the Free Trade Zone of Manaus as one of the main explanations to the state of Amazonas trade performance.

To substantiate our first point, we analyse two different measures of trade performance namely the intensity of intra-national trade in comparison to international trade for each Brazilian state, and the score of export performance derived from the stochastic frontier analysis. As regards the intensity of intra-national trade in comparison to international trade or framed differently the border effect, we obtain it as said earlier with the three estimations whose results are presented in the three first columns of table 1.3 respectively for the PPML estimator, OLS and the stochastic frontier estimator. Table 1.4 displays these parameters for the 28 Brazilian entities of our sample.

Manaus and the rest of Amazonas are represented in this table respectively by "MANAUS" and "RAM". As we can see, according to all the estimators used, the rest of Amazonas is the Brazilian entity that has the highest export intensity toward other Brazilian states in comparison to the benchmark for international exports. Depending on the estimator, Manaus is either ranked sixth or third, therefore suggesting that these entities are among the most efficient intra-national exporters in Brazil. It is worth to note that 10 of the 14 largest states in term of economic size are also among the 14 states presenting the lowest border effect coefficient, which suggest that smaller states tend to trade more with their Brazilian counterparts than with other countries in the world. However, as interesting as these results are, they present the weakness to display an aggregate intra-national trade performance for each Brazilian state and do not provide insights regarding the bilateral intra-national export efficiency. A state could therefore export a lot to two or three states and few to the other states, but this measure would still suggest that the intra-national export performance is high. To solve this problem, we rely upon stochastic frontier analysis to obtain measures that reflects more the bilateral intra-national export performance of each Brazilian state.

More precisely, we estimate the parameter γ ij 1-σ that derives from our theoretical model.

As mentioned earlier, we assumed that preferences have the following form

β ij 1-σ = (α i γ ij 1-σ
) with two components, an idiosyncratic one "α i 1-σ " that we interpreted as country i's efficacy in selling its goods to all its partners and a bilateral one γ ij 1-σ that we interpreted as country i's efficacy in selling its goods to country j specifically. The first component is naturally captured by the exporter fixed effects since it is idiosyncratic.

Estimating the second component γ ij 1-σ requires the use of stochastic frontier analysis as discussed in section 1.3.3.

From the estimations in table 1.3 columns 3 and 6 representing the specifications with an idiosyncratic border effect for each Brazilian state and an average one respectively, we calculated this bilateral component of trade efficiency. The results are displayed in the following figure that presents the average bilateral efficiency regarding the intra-national exports of the different Brazilian states. As explained in section 1.3.3, we obtained the scores of bilateral export efficiency by using equation 26 (the conditional expectation of efficiency knowing the error term ε ij ) after estimating the stochastic frontier model. We then calculated an average bilateral trade efficiency for each Brazilian state intra-national exports. It appears that when the specification with an idiosyncratic border effect is used (table 1.3 column 3), there is no significant difference in the average bilateral trade efficiency scores of Brazilian states. However, when the specification with an average border effect is used, Manaus and RAM are the most efficient intra-national exporter of the set of Brazilian states.

This result is sensical because as said earlier, the idiosyncratic border effect parameters presented in table 1.4 for each Brazilian state capture their aggregate intra-national trade performance. When we use a single average parameter to control for the border effect of each state (Table 1.3 column 6), the states that trade more than the average with their Brazilian counterparts have a higher average bilateral export efficiency in comparison to the other specification and inversely. All these findings confirm the idea that Manaus and RAM are among the best performers in term of intra-national exports in Brazil. Despite that, their respective level of trade costs does not seem to be among the lowest in the country.

In fact, the level of trade costs of these two entities is among the highest in the subset of Brazilian states. We show this by calculating each exporting state multilateral resistance term, which represents the sum of trade costs with all the trading partners (see equation 1.3). More specifically, we use the PPML parameter estimates of exporter fixed effects from the regression in table 1.3 column 46 , and we solve for the multilateral resistance term using equation 1.19 as Fally (2015). The following table presents some descriptive statistics about the calculated multilateral resistance terms. As shown in equation 1.19, our measures are obtained using the following formula "Π 1-σ i = Y 0 Y i exp(-a i )" ,Where Π 1-σ i is the variable of interest, Y 0 the GDP of the reference country (USA) in our case, Y i the GDP of the exporting country, and a i the estimated exporter's fixed effects.

As we mentioned earlier, estimating the multilateral resistance term with this method requires that the sum of exports (including trade with self) equals GDP to comply with structural gravity. Unfortunately, it is not the case with our data set because some countries did not report their exports to all destinations, and also, the trade data are not expressed in value-added contrarily to GDP. Besides, our trade data do not include trade with self except for intra-Brazilian trade flows. To take this into account, we calculated two measures of our variable of interest. The first with the observed GDP (blue), and the second with the sum of exports for each state. As we can see in the chart below, the results are approximately the same for Manaus and RAM regardless of the formula chosen. We should note that we are interested in Π i and not Π 1-σ i . As σ > 1, a high Π 1-σ i means a low Π i . In this regard, Manaus is among the entities with the highest level of trade costs in the subset of Brazilian states since its Π 1-σ i is well below the average, and close to the minimum in each case. The rest of Amazonas also presents a below-average Π 1-σ i which means that its multilateral resistance term is also among the highest in Brazil. The geographical situation of Manaus certainly plays a prominent role in explaining this situation.

It is the case because the only differences between Amazonas and the other Brazilian states trade costs factors are 2 geographical variables notably distance and the contiguity dummy (See equation 1.14). It suggests that the states located in the northern part of Brazil as Amazonas are relatively far from the economically large Brazilian states, but also from the economically large countries in the world. The following map of Manaus' transport network provided by SUFRAMA confirms the consistency of this idea.

This map shows that Manaus (MAO) is among the entities located the farthest from Sao Paulo (SSZ), the economic hearth of the country. On top of that, because of the lack of direct connections with the rich southern states, the goods from Manaus need to bypass by other states as Rondonia (RO) or Para (PA) which are also far from the economic centre, implying longer distances to cover and therefore higher transports costs. This effect is nevertheless not accounted in our multilateral resistance term since we simply used the direct geographic distance between each state's capital. Still, as we can see, the estimated multilateral resistances for states like Para or Rondonia which are nearly as far as Manaus from the economic hearth of the country are also among the highest of the Brazilian sample (See table 1.4). To sum up, the second point was to say that Manaus and RAM level of trade costs were among the highest in the subset of Brazilian states. Despite this fact it appears that they are also among the top performers in term of intra-national exports in Brazil. In other words, the high level of trade costs does not impeach these two entities to outperform the average Brazilian state in term of intra-national exports. It is therefore very likely that another factor is at play here. This leads us to our third point, which is to envisage the tax incentives provided by the Free Trade Zone of Manaus as one of the main explanations to the state of Amazonas trade performance. To assess the relevance of this idea, we carried out a stochastic frontier estimation with a specification allowing the inefficiency term to be heteroskedastic. As explained in section 1.3.3, this kind of specification is very interesting because it also permits to determine the variables that influence the inefficiency term. We therefore estimated a fixed-effects stochastic frontier model, and we modelled the variance of the bilateral inefficiency term as a function of bilateral man-made restrictions such as the existence of trade agreements between the two partners, and WTO membership. Besides, considering that manufactured goods are among the more traded goods in term of value,7 and also less sensitive to transport costs than primary goods as [START_REF] Xu | Why are agricultural goods not traded more intensively: High trade costs or low productivity variation?[END_REF] for example showed, a high share of manufactured goods in GDP should have a positive influence on trade performance. We therefore assumed that the variance of the bilateral inefficiency term also depends on the exporter's manufactured goods share in GDP.

It is important to note that in Brazil in 2008, the entity that had the highest manufactured goods share in its GDP was Manaus. This manufactured production was essentially attributable to the companies installed in the Free Trade Zone, and which directly benefit from the Brazilian authorities' tax incentives. We can therefore argue that this ratio captures at least a share of the Free Trade Zone impact on Manaus production. The following table displays the results of the regression. The first column presents the independent variables. Except ldist and lva_indr (the log of the manufactured value-added share in GDP), all these are dummy variables. They are all described in table 1.2. The second column presents the coefficients associated to the independent variables that determines the log of exports, whereas columns Usigma and Vsigma represent respectively the inefficiency component and the two-sided noise component of the error term variance. As said earlier in section 1.3.3, the variance of the error term is (σ

2 = σ 2 v + σ 2 u ).
The estimation is made in one step on the assumption of a normal distribution for the twosided noise component and an exponential distribution for inefficiency. We can see in the table that Vsigma is constant since it does not depend on any covariates unlike Usigma. It appears that except for the constant, all the variables explaining the inefficiency variance are significant at the 1% level and have a negative sign. It means that a trade agreement for example has a negative impact on the variance of trade inefficiency, and therefore a positive impact on the efficiency variance.

As discussed by [START_REF] Parmeter | Efficiency analysis: a primer on recent advances[END_REF] the sign of the inefficiency variance covariates coefficients is also informative about the sign of their effect on the expected value of inefficiency. We can thus say that an increase of the exporter's share of manufactured goods in GDP exerts a negative impact on its trade inefficiency, and therefore a positive impact on its trade efficiency. The magnitude of the coefficients however tells us nothing about their marginal effects on inefficiency, since the relationship between the expected value of inefficiency and the covariates is nonlinear. Still, if the level of Manaus manufactured goods share in GDP is the result of the tax incentives provided by the Free Trade Zone (which is probably the case to some extent), it would mean a positive impact of the Free Trade Zone on Manaus intra-national export performance. All these results therefore suggest that the goal of fostering the state of Amazonas economic linkages with other Brazilian states that motivated the creation of Manaus FTZ has been achieved, and that this Free Trade Zone played a role in the process.

Concluding remarks

The goal of this paper was to determine Manaus and the Rest of Amazonas level of integration into the Brazilian economy and to examine the eventual role of the Free Trade Zone of Manaus to explain their situation. To do so, we used a structural gravity model and derived some measures of trade costs and trade performance in order to compare Manaus and RAM with the other Brazilian states. We showed that these two entities presented in 2008 the highest level of trade costs among Brazilian states, but despite this fact, were among the most efficient intra-national exporters in Brazil. To explain this puzzle, we envisaged the free trade zone of Manaus as the main explanation because of the wide range of tax incentives it provides to firms in this region. To support this idea, we established that the manufactured value-added share in total value-added has a positive impact on the trade efficiency scores. As manufactured goods are the main products fabricated by the firms in this FTZ which besides, amounts to a high share of Manaus GDP; we judged that this idea was not devoid of sense. It therefore appears that a good set of tax incentives as those of Manaus FTZ could offset the disadvantages associated with remoteness and high transport costs, and stimulate a given country exports. Examining the conditions that led to this outcome and the potential impact of this FTZ type of tax incentives on intra-regional trade in other regions of the world could hence be an interesting future direction of research.

1..1 LR tests on the existence of inefficiency in the data

As [START_REF] Kumbhakar | A practitioner's guide to stochastic frontier analysis using Stata[END_REF] explain, a LR test for a stochastic frontier normal-half normal model with OLS as the restricted model amounts to testing the hypothesis that the inefficiency variance σ 2 u =0. According to them, the LR test statistic has a mixture of chi-square distribution with 1 degree of freedom since only σ 2 u is restricted. The critical values of this distribution are as follows: More precisely, if there is no inefficiency, in the data, the OLS residuals are described by the following equation:

ε ij = v ij + E (v ij ) , With E (v ij ) = 0
Otherwise, if there is inefficiency, the residuals are better described by

ε ij = v ij -u ij + E (u ij ) + E (v ij ), With E (u ij ) >=0
We can estimate the latter model by applying the standard stochastic frontier model presented earlier, assuming a standard normal distribution N (0, σ 2 v ) for v ij and an exponential distribution N+ (σ 2 u ) for u it both being i.i.d. The former model is estimated via OLS, and we perform the likelihood ratio test to determine which model better explains the error term. The likelihood ratio test statistic is -2[L(H 0 )-L(H 1 )] where L(H 0 ) and L(H 1 ) are likelihood values of the restricted model (OLS) and the unrestricted model (stochastic frontier).

Following the test, we obtain a LR statistic equal to 1503.06 which means a significance at the 1% level. This test thus confirms the existence of inefficiency in the estimated model. Chapter 2
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Are African exports that weak ? A trade in value-added approach

Abstract: African countries are known to export less than any other group of countries in the world. Numerous studies have pointed out the high level of transport costs related to the lousy quality of transport infrastructures in the African continent to be the main explanation of this situation. We first show that depending on the estimator used, African countries on aggregate do not trade necessary less than the average country in the world when it comes to gross exports, even if they underperform clearly as regards final goods exports. We also formulate a model for trade in value-added by adapting the Anderson and Van Wincoop's gravity equation to take into account the structure of value-added exports. The proposed model highlights the importance of indirect trade costs, which are trade costs of third countries through which the exported value-added of the origin country passes to reach its final destination. When we control for these indirect trade costs, it appears that the penalty on the direct trade costs between African countries' and their partners is at least two times lower for value-added exports than what is predicted for gross exports and even six times lower in comparison to final goods exports.

Keywords: Global value chains, Gravity model, trade costs, African trade JEL classification code : F100

Introduction

The weakness of African exports is a long-standing concern. The continent's share of world exports has never been known to top 8% since African independence, and has actually posted a virtually steady downward trend despite a few episodes of growth. WTO data estimate Africa's share of world exports at just 2% today. This diminutive share presents a real problem for a number of reasons. First, it has been shown that exporting firms in many countries, including Africa, pay higher wages and are larger employers than nonexporting firms [START_REF] Bernard | Firms in international trade[END_REF][START_REF] Rankin | Exporting from manufacturing firms in sub-saharan africa[END_REF]. From this point of view, an increase in exports is potentially welfare-improving for a continent on which extreme poverty remains rife.

Second, given that African countries are generally small economies, an increase in exports could offset their weak domestic demand. This explains the many trade agreements signed by African countries with their regional and international partners since the early 1990s to gain access to larger markets. However, these trade agreements do not appear to have done anything to increase African countries' exports or their share in world exports as presented by the above stylized facts. Yet are these countries' exports as weak as they seem? More formally, do African countries' exports fall short of a benchmark level?

This question has been widely discussed in the literature. There is a consensus among researchers that these countries trade less than others with similar characteristics, despite other findings presented by a few studies. 1 Limao and Venables (2001), for example, support this view. They show that there is a penalty on intra-sub-Saharan African (SSA) trade flows and that this penalty is overturned once the level of transport infrastructure is controlled for. They therefore conclude that transport infrastructure plays a key role in explaining the transport cost penalty borne by intra-SSA trade.

Freund and Rocha (2011) reach a similar conclusion regarding the weakness of African exports compared to the benchmark. However, they find a different trade obstacle, albeit related to transport infrastructure, in the form of transit time from factory to port of shipment. They find that halving average transit time to 3.5 days would raise African trade by 30%. The negative impact of transport infrastructure on African trade is also highlighted by Buys et al. (2006).

Although the results of these studies are interesting, they raise certain concerns with respect to the estimation methods used for the theoretical model. The literature has largely discussed how to properly estimate the gravity model, the framework on which all these findings are based. For example, it is acknowledged that the use of ordinary least squares to estimate this model, as commonly seen in the above studies, is not risk free in the presence of heteroskedasticity, something highly likely in trade data (Silva and Tenreyro, 2006).

In addition, most of the studies on the trade performance of African countries use exporter and importer GDP to control for mass variables. When bilateral gross exports are the dependent variable and trade in intermediate goods is present, GDP is clearly not the appropriate mass variable. This is because bilateral gross exports embed previously imported intermediate inputs used to produce the exported final goods, while GDP covers solely domestic value-added. Using an inappropriate mass variable can alter the trade performance scores, as countries using more imported intermediate inputs to produce their exported goods display a higher level of exports than possible given their GDP.

Moreover, exporter fixed-effects are rarely included in the estimations. Rigorous model estimation calls for the inclusion of exporter and importer fixed-effects to adequately control for all idiosyncratic variables, such as multilateral resistance. Yet it is hard to assess the trade performance of different countries with the presence of fixed-effects, because they capture part of our parameter of interest. It is thus worthwhile to determine whether the alleged weakness of African exports compared to the benchmark continues to be found when the gravity model is estimated correctly and rigorously.

We take a threefold approach to address the above-mentioned concerns. First, we use appropriate mass variables rather than GDP to estimate the model. Second, we use the Poisson pseudo maximum likelihood estimator (PPML) instead of ordinary least squares to prevent heteroskedasticity issues. Third, in addition to using gross exports as our dependent variable, we calculate each country's value-added exports and reformulate the gravity model to take into account the particularity of these trade flows before estimating it.

This approach substantially improves the estimation of the gravity equation, because it determines the real increase in international demand that a country can expect after reducing its trade costs with its trading partners. In fact, trade costs probably have a differential impact on value-added exports and gross exports due mainly to the inclusion of domestic and foreign content in gross exports. A trade cost could therefore impact more on the foreign than the domestic content of gross exports. This is, for instance, suggested by Johnson and Noguera (2012b), who find a steady downward trend in the ratio of value-added to gross exports from 1970 to 2009, along with a sharp decrease in bilateral trade costs over the period.

Estimating the model with value-added exports thus enables us to assess the real impact of trade costs on this variable, and naturally eases the identification of the real contribution that a change in trade costs could make to an economy's material well-being in terms of real income. Some authors, such as [START_REF] Guilhoto | The gravity model, global value chain and the brazilian states[END_REF] and Johnson and Noguera (2012b), have already used classical gravity equations to estimate models with bilateral value-added exports as the dependent variable. However, because of their more complex structure, these traditional models -such as that of Anderson and Van Wincoop (2003) and other variants such as Eaton and Kortum (2002) and Chaney (2008)-are not entirely suitable to explain this type of trade flow. This is because, unlike the direct bilateral exports that these models explain, a given country's value-added exports to a particular destination depend on third country exports of final goods to that same destination (Koopman et al., 2014). A better modelling strategy therefore needs to take this into account.

In this sense, Aichele and Heiland (2018) derive a structural expression for value-added exports that they use to perform a counterfactual analysis in general equilibrium, but they do not estimate a reduced form gravity equation. Noguera (2012) proposes an approach that combines the gross trade equation with a log-linear Taylor approximation of bilateral value-added exports around a benchmark equilibrium. This produces an equation that relates bilateral value-added exports in change to gravity variables. Although his interesting method takes into account third countries' trade costs with the destination of final consumption, it presents the caveat of estimating a log-linear gravity equation. With heteroskedastic data, as shown by Silva and Tenreyro (2006), estimating this kind of log-linearized gravity model using ordinary least squares, as conducted by Noguera (2012), could produce biased parameter estimates.

We propose a framework that preserves the non-linearity of the model and thus gets around this potential problem. Unlike Noguera (2012), who finds that the bilateral trade cost elasticity of value-added exports is about two-thirds that of gross exports, we find that only the standard errors of the trade cost parameters' are lower for value-added exports than for gross trade flows. It suggests that inter-country heterogeneity in magnitudes of trade cost parameters is lower for value-added exports.

For instance, African countries bear a sizeable penalty on their trade cost coefficients compared to the benchmark when the dependent variable is final goods exports. However, this penalty is six times lower with value-added exports. This means, for example, that an improvement in transport infrastructures, which can considerably reduce African transport costs, could significantly increase their exports of final goods, but have less of an impact on their value-added exports.

This result has many policy implications, because policymakers are more concerned with the exported value-added for the reasons detailed above. We thus contribute to the literature by highlighting this differential impact of trade costs on African value-added exports and final goods exports, but also by proposing an appropriate model to estimate the gravity equation for value-added export flows. The remainder of this paper is organized as follows. Section 2.2 presents the structural gravity model developed by Anderson and Van Wincoop (2003) and discusses certain considerations regarding its empirical estimation. Section 2.3 proposes a gravity model for value-added exports. Sections 2.4 and 2.5 present respectively the data and the empirical results. Finally, section 2.6 contains some concluding remarks.

The structural Gravity Model and its estimation

Anderson and Van Wincoop's model has the following form:

X sj = Y s D j Y t sj Π s P j 1-σ (2.1) With P 1-σ j = s Y s t 1-σ sj Π s 1-σ (2.2) Π 1-σ s = j D j t 1-σ sj P 1-σ j (2.3) And Y s = N j=1 X sj (2.4)
where X sj represents bilateral exports from country "s" to country "j", Y is the world's GDP, Y s and D j respectively the GDP 2 and expenditures of countries "s" and "j", and t sj country "j" import costs for goods from country "s". 1 -σ < 1 is the trade-cost elasticity of trade, and Π s and P J represent respectively the exporter and importer outward and inward multilateral resistance terms. Given its nonlinear nature, a log-linear version of this equation is often estimated. We have:

ln X sj = a 0 + a 1 ln Y s + a 2 ln D j + (1 -σ ) ln t sj -(1 -σ) ln Π s -(1 -σ) ln P J + ε sj (2.5)
Where a 0 is the constant, and ε sj is the error term. We use the following equation for the trade cost factor:

T sj = d δ 1 sj . exp(δ 2 cont sj + δ 3 lang sj + δ 4 ccol sj + δ 5 col sj + δ 6 rta sj + a i border sj ) (2.6)
With d sj representing the bilateral distance, and cont sj , lang sj , ccol sj , col sj , border sj representing dummies respectively for the presence of a common border, a common official language, a common colonizer, if the territory is or has been one of its partner colonies in the past and for the country's trade with itself. The best way to control for exporter and importer multilateral trade resistance, which is generally unobservable, is to use exporter and importer fixed-effects (Baldwin and Taglioni, 2006).

Estimating a log-linearized model is not a flawless exercise, particularly because it raises the issue of Jensen inequality [E(ln y) =ln E(y)], which biases the estimates in the presence of heteroskedasticity. As Silva and Tenreyro (2006) point out, the expected value of the logarithm of a random variable is a function of its mean, but also of the higher-order moments of the distribution. So, for instance, if the error term variance in equation (2.5) is a function of the independent variables, as is generally the case in trade data3 , the exogeneity assumption E(e sj |x) = 0 required for the consistency of OLS will be violated. The authors, therefore, advocate using the Poisson Pseudo maximum likelihood estimator instead, an estimation method that avoids log-linearization and has several other interesting features in line with some of the characteristics of trade data, such as the existence of zero trade flows. The estimated model thus becomes:

X sj = {exp( a 0 + a 1 ln Y s + a 2 ln D j + (1 -σ) ln T sj -(1 -σ) ln Π s -(1 -σ) ln P J ) + ε sj } (2.7)
With X sj representing exports in value from country "s" to country "j", and the other variables remaining unchanged. When we include importer and exporter fixed-effects to control for the multilateral resistance terms, we obtain the following empirical model:

X sj = exp(u s + ln T 1-σ sj + u j ) (2.8)
where u j and u s are respectively estimates of the importer and exporter fixed-effects, and Y 0 the income of the reference country.

Originally designed for gross trade flows, the Anderson and Van Wincoop (2003) gravity model is not necessarily suitable to analyse value-added trade flows as we will see in the next section.

A gravity model for value-added exports

Trade flows between countries are generally analyzed using data on bilateral gross exports.

As we know, these data are obtained by recording the gross value of goods as they cross borders. With a fragmented production process involving many countries, inputs cross borders many times before reaching their destination, and it is impossible to determine exactly where the value-added embedded in the flows comes from and where it is ultimately consumed. This poses a problem when seeking to explain trade flows using a standard gravity model, because the ratio of value-added to gross exports is highly heterogeneous across countries and time (Johnson and Noguera, 2012b). These data cannot therefore be relied on to properly analyze how value-added is exchanged between countries. This has prompted the development of new methods to obtain better measures of trade in value-added such as in Daudin et al. (2011), Johnson and Noguera (2012a) or Koopman et al. (2014).

Following Koopman et al. (2014), for example, a given country's value-added exports to a particular destination depend on third country exports of final goods to that same destination. In other words, bilateral value-added exports (v ij ) from country "i" to country "j" are obtained by computing the sum of weighted exports of final goods from each country s ∈ S in the world to the importing country, where the weights are proportional to the importance of the origin country "i" in the production structure of the other countries (s ∈ S). S represents the set of countries in the world including "i". We take this definition to derive a gravity model for value-added exports, using the structural model developed by Anderson and Van Wincoop (2003) as a starting point. In appendix 2..1, we derive our model by posing a problem of maximisation under constraints, and we obtain the same results as in this section.

More formally, we have:

v ij = ( S s=i π is X sj ) (2.9)
Where X sj is defined as in (2.1), π is the fraction of country "i" value-added required to produce a unit of final goods in country "s" and v ij bilateral value-added exports.

By combining equations (2.9) and (2.1), it follows that:

v ij = S s=i Y s D j Y w t sj Π s P j 1-σ π is = Y i D j Yw t ij Π i P j 1-σ π ii + S s =i Ys D j Yw t sj Πs P j 1-σ π is ⇒ v ij = Y i D j Yw t ij Π i P j 1-σ π ii   Y i D j Yw t ij Π i P j 1-σ π ii + S s =i Ys D j Yw t sj Πs P j 1-σ π is Y i D j Yw t ij Π i P j 1-σ π ii   = Y i D j Yw t ij Π i P j 1-σ   S s=i Ys D j Yw t sj Πs P j 1-σ π is Y i D j Yw t ij Π i P j 1-σ   = Y i D j Yw t ij Π i P j 1-σ S s=i π is Ys t sj Πs 1-σ Y i t ij Π i 1-σ ⇒ v ij = Y i D j Y w t ij t iSj Π i P j 1-σ
(2.10)

Where

t iSj =    S s=i π is Y s t sj Πs 1-σ Y i t ij Π i 1-σ    1 1-σ (2.11)
This term t iSj is a function of bilateral trade costs between "i" and "j", and of the weighted sum of bilateral trade costs between "j" and all its trading partners including "i". This is very similar to Anderson and Van Wincoop's multilateral resistance, except for the fact that it is associated with a bilateral relationship instead of being idiosyncratic to a country. It represents the relative trade cost of indirectly exported value-added from country of origin "i" to destination country "j" through third countries "s ∈ S" in terms of directly exported value-added from "i" to "j". Furthermore, we can see that equation (2.10) is close to the Anderson and Van Wincoop's gravity equation with the difference that it is scaled by this new term that we label "Cost of fragmentation".

As bilateral trade costs, this term exerts a negative effect on bilateral value-added exports. However, it decreases with the amount of indirectly exported value-added by the origin country, that is to say, ∂t iSj ∂π is < 0. It means that the more connected a country is to the world production network via its intermediate inputs' exports, the lesser its cost of fragmentation will be, and the higher will be its exported value-added to a given partner comparatively to a less connected country. For example, consider a three-country case with countries "i", "s" and "j", as in the chart above. The exported value-added from "i" to "j" depends on its direct exports to "j", but also its indirect exports via country "s" exports of final goods to "j."4 This is because, in order to produce a unit of final good, country "s" needs intermediate goods and thus value-added from "i". This example also clearly illustrates that the trade costs incurred by the exported value-added from "i" to "j" are not only direct trade costs, but also indirect trade costs incurred by the indirectly exported value-added via exports of final goods from "s" to "j".

Estimating a model of trade in value-added without taking into account these indirect trade costs therefore gives rise to an omitted variable bias, with its undesirable repercussions on the estimated coefficients. As should now be clear, value-added exports are not readily available common data on trade between countries. They therefore need to be calculated using an inter-country or multi-country input-output matrix. The following section describes the dataset used for this work.

Data

This work draws on the GTAP 9 Database, which is a multi-country input-output table. The table comprises 57 sectors and 140 entities, within which are found 26 African countries and six aggregated regions for the rest of Africa. The dataset released in 2015 has three base years, from among which we choose 2011 to conduct our analysis. We obtain our measure of value-added exports using the methodology developed by Koopman et al. (2014). As our table is a multi-country table, intermediate consumption imports are not broken down by countries of origin, nor are final demand imports. This poses a problem because we need the complete set of bilateral intermediate and final demand imports in order to calculate the bilateral value-added exports of each country. Two options are available to solve this problem.

First, a proportionality assumption can be applied. Specifically, we assume that for a given destination country, the imported share of intermediate goods from a country of origin is the same as the share of that country in the total imports of the destination country. This assumption has been somewhat criticized for its poor performance in capturing the real share of a given country of origin in the inputs used by a given sector in a destination country or in the final goods consumed by the said destination country (Koopman et al., 2014;[START_REF] Puzzello | A proportionality assumption and measurement biases in the factor content of trade[END_REF].

To solve this problem Koopman et al. (2014) recommend using the UN Broad Economic Classification of products by end-use category with HS6 digit level COMTRADE data to split commodities into intermediate and final goods. Taking the trade shares thereby obtained, a reconciliation exercise is conducted to ensure that the new set of intermediate and final goods flows is consistent with the GTAP Database aggregates. In order to perform this reconciliation exercise, we draw on a quadratic mathematical programming model proposed by Tsigas et al. (2012). Appendix 2..3 provides more details. Koopman et al. (2014) make a comparison between the results obtained from this method using version 7 of the GTAP Database to build an inter-country input-output table for 2004 and the 2005 inter-country input-output table developed by the Institute of Development Economics in Japan for nine East Asian economies and the United States. Given that the latter is based on a survey of firms, it reports true data regarding the use of intermediate goods from a given country by a given sector. The authors show that the UN BEC method performs much better than the proportionality assumption in approximating these true data.

For this reason, we privileged the UN BEC method to obtain our data on value-added exports and perform our analysis. The results obtained with the proportionality assumption can nevertheless be found in Appendix 2..2.

As mentioned earlier, the GTAP Database level of aggregation is very high. This is problematic due to our focus on African countries. We have only 26 of the continent's 54 countries. The other 28 countries are represented by six aggregated regions. This implies that intra-African trade considerations cannot realistically be analyzed in this study. In addition, this level of aggregation implies having to make assumptions regarding certain gravity variables such as "common border" and "common official language". In effect, if one country in an aggregate of countries shares a border with another outside of the aggregated entity, that does not mean that the entire entity shares a border with the said external country. We therefore need to take this into account and we arbitrarily consider that a given aggregation of countries shares a common border with a state if at least 80% of its component countries share a border with it. Having said that, to ensure the robustness of our results, we also conduct our empirical analysis taking two other scenarios whereby:

• We consider that a given aggregation of countries shares a common border with a state if 100% of its component countries share a border with it;

• We consider that a given aggregation of countries shares a common border with a state if at least 60% of its component countries share a border with it. 

t sj Πs 1-σ Yi t ij Π i 1-σ 1 1-σ Table 2
.1 presents some of the variables used in our estimations, their sources and the rules or methodology applied to obtain them. As can be seen, we obtain the geographic distance between each pair of countries using a generator built by the Centre for Biodiversity and Conservation at the American Museum of Natural History (AMNH). The distance of a country to itself is calculated using the formula in column 3. The proxy for the cost of fragmentation is obtained as follows: we estimate equation (2.8) with the trade costs function in equation (2.6) to obtain the trade costs parameters that will allow us to get a proxy of final goods exports' bilateral indexes of trade costs (t ij 1-σ ). Exporter multilateral resistance Π 1-σ i is then obtained using the fixed-effects estimates as in Fally ( 2015) and finally, using equation (2.11), we solve for the cost of fragmentation.

It is important to note that this procedure does not obtain t iSj , but t iSj 1-σ . This implies that the effect of the obtained term on value-added exports will not be (1 -σ), as would have been the case had we been able to calculate t iSj directly, but unity instead (at least theoretically). t iSj 1-σ is therefore more like an inverse cost of fragmentation, and we label it as such hereafter. The econometric results will clarify this point. However, before going moving on to these results, it is worth presenting a brief description of the data on value-added and gross exports and on the cost of fragmentation.

Chart 2.2 presents the average data on bilateral value-added and gross exports for African countries compared to the rest of the sample (ROW). It shows unsurprisingly that the African countries' bilateral export flows are lower compared to other countries, be it for value-added exports or gross exports. When we further disentangle gross exports into intermediate and final goods using the method based on the UN Broad Economic Classification of products by end-use category (UN BEC method thereafter), the result remains the same, i.e. African export flows are lower compared to other countries, as shown in chart 2.3. Interestingly, this chart also points up a significant difference between the two kinds of trade flows.

It appears that intermediate goods exports are higher on average than final goods trade flows for every country in the sample, as shown in the left panel of the chart. This is This result should also be reflected by the cost of fragmentation of these countries. As said earlier, it represents the relative trade cost of indirectly exported flows from country of origin "i" to destination country "j" through third countries "s ∈ S" in terms of directly exported flows from "i" to "j". The lower this cost, the more a country exports indirectly its flows than directly. Chart 2.4 presents the measures of the inverse cost of fragmentation (t iSj 1-σ ).

The chart shows that the median inverse cost of fragmentation is higher for most African countries (75%) than for other countries. As mentioned earlier ∂t iSj ∂π is Ys < 0, and therefore,

∂t iSj 1-σ
∂π is Ys > 0 (where π is Y s is the amount of value-added indirectly exported by country "i" via third country "s"). A higher inverse cost of fragmentation, i.e. lower cost of fragmentation, would therefore mean that African countries export more value-added indirectly than the rest of the set and vice versa. The analysis of the mode by which The left panel of the chart shows that African countries bearing a lower median inverse cost of fragmentation than other countries export less value-added indirectly. This is confirmed by the scatter plots in the chart's right panel comparing the ratios of indirectly to directly exported value-added and weighted inverse costs of fragmentation. 5 We can clearly see that there is a good correlation between the two variables, of the order of 0.84 to be accurate.

Econometric results

This section is organized into two parts. First, using the latest gravity model estimation advances, we review the alleged weakness of African countries' exports compared to countries with similar characteristics. We then evaluate the real role played by trade costs in the export performance of these countries.

The alleged weakness of African countries exports

As mentioned earlier, many studies have found that African countries export less than others with similar characteristics (Freund and Rocha, 2011;Buys et al., 2006;Limao and Venables, 2001). Most of these studies obtain their results using ordinary least squares. This poses a problem because, as shown by Silva and Tenreyro (2006), this estimator is inconsistent where the condition of homoskedasticity is not met, which is more than likely with trade data. Furthermore, the way the model's key variables are approximated, namely the mass variables and multilateral resistance terms, can also give cause for concern. Since Baldwin and Taglioni (2006), the literature generally controls for these variables by including exporter and importer fixed-effects in the estimations. However, it is hard to assess the trade performance of different countries by including fixed-effects, because they fundamentally capture our parameter of interest.

Most studies of African countries' trade performance hence exclude them from their estimations, taking the exporter and importer's respective GDP to control for the mass variables. This is problematic because a country's gross exports, unlike its GDP, include a share of value-added from other countries. When a country is well-integrated into the world production network, for example, when its exports present a large import content, GDP is not a good proxy for its size. This is because the share of foreign goods in its exports is by definition a share of other countries' GDP. The appropriate proxy is total output, which is the sum of GDP and intermediate consumption (local and imported).

Failing to use the appropriate proxy can significantly alter the trade performance scores for countries with a high ratio of value-added to gross exports, as is the case with African countries. It is thus extremely important to determine whether African exports continue to appear weak compared to the benchmark when the gravity model is estimated using the proper estimator and mass variables. The following two tables present the results of our estimations. RTA is a dummy that is equal to 1 when the countries are members of a regional trade agreement and zero otherwise.

The first, table 2.2, presents regressions with bilateral gross exports as the dependent variable using the Poisson pseudo maximum likelihood estimator. In keeping with Silva and Tenreyro (2006), we performed a test to check whether the pattern of heteroskedasticity in the data satisfies the condition required for the consistency of ordinary least squares. This test, presented in appendix 2..2, shows that the OLS estimator is unsuitable for our estimations. 6 For this reason, we relegated the results obtained with ordinary least squares 6 There is no need to perform the same test to determine whether the pattern of heteroskedasticity 68 in appendix 2..2. The two regressions of table 2.2 feature two different mass variables, the log of GDP (Exporter GDP) for column 1 and the log of total output (Exporter total output) for column 2. In each regression, we do not control for exporters' multilateral resistance but include importers' fixed-effects along with other variables to control for trade costs. The non-inclusion of a proxy for exporters' multilateral resistance allows us to capture a penalty on African exports which should be higher than with a proxy, as the latter would capture part of our parameter of interest.

The trade cost variables include the log of bilateral distance (Distance) and dummies to control respectively for the existence of a common border (Common border), a common official language (Common language), a colonial link (Colony), a common colonizer (Common colonizer), and a common trade agreement (RTA). Also included is a dummy that is equal to 1 for African countries' exports and 0 otherwise (Aftrade) in order to check whether there is a penalty on their exports. As explained by Freund and Rocha (2011), given that this specification is clearly inconsistent with trade theory due to the absence of exporter fixed effects, the penalty on African exports should be at its highest level. Note that we drop the countries' internal trade flows, which is tantamount to including dummies to control for trade within a country.

As shown by the table, the African dummy coefficient is negative and significant at the 1% threshold for the first column. Specifically, when the mass variable used is the exporter's GDP (column 1), African countries export approximately 15% less (e -0.168 -1 = -0.15) than expected. However, when the appropriate mass variable is used, namely total output (column 2), the penalty no longer exists since the African dummy coefficient is no longer significant. 7 Thus, we can conclude that African countries do not export less than expected in terms of bilateral gross exports. It could be interesting to determine whether this result holds at a more detailed level differentiating between final and intermediate goods.

Authors like Antràs and De Gortari (2017) have suggested that trade costs have a more detrimental effect on downstream than upstream production stages. As the alleged weakness of African exports is generally explained by the higher level of trade costs borne by these countries, it would not be surprising to find a lower penalty on their trade in intermediate goods than on their trade in final goods.

corresponds to that assumed by the PPML estimator, because this estimator is consistent in our case, even if the variance function is misspecified, unlike OLS. It may, however, not be efficient. 7 Freund and Rocha (2011) find a penalty of a higher magnitude using ordinary least squares and GDP as the mass variable(See footnote 12 in their article), a result that we also find in appendix 2..2. Thus, the alleged weakness of African countries' exports depends on the estimator used, but clearly, the PPML results should be preferred as suggests the test on the pattern of heteroskedasticity presented in appendix 2..2. aftrade is a dummy that is equal to 1 for African countries' exports and 0 otherwise. RTA is a dummy that is equal to 1 when the countries are members of a regional trade agreement and zero otherwise. For each regression, the exporter mass variable (Exporter_supply) is the log of sum of exports regarding the relevant trade flows.

The suggestive evidence is presented in table 2.3, where the estimations are performed using the PPML estimator. This table features two columns of regressions respectively for intermediate and final goods export flows obtained using the above-mentioned UN BEC method. The regressions are performed using the same econometric specification as in table 2.2, where we control for importer fixed-effects but do not include exporter fixed-effects. For each regression, the exporter mass variable (Exporter_supply) is the log of the sum of exports for the relevant trade flows. The variable of interest is again the African trade dummy, equal to 1 for African exports and zero otherwise.

As can be seen, the African dummy coefficient is not significant for intermediate goods exports, which means that African countries do not export fewer intermediate goods than expected. However, the story is different for exports of final goods, which post 52% less than expected (e -0.73 -1 = -0.518).

Thus, according to this econometric specification, although the African countries' aggregate bilateral trade is no lower on average than expected, final goods appear to underperform while intermediate goods appear to be unaffected. Note, however, that this specification intentionally designed to reveal the highest possible penalty on African exports is inconsistent with trade theory, since our estimation does not take into account the exporters' multilateral resistance.

To rigorously estimate the model, we need to control for these variables by including exporter fixed-effects in the regressions. However, doing so makes it hard to assess the African countries' export performance due to perfect multicollinearity between the exporter fixed-effects and the dummy for African exports. Nevertheless, it is possible to check whether there is a difference in the impact of trade costs on these countries' trade flows compared to others. In principle, a lower trade performance than a reference group should be reflected by higher trade costs or a higher impact of trade costs on trade flows.

Moreover, up to this point, we have been interested in the export performance of African countries in terms of their gross trade flows. However, as mentioned earlier, what is relevant for policymakers is not necessarily growth in gross trade, since bilateral gross exports embed a share of value-added that comes from foreign countries. These exports could therefore increase due to an increase in this share of foreign value-added. Valueadded exports, on the other hand, do not embed a foreign component and comprise solely local value-added. An increase in this variable thus has a direct impact on GDP growth, a core concern for policymakers. In the next series of regressions, we examine whether trade costs have a greater impact on African countries' bilateral gross exports and value-added exports.

Finally, it is worth noting that the above results are based on Hubert-White robust standard errors. However, in these econometric specifications for bilateral trade flows, disturbances could be correlated across different non-nested clusters, namely across exporter, importer or country-pair. Disregarding these different dimensions of correlations could give rise to drastically biased standard errors of the coefficients of interest regardless of whether fixed-effects are included or not; see [START_REF] Cameron | Robust inference with multiway clustering[END_REF][START_REF] Egger | An econometric view on the estimation of gravity models and the calculation of trade potentials[END_REF]Tarlea (2015) or [START_REF] Larch | Currency unions and trade: A ppml re-assessment with high-dimensional fixed effects[END_REF] specifically for the case of structural gravity estimations. In the following set of regressions, the standard errors are clustered by exporter, importer and country-pair using the stata package developed by [START_REF] Correia | ppmlhdfe: Fast Poisson Estimation with High-Dimensional Fixed Effects[END_REF].

Trade costs and African countries' trade performance

Many studies consider high trade costs as one of the main explanations for Africa's weak trade and economic performance (Amjadi and Yeats, 1995;Limao and Venables, 2001;Freund and Rocha, 2011;Bosker and Garretsen, 2012). We assess the relevance of this assertion by performing a series of regressions based on theoretically consistent econometric specifications using the PPML estimator. The results are reported in tables 2.4 and 2.5. To be more precise, we include exporter and importer fixed-effects to control for exporter and importer multilateral resistance terms as required by the theory. Consequently, we can no longer assess the trade performance of African countries using the previous dummy variable equal to 1 for African exports and zero otherwise due to perfect multicollinearity.

Instead, we create two interaction variables: the first between the previous dummy equal to one for African exports or zero otherwise and bilateral distance (afldist), and the other between bilateral distance and a dummy equal to 1 for African imports and zero otherwise (af2ldist). This solves the matter of perfect multicollinearity and enables us to determine whether the distance coefficient is significantly higher for African exports than for imports or vice versa. The trade costs function remains the same as before as regards bilateral gross exports, including for intermediate and final goods exports. However, there is a difference when it comes to value-added exports. In line with the model developed in section 2.3, a new variable appears in the form of what we have called the inverse cost of fragmentation. This variable, as explained earlier, captures the sum of bilateral trade costs with a given destination of the third countries through which a country of origin's value-added transits before reaching the said destination.

Table 2.4 features four columns of regressions. The first presents the results for gross exports and Columns 2, 3, and 4 results respectively for final goods exports, intermediate goods exports and value-added exports obtained using the UN BEC method presented in appendix 2..3. Firstly, columns 4 shows that lt iSj 1-σ , the log of the inverse cost of fragmentation , has a positive and significant impact on value-added exports. As discussed earlier, the positive sign here is due to the fact that we are only able to obtain a proxy of 8 T iSj 1-σ rather than T iSj which is the real cost of fragmentation. This is because trade elasticity (1 -σ) is not readily observable. Had we used T iSj , the impact would have been negative and equivalent to trade elasticity.

8 To obtain T iSj 1-σ , we first run a regression with final goods as the dependent variable using the PPML estimator with exporter and importer fixed-effects in order to obtain the trade cost coefficients. We then solve for t ij 1-σ using the trade costs function in equation (2.6) and exporter multilateral resistance Π 1-σ i , is obtained using the fixed-effects estimates as in Fally (2015). Finally, we solve for T iSj 1-σ using equation (2.11). RTA is a dummy that is equal to 1 when the countries are members of a regional trade agreement and zero otherwise. lt iSj 1-σ is the log of the inverse cost of fragmentation.

afldist is an interaction variable between the dummy equal to one for African exports or zero otherwise and the log of bilateral distance. af2ldist is an interaction variable between a dummy equal to one for African imports or zero otherwise and the log of bilateral distance.

The second interesting result is to find no additional effect of distance on African bilateral gross exports (afldist) and imports (af2ldist) in column 1, as the coefficients of the interaction variables are not significant. This is a consequence of the multi-way clusterrobust standard errors which, as mentioned earlier, are clustered by exporter, importer and country-pairs. The standard errors thereby obtained are higher than the Hubert-White robust standard errors, which gives rise to more conservative inferences for all estimates. In fact, the coefficients using the Hubert-White robust standard errors would be significant at the 10% threshold. That said, this result is consistent with the evidence presented in table 2.2 i.e. that when the Poisson pseudo maximum likelihood estimator is used with the appropriate mass variable, African gross exports are not significantly lower than expected.

Turning to final goods exports (columns 3), it can be seen that the additional distance coefficient -0.63 is significant at the 1% threshold. This indicates that the impact of distance on African exports of final goods is approximately twice as high as for other countries (-0.695-0.63). This coefficient is non-significant for imports of final goods. In addition, distance does not seem to have a different impact on African trade flows of intermediate goods compared to other countries (column 4). This finding would appear to confirm the result found in table 2.3 that African countries underperform only in their exports of final goods. It also suggests that part of the additional distance coefficient for exports of final goods captures foreign countries' preferences for African goods.

We say this because intermediate goods are supposed to be more homogeneous than final goods. If distance does not have a greater effect on African imports of final goods or intermediate goods flows, but only has more of an effect on exports of final goods that are highly heterogeneous across countries, it is likely that this penalty actually reflects other countries' weak preferences for African final goods. In the same vein, the additional distance coefficient for African value-added exports (-0.0932) in column 5 is significant at the 5% threshold, albeit seven times lower than for final goods exports, while the coefficient for African value-added imports is not significant. This might suggest that African value-added exports are less sensitive to the weak preferences of foreign countries for African goods.

Whether weak preferences or the additional impact of distance, what is clear is that African value-added exports are less affected than African final goods exports. This result shares some similarities with the findings of Noguera (2012), who shows that the trade cost elasticity for value-added exports is about two-thirds of that of gross exports. In our case, however, the distance coefficient is approximately the same on average, whether for value-added exports or final goods exports.9 Only the additional distance coefficients for African countries are different for both trade flows. This is due to the fact that the standard errors are lower when the dependent variable is expressed in value-added terms, suggesting that there is less heterogeneity across countries in terms of the magnitude of the trade cost parameters. For instance, in the case of distance, the standard error is equal to 0.0215 when the dependent variable is expressed in value-added terms (column 5), while it is equal to 0.0760 for final goods exports, as shown in column 3. is the log of bilateral costs to trade between countries "i" and "j" taken to the power 1 -σ. AF lt 1-σ ij is an interaction variable between the dummy for African exports and lt 1-σ ij . AF 2lt 1-σ ij is an interaction variable between the dummy for African imports and lt 1-σ ij .

The results reported in table 2.4 only quantify the additional impact of distance on African trade flows. In table 2.5, we perform the same regressions using the full bilateral trade cost indices. To be more precise, using equation (2.6), and the trade cost parameters obtained from the previous regressions without the interaction variables between distance and the dummies respectively for African exports (afldist) and imports (af2ldist), we calculate the trade cost indices t ij 1-σ . We then create two new interaction variables respectively between the dummies for African exports and imports and the trade cost indices in order to determine whether trade costs have a greater impact on African trade flows than on others.

In table 2.5, lt 1-σ ij is the log of bilateral costs to trade between countries "i" and "j" taken to the power of 1 -σ. AF lt 1-σ ij is an interaction variable between the dummy for African exports and lt 1-σ ij ,AF 2lt 1-σ ij is an interaction variable between the dummy for African imports and lt 1-σ ij , and lt iSj 1-σ is the log of the inverse cost of fragmentation. Since

1 -σ is negative, lt 1-σ ij is inversely proportional to the level of trade costs.
As the reported results show, the previous conclusions still hold. Trade costs do not have a greater impact on African countries' gross exports compared to other countries. This is because, as shown in column 1, the additional trade costs coefficients for African gross exports and imports captured respectively by the interaction variables AF lt 1-σ ij and AF 2lt 1-σ ij are not significant. We also find as before that trade costs have a greater impact on African final goods exports compared to other countries, since a 1% increase in trade costs reduces African exports by 1 -σ(0.992+0.736)% (see column 3). As in the previous table, this greater impact of trade costs concerns neither African final goods imports nor intermediate goods trade flows (Column 4). As with value-added exports (column 5), the additional impact of trade costs "0.114" is six times lower when it is compared to the impact on final goods exports (column 3), such that a 1% increase in trade costs reduces African exports by just 1 -σ(0.997+0.114)%.

As explained earlier, all these findings suggest that the weakness of African exports and especially final goods exports, as established in table 2.3 is probably due more to weak preferences by non-African countries for the goods of our countries of interest than to the higher trade costs borne by these countries. In addition, value-added trade flows appear to be less impacted by these weak preferences, which implies that the export trade performance of our countries of interest is higher in value-added terms.

These results remain the same when different assumptions are made with respect to the gravity variables included in the trade costs function. Specifically, as mentioned earlier, we obtained the previous results by assuming that the aggregated regions in the GTAP multi-country database share a border or a common language with a non-aggregated region if at least 80% of their respective component countries share a border or a common language with that non-aggregated region. As shown in appendix 2..2, the results remain rigorously the same irrespective of whether we choose a 100% threshold or a 60% threshold to decide if an aggregated region shares a common border or a common language with a non-aggregated region.

Concluding remarks

The purpose of this paper was to question the virtual consensus in the literature regarding the relative weakness of African exports. We find that the results are more ambiguous. Taking the latest advances in international trade flow estimation, we first showed that, depending on the estimator used, African gross exports are not as weak as purported in the literature compared to a gravity model benchmark. More precisely, we showed that even though our countries of interest clearly underperform in terms of their final goods exports, the same does not hold true for their intermediate goods exports such that their trade performance in gross exports is similar on average to other countries.

We also showed that bilateral trade costs have a greater impact on African countries' trade flows, and especially on their final goods exports. Surprisingly, however, when the chosen dependent variable is expressed not in gross terms, but rather in value-added terms, the additional impact of bilateral trade costs is six times lower than their impact on final goods exports. African value-added exports are thus less sensitive than African final goods exports to bilateral trade costs. Finally, we observed that the additional impact of bilateral trade costs concerns essentially exports, since it is non-existent with respect to imports. This differential impact suggests to us that, where it exists, the weakness of African exports is probably due more to other countries' weak preferences for African goods than to the continent's higher level of trade costs, as asserted in the literature.

Either way, be it weak preferences or bilateral trade costs, African countries' value-added exports -the trade flows that should matter the most to policymakers -are apparently less sensitive to these impediments than final goods exports. It appears, however, that the cost of fragmentation, which synthesizes the bilateral trade costs with a given destination of all the third countries through which a country of origin's value-added transits before reaching the said destination, plays a significant role in explaining value-added trade flows. It would therefore be interesting to analyze its determinants more thoroughly. We have the following expression for value added-exports from Koopman et al. (2014):

v ij = n i ( S s=i B is X sj ) (2.12)
where v ij represents the exported value-added from country of origin "i" to destination country "j". This expression is obtained by input-output analysis by breaking down a given country's gross exports into regions of origin. As we know, a country needs inputs from other world regions in addition to its own inputs in order to produce a unit of intermediate or final good. Gross exports represent the sum of intermediate and final goods exported by a given country to its partners. That country's exported value-added is solely the share of gross exports produced within it. In other words, it represents the payments made to workers and capital owners in the country of origin to produce the exported good. In this expression,

n i = Y i G i represents the ratio of GDP (Y i ) to total output (G i ).
B is is an element of the total requirement matrix derived from input-output analysis. It represents the amount of country "i" goods required to produce a unit of final goods in country "s" to be consumed either in "s" or abroad. Finally, X sj represents the exports of final goods from country "s" to country "j". Equation (2.12) can be rewritten :

v ij = n i (B ii X ij + S s =i B is X sj ) (2.13)
By rewriting the equation in this way, we show that the exported value-added from country "i" to country "j" depends on the directly exported value-added by "i" to "j" (B ii X ij ), and on the indirectly exported value-added from i, via third states "s" to country "j" ( S s =i B is X sj ). This indirectly exported value-added represents the intermediate goods sourced from "i" that are embedded in the final good exports of third countries "s" to destination country "j".

Unlike classic export flows, we can see that value-added exports have a more complex structure. This needs to be taken into account when building a rigorous gravity model. If we denote as c ij country "j" consumption of final goods (quantity) from country "i", and as α is = n i B is the amount of value-added from country "i" required to produce a unit of final good in country "s", the utility function to be maximized by country "j" consumers is:

i S s=i β 1-σ σ s (α is c sj ) σ-1 σ σ σ-1 (2.14)
subject to the budget constraint:

i s=i α is c sj p sj = Y j (2.15)
where p sj = p s t sj is the price of the exported good from country "s" to country "j" composed of the supply price of exporting country "p s ", and the trade cost factor between the two countries "t sj ". c sj p sj therefore represents the nominal value of the exported final good from "s" to "j".

We solve this problem for bilateral relationship "ij" by posing the Lagrangian function:

L = i S s=i β 1-σ σ s (α is c sj ) σ-1 σ σ σ-1 -λ i s=i α is c sj p sj -Y j (2.16) ∂L ∂α is c sj = 0 ⇒ σ σ -1 i S s=i β 1-σ σ s (α is c sj ) σ-1 σ 1 σ-1 β 1-σ σ s σ -1 σ (α is c sj ) -1 σ -λp sj = 0 (2.17) ⇒   i S s=i β 1-σ σ s (α is c sj ) σ-1 σ   1 σ-1 β 1-σ σ s (α is c sj ) -1 σ p sj = λ ⇒ (α is c sj ) -1 σ = λp sj i S s=i β 1-σ σ s (α is c sj ) σ-1 σ 1 σ-1 β 1-σ σ s ⇒ α is c sj =      λp sj   i S s=i β 1-σ σ s (α is c sj ) σ-1 σ   1 σ-1 β 1-σ σ s      -σ We pose i S s=i β 1-σ σ s (α is c sj ) σ-1 σ 1 σ-1 = A and c sj p sj = x sj ⇒ α is x sj = λ -σ A -σ (β s p s t sj ) 1-σ with p s t sj = p sj
We thus have:

S s=i α is x sj = λ -σ A -σ s=i (β s p s t sj ) 1-σ ⇒ α is x sj = (β s p s t sj ) 1-σ S s=i (β s p s t sj ) 1-σ S s=i α is x sj (2.18) We also have i α is x sj = (βs pst sj ) 1-σ S s=i (βs pst sj ) 1-σ i S s=i α is x sj = (βs pst sj ) 1-σ S s=i (βs pst sj ) 1-σ Y j This finally gives: α is x sj = β s p s t sj P j 1-σ α is i α is Y j (2.

19)

Where

P j = S s=i (β s p s t sj ) 1-σ 1 1-σ (2.20)
In keeping with Anderson and Van Wincoop (2003) we impose market clearance to derive the gravity equation. This implies:

Y s = i j α is x sj (2.21)
where i α is equals 1, and where Y s represents the total income of country "s".

We thus have:

Y s = j β s p s t sj P j 1-σ i α is i α is Y j (2.22) = j βs pst sj P j 1-σ Y j
We also solve for the scaled price β s p s as (AVW) which gives:

(β s p s ) 1-σ = Ys j t sj P j 1-σ Y j Yw
Replacing this in equation (2.19), we obtain:

α is x sj = Y s Y j Y w t sj Π s P j 1-σ α is i α is (2.23) Where Π s = j t sj P j 1-σ Y j Yw 1 1-σ and P j = S s=i t sj Πs 1-σ Ys Yw 1 1-σ
As mentioned earlier, the bilateral exported value-added from country "i" to "j" is:

v ij = ( S s=i α is X sj ) with α is = n i B is and n i = Y i G i
It follows that:

v ij = S s=i Y s Y j Y w t sj Π s P j 1-σ α is i α is = Y i Y j Yw t ij Π i P j 1-σ α ii + S s =i Ys Y j Yw t sj Πs P j 1-σ α is i α is ⇒ v ij = Y i Y j Yw t ij Π i P j 1-σ α ii   Y i Y j Yw t ij Π i P j 1-σ α ii + S s =i Ys Y j Yw t sj Πs P j 1-σ α is i α is Y i Y j Yw t ij Π i P j 1-σ α ii   = Y i Y j Yw t ij Π i P j 1-σ   S s=i Ys Y j Yw t sj Πs P j 1-σ α is i α is Y i Y j Yw t ij Π i P j 1-σ   = Y i Y j Yw t ij Π i P j 1-σ   S s=i β is Ys t sj Πs P j 1-σ G i t ij Π i P j 1-σ  
This equation is equivalent to the previous equation (2.10) (in the main text) and could be rewritten like this:

= Y i Y j G i Yw S s=i β is Y s t sj Πs P j 1-σ or = Y i Y j Yw t ij Π i P j 1-σ   S s=i β is Ys G i t sj t ij Πs Π i 1-σ   Bearing in mind that i α is = 1 and α is = Y i G i B is .

2..2 Robustness checks

2..2.1 Test of the pattern of heteroskedasticity

We drew on Silva and Tenreyro (2006)to test the appropriateness of each estimator for our data. Given that each estimator assumes a specific pattern of heteroskedasticity, its efficiency depends on how the variance of the dependent variable relates to its expected value. We have the following general case proposed by [START_REF] Manning | Estimating log models: to transform or not to transform[END_REF]:

V [Y i |X i ] = λ 0 E[Y i |X i ] λ 1
If λ 1 = 1, then Poisson PML is efficient. This case is a generalization of the Poisson variance assumption, i.e. equality between the conditional variance and the conditional mean. If λ 1 = 2, the Gamma PML is the optimal PML estimator. As we know, the Gamma PML first-order conditions are close to the OLS (logs) first-order conditions. The OLS estimator is also consistent in this case.

The results are presented in table 2..610 . These tests were conducted with conditional variance proxies obtained respectively from the estimation presented in table 2.2 column 2 of the main document for the PPML case and a variant where the dependant variable is the log of gross exports for the OLS case. Specifically, we estimated for the OLS case using a non-robust covariance estimator:

ln (Export ij -Export ij ) 2 = ln λ 0 + λ 1 ln (Export ij ) + v ij (2.24)
and for the PPML case using a robust covariance matrix estimator.

(Export ij -Export ij ) 2 = λ 0 Export ij + λ 0 (λ 1 -1) ln (Export ij ) Export ij + e ij (2.25)
For the OLS case, we tested the null hypothesis λ 1 = 2, and for the PPML case λ 0 (λ 1 -1) = 0. aftrade is a dummy that is equal to 1 for African countries' exports and 0 otherwise. RTA is a dummy that is equal to 1 when the countries are members of a regional trade agreement and zero otherwise. aftrade is a dummy that is equal to 1 for African countries' exports and 0 otherwise. RTA is a dummy that is equal to 1 when the countries are members of a regional trade agreement and zero otherwise. For each regression, the exporter mass variable (Exporter_supply) is the log of sum of exports regarding the relevant trade flows.

The African dummy coefficient is not significant for intermediate goods exports irrespective of the way trade flows are obtained, which means as mentioned above that African countries do not export fewer intermediate goods than expected. This is not the case for exports of final goods, which post 20 % less than expected e -0.221 -1 = -0.198) when the proportionality assumption is used, and 52 % less (e -0.73 -1 = -0.518) when the UN BEC method is used. This difference in magnitude stems directly from the proportionality assumption, which requires the trade shares to be the same for final goods and intermediate goods imports in each country. Still, as the total value of exported goods differs from the total value of imported goods, we can assess the differential trade performance between final and intermediate goods exports for African countries. RTA is a dummy that is equal to 1 when the countries are members of a regional trade agreement and zero otherwise. lt iSj 1-σ is the log of the inverse cost of fragmentation.

afldist is an interaction variable between the dummy equal to one for African exports or zero otherwise and the log of bilateral distance.

af2ldist is an interaction variable between a dummy equal to one for African imports or zero otherwise and the log of bilateral distance.

As regards final and intermediate goods exports obtained under the proportionality assumption (columns 2 and 3), it can be seen that the trade cost coefficients are approximately the same as for gross exports in column 1. This is an outcome of this assumption, which requires the bilateral import shares to be the same for both flows. The magnitude and non-significance of the additional distance coefficients also reflect this effect. The result is no different for value-added trade flows obtained using the proportionality method (column 4). The additional distance coefficients are also non-significant. What is interesting, however, is to note that the magnitude of the coefficients is lower and that the additional distance coefficient is even positive for value-added exports, suggesting that African value-added trade flows are less sensitive to distance than gross trade flows. It is clear from these results that using the proportionality assumption to disentangle gross trade flows into final and intermediate goods does not provide any information on the true breakdown of these flows. This gives ground to the above-mentioned criticism of this assumption and explains why the UN Broad Economic Classification of products by end-use category on detailed trade statistics is preferred to perform this breakdown. lt 1-σ ij ∼is the log of bilateral costs to trade between countries "i" and "j" taken to the power 1 -σ. AF lt 1-σ ij is an interaction variable between the dummy for African exports and lt 1-σ ij . AF 2lt 1-σ ij is an interaction variable between the dummy for African imports and lt 1-σ ij .

2..2.3 Econometric results with a 100% threshold for the determination of the aggregated regions trade costs variables aftrade is a dummy that is equal to 1 for African countries' exports and 0 otherwise. RTA is a dummy that is equal to 1 when the countries are members of a regional trade agreement and zero otherwise. aftrade is a dummy that is equal to 1 for African countries' exports and 0 otherwise. RTA is a dummy that is equal to 1 when the countries are members of a regional trade agreement and zero otherwise. For each regression, the exporter mass variable (Exporter_supply) is the log of sum of exports regarding the relevant trade flows. RTA is a dummy that is equal to 1 when the countries are members of a regional trade agreement and zero otherwise. lt iSj 1-σ is the log of the inverse cost of fragmentation.

afldist is an interaction variable between the dummy equal to one for African exports or zero otherwise and the log of bilateral distance.

af2ldist is an interaction variable between a dummy equal to one for African imports or zero otherwise and the log of bilateral distance. lt 1-σ ij ∼is the log of bilateral costs to trade between countries "i" and "j" taken to the power 1 -σ. AF lt 1-σ ij is an interaction variable between the dummy for African exports and lt 1-σ ij . AF 2lt 1-σ ij is an interaction variable between the dummy for African imports and lt 1-σ ij . aftrade is a dummy that is equal to 1 for African countries' exports and 0 otherwise. RTA is a dummy that is equal to 1 when the countries are members of a regional trade agreement and zero otherwise. aftrade is a dummy that is equal to 1 for African countries' exports and 0 otherwise. RTA is a dummy that is equal to 1 when the countries are members of a regional trade agreement and zero otherwise. For each regression, the exporter mass variable (Exporter_supply) is the log of sum of exports regarding the relevant trade flows. RTA is a dummy that is equal to 1 when the countries are members of a regional trade agreement and zero otherwise. lt iSj 1-σ is the log of the inverse cost of fragmentation.

afldist is an interaction variable between the dummy equal to one for African exports or zero otherwise and the log of bilateral distance. af2ldist is an interaction variable between a dummy equal to one for African imports or zero otherwise and the log of bilateral distance. lt 1-σ ij ∼is the log of bilateral costs to trade between countries "i" and "j" taken to the power 1 -σ. AF lt 1-σ ij is an interaction variable between the dummy for African exports and lt 1-σ ij . AF 2lt 1-σ ij is an interaction variable between the dummy for African imports and lt 1-σ ij .

2..3 Methodology used to obtain the value-added exports

In this appendix, we describe the methodology used to obtain the value-added exports data. We begin by presenting the Koopman et al. (2014) framework used to obtain these data and which is based on input-output analysis. We then describe the database on which this work is based. Finally, we present the two techniques used in order to disentangle gross exports into final goods and intermediate goods exports, a requirement for our analysis.

2..3.1 Breakdown of gross exports by value-added from different origins

Input-output analysis is a method of economic forecasting developed by Wassily Leontief, who received the Nobel Prize in economics in 1973. This method is based on input-output tables, which summarize the sale and purchase transactions in an economy by sector and by buyer or seller. Some strong assumptions are required to conduct the analysis:

• Constancy of intersectoral technical coefficients, which implies that an increase in production necessarily leads to a proportional increase in the inputs used throughout the production process (no economies of scale);

• Unrestricted availability of production factors;

• Absence of substitutability between production factors, which implies that irrespective of their price or quantity, the share of capital or labor or even intermediate inputs remains the same in a unit of production. The production technology is therefore the same within the period of analysis, at least for static models.

The input-output table is presented as follows: sales are listed in lines from left to right, and purchases in columns. 11 We therefore have in lines:

g i = n j=1 a ij g j + x i (2.26)
where g i represents the total production of sector "i" or the set of goods sold to satisfy sector "i"'s final demand (x i ) and demand for intermediate goods (a ij g j ), and a ij is the technical coefficient, which represents sector "i"'s units of intermediate goods used to produce sector "j"'s output. The constancy of technical coefficients assumption thus means that the intermediate consumption/production ratio does not vary for any sector "j" irrespective of the production volume. In this framework, final demand is assumed to be exogenous since it does not depend on total production, unlike intermediate consumption.

We have in columns:

g j = n i=1 a ij g j + p i (2.27)
where g j represents the total production of sector "j" or the purchases of intermediate consumption (a ij g j ) and other production factors such as labour or capital (p i ) necessary to produce the goods. By writing equation (2.26) for all sectors, we obtain in matrix notation:

g = Ag + x Where g = (I -A) -1 x = Lx (2.28)
with A corresponding to a (n*n) matrix of technical coefficients, I the (n*n) identity matrix, (I -A) -1 = L the Leontief inverse, g the production of each sector and x the corresponding final demand. As we are interested in relationships between a number of regions, a simple input-output framework is not suitable since it simply shows the interrelations between sectors of a single economy. We therefore need to use a different framework, which is called an inter-regional input-output table (IRIO) and which enables us to identify the interrelations between the different regions studied and their industries.

Technically, the methodology used to build it is roughly the same as above. For example, in a simple two-region (i,j) and one-sector case, we would have for sales (in line):

g i = a ii g i + a ij g j + x ii + x ij (2.29)
with a ii representing the units of intermediate goods used to produce one unit of output in country "i", a ij country "i" units of intermediate goods used to produce one unit of output in country "j", x ii country "i" production destined to satisfy its own final demand, and x ij country "i" production destined to satisfy country "j" 's final demand.

In matrix form, we have the same expression as in equation (2.28) which gives an IRIO model as follows: x 11 x12 

x 21 x 22 (2.30)

In this matrix, the countries' output is broken down by place of absorption. For example, country 1's output (g 1 = g 11 +g 12 ) is equal to the output produced and consumed at home (g 11 ) and the output produced at home and consumed abroad g 12 . Similarly, final demand is broken down by place of absorption, with the total final demand of country 1

(x 1 = x 11 + x 12
) being equal to the final demand produced and consumed at home x 11 and the final demand produced at home and consumed abroad x 12 .

The matrix of b ij is the matrix of "total requirement coefficients". 13 For source country "i" and destination country "j", b ij represents the total amount of country "i" gross output required to produce an extra unit of final good in country "j" that can be consumed either in "j" or in "i". By multiplying each coefficient in this matrix by the value-added share of gross output for corresponding source country v i , we obtain a (2*2) matrix of coefficients v i b ij representing the total amount of country "i" value-added or GDP required to produce an extra unit of final good in country "j" that can be consumed in "j" or "i". This formula enables us to disentangle a given country's production into value-added from different origins, either home or abroad.

Looking back at equation (2.30), we can, for example, easily break down a unit of production in destination country 1 (the first column) into its own value-added v 1 b 11 and the value-added from abroad v 2 b 21 . Thus v 2 b 21 is the imported value-added share in country 1's production and, on the assumption generally made in the literature that exports and domestic sales use the same intensity of imported output, we can also interpret this expression as the value-added import content of one unit of export. With this framework set, we can easily break down a country's gross exports, and therefore explain the discrepancy between the latter and its exports of value-added.

As discussed by Koopman et al. (2014), this enables us to identify each country's place in the global and regional value chain.

We first rewrite country 1 and country 2's output as follows:

g 1 = [g 11 + g 12 ] = [x 11 + a 11 g 1 + (x 12 + a 12 g 2 )] = [((1 -a 11 ) -1 x 11 ) + ((1 -a 11 ) -1 e 12 ] (2.31)
where e 12 = x 12 +a 12 g 2 represents bilateral gross exports from country 1 to country 2.

g 2 = [g 22 + g 21 ] = [x 22 + a 22 g 2 + (x 21 + a 21 g 1 )] = [((1 -a 22 ) -1 x 22 ) + ((1 -a 22 ) -1 e 21 ] (2.32)
where e 21 = x 21 +a 21 g 1 13 See Koopman et al. (2014) With these expressions, we can further break down country 1's exports by source of origin. Using v 1 b 11 + v 2 b 21 = 1, we therefore obtain:

e 12 = (v 1 b 11 + v 2 b 21 )(x 12 + a 12 g 2 ) = v 1 b 11 x 12 + v 1 b 11 a 12 g 2 + v 2 b 21 x 12 + v 2 b 21 a 12 g 2 (2.33) = v 1 b 11 x 12 +v 1 b 12 x 22 + v 1 b 12 x 21 + v 1 b 12 a 21 g 1 + v 2 b 21 x 12 + v 2 b 21 a 12 g 2 where v 1 b 11 a 12 g 2 = v 1 b 12 x 22 + +v 1 b 12 x 21 + v 1 b 12 a 21 g 1
This equation simply means that country 1's total value of gross exports can be broken down in terms of value-added by place of origin. We therefore have four terms, with the first representing the value-added exported from country 1 to country 2 to satisfy the latter country's demand for final goods (v The third term (v 2 b 21 x 12 ) represents the value-added imported by country 1 embedded in its exports of final goods to country 2. The last term represents the value-added imported by country 1 embedded in its exports of intermediate goods to country 2. On this basis, we can obtain a full breakdown of country 1's exports by highlighting the terms that are double counted, and which explain the gap between value-added exports and gross exports. We do this by combining the previous three equations, which results in the following expression:

e 12 = [v 1 b 11 x 12 + v 1 b 12 x 22 ] + [ v 1 b 12 x 21 + v 1 b 12 a 21 (1 -a 11 ) -1 x 11 ] + v 1 b 12 a 21 (1 -a 11 ) -1 e 12 + [ + v 2 b 21 x 12 + v 2 b 21 a 12 (1 -a 22 ) -1 x 22 ] + v 2 b 21 a 12 (1 -a 22 ) -1 e 21
(2.34)

The intuition behind this equation is very simple. The first two terms represent country 1's exports of value-added. These exports include country 1's value-added consumed abroad as final goods (v 1 b 11 x 12 ) and its value-added used as intermediate goods to produce final goods consumed in the destination country (v 1 b 12 x 22 ). These two terms also correspond to the Johnson and Noguera (2012a) measure of vertical specialization "Value-added exports". They obviously form a share of country 1's GDP. This is also the case for the following two terms in the second bracketed expression, which represent respectively country 1's intermediate exports of value-added embedded in country 2's exports of final goods to country 1 (v 2 b 21 x 12 ), and country 1's intermediate exports of value-added embedded in country 2's intermediate exports to country 1 and used to produce final goods consumed there v 1 b 12 a 21 (1 -a 11 ) -1 x 11 .

It is easily shown that country 1's GDP equals its value-added absorbed abroad (the first two terms), and its value-added absorbed at home, namely the following two terms that are first exported and finally return home as imports, plus a last term that represents the share of GDP that is never exported. Obviously, the terms in the second bracketed expression are double counted in the trade data because they are exported first by country 1 and then exported back by country 2. They therefore appear in the two countries' exports, and the double counting is clearly due to country 2 since they form a share of country 1's GDP. The fifth term is also a double counted term ( v 1 b 12 a 21 (1 -a 11 )

-1 e 12 ). Koopman et al. (2014) report that this term is double counted twice, unlike the former terms. Intuitively, it represents country 1's value-added exports of intermediate goods to country 2 exported back by country 2 as intermediate goods used to produce country 1's exports (and therefore re-embedded in this country's exports). If we refer to the GDP breakdown presented above, this value does not appear in any of these countries' GDP. Since, intuitively, it appears in both countries' exports, it is double counted twice. However, as it initially originates in country 1, it necessarily forms a share of its domestic content of exports, i.e. all the value-added not initially produced abroad in its exports.

This is thus a different measure of vertical specialization from the "Value-added exports" discussed by Johnson and Noguera (2012a) and one that is made up of the first five terms of equation (2.34). Based on the same logic, we can label the last three terms "foreign content in country 1's exports". Respectively, the sixth term and seventh term represent the foreign value-added in country 1's exports of final goods and the foreign value-added in its exports of intermediate goods finally consumed abroad. They represent equation (2.34) third and fourth term in country 2's breakdown of gross exports. Finally, the eighth term shares similar characteristics with the fifth term. They are both double counted twice in export data. Precisely, the eighth term in country 1's breakdown of gross exports is the counterpart of the fifth term in country 2's breakdown of exports and vice versa.

Using this formula, we can accomplish a 100% breakdown of exports. Note, however, that the expression is slightly different when more than two countries are involved. In a multi-country case with S countries and 1 sector, we write the following expression:

E i * = [V i S j =i B ii X ij + V i S j =i B ij X jj + V i S s =i,j S j =i B is X sj ] + [V i S j =i B ij X ji + V i S j =i B ij A ji (I -A ii ) -1 X ii ] + V i S j =i B ij A ji (I -A ii ) -1 E i * + [ S s =i S j =i V s B si X ij + S s =i S j =i V s B si A ij (I -A jj ) -1 X jj ] + S s =i V s B si A ij S j =i (I -A jj ) -1 E j * ] (2.35)
where E i * is an S*1 vector of exports, B is an S*S matrix that contains all the required coefficients mentioned above with B ij as an element, X is an S*S matrix that contains the final goods produced in exporting countries and consumed in importing countries by sectors with X ij as an element, A is an S*S matrix of technical coefficients with A ij as an element, and V i a 1*S row vector of value-added to gross output ratios. As can be seen from the above, the new expression contains nine terms rather than eight as before. This is because country "i" 's exported value-added is no longer made up solely of its value-added consumed abroad as final goods (V i S j =i B ii X ij ) and its value-added used as intermediate goods to produce final goods consumed in the destination countries (V i S j =i B ij X jj ) , but also of its value-added exported to third countries and embedded in their exports of final goods to the rest of the world (V i S s =i,j S j =i B is X sj ).

The other terms have similar interpretations to equation (2.34). The fourth and fifth terms represent respectively the value-added exported by country "i" and exported back to "i" by all its trading partners, embedded either in final goods consumed in "i" (V i S j =i B ij X ji ) or as intermediate goods used to produce goods ultimately consumed in country "i"

V i S j =i B ij A ji (I -A ii ) -1 X ii .
They therefore have similar characteristics to the third and fourth term in the previous equation. This is also true for the sixth term, which appears in many countries' exports without being part of their GDP, as it is for the fifth term in the previous equation. The last three terms of this breakdown also represent the foreign content of country "r" 's exports, with the ninth term sharing the characteristics of the eight term in equation (2.34), and the seventh and eighth terms respectively representing the value-added imported from abroad and exported back embedded either in final goods or as intermediate goods.

Bilateral value-added exports directly follow from the first bracketed expression in equa-tion (2.35). We have:

V ij = V i B ii X ij + V i B ij X jj + V i S s =i,j B is X sj (2.36) =⇒ V ij = S s=i V i B is X sj =⇒ V ij = S s=i π is X sj
With this framework set, we now turn to the presentation of the GTAP 9 database on which is based our analysis.

2..3.2 The GTAP database 9

The GTAP 9 Database is a multi-country input-output matrix covering 140 regions and 57 sectors, which we aggregate into one to perform our analysis. 

i =j V IM S ij = V IF M I j + V IP M j + V IGM j + V IF M CGDS j (2.37)
This means that a given country's total imports of goods are used either for final consumption

V IP M j + V IGM j , investment V IF M CGDS j or intermediate consumption V IF M I j .
The second identity is also related to total imports of goods at market prices.

i =j V IM S ij = i =j V XM D ij + XT REV ij + M F AREV ij + T ARIF REV ij + V T W R ij (2.38)
This means that imports at market prices embed transportation margins V T W R ij and trade duties, which are either export duties XT REV ij + M F AREV ij or import duties

T ARIF REV ij .
The third identity represents the column equilibrium condition of the input-output matrix.

T V OM j = V DF M I j + V IF M I j + V DP M j + V DGM j + V IGM j + V IP M j + V DF M CGDS j + V IF M CGDS j + V ST j + i =j V XM D ji -V IM S ij (2.39)
where country j's GDP at market prices is represented by

V DP M j +V DGM j +V IGM j + V IP M j + V DF M CGDS j + V IF M CGDS j + i V XM D ji -V IM S ij + V ST j and V DF M I j + V IF M I
j s country j's consumption of domestic and intermediate inputs, including custom duties and transportation margins. The row equilibrium is as follows:

T V OM i = V DF M I i + V DP M i + V DGM i + V DF M CGDS i + V ST i + j V XM D ij (2.40)
The following table presents a simplified view of the GTAP database structure. It is clear that the database provides no information on the end use of exports V XM D AM or the different source countries for intermediate goods imports V IF M I A . tion is tantamount to assuming that a given country's imports of intermediate and final goods from a particular source are proportional to its total imports from that source. More specifically, we apply this assumption by first determining the share S intj of intermediate goods in the total amount of goods imported by a given country using the following formula:

Country A V DF M I A V DP M A +V DGM A +V DF M CGDS A V XMD AM +V ST A T V OM A Rest of World (M) V IF M I A Value-added V DP M A + V DGM A +V IGM A + V IP M A +V DF M CGDS A +V IF M CGDS A + V ST A +V XMD AM -V IMS MA Gross output T V
V IF M I j V IM S j = S intj (2.41)
We then apply this share to bilateral exports from other countries to the given country V XM D ij in order to obtain bilateral exports of intermediate goods, which we label

V XM D I ij . V XM D I ij = S intj * V XM D ij (2.42)
Bilateral exports of final goods V XM D F ij . are then obtained by calculating the difference between bilateral exports of intermediate goods and total bilateral exports.

V XM D F ij = V XM D ij -V XM D I ij (2.43)
These bilateral exports of intermediate goods are net of custom duties and transportation margins. We apply the same share of intermediate goods as before S int to the total amount of custom duties so as to determine the amount related to intermediate goods.

With respect to transportation margins, we determine the bilateral supply of transport services by first calculating the share S V ST i of each country in the world total supply of transport services (VST). We then apply these shares to the total demand for transport services for each country V T W R j in order to obtain our variable of interest. Finally, we use the share of intermediate goods S intj to obtain the bilateral supply of transport services for intermediate goods. When properly done, the following identities should hold: The HS/BEC tables of correspondence are available on the UN trade statistics website.

V IF M I j = i V XM D I ij + S intj * [(XT REV ij + M F AREV ij + T ARIF REV ij ) + S V ST i * (V T W R j )] (2.44) i V XM D F ij + 1 -S intj * [(XT REV ij + M F AREV ij + T ARIF REV ij ) + S V ST i * (V T W R j )] = V IP M j + V IGM j + V IF M CGDS j (2.
The HS/EBOPS correspondence is based on a draft document from the same source that proposes a correlation table between the UN BEC revision 5 and the EBOPS classification. 14 We use UN BEC revision 5 rather than revision 4 for trade in services because it identifies services better than revision 4. We also use HS 2002/EBOPS 2002/GTAP sector tables of correspondence to tie in these trade flows with the GTAP Database. The correspondence tables are taken respectively from the UN and European Commission websites 15 .

At the end of this process, we have goods and services identified by their GTAP sector and end-use category, whether final consumption, intermediate consumption or both. Some goods and services are therefore used for both final and intermediate consumption, and we need to assign a single end-use category to these goods to conduct our analysis. For this, we use the GTAP Database as a benchmark. To be more precise, we first determine the ratio of intermediate imports to total imports by sector in the GTAP Database and in our collected data. We then use an allocation method to converge the two ratios. Specifically, if the ratio we obtain from our collected data is higher than the ratio in the GTAP Database for a given sector, we consider that all remaining flows devoid of a single end use are final goods. If the ratio is lower, the dual-use items are used as a means of adjustment to converge to the GTAP Database ratio.

These dual-use items represent 10% of the database taken from COMTRADE and Francois and Pindyuk (2013) the year 2011, which is our year of analysis, and 7% for African countries. The African ratio of exported intermediate goods to final goods is equal to 6.35 before allocation, and becomes equal to 5.52 after allocation, which means that African final goods exports are relatively higher after allocation. Note that the reliability of the trade flows reported in the UN COMTRADE database and in Francois and Pindyuk (2013) is not the same for every country. For instance, Ghana's reported imports from the USA might be significantly different to the USA's reported exports to Ghana. This needs to be taken into account to ensure the consistency of the resulting database. We do so by calculating a reliability index based on Tsigas et al. (2012). We use this index as a weight in the objective function of a quadratic optimization problem, which helps us to obtain a consistent database. 16 The reliability index is obtained as follows:

RIX i = XA i j X ij
where

XA i = j∈A ij ≤0.25 X ij and A ij = |M ji -X ij | X ij (2.46)
We then solve the following optimization problem:

V IF M I j = i V IM S ij V XM D ij * V XM D I ij (2.47) V IP M j + V IGM j + V IF M CGDS j = i V IM S ij V XM D ij * V XM D F ij (2.48) V IF M I j = i V XM D I ij + S intj * [(XT REV ij + M F AREV ij + T ARIF REV ij ) + S V ST i * (V T W R j )]
(2.49)

V XM D ij = V XM D F ij + V XM D I ij (2.50) T V OM j = V DF M I j + i V IM S ij V XM D ij * V XM D I ij + V DP M j + V DGM j + V IGM j + V IP M j +V DF M CGDS j + V IF M CGDS j + V ST j + i =j V XM D ji -V IM S ij (2.51) T V OM i = V DF M I i + V DP M i + V DGM i + V DF M CGDS i + V ST i + j V XM D I ij + j V XM D F ij (2.52) M IN (OM EGA) = 1 2 i j (V XM D I ij -V XM D I ij ) 2 RIX i -1 + i j (V XM D F ij -V XM D F ij ) 2 RIX i -1
(2.53)

Where V XM D I ij and V XM D F ij are initial data obtained from the first breakdown of trade 

Introduction

In 2018, the WTO reported that trade in manufactured goods represented 68 % of world trade, far ahead primary goods like agricultural and fuel and mining products. In the current era of global supply chains, few countries carry out the production process of these goods from the upstream to the downstream. Rather, the process is fragmented between a lot of countries so that each one is specialized on particular tasks that are realized with the highest degree of efficacy, provided that the gains from fragmentation exceed the costs. It means that before a good reaches its final destination, it could cross the border of a country as many times as required for the completion of the production process.

As international fragmentation is a widespread phenomenon today, there is no doubt that its gains exceed its costs whenever it occurs because otherwise, companies would be losing money. These gains, however, could be under threat in the current context marked by the global pandemic caused by COVID-19. This pandemic has highlighted the vulnerabilities that the fragmented organisation of the world production process implies despite its obvious interests, which fueled the public debate onto whether companies should relocalize the externalized part of their production process or favour local inputs for their production. Meanwhile, the ongoing trade war launched by President Donald Trump with China could lead to the same detrimental consequences on vertical specialization between the two countries, as a small variation in tariffs can have magnified and nonlinear effects on the growth of trade and especially on vertically specialized goods. See Yi (2003). It is therefore interesting to determine the welfare reduction that would imply such a situation.

From a microeconomic standpoint, it is straightforward to determine the net gains retated to international fragmentation because companies are able to identify what they earn by delocalizing or externalizing a share of their production process to other countries. From a macroeconomic standpoint however, the answer to this question is a bit more complicated.

A solution to provide an answer to this question is to calculate the welfare gains of trade with a model that takes into account the fragmented organization of the world production process and make the difference with the gains predicted by a model that does not. This difference would represent the contribution of international fragmentation in the welfare gains of trade. It should be understood that the model that assumes no production linkages between countries should be a model where each unit of final good is produced using only value-added of the producing country and should therefore be calibrated on data that reflect this reality for the calculation to be reliable.

In principle, any trade model that allows for tradable intermediate inputs takes into account in a certain way the fragmented organization of the world production process. Among these models, we can cite for instance the seminal works of Eaton and Kortum (2002) or Caliendo and Parro (2015) which are models based upon roundabout production structure. Costinot and Rodríguez-Clare (2014) present a review of this kind of models with different market structures. Using trade models featuring notably perfect and monopolistic competition, these authors calculate the welfare gains of trade in two cases where trade in intermediate goods is allowed and not. They find that the welfare gains of trade are almost twice as high when trade in intermediate goods is allowed than without, suggesting that the contribution of international fragmentation in the welfare gains of trade is 50% of the total gains.

However, as explained earlier, for this result to be reliable, the models without trade in intermediate goods should have been calibrated on final goods trade data where each unit of final good is obtained using only value-added of the producing country. Instead, Costinot and Rodríguez-Clare (2014) calibrate their models using actual trade data that do not satisfy this requirement. We label the result obtained by these authors the gross contribution of international fragmentation in the welfare gains of trade, which is the gross contribution of trade in intermediate goods in these gains. We use the term gross because it is obvious that the model which is supposed to be without intermediate goods, in fact, hides a component of the impact of international fragmentation in the welfare gains of trade. To provide a reliable estimation of the net contribution of international fragmentation in the welfare gains of trade, we propose a model that allows us to identify in these gains all the components related to international fragmentation such that this net contribution can be identified. It is a model that is based upon value-added trade flows rather than gross trade flows.

Gross trade flows are trade statistics that are obtained by recording the value of goods crossing a country's borders. This strategy renders difficult the identification of the true country of origin and the destination of final consumption of a good, especially in the presence of international fragmentation. Value-added trade flows however, which are obtained through a specific statistical transformation (see Daudin et al. (2011), Johnson and Noguera (2012), or Koopman et al. (2014)) identify the value-added of each country incorporated in the goods and services that are produced and exported worldwide. Unlike bilateral gross exports that depend only on direct bilateral trade costs, a given country value-added exports to a particular destination depend on intermediate countries final goods exports to this destination, and therefore, on intermediate countries trade costs with it Koopman et al. (2014).

Standard trade models1 do not take into account this more complex structure of valueadded exports and thus, are not suitable to explain this kind of trade flows. Authors such as Noguera (2012) or Aichele and Heiland (2018) have already proposed a structural model for value-added exports, but none of them derive the welfare formula for the gains of trade with their models. To our knowledge, no other papers rely explicitly upon valueadded exports to do so. Theoretically, it should be noted that the welfare gains of trade are not supposed to be different with a value-added exports model in comparison to a gross exports model, as the economy's total expenditures remain the same in the two approaches. In fact as value-added trade flows are obtained by a statistical transformation of gross trade flows, we need to specify a full gross trade flows model to get our valueadded trade flows model. The gross trade flows model that we specify is close to Eaton and Kortum (2002) and Caliendo and Parro (2015).

However, these two models assume implicitly that the share of a given origin country in the total demand of inputs by firms in a destination country is also the share of this origin country in the destination country total demand of final goods. This assumption is not confirmed by the data. To solve this problem, we specify a different model for the two kinds of trade as Alexander (2017), [START_REF] Antràs | On the measurement of upstreamness and downstreamness in global value chains[END_REF] or [START_REF] Wicht | The margin of importing sectors in the gains from trade[END_REF]. Unlike the latter though who assume that the market structure for both trades in intermediate and final goods is perfect competition, we assume that only trade in intermediate goods is based upon perfect competition while for trade in final goods, we assume that consumers have a "love of variety-like" utility function and consume all the varieties produced and exported by each country in the world.

Using a value-added exports model rather than a gross exports model to infer the welfare gains of trade allows us to identify what we labelled earlier the gross contribution of international fragmentation in the welfare gains, but also allows us to identify what we label the macroeconomic cost of fragmentation. This cost is the accumulated cost that appears when intermediate goods go back and forth between countries before reaching the country of final transformation. It is the hidden component of the impact of international fragmentation in the welfare gains of trade that we mentioned earlier, which is critical to calculate the net contribution of fragmentation in these gains.

Besides, this model also allows us to determine the real implications of a trade costs reduction on a given country's participation in the global supply chain. This is also worthy of interest because, as many countries anticipate that participating more in the global value chain will foster their exports and GDP growth, a lot of them are devising policies in order to stimulate their integration into the world production process. Among these policies, reducing the level of trade costs is one of the top priorities.

Our results show that a reduction in the bilateral trade costs of a given country with each of its trading partners unambiguously increase in absolute terms its participation in the global supply chain whether backward or forward but, could imply relatively less forward participation. In fact, the origin country could become more efficient at exporting final goods to the country of final consumption than exporting intermediate goods to intermediate countries which are then transformed before being exported to the destination of final consumption. It results in more final goods directly exported to a particular destination of final consumption by the origin country than intermediate goods indirectly exported to this destination embedded in intermediate countries final goods exports, which means a relatively lower forward participation.

Moreover, we show that the change in welfare that would imply a move to autarky is different when estimated using our model rather than a model that does not distinguish trade in intermediate and final goods. Specifically, it appears similarly to the findings of Fally and Hillberry (2018) or Alexander (2017) that downstream countries feature higher welfare gains than upstream countries compared to what predicts a classical model.

We finally show that the net contribution of international fragmentation in the welfare gains from trade represents approximately 24% of these gains, a way lower figure than the gross contribution that we inferred from Costinot and Rodríguez-Clare (2014). It is due to the impact of what we labelled earlier the macroeconomic cost of fragmentation, the new variable that appears in our welfare formula, and which is also a function of the relative price of a given origin country indirectly exported flows through third countries to a given destination country in term of directly exported flows.

In the context of the welfare gains formula, it captures the share of intermediate goods exported by the origin country to third countries and reexported by the latter to the origin country embedded in their final goods exports (in term of the share of the origin country domestic trade in final goods). It amounts to an indirect domestic trade in intermediate goods, hidden in the share of domestic trade in final goods and which increases the share of internal trade in intermediate goods. As the gains from trade are inversely proportional to the shares of internal trade in intermediate goods and final goods, this variable lowers the contribution of trade in intermediate inputs in the welfare gains. The structure of the paper is as follows. The second section describes the model, the third and fourth sections present respectively the data with their different sources and the results of our estimations, and the last section concludes.

The model

The presentation of the model is organized in three sub-sections. In the first, we describe how goods and value-added are produced and traded between countries. In the following, we derive the welfare formula that is used to infer the gains from trade against autarky and in the third we present the method used to infer the change in the welfare gains related to any trade costs shock other than a move to autarky.

While trade in goods implies a bilateral relationship between the origin country of the goods and the country of destination, trade in value-added involves a set of other actors that we label intermediate countries which is the set of countries through which the valueadded of the origin country passes to reach its final destination. Let "i", "s" and "j" be any three countries in the set of countries N. Throughout this model, we use indices "i" and "j" alternatively for the origin country and the destination country of the trade flows.

When it comes to trade in value-added, we use index s ∈ S for the intermediate countries.

It is worth to note that the set of origin countries, the set of destination countries and the set of intermediate countries are composed of the same countries which means that a country can be simultaneously origin, destination and intermediate.

Production and trade in intermediate goods

To produce a unit of good either intermediate or final, a given country combines labor with intermediate inputs coming from itself and other countries. Specifically for intermediate goods, we assume that the production technology takes the form of the following Cobb-Douglas function:

q j (ω) = z j (ω) l j (ω) α j m j (ω) 1-α j (3.1)
Where z j (ω) represents country "j" efficiency at producing intermediate good ω, l j (ω) is labor, m j (ω) represents the composite intermediate inputs used in order to produce intermediate good ω and where α j is the share of labor required to produce a unit of good in country "j". We assume that countries do not have the same access to technology but also that producing a given intermediate good implies a specific technology requirement.

z j (ω), therefore, vary by country and by good.

In order to get the composite intermediate inputs, producers purchase intermediate goods from suppliers across all countries at the lowest price possible and aggregate them accord-

p ij (ω) = c i z i (ω) t ij (3.5)
Where c i z i (ω) represents the unitary cost for producing input ω in country "i" with c i the cost of a bundle of production factors which is the same for each input as we assume the production factors to be mobile across activities within a country and z i (ω) country "i" efficiency at producing input ω as in equation (3.1). t ij represents the bilateral trade cost factor between country "i" and country "j". This trade cost factor is composed of iceberg costs and ad-valorem flat rate tariffs3 . It is such that the internal trade cost of a country be equal to unity (t ii = 1). Assuming that bilateral barriers obey the triangle inequality because of cross-border arbitrage, we have for any three countries "i", "j", "s", t ij ≤ t is t sj .

The price of a given input is therefore:

2 We have I j = 1 0 m j (ω)dω = 1 0 pj (ω)k j (ω)dω Pj with 1 0 p j (ω) k j (ω)dω= I j P j the budget constraint of the intermediate good producer. p j (ω) = min {p ij (ω) ; i = 1, . . . , N }
With N being the number of countries. We use the same probabilistic representation of technologies as proposed by Eaton and Kortum (2002). More precisely, we assume that country "i" efficiency in producing input ω, z i (ω) is the realization of a random variable Z i drawn for each input independently from its country-specific probability distribution. This probability distribution is F i (z) = P r [Z i ≤ z] which is also by the law of large numbers the fraction of inputs for which country i's efficiency is below z. Assuming a Fréchet distribution, we have:

F i (z) = e -Υ i z -θ (3.6)
Where Υ i > 0 is a country-specific state of technology parameter whose value indicates the likeliness of a good efficiency draw. The bigger its value, the higher the likeliness of a good efficiency draw for any input ω. θ > 1, the shape parameter of the Fréchet distribution is not country specific. As explained by Eaton and Kortum (2002), the higher its value the lesser is the variability of efficiency draws within the countries. This parameter therefore regulates the heterogeneity of efficiencies across inputs in the countries. It follows that the probability π ij that country "i" provides an input at the lowest price in country "j" is4 :

π ij = Υ i (c i t ij ) -θ Φ j (3.7)
This probability is the same regardless of the type input. It also represents the share of country "i" in the total demand of inputs by firms in country "j". Let H j + R I j = K j be this demand inclusive of intermediate goods imports tariff revenues, with R I j representing tariff revenues on intermediate goods. Also, let 1 + τ I ij be the bilateral ad-valorem flat rate tariff for intermediate goods imports.

The value of country "j" bilateral demand of inputs or intermediate goods from country "i" exclusive of intermediate goods imports tariff revenues5 is therefore:

h ij = Υ i c i ẗij -θ Φ j K j (3.8) With Φ j = n i=1 Υ i (c i t ij ) -θ (3.9)
And where ẗij =

t ij (1+τ I ij ) 1 -θ
Φ j is a parameter of the composite intermediate input price in country "j". Assuming as Eaton and Kortum (2002) that ε < 1+ θ for the price index to be well defined, we get the exact price index from equation (3.4) and the distribution of p j (ω) implied by the assumptions made earlier, which gives6 :

P j = γ N i=j Υ i (c i t ij ) -θ -1 θ (3.10) Where γ = Γ 1-ε+ θ θ 1 1-ε with Γ the gamma function.
The cost of a bundle of production factors c i net of export trade costs is then given by:

c i = ζ i w i α i P i 1-α i (3.11)
Where w i is the nominal wage in country "i" and Eaton and Kortum (2002) or Caliendo and Parro (2015) assume implicitly that π ij , the share of country "i" in the total demand of inputs by firms in country "j" (3.7) is also the share of country "i" in country "j" total demand of final goods. This is because π ij in their framework is the share of goods (not only intermediate goods as in our model but also final goods) imported from country "i" by country "j" in its total demand but also the probability that country "i" provides a good at the lowest price in country "j". Once again, this probability is the same regardless of the type of good.

ζ i = α i -α i 1-α i α i -1 a constant.
As Antràs and De Gortari (2017) suggested, the implicit assumption of these authors is not confirmed by the data. To solve this problem, Alexander (2017) assumed that for a given country, the average technology parameter Υ i for producing intermediate and final goods is different. It allows him to stay in this Ricardian framework for modelling trade in final goods. We do not follow this approach.

Instead, we assume that consumers have a "love of variety-like" utility function which has different implications in terms of final goods price indexes, trade shares and the trade elasticity. More precisely, consumers do not necessarily search for the lowest cost supplier but want to consume all the varieties of goods supplied by each country. This assumption leads to a different model as regards trade in final goods, a model that is similar to the standard Anderson and Van Wincoop (2003) gravity equation.

Production and trade in final goods

Let us define v as the variety of final good produced by the representative producer in country "i". Country "i" supply of final goods follows from the following production function :

q i (v) = z i l i (v) α i m i (v) 1-α i (3.12)
Where q i (v) is the quantity of final goods produced by country "i", z i represents country "i" efficiency at producing the final good, l i (v) is labor and m i (v) the composite intermediate inputs used in order to produce the final good. The cost of producing a unit of good v is such that :

c i z i = ζ i w i α i P i 1-α i z i (3.13)
Where c i is the cost of a bundle of production factors defined in equation (3.11). Country "i" nominal total supply of final goods is thus given by :

F i = c i z i l i (v) α i m i (v) 1-α i z i (3.14)
Country "j" consumers maximize the following utility function:

i β 1-σ σ i f σ-1 σ ij σ σ-1 (3.15)
Subject to the budget constraint:

i p ij f ij = X j (3.16)
Where β i is a positive distribution parameter, f ij the consumption of country "i" final good by country "j" consumers, p ij the price of country "i" final good for country "j" consumers and X j represents country "j" total demand of final goods inclusive of final goods tariff revenues (the economy's total expenditures). We have p ij = c i z i t ij where the exporter's supply price net of trade costs is c i z i as in equation (3.13) and t ij the trade cost factor between "i" and "j". The nominal value of country "i" final goods imports from "j" inclusive of tariff revenues is therefore p ij f ij . A simple maximization of the utility function under the budget constraint yields:

p ij f ij = ( βi c i t ij ) 1-σ i ( βi c i t ij ) 1-σ i p ij f ij with βi = β i z i
In order to determine value-added exports flows as we do in the following section, we need final goods imports exclusive of tariff revenues. Let us define country "i" bilateral imports of final goods from "j" exclusive of tariff revenues as

x ij = p ij f ij 1+τ F ij
with τ F ij representing the bilateral ad-valorem flat rate tariff for final goods imports. We will get:

x ij = βi c i ẗij 1-σ X j P F j 1-σ (3.17) With ẗij = t ij (1+τ F ij ) 1 1-σ
and where :

P F j = i βi c i t ij 1-σ 1 1-σ (3.18) P F
j is, therefore, the price index of final goods in country "j". The market clearing condition implies that country "i" total supply of final goods is also equal to equation (3.14) and is given by F i = j x ij . As it should be clear now, this supply of final goods is as total output composed of value-added from different origins, be it local or foreign, so as bilateral exports of final goods. If we are interested in bilateral value-added exports which are exports that embed only value-added from local origin, a derivation of what the above model implies in terms of value-added trade flows should be made.

Trade in value-added

We can determine the amount of value-added that a given country exports to its trading partners including itself as a function of the total supply of final goods. This amount is equivalent to its GDP. Let us define α is as the fraction of country "i" GDP required by country "s" in order to produce a unit of final good. The GDP of country "i" is equal to the sum of the value-added that it provides to each country "s" including itself. We have:

w i L i = ( S s=i α is F s ) (3.19)
As each country "s" exports its final goods to the countries of final consumption including itself, we can also determine the value-added exported by a given origin country "i" to a given destination of final consumption "j". As shown in equation (3.20), it is the sum of the value-added originated in "i" that is firstly sent to intermediate countries "s ∈ S" for transformation into final goods before being sent to the country of final consumption "j".

v ij = ( S s=i α is X sj ) (3.20)
Where v ij represents bilateral value-added exports from country "i" to country "j" 7 , X sj defined as in equation (3.17) represents final goods exports from country "s" to country "j" and α is as said earlier is the fraction of country "i" GDP required by country "s" in order to produce a unit of final good.

Note that the set S includes the origin country "i" and the destination country "j". Hence, when i = s country "i" exports directly its value-added to country "j". When i = s , country "i" exports indirectly its value-added to country "j" via the other intermediate countries' final goods exports to "j". When s = j, country "i" exports its value added to the destination of final consumption "j", but this value-added is transformed in final good in "j" before consumption.

By combining equation (3.17) and equation (3.20), it follows that:

v ij = S s=i βs c s ẗ sj 1-σ X j P F j 1-σ α is = ( βi c i ẗ ij ) 1-σ X j P F j 1-σ α ii + S s =i ( βscs ẗ sj ) 1-σ X j P F j 1-σ α is ⇒ v ij = ( βi c i ẗ ij ) 1-σ X j P F j 1-σ α ii    ( βi c i ẗ ij ) 1-σ X j P F j 1-σ α ii + S s =i ( βscs ẗ sj ) 1-σ X j P F j 1-σ α is ( βi c i ẗ ij ) 1-σ X j P F j 1-σ α ii    7 It is straightforward to see that w i L i = S s=i j α is X sj 148 = ( βi c i ẗ ij ) 1-σ X j P F j 1-σ S s=i α is( βscs ẗ sj ) 1-σ ( βi c i ẗ ij ) 1-σ ⇒ v ij =    βi c i ẗij t iSj 1-σ X j P F j 1-σ    (3.21)
Where

t iSj =    S s=i α is βs c s ẗ sj 1-σ βi c i ẗij 1-σ    1 1-σ (3.22)
This term t iSj is a function of the weighted relative price of the indirectly exported flows by the origin country "i" to the destination country "j" through intermediate countries "s ∈ S" in term of the directly exported flows by the origin country "i" to the destination country "j". Besides, we can see that equation (3.21) is nothing more than the Anderson and Van Wincoop's gravity equation scaled by this term t iSj that we label "the cost of fragmentation".

As bilateral trade costs, this term exerts a negative effect on bilateral value-added exports. However, it decreases with the amount of value added exported as input by the origin country to intermediate countries, that is to say ∂t iSj ∂α is < 0. It means that the more a country exports its intermediate inputs to a given destination's main providers of final goods, the lesser its cost of fragmentation will be and the higher will be its indirectly exported flows to this destination, comparatively to a country that exports less intermediate inputs to the said providers of final goods. Consequently, upstream countries, that are countries with a high forward participation in a given chain of production undergo a low cost of fragmentation, whereas the most downstream countries that have a low forward participation in comparison to the previous but a higher backward participation undergo a higher cost of fragmentation and, therefore, export more directly their goods to final consumers 8 . t iSj therefore, measures the proximity of country "i" to the final consumers in country "j". 9 The lower it is, the further away is the origin country from the final consumer. It implies higher indirectly exported flows to the country of final consumption. On the contrary, the higher it is, the closer is the origin country from the final consumer. The indirectly exported flows are, therefore, lesser and exports of final goods are higher. As equation (3.22) shows, t iSj depends critically on α is which is the fraction of country "i" value-added required by country "s" in order to produce a unit of final good. The latter is obtained using input-output analysis. More precisely, we have:

α is = α i * B is (3.23)
Where α i = w i L i G i is the share of GDP (total value-added) in total output, and where B is is the quantity of output sourced by country "s" from country "i" in order to produce a unit of final good. It is thus an element of the input requirements matrix also known as the Leontief inverse matrix. Let A be the input-coefficient matrix obtained from an input-output table with h ij G j as elements; h ij being the value of country "i" bilateral supply of intermediate goods to country "j" and G j the nominal output of country "j"(the sum of the intermediate and final goods supply) such that :

G j = 1 0 c j z j (ψ) q j (ψ)dψ (3.24) = 1 0 ζ j (w j l j (ψ)) α j (P j m j (ψ)) 1-α j dψ
With ψ representing either a variety of intermediate or final good.

The Leontief inverse is given by B = (ID -A) -1 with ID being an identity matrix.

From matrix algebra, we know that ID = (ID -A) -1 (ID -A). If we define ID ij as an element of the identity matrix, it follows that the Leontief inverse can be obtained by solving:

ID ij = S s=1 B is ID sj - h sj G j (3.25)

Total expenditures and trade balance

Let us set country "j" for the sake of presentation as the benchmark country in this section. The economy's total expenditures X j are given by the following equation:

X j = w j L j + R j + D j (3.26)
X j also represents the final absorption of country "j" which is the sum of labor income w j L j , tariff revenues R j and the trade deficit D j ; where R j = R I j + R F j is the sum of tariff revenues on intermediate goods R I j and final goods R F j and labor income is also the sum of value-added exports such that w j L j = i v ji = S s=j i α js X si .We have:

R I j = i τ I ij h ij (3.27) R F j = i τ F ij x ij (3.28)
With τ I ij and τ F ij representing the bilateral ad-valorem flat-rate tariffs respectively for intermediate and final goods imports.

D j = i (h ij + x ij ) - i (h ji + x ji )
is the difference between total imports of intermediate and final goods and total exports. As Caliendo and Parro (2015) we assume the country's trade deficit to be exogeneous in this model and the sum of trade deficits across countries to be equal to zero. The economy's total expenditures X j are also given by X j = E j + R F j where E j is country "j" total demand of final goods exclusive of final goods tariff revenues. It follows that:

E j = w j L j + R I j + D j (3.29)
In equilibrium, the country total supply of goods G j which is defined in equation (3.24) should be equal to the total expenditures excluding tariff revenues of the economy, final goods and intermediate goods included, minus the trade deficit. We thus have:

G j = H j + E j -D j (3.30)
where H j is the total demand of intermediate goods exclusive of intermediate goods tariff revenues. Writing equation (3.30) differently, we would get:

G j = H j + R I j + E j + R F j -R j -D j (3.31)
We can directly see from equation (3.29) that E j + R F j -R j -D j = w j L j is by definition the GDP of country "j". We thus get:

G j = H j + R I j + w j L j (3.32)
Moreover, in equilibrium, a given country's total supply of goods should be equal to the total expenditures (excluding tariff payments) of all the countries in the world on goods from this given country. Using equation (3.32) as the definition of country "j" total supply of goods which is equivalent to equation (3.24), it follows that:

i h ij 1 + τ I ij + w j L j = i (h ji + x ji ) (3.33)
In appendix 3.A.3, I represent these equations in an inter-country input-output table.

Welfare predictions

In trade theory, welfare is generally defined as the real expenditures of the economy. It is represented in this work by

X j P F j
where X j , given by equation (3.26) is the nominal value of the economy's total expenditures and P F j given by equation (3.18) is the price index of final goods. This variable, thus, depends on tariff revenues and trade imbalances. A lot of static models10 , however, generally assume that there are no trade imbalances and abstract from tariff revenues, which implies that the welfare variable depends only on the real wage. In this model, we assume that trade imbalances are lump-sum transfers which remain unchanged between the initial and the counterfactual equilibrium as suggested by Costinot and Rodríguez-Clare (2014) and following Caliendo and Parro (2015), but allow for tariff revenues to change between the initial and counterfactual equilibrium. Nevertheless, to ensure comparability with the above-mentioned static models and for simplicity, we will focus on analyzing the real wage and especially the change in real wage following a trade shock as our measure of welfare, given that real wage should be the same regardless of trade imbalances or tariff revenues.

To determine this real wage, we firstly combine the trade equation for a given country's intermediate goods internal flows (equation (3.7)), with equations (3.10) and (3.11) representing respectively the price index for intermediate goods and the unit cost of production. This allows us to obtain the nominal wage. Then, the relevant price index which is the price of final goods is obtained by rearranging equation (3.17), the final goods trade equation, in order to express it in terms of trade data. We have with ẗ jj = 1 :

π jj Φ j Υ j -1 θ = c j = ζ j w j α j p j 1-α j =⇒ w j α j = 1 ζ j γΦ j -1 θ α j -1 π jj Φ j Υ j -1 θ =⇒ w j = 1 ζ j 1 α j (γ) α j -1 α j π jj Φ j α j Υ j -1 θα j (3.34)
We also have from equation (3.17):

=⇒ P F j = βj c j λ jj 1 1-σ = βj λ jj 1 1-σ π jj Φ j Υ j -1 θ (3.35) Where λ jj = x jj X j
Combining equation (3.34) and (3.35), we get the following real wage equation:

w j P F j = 1 ζ j 1 α j (γ) α j -1 α j π jj Υ j -1 θ 1-α j α j λ jj βj 1-σ 1 1-σ (3.36)
This equation is in many regards similar to the real wage formula that we would get from a standard one sector Eaton and Kortum (2002) or Armington model with tradable intermediate goods. Precisely, it must be assumed for the formulas to be equivalent that the share of intermediate goods sourced locally in the total demand of intermediate goods is the same as the share of final goods sourced locally in the total demand of final goods but also that trade elasticities are the same regardless of the type of trade flows (intermediate or final goods). If it is the case, there would be no need to model trade in final goods differently than trade in intermediate goods, and we could get the real wage by dividing the nominal wage in equation (3.36) with the price index of intermediate goods in equation (3.10). This would give:

w j P j = (γζ j ) -1 α j π jj Υ j -1 θα j (3.37) =⇒ w j P j = (γζ j ) -1 α j π jj Υ j -1 θ 1-α j α j π jj Υ j -1 θ (3.38)
It is the same real wage equation determined by Eaton and Kortum (2002) 11 11 See equation 15 in Eaton and Kortum (2002) Thus, assuming that the share of intermediate goods sourced locally in the total demand of intermediate goods is equivalent to the share of final goods sourced locally in the total demand of final goods, an assumption non consistent with trade data, have implications as Alexander (2017) already showed on the welfare gains of trade. The results section will make it clear.

We could also derive equation (3.36) using value-added trade flows instead of final goods trade flows. Theoretically, this should not modify the real wage value as the price index of final goods is not supposed to change between the two models. Using equation (3.21), we can express the price of final goods in terms of value-added trade data as following:

P F j = βj c j t jSj λ jj va 1 1-σ = βj t jSj λ jj va 1 1-σ π jj Φ j Υ j -1 θ (3.39) Where λ jj va = v jj X j =⇒ w j P F j = 1 ζ j 1 α j (γ) α j -1 α j π jj Υ j -1 θ 1-α j α j λ jj va βj 1-σ t jSj 1-σ 1 1-σ (3.40)
The condition required for equation (3.36) and equation (3.40) to be equal is that λ jj = λ jj va t jSj 1-σ i.e. that the ratio of the share of internal trade in value-added over the internal cost of fragmentation be equal to the share of final goods internal trade. As we will see in the data section, this condition is met.

It appears as (3.36) and (3.40) show that real wage decreases with internal trade be it internal trade in intermediate goods π jj , internal trade in final goods λ jj or internal trade in value-added λ jj va , but increases with technology Υ j . We can also see that it decreases with the trade cost of fragmentation t jSj . As said earlier t jSj summarizes the production linkages of the origin country with all the indirect exporters "s ∈ S" of its value-added. In this case, the value-added is exported as intermediate inputs in the first step by the origin country to intermediate countries and exported back to the origin country embedded in these intermediate countries' final goods. From this formula, we see which factors can drive a given country's welfare gains from a change in trade costs for example. Expressing (3.40) in relative change assuming ζ j , Υ j and βj to be constant across equilibria gives:

ln w j P j = -1 θ 1 -α j α j ln π jj - 1 σ -1 ln λ jj va -ln t jSj (3.41)
Where a variable with a hat, for instance X represents the relative change of the variable between an initial and a counterfactual equilibrium such that X= X , X , with X the variable in the initial equilibrium and X , the variable in the counterfactual equilibrium.

Consider for example a reduction in the level of a given country's bilateral trade costs on imports and exports with its trading partners. This shock would reduce the import price of its intermediate inputs, which is the source of the first gain. In this case, the share of internal trade in intermediate goods π jj decreases between the initial and the counterfactual equilibrium because more intermediate inputs are imported from other countries as a result of the decrease in bilateral trade costs. -1 θ 1-α j α j ln π jj which represents the first source of gains is thus positive. The second source of change in the gains, 1 1-σ ln λ jj va , is also affected positively by the decrease in the level of bilateral trade costs. In fact, the share of value-added exported to itself by the given country decreases between the initial and the counterfactual equilibrium, because more value-added is imported from other countries. This implies a positive value of 1 σ-1 ln λ jj va and, therefore, a positive change of the given country real wage.

The last source of change in the gains, ln t jSj , depends on the change in the relative price of the inputs exported by origin country "j" to its partners or intermediate countries (s ∈ S), and that are exported back by the latter to "j" embedded in their final goods. In autarky, this term is equal to one by construction. It means that decreasing the level of bilateral trade costs should have a positive impact on this variable and therefore, exert a negative impact on the welfare gains change. This last source of gains as explained earlier appears in the welfare formula because of the use of the value-added trade equation to determine the price index. Had we used the final goods trade equation that it would have been captured by the gains related to trade in final goods since : 1 σ-1 ln λ jj va -ln t jSj = 1 σ-1 ln λ jj .

It follows that this approach based on value-added exports allows us to determine the net contribution of international fragmentation in the welfare gains of trade. This is because we can identify the direct impact of being able to import cheap intermediate inputs on the change in real wage thanks to the change in the share of direct domestic trade in intermediate goods -1 θ 1-α j α j ln π jj , but also the hidden indirect impact of trade in intermediate goods thanks to the change in the share of indirect domestic trade in intermediate goods in term of the share of domestic trade in final goods captured by -ln t jSj . With a standard trade model à la Eaton and Kortum (2002) or Anderson and Van Wincoop (2003) with tradable intermediate goods, we would not be able to do so because we could only identify 1 σ-1 ln λ jj which embeds -ln t jSj as explained earlier. We define the net contribution of international fragmentation in the welfare gains of trade as following:

ln w j P j F = -1 θ 1-α j α j
ln π jj -ln t jSj ln w j P j

(3.42)

Consider for example the hypothetical situation of a move to autarky for country "j".

-1 θ 1-α j α j ln π jj on one hand that would be negative, represents the log change in real wage related to the fact that country "j" could not anymore source cheap inputs from other countries in order to produce its final goods. On the other hand, -ln t jSj which would be positive represents the log change in real wage related to the fact that country "j" would not be able to send its inputs to intermediate countries before re-importing them embedded in final goods or intermediate inputs used in the production of its final goods. With a one stage production process the log change in real wage would simply be -1 σ-1 ln λ jj va where λ jj va , the share of domestic expenditures related to value-added trade flows would be equal to the share of domestic expenditures related to final goods flows.

In this regard, our results share similarities with the model of Fally and Hillberry (2018) who proposed a sequential model of global supply chains. More precisely, they proposed a welfare formula for a two-country case with one country upstream, the other one downstream, and they showed that the welfare gains in presence of fragmentation are lower than without for the upstream country and higher for the downstream country. This is due to the fact that the upstream country re-imports its previously exported inputs to the downstream one embedded in the latter final goods exports. As this amounts to an indirect export to oneself and that welfare decreases with internal trade, this result is totally sensical. The downstream country however does not export inputs whatsoever in their framework, but sources some of its inputs from the upstream one, everything that increases its welfare.

Their welfare formula is, therefore, suitable to analyze the net welfare gains of international fragmentation, but ours is more general because it works also for a "more than two country-case" where both upstream and downstream countries import and export intermediate inputs.

Counterfactual analysis

Different kind of trade costs shocks are often envisaged to determine the welfare gains of trade. The most commonly used in the literature is a move to autarky.

Autarky

It is straightforward to see that one does not need to solve the full general equilibrium model to get the change in real wage as in autarky, the internal trade shares and the internal cost of fragmentation would be equal to 1.

From equation (3.41), It follows that the welfare formula (the log change in real wage) after a move to autarky is given by:

W = 1 θ 1 -α j α j ln π jj + 1 σ -1 ln λ jj va + ln t jSj (3.43)
Something interesting to mention is that we don't need to calculate the internal cost of fragmentation t jSj as it could be straightforwardly approximated through the data. We can see this from equation (3.22) which defines the cost of fragmentation.

t jSj = S s=j α js( βscs ẗ sj ) 1-σ ( βj c j ẗ jj ) 1-σ 1 1-σ =⇒ t jSj = α jj ( βj c j ẗ jj ) 1-σ + S s =j α js( βscs ẗ sj ) 1-σ ( βj c j ẗ jj ) 1-σ 1 1-σ =⇒ t jSj = α jj + S s =j α js( βscs ẗ sj ) 1-σ ( βj c j ẗ jj ) 1-σ 1 1-σ Where S s =j α js( βscs ẗ sj ) 1-σ ( βj c j ẗ jj ) 1-σ
represents the ratio of the value-added exported as intermediate good by "j" to intermediate countries S = j and that comes back to "j" embedded in its final goods imports from the intermediate countries, over the internal trade in final goods of country "j". To see this, we can rewrite the ratio as following:

S s =j α js( βscs ẗ sj ) 1-σ ( βj c j ẗ jj ) 1-σ = S s =j α js( βscs ẗ sj ) 1-σ X j P F j 1-σ ( βj c j ẗ jj ) 1-σ X j P F j 1-σ
It is straightforward to see that this ratio is negligible as countries tend to trade more with themselves than with others. Besides, the numerator of the ratio is low by definition as it is only a tiny fraction (α js ) of the final goods imports from intermediate countries. We show that in the data section. Thus, the internal cost of fragmentation can be approximated by:

t jSj ≈ (α jj ) 1 1-σ (3.44)
Where α jj = α j * B jj as shown in equation (3.23) is the fraction of local value-added required to produce a unit of final good in country "j", with α j the share of GDP in total output and B jj the fraction of local output required to produce a unit of final good in country "j". As shows equation (3.25), B jj is obtained through the Leontief inverse. These data are generally observable or could be obtained with minimal transformations.

When the shock is not a move to autarky but an infinitesimal change in trade costs for example, one needs to solve the full general equilibrium model to get the counterfactual shares of internal trade and the counterfactual cost of fragmentation. To do so, we follow the approach of Dekle et al. (2008) which is to solve the model in change and, therefore, apart from the trade elasticities, avoid having to calibrate unobservable parameters such as preferences or technology.

Other trade costs shocks

We assume as Caliendo and Parro (2015) that the share of value-added in total output α j = w j L j G j is fixed across equilibria as well as technology and preference parameters. It implies that:

ln w j = ln G j (3.45)
This change in the nominal wage ln w j affects the change in the unit cost of a bundle of inputs associated to a trade costs shock ln c j . Equation (3.11) states that this cost is c j = ζ j w j α j P j 1-α j . The log change is thus equal to: ln c j = α j ln w j + (1 -α j ) ln P j (3.46)

With ln P j the change in the intermediate inputs price index given by:

ln P j = -1 θ ln Φ j (3.47)
The log change in Φ j , the intermediate goods price index parameter follows from equation (3.9) which states that Φ j = N i=1 Υ i (c i t ij ) -θ . It follows that:

ln Φ j = N i=1 h ij 1 + τ I ij K j ln c i t ij -θ (3.48)
Where bilateral imports in intermediate goods, (3.8). Expressed in log change, it gives:

h ij = Υ i( c i ẗ ij ) -θ K j Φ j come from equation
ln h ij = ln ( c i ) -θ + ln ẗij -θ + ln K j -ln Φ j (3.49)
The change in K j = H j + R I j , country "j" total demand of intermediate inputs inclusive of tariff revenues follows from equation (3.32), which states that G j = H j + R I j + w j L j . This implies that:

ln G j = H j G j ln H j + R I j G j ln R I j + w j L j G j ln w j (3.50)
Where ln R I j , the log change of tariff revenues on intermediate goods follows from equation (3.27) with R I j = N i=1 τ I ij h ij . In log change, we would have:

ln R I j = N i=1 τ I ij h ij R I j ln h ij (3.51)
As regards bilateral exports of final goods, equation (3.17) states that x sj = ( βscs ẗ sj )

1-σ

X j P F j 1-σ
, which implies in relative change :

ln x sj = ln ( c s ) 1-σ + ln ẗ sj 1-σ + ln X j -ln P F j 1-σ (3.52)
And where the log change of the final goods price index P F j is given by:

ln P F j 1-σ = n s=1 x sj 1 + τ F sj X j ln c s t sj 1-σ (3.53)
The log change of the economy's total expenditures ln X J follows from equation (3.26) where X j = w j L j + R j + D j . We thus get:

ln X J = w j L j X j ln w j + R I j X j ln R I j + R F j X j ln R F j + D j X j ln D j (3.54)
As mentioned earlier, we assume trade deficits (the difference between imports and exports) to be exogeneous in this model. It follows that:

ln D j = 0 (3.55)
We now turn to the determination of the log change in bilateral value-added exports.

From equation (3.21), we know that

λ ij va = βi c i ẗ ij t iSj P F j 1-σ with λ ij va = v ij X j . It implies in log change: ln λ ij va = (1 -σ) ln (c i ) + ln ẗij + ln t iSj -ln P F j (3.56)
The change in the cost of fragmentation ln t iSj comes from equation (3.21), (3.22) and (3.23). Specifically:

t iSj = S s=i α is ( βscs ẗ sj ) 1-σ (βicit ij ) 1-σ 1 1-σ and α is = α i * B is =⇒ d ln t iSj = 1 1-σ S s=i (1-σ)α i B is   ( βscs ẗ sj ) -σ d ( βscs ẗ sj ) ( βi c i ẗ ij ) 1-σ -( βscs ẗ sj ) 1-σ d ( βi c i ẗ ij ) ( βi c i ẗ ij ) 2-σ + ( βscs ẗ sj ) 1-σ d(α i B is ) ( βi c i ẗ ij ) 1-σ (1-σ)α i B is   t iSj 1-σ
We know from equation (3.21) that 1

t iSj 1-σ = X j v ij βi c i ẗ ij P F j 1-σ =⇒ 1 t iSj 1-σ = x sj v ij βi c i ẗ ij βscs ẗ sj 1-σ
where P F j 1-σ is given by : P

F j 1-σ = X j ( βscs ẗ sj ) 1-σ x sj =⇒ ln t iSj = S s=i α i B is x sj v ij ln c s ẗ sj -ln c i ẗij + ln B is 1 (1-σ) (3.57)
As we can see, the change in the cost of fragmentation ln t iSj depends critically on the change in the input requirements ln B is . From equation (3.25), we have

ID ij = S s=1 B is ID sj - h sj G j
where ID ij is an element of the identity matrix.

Expressing this equation in change gives:

d ID ij = S s=1 ID sj - h sj G j d B is + B is d ID sj -B is G j d h sj + B is h sj G j 2 d G j =⇒ 0 = S s=1 ID sj - h sj G j d B is -B is G j d h sj + B is h sj G j 2 d G j = S s=1 B is ID sj - B is h sj G j d ln B is - B is h sj G j (d ln h sj -d ln G j ) =⇒ 0 = S s=1 (B is ID sj ) ln B is - B is h sj G j ln h sj -ln G j + ln B is (3.58)
To close the model, we use the equilibrium condition defined in equation (3.33) which states that

N i=1 h ij 1 + τ I ij + w j L j = N i=1 (h ji + x ji ).
Writing this condition in change gives the following expression:

N i=1 1 + τ I ij h ij G j ln h ij + w j L j G j ln w j = N i=1 h ji G j ln h ji + x ji G j ln x ji (3.59)
Equations (3.45) to (3.59) represent the set of 15 equations and 15 unknowns that describe our model in relative change between an initial and a counterfactual equilibrium. As we can see, solving it requires mostly data that are readily observables with the exception of the trade elasticities (1 -σ) and -θ. As they play a critical role in determining the results, we provide a discussion on their calibration in the next section.

Before that, it is interesting to analyze the conditions required for a decrease in the bilateral cost of fragmentation following a decrease in the level of trade costs; which would mean for the exporting country a higher forward participation in the production network of the goods bought by the importing country. At constant nominal wage, it is necessary for this to occur, that the impact of a decrease in the level of trade costs regarding the indirect relationship from the origin country "i" to the destination of final consumption "j" through intermediate countries s = i ∈ S which is represented by

" S s =i α i B is x sj v ij ln c s ẗ sj + ln B is 1 (1-σ)
< 0", be higher than the impact of trade costs on the direct relationship from the origin country "i" to the destination country "j" represented by "

α i B ii t iSj 1-σ ln B ii 1 (1-σ) + S s =i α i B is x sj v ij -ln c i ẗij > 0".
As the change in the elements of the Leontief inverse ln B is depends as shown in equation (3.58) on the change in intermediate goods trade flows, it follows that the change in the cost of fragmentation depends critically on the intermediate goods flows trade elasticity -θ. Ceteris paribus, the higher the absolute value of this elasticity, the more ln B is

1 (1-σ)
would change up to the point where the cost of fragmentation would decrease. However, the higher (σ -1), the less ln B is 1 (1-σ) would change such that the cost of fragmentation would increase. Hence, if the trade costs of intermediate countries remain constant, we can conjecture that a necessary condition for the cost of fragmentation to decrease is that the trade elasticity for intermediate goods be sufficiently high in comparison to the trade elasticity for final goods.

It is also straightforward to see that the change in country "j" internal cost of fragmentation, ln t jSj would be equal to ln B jj We summarize the results of this model as following:

• Classical models implicitly assume that the share of intermediate goods sourced locally in the total demand of intermediate goods is equivalent to the share of final goods sourced locally in the total demand of final goods for a given country. As we relax this assumption, the welfare gains of trade in this model are different.

• Deriving the welfare gains of trade using the value-added exports equation rather than the gross trade flows equation allows the identification of the net contribution of international fragmentation in these welfare gains.

• Calculating the welfare gains of trade against autarky from the value-added trade equation only requires a supplementary parameter obtained after minimal transformations from observable data on top of the internal trade shares and the trade elasticities. This parameter is the fraction of local value-added required to produce a unit of final good in a given country.

• A decrease of a country direct bilateral trade costs, those of intermediate countries remaining constant implies a move towards downstream stages of the production process, provided that the trade elasticity for intermediate goods be sufficiently low.

Calibration of the trade elasticities

The elasticity of import with respect to variable trade costs generally referred in the literature as the trade elasticity is a key parameter required to infer the gains from trade. [START_REF] Hillberry | Trade elasticity parameters for a computable general equilibrium model[END_REF] even go so far as to say that it is the most important parameter in modern trade theory. Estimating it does not come without difficulties regarding notably the identification assumptions, as well explained by the previous authors. This is why a lot of trade theory practitioners have relied upon off-the-shelf elasticities provided by the literature. We follow the same path; however, the particularity of our model imposes us some restrictions.

First of all, as we distinguish between intermediate and final goods trade flows and assume a specific market structure for the trade in intermediate goods, notably perfect competition, the trade elasticities have different interpretations for these two kinds of trade.

In a model with perfect competition, the trade elasticity is the shape parameter of the distribution of productivity. It determines the extensive and the intensive margins of the change in trade flows following a change in trade costs and is a sufficient parameter along with the internal trade shares to derive the welfare gains of trade provided that certain conditions are met. We should therefore use a trade elasticity obtained from a method that allows the identification of this parameter specifically. [START_REF] Simonovska | The elasticity of trade: Estimates and evidence[END_REF] or Caliendo and Parro (2015) provide these estimates with a preferred value for the former equal to 4.14, and an aggregate value for the latter equal to 4.45.

Secondly, as regards trade in final goods, we did not assume perfect competition as the market structure and derived our model using an Armington utility function. In this environment, the trade elasticity depends on the elasticity of substitution across varieties.

As explained by [START_REF] Simonovska | The elasticity of trade: Estimates and evidence[END_REF], estimations that are based upon the method of [START_REF] Feenstra | New product varieties and the measurement of international prices[END_REF] allows the identification of this parameter. [START_REF] Imbs | Elasticity optimism[END_REF] use this method and find estimates between 2.2 and 54 with an average of 5.4. [START_REF] Ossa | Why trade matters after all[END_REF] also provides estimates of this parameter for 251 industries.

Thirdly, it is important to note that we use one sector models for the two kinds of trade, and as [START_REF] Imbs | Elasticity optimism[END_REF] suggests, for a one sector model to mimic the welfare gains of trade that a multi sector-model could predict, the trade elasticity should be a weighted average of sector level elasticities instead of being obtained using aggregated trade data. Unfortunately, we are not able to perform such a calculation without proper weights and trade elasticities matching our disaggregated data.

Another point worth to mention is that, it is common in the theoretical literature as mentioned after equation (3.9) to assume that the shape parameter of the distribution of productivity is higher than the elasticity of substitution across goods minus one "ε -1 < θ". [START_REF] Crozet | Structural gravity equations with intensive and extensive margins[END_REF] verify empirically this assumption for a set of firms' data calibrated upon a model of monopolistic competition. This assumption is critical in our perfect competition model for the price index to be well defined (See Eaton and Kortum (2002)).

Lastly, as Antràs and De Gortari (2017) suggest, the trade elasticity seems to be lower on average for intermediate inputs than for final goods. The findings of Fally and Hillberry (2018) could help understanding this point. They explain that with international fragmentation, the final goods trade elasticity is higher than without fragmentation. To illustrate that, they take a two-country case with an upstream and a downstream country, and explain that a 1% increase in trade costs increases the price of the final goods imported by the upstream country by more than 1% since these goods embeds intermediate goods previously exported as inputs to the downstream country.

This point seems to be confirmed by the data. To show it, using the work of [START_REF] Ossa | Why trade matters after all[END_REF] who provides a set of substitution elasticities for 251 SITC-Rev3 sectors at the 3 digits level, we calculate the average elasticity for intermediate goods and final goods sectors.

To do so, using a table of concordance between SITC-Rev3 and the UN classification of goods by end-use (UN-BEC), we select sectors corresponding exclusively to intermediate goods and final goods taken separately according to the UN BEC-Rev4 classification and compute the average. We are left with 129 industries for intermediate goods and 32 industries for final goods, with averages that are respectively 3.08 and 4.75.

In sum, the trade elasticity that we should set for intermediate goods trade flows should be higher than the elasticity of substitution for intermediate goods minus one, but lower than the elasticity of substitution for final goods minus one such that ε -1 < θ < σ -1.

We select the aggregate estimate of Caliendo and Parro (2015) which is obtained using gross trade flows (final and intermediate goods included) as our benchmark. We do so because their gravity-based estimation of the trade elasticity can fit with models using different market structures provided that they can generate a gravity equation. As this value is equal to 4.45 for all the trade flows combined, we set θ = 4.25 for the intermediate goods model and σ -1 = 4.85 for the final goods model.

Data

To calculate the net contribution of fragmentation in the welfare gains of trade, we need a dataset of value-added trade flows. To obtain these data, we use the GTAP 9 database which is a multi-country input-output We decided to choose the second option as it is done in the seminal work of Koopman et al. (2014). To ensure the consistency between the inter-country and the multi-country input-output tables, we used the quadratic mathematical programming model formulated by Tsigas et al. (2012). 12It is worth to note that our value-added exports include both goods and services. We therefore use the comprehensive database on trade in services of Francois and Pindyuk (2013) along with a preliminary draft of the UN BEC revision 5 classification of goods by broad economic categories to perform our calculations. This revision, unlike previous ones, does a better job at distinguishing goods and services and classifying them by end-use categories.

Using our reconstructed inter-country input-output table, we calculate the cost of fragmentation with the method presented in chapter 2. Precisely, to calculate the cost of

fragmentation t iSj = S s=i α is( βscs ẗ sj ) 1-σ ( βi c i ẗ ij ) 1-σ 1 1-σ
we need proxies for the bilateral trade costs indexes ẗ sj 1-σ and the unobservable variables βs c s . To obtain them, an econometric estimation with importer and exporter fixed effects is performed on final goods trade flows.

We then predict ẗ sj 1-σ using the specified trade costs function and approximate the unobservable variables βs c s using the fixed-effects estimates as in Fally (2015). In what follows, we present:

• The relationship between the obtained inverse internal cost of fragmentation t jSj 1-σ and the fraction of local value-added "α jj " required to produce a unit of final good in a given country.

• The relationship between internal trade in final goods x jj and the ratio of internal value-added trade flows over the inverse internal cost of fragmentation

v jj t jsj 1-σ .
Chart 3.1 suggests that there is a perfect correlation as mentioned earlier in equation (3.44) between the inverse internal cost of fragmentation t jSj 1-σ and the fraction of local value-added required to produce a unit of final good in a given country "α jj ". We label this variable internal total requirement in the left panel of the chart.

It appears as the right panel of the chart shows, that there is no correlation when it comes to non-symmetric relationships i.e. when the exporter is not also the importer. This is perfectly sensical. To see why, let us analyze again the formula of the cost of fragmentation:

t iSj = S s=i α is( βscs ẗ sj ) 1-σ ( βi c i ẗ ij ) 1-σ 1 1-σ
When the exporter is also the importer, we have

t jSj = α jj + S s =j α js( βscs ẗ sj ) 1-σ ( βj c j ẗ jj ) 1-σ 1 1-σ
and we explained in page 157 that the term S s =j α js( βscs ẗ sj )

1-σ ( βj c j ẗ jj ) 1-σ
is negligible because the denominator, internal trade in final goods is very high for all the countries. When the exporter is not the importer, this denominator is not that high anymore which explains why the term is no longer negligible.

Chart 3.2 shows the correlation between bilateral final goods exports "x ij " and the ratio of value-added trade flows over the inverse cost of fragmentation " v ij t iSj 1-σ ". This ratio can be interpreted as the value-added that is directly exported by country "i" to country "j". We can see in the upper panel of the chart dedicated to internal trade flows that the correlation is perfect. In the lower panel of the chart related to non-internal trade flows, the correlation is also very high, but not as perfect as for internal trade flows. This is normal since the inverse cost of fragmentation is estimated with error. As shown in chapter 2 it is obtained via gravity-based estimates of bilateral trade costs.

However, given that (t jSj ) 1-σ ≈ α jj and that internal value-added trade flows by definition are given by v jj = X jj α jj + the real wages obtained with the final goods exports model and the value-added exports model are equivalent as suggested theoretically, so as the welfare gains from trade derived with the two methods. The counterfactual analysis results will render this more explicit.

Counterfactual analysis results

In this section we perform two counterfactual exercises featuring two different trade costs shocks. The first trade costs shock is a move from 2011 levels of trade openness to autarky for all the countries in the world, and the second a 20% reduction of the trade costs indexes regarding African trade flows. 13 We first analyse the differences in predictions between our extended model that distinguishes the trade shares regarding intermediate and final goods trade flows and a classical model with gross exports allowing tradable intermediate goods but not sectoral linkages. The welfare formula14 regarding the latter is a special case of equation 29 in Costinot and Rodríguez-Clare (2014) or equation 7 in [START_REF] Ossa | Why trade matters after all[END_REF] and is equal to:

ln w i P i = -1 σ -1 1 -α i α i ln λ iig - 1 σ -1 ln λ iig (3.60)
Where λ iig represents the share of domestic expenditures related to gross trade flows and α i the value-added to gross output ratio. and the more open ones as those who present a ratio of internal trade in value-added over GDP < 60%.

Autarky

The last two parts of table 3.1 present respectively the results for the most downstream countries i.e. with an upstreamness level of less than 1.7, and for the most upstream countries in the production process with an upstreamness level of more than 2.4 where the upstreamness level is calculated following Fally and Hillberry (2018). We discuss how to obtain it in equation (3.61).

The first two rows in each part of table 3.1 represent respectively the welfare gains obtained using the standard model with gross exports as in equation (3.60) (W_standard model) and the welfare gains using our approach as in equation (3.40) (W_extended model).

The last three rows in each part of table 3.1 represent the gross and net contributions of international fragmentation in the welfare gains. For the standard model (G), the contribution is obtained using 1-

-1 σ-1 ln λ iig ln w i P i
. For the extended model (VA), the net contribution is obtained using

-1 θ 1-α i α i ln π ii -ln t isi ln w i P i
, and the gross contribution just

-1 θ 1-α i α i ln π ii ln w i P i
. don't need to apply a weighting scheme to get the aggregate index. More precisely, we have:

U i = 1 + ϕ ii U i + i =j ϕ ij U j (3.61)
Where U i is the upstreamness index of country "i" and ϕ ij denotes the share of output from country "i" that is needed to produce one unit of output in country "j".

As the table shows, on average, a move to autarky would reduce real wage by 12.08 % if we follow the standard model, and by 14.28 % if we follow our extended model (See the first part of table 3.1 named "entire set"). These results seem quite close, however, the correlation between the two models' results is only 75 %, which means that there are differences. Among these differences, it appears that the welfare loss for the countries that are less open is higher by (-5. Alexander (2017) using a model that distinguishes intermediate and final goods trade flows, also find similar results regarding the difference between the gains on average in comparison to the standard trade model, but also as regards the difference between upstream and downstream countries. This suggests that the difference between the gains comes from the assumption regarding intermediate and final goods trade shares.

As regards the net contribution of fragmentation in the welfare gains of trade, it appears that it is not as high as one could expect. Interestingly, the gross contribution of fragmentation in the welfare gains is higher with our approach (14.79 percentage points more on average) compared to the standard approach as it is shown in the rows 3 and 4 of the first part of the The evidence that the gross welfare gains from international fragmentation are high but largely compensated by what we labeled the cost of fragmentation has a trivial implication: reducing significantly this cost ceteris paribus could drastically improve the gains from trade. As shown in section 3.2.6.2, this seems to be impossible as the change in the cost of fragmentation depends on the change in the cost of a bundle of inputs, the change in the total requirements (the elements of the Leontief inverse) and the change in bilateral trade costs. All these variables also affect trade flows. As amongst them only bilateral trade costs are exogeneous, we will analyse what is the impact of a reduction in trade costs on the cost of fragmentation and on the gains from trade.

Decrease of African bilateral trade costs

In this section, we simulate the impact of a 20 % decrease on the level of African countries' direct bilateral trade costs 15 which are among the countries with the highest level of trade costs in the world. We analyse the consequences of this shock in term of welfare, and also in term of participation in the global supply chain. We both take into consideration the change in real wage and the change in the economy's real expenditures. Table 3.2 presents the results, with the second column representing the change in real wage, the third column the change in real expenditures, the fourth column the average change in the cost of fragmentation, and the last two columns the changes in the inverse internal cost of fragmentation "ln t jSj 1-σ " and the internal total requirement ln B ii 16 respectively.

As we can expect, a 20 % reduction in the level of African countries' direct bilateral trade costs would increase real wage by as much as 21.53% for small open economies like Togo or as much as 5.46 % for relatively closed and large economies like Nigeria. The results are qualitatively the same when it comes to real expenditures. In term of magnitude, the change in real expenditures is systematically higher than the change in real wage for all the countries. This is due to the fact that the economy's total expenditures is the sum of labor revenues and tariff revenues as shown in equation (3.26). These revenues increase as the countries imports more goods following the decrease in trade costs.17 

It is interesting to note that the cost of fragmentation would increase on average. This result is consistent with what we could expect theoretically. The intermediate goods trade elasticity is sufficiently lower than the final goods trade elasticity, a critical condition for this result to occur. Besides, we have only 32 African countries and aggregated regions for which trade costs decrease.

The remaining others are countries for which bilateral trade costs remain constant except with their African partners. As they are considered as intermediate countries for African value-added exports, the increase in the average cost of fragmentation makes even more sense. There are however instances where the bilateral cost of fragmentation decreases, especially for intra-African trade. This is natural since the trade costs of intermediate countries with African ones do decrease. Appendix 3.A.2 presents detailed results for the change in the bilateral cost of fragmentation regarding Cameroon. We also include a case where the trade elasticity for intermediate goods is higher (7.25) than the trade elasticity for final goods (4.85). In this case, the cost of fragmentation would decrease on average, which confirms our theoretical results.

We presented this cost of fragmentation in section 3.2.3 as a function of the relative price of a given origin country indirectly exported flows through intermediate countries to a given destination country in term of its directly exported ones. If this cost increases, it becomes relatively more expensive for the origin country to indirectly export goods through intermediate countries than directly exporting final goods to end consumers.

The chart below suggests that this is the case for our set of African countries. This chart presents different measures of integration in the global supply chain. We can for instance see in the upper panel of the chart that indirectly exported flows grow, which means that the countries' forward participation in the global supply chain increase in absolute terms, but these flows grow less than the directly exported ones (final goods exports), which is consistent with our previous result. It means that the countries moved to downstream stages of the production process, at least in relative terms. Another way to see it is to analyze the growth of backward participation that is shown in the lower panel of the The last result that highlights table 3.2 is the exact similarity between the variation of the internal cost of fragmentation and the fraction of local output required to produce a unit of final good in country "i" (internal total requirement). This result confirms our previous finding that the internal cost of fragmentation could be approximated by the latter, which makes possible the calculation of the share of international fragmentation in the gains from trade against autarky using only observable data.

Concluding remarks

The goal of this paper was to propose a trade model to determine more accurately the contribution of international fragmentation in the welfare gains of trade. To do so, we relied upon value-added exports as the variable of interest instead of gross exports. It allowed us to highlight what we labeled the macroeconomic cost of fragmentation, a critical variable for the determination of this contribution.

Our model predicts that the net contribution of international fragmentation in the welfare gains of trade is not as high as one could expect, at least in comparison to the gross contribution that could be inferred from a classical model. It represents approximately 24% on average of the gains of trade. As the welfare gains are inversely proportional to the shares of internal trade in intermediate goods and final goods and that the model allows us to identify the share of indirect domestic trade in intermediate goods unlike classical trade models, the net contribution of international fragmentation is lowered.

We also show that using our framework to derive the welfare gains of trade in comparison to a standard trade model give different results. This is due as explained Alexander (2017) to the implicit assumption made by standard trade models that the share of intermediate goods sourced from a given origin country in the total demand of intermediate goods of a given destination country is equivalent to the share of final goods sourced from this origin country in the total demand of final goods of the destination country. Specifically, we show that the reduction in real wage that a move to autarky would provoke is lower using our approach than the traditional one for upstream countries, and higher for downstream countries and countries that are less open in terms of the imports in value-added penetration ratio. The gains from trade are thus understated by the classical model for this last category even if they remain way lower than the gains associated to the more open countries with our model.

Finally, we show that reducing the level of a country's bilateral trade costs with its trading partners does not necessarily imply more forward participation in the global supply chain.

In fact, unless the reduction in trade costs affects more the indirectly exported flows than the directly exported ones, the increase in exports would be biased towards the latter, which implies a weaker forward participation in relative terms to the global production network. Backward integration, however, undoubtedly increase, and the countries are closer to the final consumers than before. This result has interesting implications in term of trade policies since increasing the participation in the global supply chain is a key concern for many countries. 
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General Conclusion

Main results

This thesis was organised around two main research questions. Firstly, as many regions and countries in the world face high transport costs in part due to geographical constraints or the lack of qualitative transport infrastructures and considering the importance of trade for economic growth and the reduction of poverty, we examined whether high trade costs and export performance were antinomic. Secondly, given the place of international fragmentation in the production process of goods today and the will of many countries to participate more in the global value chain, we proposed a method to assess reliably the net impact of this way of organising the production process on the welfare gains of trade.

To provide answers to these questions, we organised our research in three chapters. The first studied the intra-national export performance of the state of Amazonas in Brazil, and specifically the city of Manaus where a Free trade zone is implanted. The goal was to assess the level of integration of Manaus and the rest of Amazonas into the Brazilian economy and to examine the eventual role of the Import Processing zone of Manaus to explain their situation. We found that despite the high level of trade costs faced by these two entities, their intra-national export performance was among the highest of the set of Brazilian states. We also found that a high share of manufactured goods in the total value-added created by a region plays a role in explaining its export efficiency. As Manaus is the top performer as regards this share among the set of Brazilian states, a performance explained by the presence of many foreign and local firms in the sector of manufactured goods that take advantage of the incentives provided by the import processing zone, we concluded that the intra-national export performance of the state of Amazonas was at least in part due to this Free trade zone.

The second chapter studied the export performance of African countries in light of the recent methods used to estimate trade flows between countries. Considering the quasiconsensus in the literature that African exports be it intra-regional or international are weaker than they should and that it is related mostly to the lack of qualitative transport infrastructures, we examined whether this conclusion still hold when the most recent techniques regarding the estimation of trade flows between countries are applied. We found that African countries do not export less than the average country in the world when the Poisson pseudo maximum likelihood estimator is used to estimate bilateral gross trade flows instead of ordinary least squares. Nevertheless, when we distinguished final goods from intermediate goods, we found a clear under-performance regarding African final goods exports contrarily to their intermediate goods exports. This result was substantiated by the finding that trade costs, especially distance, exert a higher impact on African final goods exports in comparison to other countries unlike on their intermediate goods exports. However, contrarily to our expectation trade costs did not seem to have the same impact on African final goods exports and imports. This led us to the conclusion that weak preferences from foreign countries towards African final goods could also be a credible explanation for the weakness of their exports. Either way, when we used value-added exports which is the variable that matters the most for policymakers as the dependent variable in our estimations, we found that the supplementary impact of trade costs mentioned earlier for African final goods exports was at least 6 times lower. It means that value-added exports are less sensitive to direct bilateral trade costs for African countries.

In the third chapter, we proposed a general equilibrium model of trade based upon valueadded trade flows instead of gross trade flows to assess more reliably the impact of international fragmentation on the welfare gains of trade. Using this framework, we found that the net contribution of fragmentation in the welfare gains of trade is lower than what could suggest a classical trade model. More precisely, we showed that it represents on average 24 % of the total gains of trade, less than the 51 % that we could infer from a standard trade model based upon gross trade flows. We also find a similar result to Alexander (2017) and Fally and Hillberry (2018), namely that using our model, the gains from trade are different in comparison to a standard trade model based upon gross trade flows, especially for the most upstream countries that would lose less real wage from a move to autarky with our model, and for the most downstream countries that would lose more. Finally, we showed that a reduction in the direct bilateral trade costs of a country with its partners does not necessarily imply more forward participation in the global value chain, as the relative trade cost of the indirectly exported flows becomes higher than the one of the directly exported flows. It however undoubtedly implies more backward participation in the global value chain, as the country would source more inputs from its bilateral partners to produce its final goods.

These findings have interesting implications in term of policies. We examine in the following section enlightened by these results which policies could effectively foster African exports.

How to stimulate African countries exports?

As mentioned in the previous developments, notably in the second chapter, African countries are under-efficient as regards their final goods exports. It means that there is a clear potential for an increase in these exports if relevant policies are implemented. Similarly, intra-regional trade between African countries is very low in comparison to other continents. In 2018, according to data from UNCTAD, intra-African trade represented 18 % of the total exports of these countries. Meanwhile, 69 % of European exports were sent to fellow European countries, while the share is 56 % for America and 61 % for Asia.

Stimulating African exports could, therefore, also pass through an improvement in intraregional trade; which on top of its effects on export flows, is essential to attenuate the strong dependence of these countries on foreign extra-African markets. A lot of initiatives are implemented to achieve this goal. Among these, the creation of a continental free trade area (AFCFTA) which currently involves 54 African states and upon which a lot of hope is put to foster African trade. What can we really expect from this initiative? Are there any other possibilities to achieve this goal or stimulate African exports in general ?

To answer these questions, it is important to understand why intra-regional trade is low in Africa, and to identify the source of African-countries under-performance as regards final goods exports.

Firstly, the production process in Africa is not regionally fragmented, or said otherwise, there is not a regional value chain. In fact, most of African countries are specialized in intermediate goods exports or primary goods such as mining and unprocessed agricultural products to developed markets. As a matter of facts, in 2014, only 25% of the total trade in intermediate goods in Africa (Imports+exports) was intraregional [START_REF] Dollar | Measuring and analyzing the impact of gvcs on economic development[END_REF].It is not the case for other regions in the world such as Asia, or Europe where regional value chains exist. For this phenomenon to occur, it is necessary that the countries in a regional block have significantly different levels of technology or labor costs so that the gains of regional fragmentation exceed the costs. More precisely, the production process is composed of tasks that are broken down between the countries of the region according to their complexity, the countries the most advanced technologically realizing the most complex tasks and inversely. These regional value chains imply a lot of back and forth trade between countries, everything that increases the volume of gross trade flows in the region. They, therefore, represent good candidates to explain the low share of intra-African trade. Consequently, it appears unlikely that as a result of the AFCFTA, an African value chain emerges because it requires that the differences in technology and labor costs be sufficient enough to ensure that there are gains in fragmenting the production process regionally, something that is not necessarily true yet for African countries.

Secondly, the similarity in the goods produced and exported by our countries of interest has another impact on intra-regional trade. As mentioned earlier, as these goods are mostly unprocessed agricultural goods or mining products such as oil, it is not relevant to trade this kind of goods between each other as they are not really differentiated. Bananas, which are among the main export products in Cameroon and Ivory-coast taste quite the same whether produced in one or the other country. Trading this kind of goods between each other won't be profitable because of transport costs notably, everything that partly explains the weakness of intra-regional trade and why these goods are mostly exported to markets such as Europe where they are not or barely produced. This does not however explain the under-performance of African countries as regards their final goods exports in general.

We identified two possible reasons in the second chapter that could explain this phenomenon. First, the higher impact of trade costs, distance especially in comparison to other countries. As transport infrastructures are often of low quality when they exist, travelling 1 km of distance is more costly and takes more time in Africa than in other regions in the world. This affects the time required for the transit of the goods from the factory to the port of expedition, not to mention the time required to meet the customs procedures. Nevertheless, as we did not identify the same additional impact of trade costs as regards African final goods imports, or as regards their intermediate goods flows with the rest of the world, we also envisaged that the preferences of other countries towards African final goods were low as an explanation which is our second point. This would suggest that many of the goods produced by these countries and that are not enough exported, do not meet the standards of quality required to compete in the international market, something that would not be surprising, or simply that they are not of the taste of the potential importing countries. In this context, the AFCFTA would probably not be enough to significantly foster intra-regional trade because African final goods would still be competing with the more qualitative goods produced elsewhere; given the numerous trade agreements signed by our countries of interest with their more advanced partners in Europe or America. In the same vein, an improvement in African transport infrastructures would probably increase African final goods exports in general, but probably not significantly enough if not followed by an increase in the quality of the goods.

The AFCFTA, therefore, offer interesting perspectives for African trade, but alone could have an impact not substantial enough to involve a structural change in African exports.

To avoid this situation, it is critical that the continental free trade area be accompanied by policies that could improve the quality of African final goods so that they become qualitative enough to compete in international markets, beyond the essential policies that are required to improve the quality of transport infrastructures and customs procedures in Africa. This can be done in many ways, and we propose at least two that could serve this goal.

On one hand, the experience of the free trade zone of Manaus could be instructive. As we have shown in chapter 1, this import processing zone stimulates intermediate goods imports from other countries in the world including Brazilian states, inputs that are assembled and then exported as final goods to the other Brazilian states mostly. We notably showed that a high share of manufactured value-added in GDP is positively related to export performance, knowing that Manaus, where this Free trade zone is implanted, has the highest share in Brazil and is among the most efficient intranational exporter in the country. This policy of providing incentives to firms, foreign and local in order to encourage their settling in a place where the conditions in term of customs procedures, fiscal policy or financial constraints are better than in the rest of the economy, notably to carry out assembling or other productive activities has a lot of advantages. It stimulates the imports of competitive and qualitative inputs from more advanced countries technologically. This allows the importing firms to indirectly benefit from the technology of the exporting countries and also improves the quality of the final goods then produced. Another interest is that it increases the backward participation in the global value chain of the importing country which allows it to move in the downstream of the production process. We showed in chapter 3 that the gains of trade are higher for downstream countries than for upstream countries. It finally could imply technology transfers to local firms if the incentives are able to attract enough companies from more advanced economies. The AFCFTA if supplemented by this kind of policies could probably stimulate more intra-regional trade in final goods and also trade in value-added.

On the other hand, International institutions can play a role. Most of them insist rightly in the necessity to improve the quality of infrastructures, especially transport infrastructures to foster African exports in general and intra-African trade particularly. They, therefore, provide funds to finance infrastructures projects. However, as we suggested earlier, this policy of reducing trade costs if not supplemented by policies dedicated to improve the quality of the goods proposed by African firms, could fall short of generating a structural change in African trade. It is therefore necessary to implement strategies with this goal in sight. Specifically, African firms are for example confronted to financial constraints that impede their entering into local and international markets, but also that prevent them from investing in qualitative and generally expensive capital goods that could improve the quality of their products and enhance their technology of production. To alleviate these constraints, international institutions such as the World Bank could play a role by implementing for example a mechanism of guarantees that could encourage local financial institutions to lend to local firms and entrepreneurs so that even fairly small projects could 193 qualify. A program like that has in our point of view the potential to increase exports at the extensive margin, because more firms would be able to enter in international markets, but also at the intensive margin because a less stringent financial constraint would allow firms to acquire more capital goods, and thus increase their production and exports. As a future avenue of research, it could be interesting to quantify more accurately the impact of a reduction in these financial constraints on African exports.
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Table 1 .

 1 1: Sources of different variables used in our estimations

	Variables	Source
	Exporter / importer GDP	Brazilian system of national accounts Word development indicators
	Distance	Geographic distance Matrix generator (American museum of natural history)
	Contiguity	Cepii/Author calculations
	Common official language Cepii/Author calculations
	Colony	Cepii/Author calculations
	Common colonisator	Cepii/Author calculations
	Regional trade agreement WTO RTA information system.
	WTO membership	WTO website
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 1 

		.2: Variables of the estimated models and their definitions
	Variable	Definition	Expected sign
	ldist	Distance	Negative
	contig	Dummy for sharing a common border	Positive
	comlang_off Dummy for entities with the same official language	Positive
	smctry	Dummy for trade between Brazilian states	Positive
	comcol	Dummy for entities sharing a common colonizer	Positive
	colony	Dummy for colonial ties between two entities	Positive
	RTA	Dummy for Regional trade agreements	Positive
	both_wto	Dummy for trading partners both WTO members	Positive
	lva_indr	Share of Manufactured goods in exporter value added -
	lva_indp	Share of Manufactured goods in importer value added -
	We also used two different specifications for the trade costs indices. The first one is similar
	to equation 1.14 where we estimate a single average parameter δ 6 for the Brazilian border
	effect.		
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	.4: Border effect coefficients of Brazilian states 5
		(1)	(2)	(3)
	States	PPML	OLS	Frontier
	RAM	6.409*** 6.793*** 5.631***
	AC	6.123*** 6.078*** 5.383***
	RR	5.742*** 5.419*** 4.814***
	SE	5.292*** 3.962*** 3.272***
	DF	5.208*** 5.092*** 4.207***
	MANAUS	5.169*** 5.754*** 4.845***
	PI	4.371*** 4.346*** 3.738***
	RN	4.367*** 4.689*** 3.994***
	PB	4.326*** 4.053*** 3.561***
	PE	4.173*** 3.674*** 3.092***
	CE	3.978*** 3.818*** 3.405***
	TO	3.866*** 5.214*** 3.065***
	RO	3.792*** 3.859*** 3.236***
	AP	3.145*** 2.832*** 1.343
	SP	2.939*** 2.570*** 2.513***
	GO	2.895*** 2.604*** 2.135***
	AL	2.887*** 2.359*** 1.146***
	MA	2.873*** 4.659*** 3.344***
	MS	2.813*** 2.475*** 2.061***
	BA	2.622*** 3.092*** 2.513***
	SC	2.541*** 2.253*** 2.154***
	RS	2.505*** 2.120*** 2.052***
	MT	2.495*** 2.551*** 1.881***
	PR	2.445*** 2.379*** 2.295***
	RJ	2.292*** 4.366*** 3.827***
	MG	2.043*** 2.240*** 1.889***
	ES	1.846*** 2.274*** 1.542***
	PA	1.808*** 2.602*** 1.794***
	*** p<0.01, ** p<0.05, * p<0.1			
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 1 5: Determinants of the bilateral trade efficiency variance

	(1)	(2)	(3)
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 1 .6: Critical values of the mixed chi-square distribution

		Significance level
	Degree of freedom 0.25 0.1	0.05 0.025 0.01 0.005 0.001
	1	0.455 1.642 2.705 3.841 5.412 6.635 9.500
	Source :	

Table 1 ,

 1 Kodde and Palm (1986, Econometrica).

Table 2

 2 

	Variables	Source	Methodology/rule/formula
	Value-added exports	Author's calculations	Koopman Wang and Wei (2014)
	Common official language	Cepii/Author's calculations	
	Colony	Cepii/Author's calculations	
	Common colonizer	Cepii/Author's calculations	
	Regional trade agreement	Mario Larch	
	Cost of fragmentation (t iSj )	Author's calculations	

.1: Presentation of the different variables used in our estimations Distance American museum of natural history Distance of an entity to itself: d ii = 0.33 area π

Common border

Cepii/Author's calculations 1 if 80% of the countries of an aggregated entity share the characteristic in the first column with a given country, zero otherwise.

S s=i πis Ys
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 2 2: Explanation of bilateral gross exports(PPML estimator) 

	VARIABLES	Gross exports Gross exports
	Exporter GDP	0.831***	
		(0.0138)	
	Exporter total output		0.834***
			(0.0128)
	Distance	-0.719***	-0.698***
		(0.0335)	(0.0327)
	Common border	0.203**	0.224***
		(0.0791)	(0.0814)
	Common language	0.240***	0.250***
		(0.0773)	(0.0762)
	Colony	-0.0520	-0.0172
		(0.0979)	(0.0962)
	Common colonizer	0.438***	0.451***
		(0.118)	(0.120)
	RTA	0.0987*	0.103*
		(0.0597)	(0.0579)
	aftrade	-0.168**	-0.0757
		(0.0835)	(0.0883)
	Constant	5.730***	4.878***
		(0.323)	(0.322)
	Observations	19,182	19,182
	R-squared		
	Exporter FE	NO	NO
	Importer FE	YES	YES
	Robust standard errors in parentheses	
	*** p<0.01, ** p<0.05, * p<0.1	
	aftrade is a dummy that is equal to 1 for African countries'
	exports and 0 otherwise.	
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 2 3: Explanation of bilateral final and intermediate goods exports(PPML estimator) 

		Intermediate	Final goods
		goods exports	exports
	Distance	-0.649***	-0.798***
		(0.0386)	(0.0443)
	Common border	0.234**	0.206**
		(0.0956)	(0.0974)
	Common language	0.308***	0.0800
		(0.0923)	(0.0870)
	Colony	0.0408	-0.0405
		(0.104)	(0.133)
	Common colonizer	0.447***	0.385**
		(0.134)	(0.175)
	RTA	0.0655	0.232***
		(0.0650)	(0.0801)
	aftrade	0.0649	-0.730***
		(0.106)	(0.106)
	Exporter_supply1	0.770***	
		(0.0118)	
	Exporter_supply2		0.990***
			(0.0306)
	Constant	5.377***	3.246***
		(0.364)	(0.417)
	Observations	19,182	19,182
	Exporter FE	NO	NO
	Importer FE	YES	YES
	Robust standard errors in parentheses	
	*** p<0.01, ** p<0.05, * p<0.1		
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 2 4: Additional impact of distance on African trade flows(PPML estimator) 

	VARIABLES	Gross exports	Final goods exports	Intermediate goods exports	Value-added exports
	Distance	-0.689*** -0.695***	-0.692***	-0.711***
			(0.0594)	(0.0760)	(0.0627)	(0.0215)
	Common border	0.265**	0.297**	0.230*	0.304***
			(0.121)	(0.135)	(0.123)	(0.0446)
	Common language 0.122	0.249**	0.0990	0.273***
			(0.0827	(0.110)	(0.0940)	(0.0351)
	Colony	0.0695	0.00763	0.103	-0.00817
			(0.149)	(0.177)	(0.145)	(0.0504)
	Common colonizer 0.325**	0.509*	0.256*	0.548***
			(0.160)	(0.282)	(0.142)	(0.0821)
	RTA	0.176**	0.213*	0.198**	0.222***
			(0.0877)	(0.110)	(0.0878)	(0.0313)
	lt iSj	1-σ				1.142***
						(0.0328)
	afldist	-0.184	-0.630***	-0.138	-0.0932**
			(0.175)	(0.181)	(0.201)	(0.0426)
	af2ldist	-0.123	-0.0836	-0.138	-0.0371
			(0.134)	(0.169)	(0.178)	(0.0565)
	Constant	15.00*** 14.27***	14.55***	13.75***
			(0.509)	(0.651)	(0.536)	(0.185)
	Observations	19,182	19,182	19,182	19,182
	Exporter FE	YES	YES	YES	YES
	Importer FE	YES	YES	YES	YES
	Cluster robust standard errors by exporter, importer and country pairs in parentheses
	*** p<0.01, ** p<0.05, * p<0.1		

Table 2 .

 2 5: Additional impact of trade costs on African trade flows(PPML estimator) 

	VARIABLES	Gross exports	Final goods exports	Intermediate goods exports	Value-added exports
	lt ij	1-σ			1.017*** 0.992***	1.016***	0.997***
						(0.0509) (0.0775)	(0.0450)	(0.0269)
	AF lt ij	1-σ	0.213	0.736***	0.133	0.114**
						(0.210)	(0.203)	(0.241)	(0.0494)
	AF 2lt ij	1-σ	0.161	0.0882	0.188	0.0481
						(0.174)	(0.178)	(0.227)	(0.0532)
	lt iSj	1-σ			1.142***
							(0.0324)
	Constant	15.17*** 14.29***	14.70***	13.76***
						(0.275)	(0.426)	(0.239)	(0.145)
	Observations 19,182	19,182	19,182	19,182
	Exporter FE YES	YES	YES	YES
	Importer FE YES	YES	YES	YES

Cluster robust standard errors by exporter, importer and country pair in parentheses *** p<0.01, ** p<0.05, * p<0.1 lt iSj 1-σ is the log of the inverse cost of fragmentation.

lt 1-σ ij
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 2 .6: Results of the test on the type of heteroskedasticity in the data (p-values)As the table shows, this test lends credit to the suitability of the PPML estimator for our data, and thus reinforces the credibility of our results.2..2.2 Econometric results with a 80% threshold for the determination of the aggregated regions trade costs variables

	Test (null hypothesis) OLS	PPML
	P-value	0.0000 0.300

Table 2 .

 2 .8: Explanation of bilateral final and intermediate goods exports(PPML estimator) 

	Proportionality	UN BEC method

Table 2 .

 2 .9: Additional impact of distance on African trade flows(PPML estimator) 

					Proportionality			UN BEC method
	VARIABLES	Gross exports	Final goods exports	Intermediate goods exports	Value-added exports	Final goods exports	Intermediate goods exports	Value-added exports
	Distance	-0.689*** -0.682***	-0.692***	-0.729***	-0.695***	-0.692***	-0.711***
			(0.0594)	(0.0602)	(0.0593)	(0.00719)	(0.0760)	(0.0627)	(0.0215)
	Common border	0.265**	0.281**	0.260**	0.291***	0.297**	0.230*	0.304***
			(0.121)	(0.111)	(0.125)	(0.00982)	(0.135)	(0.123)	(0.0446)
	Common language 0.122	0.126	0.121	0.136***	0.249**	0.0990	0.273***
			(0.0827)	(0.0805)	(0.0841)	(0.0160)	(0.110)	(0.0940)	(0.0351)
	Colony	0.0695	0.101	0.0525	0.0172	0.00763	0.103	-0.00817
			(0.149)	(0.152)	(0.148)	(0.0195)	(0.177)	(0.145)	(0.0504)
	Common colonizer 0.325**	0.363**	0.305*	0.385***	0.509*	0.256*	0.548***
			(0.160)	(0.152)	(0.168)	(0.0362)	(0.282)	(0.142)	(0.0821)
	RTA	0.176**	0.190**	0.175*	0.203***	0.213*	0.198**	0.222***
			(0.0877)	(0.0830)	(0.0910)	(0.0105)	(0.110)	(0.0878)	(0.0313)
	lt iSj	1-σ				1.498***			1.142***
						(0.0386)			(0.0328)
	afldist	-0.184	-0.152	-0.205	0.0390	-0.630***	-0.138	-0.0932**
			(0.175)	(0.194)	(0.170)	(0.0339)	(0.181)	(0.201)	(0.0426)
	af2ldist	-0.123	-0.150	-0.109	-0.0316	-0.0836	-0.138	-0.0371
			(0.134)	(0.152)	(0.141)	(0.0335)	(0.169)	(0.178)	(0.0565)
	Constant	15.00*** 13.82***	14.66***	13.72***	14.27***	14.55***	13.75***
			(0.509)	(0.520)	(0.507)	(0.0664)	(0.651)	(0.536)	(0.185)
	Observations	19,182	19,182	19,182	19,182	19,182	19,182	19,182
	Exporter FE	YES	YES	YES	YES	YES	YES	YES
	Importer FE	YES	YES	YES	YES	YES	YES	YES
	Cluster robust standard errors by exporter, importer and country pairs in parentheses	
	*** p<0.01, ** p<0.05, * p<0.1					

Table 2 .

 2 .10: Additional impact of trade costs on African trade flows(PPML estimator) 

								Proportionality		UN BEC method
	VARIABLES	Gross exports	Final goods exports	Intermediate goods exports	Value-added exports	Final goods exports	Intermediate goods exports	Value-added exports
	lt ij	1-σ			1.017*** 1.016***	1.017***	1.000***	0.992***	1.016***	0.997***
						(0.0509) (0.0521)	(0.0508)	(0.00634)	(0.0775)	(0.0450)	(0.0269)
	AF lt ij	1-σ	0.213	0.167	0.244	-0.0458	0.736***	0.133	0.114**
						(0.210)	(0.238)	(0.200)	(0.0397)	(0.203)	(0.241)	(0.0494)
	AF 2lt ij	1-σ	0.161	0.182	0.147	0.0391	0.0882	0.188	0.0481
						(0.174)	(0.203)	(0.180)	(0.0403)	(0.178)	(0.227)	(0.0532)
	lt iSj	1-σ					1.499***	1.142***
									(0.0386)	(0.0324)
	Constant	15.17*** 13.99***	14.83***	13.72***	14.29***	14.70***	13.76***
						(0.275)	(0.285)	(0.274)	(0.0463)	(0.426)	(0.239)	(0.145)
	Observations 19,182	19,182	19,182	19,182	19,182	19,182	19,182
	Exporter FE YES	YES	YES	YES	YES	YES	YES
	Importer FE YES	YES	YES	YES	YES	YES	YES
	Cluster robust standard errors by exporter, importer and country pair in parentheses
	*** p<0.01, ** p<0.05, * p<0.1		

lt iSj 1-σ is the log of the inverse cost of fragmentation.

Table 2 .

 2 .11: Explanation of bilateral gross exports

		(1) OLS	(2) OLS	(3) PPML	(4) PPML
	VARIABLES	Log of gross exports	Log of gross exports	Gross exports Gross exports
	Exporter GDP	0.938***		0.831***	
		(0.00435)		(0.0138)	
	Exporter total output		0.951***		0.834***
			(0.00414)		(0.0128)
	Distance	-0.733***	-0.728***	-0.719***	-0.699***
		(0.0143)	(0.0139)	(0.0337)	(0.0328)
	Common border	0.904***	0.900***	0.200**	0.221***
		(0.0830)	(0.0814)	(0.0795)	(0.0819)
	Common language	0.357***	0.388***	0.242***	0.251***
		(0.0330)	(0.0322)	(0.0780)	(0.0769)
	Colony	0.396***	0.385***	-0.0521	-0.0171
		(0.0747)	(0.0731)	(0.0981)	(0.0965)
	Common colonizer	0.436***	0.448***	0.447***	0.459***
		(0.0455)	(0.0442)	(0.119)	(0.121)
	RTA	0.308***	0.274***	0.0995*	0.104*
		(0.0240)	(0.0232)	(0.0600)	(0.0582)
	aftrade	-0.528***	-0.442***	-0.169**	-0.0760
		(0.0223)	(0.0218)	(0.0834)	(0.0883)
	Constant	-0.929***	-1.830***	3.491***	2.638***
		(0.139)	(0.136)	(0.331)	(0.325)
	Observations	19,182	19,182	19,182	19,182
	R-squared	0.862	0.871		
	Exporter FE	NO	NO	NO	NO
	Importer FE	YES	YES	YES	YES
	Robust standard errors in parentheses				
	*** p<0.01, ** p<0.05, * p<0.1				

Table 2 .

 2 .12: Explanation of bilateral final and intermediate goods exports(PPML estimator) 

	Proportionality	UN BEC method

Table 2 .

 2 .13: Additional impact of distance on African trade flows(PPML estimator) 

					Proportionality			UN BEC method
	VARIABLES	Gross exports	Final goods exports	Intermediate goods exports	Value-added exports	Final goods exports	Intermediate goods exports	Value-added exports
	Distance	-0.690*** -0.682***	-0.693***	-0.729***	-0.695***	-0.693***	-0.711***
			(0.0598)	(0.0607)	(0.0596)	(0.00721)	(0.0769)	(0.0630)	(0.0217)
	Common border	0.258**	0.274**	0.252**	0.291***	0.291**	0.222*	0.302***
			(0.121)	(0.111)	(0.124)	(0.00981)	(0.136)	(0.123)	(0.0453)
	Common language 0.128	0.132	0.127	0.136***	0.246**	0.106	0.271***
			(0.0830)	(0.0811)	(0.0844)	(0.0160)	(0.110)	(0.0941)	(0.0351)
	Colony	0.0687	0.100	0.0516	0.0173	0.0109	0.102	-0.00689
			(0.150)	(0.153)	(0.149)	(0.0196)	(0.178)	(0.146)	(0.0507)
	Common colonizer 0.326**	0.364**	0.305*	0.384***	0.502*	0.260*	0.545***
			(0.161)	(0.153)	(0.169)	(0.0363)	(0.282)	(0.144)	(0.0817)
	RTA	0.177**	0.194**	0.176*	0.203***	0.219*	0.198**	0.224***
			(0.0887)	(0.0841)	(0.0918)	(0.0104)	(0.112)	(0.0885)	(0.0315)
	lt iSj	1-σ				1.498***			1.141***
						(0.0386)			(0.0328)
	afldist	-0.185	-0.153	-0.206	0.0384	-0.631***	-0.138	-0.0941**
			(0.175)	(0.194)	(0.169)	(0.0339)	(0.181)	(0.201)	(0.0424)
	af2ldist	-0.123	-0.151	-0.108	-0.0322	-0.0844	-0.138	-0.0376
			(0.134)	(0.151)	(0.142)	(0.0334)	(0.169)	(0.179)	(0.0567)
	Constant	15.00*** 13.82***	14.68***	13.72***	14.27***	14.56***	13.75***
			(0.513)	(0.525)	(0.510)	(0.0669)	(0.660)	(0.538)	(0.187)
	Observations	19,182	19,182	19,182	19,182	19,182	19,182	19,182
	Exporter FE	YES	YES	YES	YES	YES	YES	YES
	Importer FE	YES	YES	YES	YES	YES	YES	YES
	Cluster robust standard errors by exporter, importer and country pairs in parentheses	
	*** p<0.01, ** p<0.05, * p<0.1					

Table 2 .

 2 .14: Additional impact of trade costs on African trade flows(PPML estimator) 

								Proportionality		UN BEC method
	VARIABLES	Gross exports	Final goods exports	Intermediate goods exports	Value-added exports	Final goods exports	Intermediate goods exports	Value-added exports
	lt ij	1-σ			1.018*** 1.017***	1.018***	1.000***	0.992***	1.017***	0.997***
						(0.0510) (0.0522)	(0.0509)	(0.00631)	(0.0777)	(0.0451)	(0.0269)
	AF lt ij	1-σ	0.214	0.167	0.244	-0.0458	0.740***	0.133	0.115**
						(0.210)	(0.238)	(0.200)	(0.0396)	(0.202)	(0.241)	(0.0494)
	AF 2lt ij	1-σ	0.161	0.182	0.147	0.0396	0.0852	0.188	0.0474
						(0.174)	(0.203)	(0.180)	(0.0400)	(0.178)	(0.227)	(0.0534)
	lt iSj	1-σ					1.499***	1.141***
									(0.0386)	(0.0325)
	Constant	15.18*** 14.00***	14.85***	13.72***	14.29***	14.72***	13.76***
						(0.276)	(0.285)	(0.275)	(0.0462)	(0.427)	(0.240)	(0.146)
	Observations 19,182	19,182	19,182	19,182	19,182	19,182	19,182
	Exporter FE YES	YES	YES	YES	YES	YES	YES
	Importer FE YES	YES	YES	YES	YES	YES	YES
	Cluster robust standard errors by exporter, importer and country pair in parentheses
	*** p<0.01, ** p<0.05, * p<0.1		

lt iSj 1-σ is the log of the inverse cost of fragmentation.

Table 2 .

 2 .15: Explanation of bilateral gross exports

		(1) OLS	(2) OLS	(3) PPML	(4) PPML
	VARIABLES	Log of gross exports	Log of gross exports	Gross exports Gross exports
	Exporter GDP	0.937***		0.832***	
		(0.00434)		(0.0138)	
	Exporter total output		0.950***		0.835***
			(0.00413)		(0.0128)
	Distance	-0.720***	-0.715***	-0.722***	-0.700***
		(0.0142)	(0.0138)	(0.0337)	(0.0329)
	Common border	0.891***	0.886***	0.204***	0.224***
		(0.0817)	(0.0802)	(0.0790)	(0.0814)
	Common language	0.379***	0.404***	0.234***	0.244***
		(0.0313)	(0.0305)	(0.0764)	(0.0753)
	Colony	0.395***	0.387***	-0.0469	-0.0110
		(0.0732)	(0.0716)	(0.0975)	(0.0959)
	Common colonizer	0.423***	0.434***	0.455***	0.466***
		(0.0435)	(0.0422)	(0.117)	(0.118)
	RTA	0.342***	0.309***	0.0898	0.0968*
		(0.0235)	(0.0227)	(0.0597)	(0.0580)
	aftrade	-0.534***	-0.448***	-0.167**	-0.0740
		(0.0223)	(0.0218)	(0.0836)	(0.0884)
	Constant	-1.055***	-1.950***	3.504***	2.640***
		(0.138)	(0.135)	(0.334)	(0.328)
	Observations	19,182	19,182	19,182	19,182
	R-squared	0.862	0.872		
	Exporter FE	NO	NO	NO	NO
	Importer FE	YES	YES	YES	YES
	Robust standard errors in parentheses				
	*** p<0.01, ** p<0.05, * p<0.1				

Table 2 .

 2 .16: Explanation of bilateral final and intermediate goods exports(PPML estimator) 

	Proportionality	UN BEC method

Table 2 .

 2 .17: Additional impact of distance on African trade flows(PPML estimator) 

					Proportionality			UN BEC method
	VARIABLES	Gross exports	Final goods exports	Intermediate goods exports	Value-added exports	Final goods exports	Intermediate goods exports	Value-added exports
	Distance	-0.691*** -0.683***	-0.695***	-0.731***	-0.695***	-0.696***	-0.713***
			(0.0600)	(0.0605)	(0.0601)	(0.00739)	(0.0770)	(0.0634)	(0.0222)
	Common border	0.261**	0.278**	0.255**	0.292***	0.296**	0.225*	0.304***
			(0.122)	(0.112)	(0.125)	(0.0105)	(0.140)	(0.123)	(0.0474)
	Common language 0.119	0.121	0.119	0.132***	0.237**	0.101	0.266***
			(0.0810)	(0.0784)	(0.0828)	(0.0157)	(0.108)	(0.0921)	(0.0346)
	Colony	0.0762	0.114	0.0553	0.0209	0.0230	0.104	-0.00285
			(0.148)	(0.150)	(0.148)	(0.0193)	(0.173)	(0.145)	(0.0494)
	Common colonizer 0.335**	0.390***	0.306*	0.367***	0.557**	0.254*	0.544***
			(0.159)	(0.149)	(0.167)	(0.0376)	(0.276)	(0.143)	(0.0812)
	RTA	0.172*	0.189**	0.169*	0.200***	0.209*	0.190**	0.217***
			(0.0888)	(0.0829)	(0.0925)	(0.0109)	(0.110)	(0.0897)	(0.0313)
	lt iSj	1-σ				1.497***			1.142***
						(0.0382)			(0.0326)
	afldist	-0.182	-0.150	-0.203	0.0414	-0.628***	-0.136	-0.0906**
			(0.175)	(0.194)	(0.170)	(0.0342)	(0.181)	(0.201)	(0.0424)
	af2ldist	-0.122	-0.149	-0.108	-0.0303	-0.0810	-0.138	-0.0346
			(0.133)	(0.152)	(0.141)	(0.0332)	(0.170)	(0.177)	(0.0565)
	Constant	15.01*** 13.82***	14.69***	13.73***	14.27***	14.58***	13.76***
			(0.515)	(0.523)	(0.514)	(0.0679)	(0.659)	(0.542)	(0.191)
	Observations	19,182	19,182	19,182	19,182	19,182	19,182	19,182
	Exporter FE	YES	YES	YES	YES	YES	YES	YES
	Importer FE	YES	YES	YES	YES	YES	YES	YES
	Cluster robust standard errors by exporter, importer and country pairs in parentheses	
	*** p<0.01, ** p<0.05, * p<0.1					

Table 2 .

 2 .18: Additional impact of trade costs on African trade flows(PPML estimator) 

									Proportionality	UN BEC method
	VARIABLES	Gross exports	Final goods exports	Intermediate goods exports	Value-added exports	Final goods exports	Intermediate goods exports	Value-added exports
	lt ij	1-σ			1.017*** 1.016***	1.017***	1.000***	0.991***	1.016***	0.997***
							(0.0509) (0.0521)	(0.0508)	(0.00626)	(0.0770)	(0.0452)	(0.0267)
	AF lt ij	1-σ	0.204	0.148	0.238	-0.0474	0.674***	0.132	0.101**
							(0.211)	(0.237)	(0.201)	(0.0399)	(0.197)	(0.241)	(0.0477)
	AF 2lt ij	1-σ	0.173	0.208	0.153	0.0374	0.165	0.188	0.0728
							(0.168)	(0.186)	(0.178)	(0.0404)	(0.166)	(0.225)	(0.0554)
	lt iSj	1-σ					1.498***	1.142***
										(0.0382)	(0.0322)
	Constant	15.18*** 14.00***	14.86***	13.73***	14.31***	14.74***	13.77***
							(0.277)	(0.285)	(0.275)	(0.0464)	(0.425)	(0.241)	(0.146)
	Observations 19,182	19,182	19,182	19,182	19,182	19,182	19,182
	Exporter FE YES	YES	YES	YES	YES	YES	YES
	Importer FE YES	YES	YES	YES	YES	YES	YES
	Cluster robust standard errors by exporter, importer and country pair in parentheses
	*** p<0.01, ** p<0.05, * p<0.1	
	lt iSj	1-σ is the log of the inverse cost of fragmentation.

  1 b 11 x 12 ). The second term represents the valueadded exported by country 1 and used as intermediate goods by country 2 to produce its final goods (v 1 b 11 a 12 g 2 ). This term can be further broken down into intermediate exports absorbed in country 2 (v 1 b 12 x 22 ) and intermediate exports exported back to country 1 either within country 2's exports of final goods v 1 b 12 x 21 or within country 2's exports of intermediate goods v 1 b 12 a 21 g 1 .

  Note that VDFM and VIFM cover firms' purchases of intermediate goods, which we denote respectively by VDFM I and VIFM I , and purchases of capital goods, which we denote respectively by VDFM CGDS and VIFM CGDS . The following identities hold across the variables:

	It has three reference
	years -2004, 2007 and 2011 -from which we choose 2011 to conduct our calculations. The
	database has 40 data arrays representing different variables. The following are required
	for our analysis:
	TVOM: Sales of domestic products at market prices;
	VIMS: Imports at market prices;
	VXMD: Non margin exports at market prices;
	VST: margin exports;
	VTWR: margins by margin commodity;
	VIFM: import purchases by firms at market prices;
	VIPM: import purchases by households at market prices;
	VIGM: import purchases by governments at market prices;
	VDFM: domestic purchases by firms at market prices;
	VDPM: domestic purchases by households at market prices;
	VDGM: domestic purchases by government at market prices;
	MFAREV: export tax equivalent of MFA quota premia;
	XTREV: ordinary export tax;
	TARIFREV: ordinary import duty;

Table 2 .

 2 .19: A simplified view of the GTAP data base structure.

	Intermediate use Country A	Final Demand Rest of world (M) Country A	Rest of world (M)	Rest of world (M) Gross,output

  OM AAs we saw earlier, we need a complete set of bilateral intermediate goods exports and final goods exports to obtain our data on value-added exports. To solve this problem, we use either a proportionality assumption or a reconciliation technique based on the UN BEC classification of goods by end-use categories and detailed trade data at the six-digit level from the UN COMTRADE database.

2..3.3 Disentangling of trade flows by end use 2..3.3.1 The proportionality assumption Applying the proportionality assump-

  ..3.3.2 The UN BEC method Rather than relying on ad-hoc assumptions, we use the UN BEC classification of products by end-use category with the UN COMTRADE database, which reports on bilateral exports and imports of goods between countries at the HS six-digit level, in order to obtain the share of intermediate and final goods in a given country's exports to a particular destination. Trade in services is captured by data fromFrancois and Pindyuk (2013), who use the EBOPS 2002 classification. In order to differentiate between goods and services by end-use category, we use UN BEC revision 4/HS 2002 tables of correspondence for goods and UN BEC revision 5/EBOPS tables of correspondence for services.

45)

A simplified view of the resulting inter-country input-output matrix for a two-country case is presented in table 2..20. Although the proportionality assumption enables us to disentangle bilateral gross exports into intermediate and final goods exports, note that this assumption is too restrictive. Some countries are located downstream of the production process while others are upstream. Downstream countries export relatively more final goods than those upstream. The proportionality assumption does not capture this phenomenon. It could therefore be interesting to obtain the share of intermediate and final goods in each country's bilateral exports using existing classifications of goods by end use.

2

Table 2 .

 2 .21: Correlation between collected and optimized data (Author's calculations)

	Exporter	Name	Correlation intermediate goods	Correlation final goods	Reliability index
	ALB	Albania	0,80	0,50	0,57
	ARE	United Arab Emirates	0,00	-0,01	0,00
	ARG	Argentina	0,98	0,98	0,78
	ARM	Armenia	0,70	0,77	0,47
	AUS	Australia	0,99	0,87	0,72
	AUT	Austria	0,99	0,99	0,72
	AZE	Azerbaijan	0,88	0,74	0,69
	BEL	Belgium	0,95	0,96	0,39
	BEN	Benin	0,57	0,80	0,21
	BFA	Burkina Faso	0,95	0,18	0,01
	BGD	Bangladesh	0,35	0,97	0,77
	BGR	Bulgaria	0,95	0,91	0,55
	BHR	Bahrain	0,42	0,44	0,21
	BLR	Belarus	0,56	0,61	0,26
	BOL	Bolivia	0,72	0,21	0,55
	BRA	Brazil	0,98	0,96	0,67
	BRN	Brunei Darussalam	0,96	0,03	0,83
	BWA	Botswana	0,99	0,02	0,75
	CAN	Canada	1,00	1,00	0,81
	CHE	Switzerland	0,94	0,79	0,60
	CHL	Chile	0,98	0,86	0,63
	CHN	China	0,80	0,88	0,45
	CIV	Côte d'Ivoire	0,85	0,69	0,44
	CMR	Cameroon	0,63	0,74	0,39
	COL	Colombia	0,99	0,80	0,66
	CRI	Costa Rica	0,95	0,97	0,59
	CYP	Cyprus	0,87	0,89	0,44
	CZE	Czech Republic	0,99	0,98	0,50
	DEU	Germany	0,98	0,99	0,77
	DNK	Denmark	0,95	0,97	0,61
	DOM	Dominican Republic P	0,89	0,93	0,46
	ECU	Ecuador	0,99	0,72	0,73
	EGY	Egypt	0,85	0,85	0,46
	ESP	Spain	0,95	0,96	0,69
	EST	Estonia	0,93	0,93	0,34
	ETH	Ethiopia	0,85	0,83	0,49
	FIN	Finland	0,96	0,94	0,65
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	Exporter	Name	Correlation intermediate goods	Correlation final goods	Reliability index
	FRA	France	0,98	0,99	0,74
	GBR	United Kingdom	0,96	0,97	0,63
	GEO	Georgia	0,72	0,43	0,39
	GHA	Ghana	0,34	0,50	0,14
	GIN	Guinea	0,45	-0,02	0,00
	GRC	Greece	0,72	0,80	0,64
	GTM	Guatemala	0,97	0,90	0,50
	HKG	Hong Kong	0,85	0,13	0,02
	HND	Honduras	0,88	0,96	0,61
	HRV	Croatia	0,88	0,82	0,61
	HUN	Hungary	0,99	0,98	0,69
	IDN	Indonesia	0,96	0,94	0,66
	IND	India	0,88	0,91	0,51
	IRL	Ireland	0,95	0,94	0,50
	IRN	Iran	0,79	0,47	0,24
	ISR	Israel	0,93	0,94	0,57
	ITA	Italy	0,99	0,98	0,71
	JAM	Jamaica	0,95	0,07	0,45
	JOR	Jordan	0,54	0,57	0,33
	JPN	Japan	0,95	0,98	0,73
	KAZ	Kazakhstan	0,91	0,60	0,30
	KEN	Kenya	0,09	0,34	0,00
	KGZ	Kyrgyztan	0,94	0,90	0,20
	KHM	Cambodia	0,04	0,86	0,44
	KOR	Korea, Republic of	0,97	0,98	0,62
	KWT	Kuwait	0,66	0,09	0,28
	LAO	Lao PDR	0,79	0,22	0,10
	LKA	Sri Lanka	0,76	0,75	0,64
	LTU	Lithuania	0,82	0,89	0,37
	LUX	Luxembourg	0,88	0,75	0,47
	LVA	Latvia	0,90	0,90	0,43
	MAR	Morocco	0,88	0,78	0,52
	MDG	Madagascar	0,71	0,18	0,37
	MEX	Mexico	1,00	1,00	0,86
	MLT	Malta	0,59	0,64	0,53
	MNG	Mongolia	0,30	-0,01	0,00
	MOZ	Mozambique	0,34	0,39	0,20
	MUS	Mauritius	0,65	0,63	0,54
	MWI	Malawi	0,82	0,22	0,17
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	Exporter	Name	Correlation intermediate goods	Correlation final goods	Reliability index
	MYS	Malaysia	0,94	0,92	0,56
	NAM	Namibia	0,70	0,49	0,44
	NGA	Nigeria	0,88	0,23	0,26
	NIC	Nicaragua	0,87	0,49	0,75
	NLD	Netherlands	0,99	0,99	0,54
	NOR	Norway	0,85	0,90	0,40
	NPL	Nepal	0,01	0,93	0,24
	NZL	New Zealand	0,94	0,96	0,75
	OMN	Oman	0,98	0,63	0,68
	PAK	Pakistan	0,77	0,96	0,60
	PAN	Panama	0,95	0,57	0,07
	PER	Peru	0,96	0,23	0,50
	PHL	Philippines	0,87	0,81	0,26
	POL	Poland	0,99	0,98	0,64
	PRI	Puerto Rico	0,03	0,00	0,00
	PRT	Portugal	0,96	0,97	0,67
	PRY	Paraguay	0,85	0,35	0,38
	QAT	Qatar	0,95	0,54	0,25
	ROU	Romania	0,98	0,97	0,66
	RUS	Russia	0,79	0,77	0,35
	RWA	Rwanda	0,37	-0,02	0,06
	SAU	Saudi Arabia	0,54	0,78	0,41
	SEN	Senegal	0,61	0,16	0,24
	SGP	Singapore	0,91	0,87	0,26
	SLV	El Salvador	0,78	0,98	0,73
	SVK	Slovakia	0,97	0,96	0,54
	SVN	Slovenia	0,97	0,89	0,59
	SWE	Sweden	0,97	0,98	0,69
	TGO	Togo	0,35	0,25	0,24
	THA	Thailand	0,93	0,96	0,64
	TTO	Trinidad and Tobago P	0,99	0,43	0,42
	TUN	Tunisia	0,95	0,97	0,61
	TUR	Turkey	0,93	0,98	0,59
	TWN	Taiwan	0,11	0,34	0,00
	TZA	Tanzania	0,75	0,72	0,10
	UGA	Uganda	0,47	0,08	0,20
	UKR	Ukraine	0,95	0,99	0,72
	URY	Uruguay	0,83	0,91	0,71
	USA	United States of America	0,96	0,96	0,65
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	Exporter	Name	Correlation intermediate goods	Correlation final goods	Reliability index
	VEN	Venezuela	0,54	0,31	0,31
	VNM	Viet Nam	0,95	0,98	0,63
	XAC	South Central Africa	0,99	-0,02	0,93
	XCA	Rest of Central America	0,82	0,04	0,84
	XCB	Rest of Caribbean	0,89	-0,01	0,14
	XCF	Rest of Central Africa	0,78	0,00	0,02
	XEA	Rest of East Asia	0,61	0,19	0,07
	XEC	Rest of Eastern Africa	-0,01	0,03	0,28
	XEE	Rest of Eastern Europe	0,72	0,93	0,38
		Rest of European			
	XEF	Free Trade	0,68	0,70	0,50
		Association			
	XER	Rest of Europe	0,73	0,66	0,63
	XNA	Rest of North America	0,11	0,84	0,90
	XNF	Rest of North Africa	0,87	0,05	0,73
	XOC	Rest of Oceania	0,91	0,13	0,71
	XSA	Rest of South Asia 0,01	0,63	0,10
		Rest of South			
	XSC	African	0,06	-0,04	0,41
		Customs Union			
	XSE	Rest of Southeast Asia	0,96	0,80	0,47
	XSM	Rest of South America	0,78	0,29	0,28
	XSU	Rest of Former Soviet Union	0,19	-0,02	0,00
	XWF	Rest of Western Africa	0,31	0,17	0,05
	XWS	Rest of Western Asia	0,61	0,30	0,24
	ZAF	South Africa	0,93	0,79	0,60
	ZMB	Zambia	0,94	0,04	0,03
	ZWE	Zimbabwe	0,62	0,11	0,03
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	Exporter	Name	Correlation intermediate goods	Correlation final goods	Reliability index
	TOT	TOTAL	0,87	0,92	

  table. The table comprises 140 entities which are countries or aggregations of countries and 57 sectors that we aggregate into one to simplify the analysis. Released in 2015, it has 3 base years among which we choose 2011 to carry out our analysis. We obtained our value-added trade flows data using the methodology developed byKoopman et al. (2014). As the table is a multi-country table, imports of intermediate inputs are not broken down by countries of origin just as final demand imports. This poses a problem because we need the complete set of bilateral intermediate and final demand imports in order to calculate each country bilateral value-added exports.To solve this problem, two solutions are generally used in the literature. Applying a proportionality assumption which amounts to assume that the imports of intermediate and final goods of a given country from a particular source are proportional to its total imports from this source. The second solution is to use the UN BEC classification of products by end-use category along with the UN COMTRADE database which reports bilateral exports and imports between countries at the HS 6 digits level, in order to obtain the share of intermediate and final goods in the exports of a given country to a particular destination. These shares are then applied to the export data from the GTAP database to disentangle bilateral exports between intermediate and final goods and calculate the value-added exports. By disentangling bilateral exports by type, we get a new table which is an inter-country input output table and that should be consistent with the initial multicountry input output table.

Table 3 .

 3 1 presents summary statistics on the results regarding the move to autarky. The detailed results are available in appendix 3.A.1. This table is composed of five parts, the first presenting the results for the entire set and the two following respectively for the countries the less open of the sample and for the most open ones. We define the less open countries as those who present a ratio of internal trade in value-added over GDP > 77%

  45 -(-8.96)) = 3.51 percentage points on average with the extended model than with the standard model, whereas it is just slightly lower, 0.71 percentage points on average for the more open countries (See respectively the second and the third part of table 3.1). It means that the gains from trade are understated for the less open countries when we use the standard gross exports model. This result relates as said earlier to the work ofFally and Hillberry (2018) who built a sequential model of international fragmentation and also found that downstream countries feature higher welfare gains compared to the prediction of a standard model of trade. The difference is that the model that they use as a benchmark for comparison is a model of trade without intermediate goods flows. Unlike them, we compare our model predictions to a standard trade model featuring intermediate goods flows. This benchmark is the relevant one because our model allows back and forth trade in intermediate goods unlike theirs.

A result that is also worth mentioning is that the welfare gains of trade are higher,

(-8.73 -(-18.39

)) = 9.66 percentage points on average for the most downstream countries with the extended model in comparison to the standard model (See the fourth part of table 3.1). On the contrary, the gains for the most upstream countries are

(-13.36 -(-18.72

)) = 5.36 percentage points lower (See the fifth part of table 3.1).

  To see this, we multiply the net contribution of fragmentation in the welfare gains from trade (the fifth row of each part of table 3.1) with the estimated total gains by the extended model for each category of countries be it the entire set or the most upstream countries for example. More precisely, the net contribution of fragmentation in the total welfare gains from trade represents 23.86 % on average of the welfare reduction for the entire set as it is shown in the fifth row of the first part of the table. On this basis, our model predicts that turning off trade in intermediate goods would reduce the average real wage by less than(23.86 * (14.28)) ≈ 3.5 percentage points, with(29.27 * (20.37)) ≈ 6 percentage points on average for the more open countries (See the third part of the table) and (20.11 * (8.96)) ≈ 1.8 percentage point for the less open countries (See the second part of the table).

  table. It represents 65% of the total gains with our model compared to 50.80% with the standard model. This is due to the difference between the domestic trade shares related to intermediate goods and final goods that is allowed in our model contrarily to the standard model. There is anyway a striking difference between the gross and net contributions of fragmentation in the welfare gains of trade. This substantiates the necessity to take into account the share of indirect domestic trade in intermediate goods in the calculation of the net contribution of international fragmentation in the welfare gains from trade, as our model allows us to do.More precisely, because of autarky, the situation that appears when a given country exports its intermediate goods to intermediate countries and imports them back embedded in the latter final goods exports would not be possible anymore. This amounts to an indirect domestic trade in intermediate goods which increases the share of internal trade in intermediate goods. As the gains from trade are inversely proportional to the shares of internal trade in intermediate goods and final goods, this variable lowers the contribution of trade in intermediate inputs in the welfare gains of trade.

Table 3 .

 3 2: The welfare gains of trade (20% decrease of African trade costs)

	Countries Real wages	Real expenditures	Cost of fragmentation	Inverse internal cost of fragmentation	Internal total requirement
	TGO	21,53%	21,97%	4,90%	-14,33%	-14,34%
	TUN	14,16%	16,16%	5,65%	-17,47%	-17,49%
	GIN	13,40%	16,34%	3,64%	-11,89%	-11,89%
	MUS	13,25%	13,36%	4,65%	-13,09%	-13,10%
	ZMB	12,86%	18,23%	5,33%	-23,73%	-23,74%
	MOZ	12,52%	14,27%	2,73%	-14,21%	-14,27%
	BEN	10,92%	16,77%	4,54%	-7,39%	-7,39%
	MAR	10,62%	11,33%	6,04%	-16,66%	-16,69%
	ZWE	10,45%	14,73%	4,15%	-12,05%	-12,07%
	CIV	9,85%	13,29%	4,15%	-14,55%	-14,57%
	SEN	9,60%	11,62%	4,81%	-12,27%	-12,28%
	KEN	9,47%	11,30%	5,48%	-14,78%	-14,79%
	MWI	9,46%	12,07%	4,83%	-15,00%	-15,00%
	NAM	9,35%	12,42%	3,90%	-16,08%	-16,09%
	GHA	8,94%	11,36%	4,31%	-10,74%	-10,76%
	TZA	8,83%	11,78%	4,46%	-9,29%	-9,31%
	MDG	8,22%	9,99%	4,44%	-15,00%	-15,01%
	BFA	7,78%	11,07%	2,87%	-10,67%	-10,67%
	UGA	7,70%	9,65%	3,61%	-11,55%	-11,55%
	BWA	7,57%	10,64%	2,60%	-11,06%	-11,06%
	ZAF	7,33%	8,69%	5,17%	-14,13%	-14,17%
	CMR	6,87%	9,30%	4,19%	-11,43%	-11,44%
	RWA	5,99%	7,38%	3,09%	-8,52%	-8,52%
	NGA	5,46%	7,57%	1,44%	-4,99%	-5,03%
	ETH	4,93%	6,88%	4,19%	-7,70%	-7,71%

  Change in the bilateral cost of fragmentation(Cameroon) 
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	3.A Appendices Country Real wage benchmark Country Real wage benchmark Country Real wage benchmark Country Real wage benchmark Countries Real wage value-added exports Real wage value-added exports Real wage value-added exports Real wage value-added exports θ = 4.25 and Real wage (VA) Real wage (VA) Real wage (VA) Real wage (VA) σ -1 = 4.85 θ = 7.25 and (VA) Real expenditures (VA) Real expenditures (VA) Real expenditures (VA) Real expenditures σ -1 = 4.85 θ = 4.25 and θ = 7.25 and Countries σ -1 = 4.85 σ -1 = 4.85 CAN 3,19% 0,57% ITA 5,56% -5,77% 3.A.1 Detailed results, trade and welfare Autarky 20 % decrease African trade costs Cost of fragmentation Cost of fragmentation Cost of fragmentation Cost of fragmentation Country Real wage benchmark EGY -6,24% -11,50% 8,71% 9,86% 5,27% XNF -8,38% -7,43% 7,52% 9,84% 2,77% XSM -10,83% -12,42% 0,28% 0,30% 1,40% KWT -22,26% -8,61% 0,28% 0,87% 1,06% ARG -4,36% -3,98% 0,14% 0,19% 0,75% IRN -8,53% -5,84% 0,13% 0,27% 0,93% PHL -7,78% -10,91% 0,03% 0,02% 1,20% LAO -10,08% -14,06% 0,03% 0,00% 1,22% CHE 4,06% -1,63% CHL 3,45% 0,53% JAM 5,41% -6,02% JOR 5,54% -5,70% Trade Balance Real wage Real wage (VA) Real Cost of XEC -6,35% -7,65% 6,92% 9,56% 3,50% KOR -14,21% -15,25% 0,28% 0,41% 1,32% XSA -4,47% -13,77% 0,13% 0,15% 1,30% MEX -7,80% -7,50% 0,03% 0,04% CHN 5,11% -6,46% JPN 5,32% -6,19% 1,23% value-added exports (VA) expenditures fragmentation TGO -17,44% -39,94% 21,53% 21,97% 4,90% TUN -13,77% -16,55% 14,16% 16,16% 5,65% GIN -10,30% -20,11% 13,40% 16,34% 3,64% MUS -12,19% -16,86% 13,25% 13,36% 4,65% ZMB -16,38% -13,17% 12,86% 18,23% 5,33% MOZ -11,99% -15,63% 12,52% 14,27% 2,73% BEN -5,66% -31,68% 10,92% 16,77% 4,54% MAR -9,33% -13,63% 10,62% 11,33% 6,04% ZWE -7,05% -17,27% 10,45% 14,73% 4,15% CIV -11,42% -9,69% 9,85% 13,29% 4,15% SEN -7,22% -15,48% 9,60% 11,62% 4,81% KEN -6,66% -14,43% 9,47% 11,30% 5,48% MWI -8,66% -11,50% 9,46% 12,07% 4,83% NAM -11,43% -8,79% 9,35% 12,42% 3,90% GHA -7,21% -12,04% 8,94% 11,36% 4,31% TZA -6,98% -12,13% 8,83% 11,78% 4,46% MDG -7,85% -9,15% 8,22% 9,99% 4,44% BFA -9,28% -7,24% 7,78% 11,07% 2,87% UGA -7,06% -8,71% 7,70% 9,65% 3,61% BWA -10,44% -6,61% 7,57% 10,64% 2,60% ZAF -7,17% -8,16% 7,33% 8,69% 5,17% CMR -6,06% -8,04% 6,87% 9,30% RWA -5,64% -6,51% 5,99% 7,38% NGA -6,32% -5,10% 5,46% 7,57% ETH -3,39% -7,56% 4,93% 6,88% 4,19% XWF -16,77% -36,06% 21,13% 21,38% XCF -15,41% -10,33% 11,91% 20,67% XAC -13,50% -9,18% 10,29% 15,89% XSC -3,86% -5,90% 9,52% 12,86% UKR -14,39% -17,39% 0,29% 0,29% 1,42% CZE -21,26% -20,86% 0,14% 0,17% 1,25% GTM -7,08% -9,15% 0,04% 0,03% 1,25% BWA 4,37% -8,19% ISR 5,47% -5,89% PER 4,57% -7,07% 4,40% ITA -7,19% -8,18% 0,29% 0,27% 1,11% JAM -9,38% -16,63% 0,15% 0,09% 1,25% XSE -11,88% -8,72% 0,04% 0,02% 1,13% BRN 3,36% 0,97% IRN 4,34% -2,77% PAN 3,72% -0,38% 2,58% VNM -22,26% -31,23% 0,30% 0,23% 0,96% ISR -9,46% -10,47% 0,15% 0,15% 1,36% SLV -7,59% -11,88% 0,04% 0,04% 1,22% BRA 5,25% -6,24% IRL 5,59% -5,76% PAK 5,34% -6,13% 3,66% BGR -18,43% -22,36% 0,30% 0,28% 1,25% PRI -3,06% -4,49% 0,15% 0,15% 1,33% NPL -1,91% -8,04% 0,04% 0,07% 1,29% BOL 5,39% -6,12% IND 5,45% -5,73% OMN 3,29% 1,01% 5,32% LTU -18,49% -23,47% 0,31% 0,23% 1,38% IRL -35,47% -25,38% 0,31% 0,64% 1,42% AUT -15,10% -15,10% 0,15% 0,16% 1,25% FIN -10,14% -11,26% 0,15% 0,15% 1,10% KAZ -10,98% -6,78% 0,06% 0,09% 1,43% ARM -5,06% -10,51% 0,05% 0,01% 1,41% BHR 6,00% -5,66% BLR 3,51% 0,33% HUN 5,53% -5,92% IDN 5,28% -6,17% NPL 5,34% NZL 3,36% 0,82% Country j -5,99% 1,44% SGP -36,92% -31,74% 0,31% 0,50% 1,40% XEA -11,38% -9,19% 0,15% 0,22% 1,30% BRN -16,53% -9,70% 0,06% 0,12% 1,32% BGR 5,60% -5,81% HRV 5,54% -5,95% NOR 5,45% -6,02% 3,09% ARE -13,42% -15,73% 0,32% 0,32% 1,09% ROU -10,12% -12,35% 0,16% 0,14% 1,06% JPN -3,84% -4,10% 0,06% 0,06% 1,02% BGD 2,70% 3,15% HND 5,33% -6,08% NLD 5,66% -5,68% 4,19% XCA -26,75% -25,45% 4,71% 8,95% 1,51% TTO -23,44% -13,39% 1,03% 1,02% 0,84% XCB -8,09% -11,69% 0,93% 0,90% 1,20% BHR -16,87% -14,67% 0,81% 1,24% 0,22% PRT -9,51% -11,21% 0,71% 0,67% 1,17% JOR -11,95% -24,37% 0,64% 0,43% 1,23% BEL -24,83% -28,95% 0,64% 0,58% 1,35% XNA -13,77% -25,95% 0,60% 0,38% 1,44% MLT -32,39% -51,42% 0,46% 0,17% 1,23% CYP -16,74% -23,12% 0,43% 0,32% 1,18% ESP -7,43% -8,57% 0,40% 0,39% 1,20% TUR -5,70% -8,74% 0,39% 0,34% 1,38% EST -24,37% -27,83% 0,39% 0,33% 1,50% CHE -14,09% -12,73% 0,39% 0,46% 1,22% IND -4,74% -7,91% 0,39% 0,41% 1,19% LUX -46,07% -56,73% 0,38% 0,30% 1,31% THA -21,26% -22,66% 0,37% 0,41% 0,93% XEF -14,79% -17,02% 0,37% 0,35% 1,25% NIC -15,39% -17,37% 0,36% 0,35% 1,27% MYS -23,84% -22,40% 0,36% 0,48% 1,36% SAU -16,57% -9,20% 0,35% 0,66% 0,75% FRA -7,05% -8,05% 0,34% 0,33% 1,02% NLD -13,97% -12,29% 0,34% 0,39% 1,20% XWS -10,84% -9,67% 0,27% 0,30% 1,19% HKG -20,53% -19,65% 0,27% 0,29% 1,43% SVN -19,29% -21,75% 0,23% 0,21% 1,36% CHN -6,58% -6,24% 0,23% 0,27% 1,02% DEU -12,07% -11,14% 0,23% 0,25% 1,08% GRC -7,48% -12,51% 0,23% 0,18% 1,34% GBR -7,58% -9,22% 0,22% 0,21% 1,07% TWN -22,13% -18,84% 0,22% 0,29% 1,19% BLR -13,41% -22,01% 0,22% 0,12% 1,49% XER -6,31% -9,64% 0,21% 0,18% 1,21% XEE -12,19% -26,44% 0,21% 0,06% 1,46% HUN -26,09% -25,87% 0,20% 0,25% 1,05% OMN -18,66% -11,32% 0,20% 0,34% 0,98% GEO -6,60% -14,74% 0,19% 0,11% 1,57% URY -6,41% -7,52% 0,19% 0,20% 1,17% SWE -12,38% -11,17% 0,19% 0,23% 1,06% DNK -14,87% -13,84% 0,18% 0,22% 1,27% HRV -11,27% -12,09% 0,18% 0,19% 1,08% LVA -14,35% -19,47% 0,18% 0,11% 1,45% PAK -3,44% -6,94% 0,17% 0,17% 0,69% ALB -9,45% -16,09% 0,17% 0,14% 1,39% PRY -8,52% -10,72% 0,17% 0,16% 1,03% NZL -7,74% -7,18% 0,16% 0,19% 1,00% PAN -14,70% -32,56% 0,12% 0,01% 1,21% USA -2,85% -4,15% 0,12% 0,12% 1,21% BRA -2,75% -2,97% 0,11% 0,12% 0,86% XOC -12,07% -19,54% 0,11% 0,03% 1,36% POL -10,76% -12,67% 0,11% 0,10% 1,34% NOR -11,10% -7,60% 0,11% 0,22% 1,34% SVK -23,78% -25,31% 0,10% 0,09% 1,34% PER -7,04% -5,77% 0,10% 0,11% 1,13% DOM -6,41% -9,52% 0,09% 0,09% 1,19% BGD -6,41% -8,82% 0,09% 0,10% 1,09% IDN -6,05% -6,12% 0,09% 0,10% 1,11% QAT -16,83% -5,15% 0,08% 0,39% 1,16% CAN -7,00% -7,16% 0,08% 0,09% 1,37% BOL -7,37% -8,29% 0,07% 0,07% 1,30% CHL -10,07% -8,91% 0,07% 0,10% 1,23% RUS -6,17% -5,57% 0,07% 0,10% 1,30% AUS -5,12% -4,84% 0,07% 0,09% 1,21% LKA -5,17% -10,01% 0,07% 0,09% 1,07% MNG -21,75% -24,90% 0,06% 0,03% 1,45% XSU -10,13% -8,61% 0,06% 0,09% 1,30% KGZ -13,04% -34,63% 0,06% -0,05% 1,36% CRI -15,90% -14,15% 0,06% 0,08% 1,30% AZE -15,50% -7,87% 0,06% 0,19% 1,33% COL -4,12% -4,51% 0,03% 0,03% CIV 1,11% -2,03% KAZ 3,42% 0,56% 1,19% ECU -7,28% -8,25% 0,02% 0,03% 1,28% HND -13,73% -15,93% 0,01% 0,00% 1,33% VEN -6,45% -4,74% 0,00% 0,00% 1,36% KHM -23,38% -29,57% 0,00% -0,05% 1,18% 3.A.2 Countries θ = 4.25 and σ -1 = 4.85 θ = 7.25 and σ -1 = 4.85 ALB 5,45% -5,87% ARE 4,34% -2,00% ARG 3,56% 0,23% ARM 5,40% -6,03% AUS 3,36% -0,86% AUT 5,54% -5,88% AZE 5,43% -6,01% BEL 5,76% -5,49% BEN -0,95% -1,55% BFA 4,29% 2,99% CMR 2,37% 4,37% COL 5,35% -6,08% CRI 5,34% -6,07% CYP 5,70% -5,64% CZE 3,96% -0,77% DEU 5,16% -4,88% DNK 3,40% 1,05% DOM 2,90% 2,43% ECU 5,26% -6,16% EGY 9,53% 1,44% ESP 5,74% -5,45% EST 5,58% -5,78% ETH -0,55% -9,25% FIN 5,48% -6,01% FRA 5,65% -5,69% GBR 5,51% -5,88% GEO 5,36% -6,07% GHA 0,59% 0,84% GIN -1,38% -9,14% GRC 5,42% -5,91% GTM 5,30% -6,12% HKG 5,37% -5,93% KEN 4,26% -3,21% KGZ 3,57% -0,15% KHM 3,90% -0,79% KOR 5,48% -6,01% KWT 5,42% -6,07% LAO 3,98% -0,96% LKA 5,35% -6,06% LTU 5,47% -5,92% LUX 3,18% 1,89% LVA 5,52% -5,92% MAR -0,56% -2,31% MDG -1,51% -5,06% MEX 5,30% -6,09% MLT 5,62% -5,77% MNG 3,49% 0,24% MOZ 1,79% -6,82% MUS -0,26% -1,16% MWI 5,16% -3,62% MYS 5,47% -5,97% NAM -2,06% -7,21% NGA -2,18% -5,97% NIC 5,47% -6,06% Intermediate use Final Demand Country j Country i Country j Country i h jj h ji x jj x ji G 3.A.3 A two-country inter-country input output table j = Gross output i=j (h ji + x

ji )
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According to the world economic forum, in

2017, 15 out of the 37 worse countries in term of road quality were from sub-Sahara Africa.

See, for instance,Freund and Rocha (2011),Buys et al. (2006),Limao and Venables (2001),Amjadi and Yeats (1995).

By standard trade model, I refer toAnderson and Van Wincoop (2003),Chaney (2008),Eaton and Kortum (2002) or other variants such asCaliendo and Parro (2015).

The decline is however less pronounced in the Brazilian currency than in dollar as we could expect.

This is the form of a production-type stochastic frontier model, but there are other forms

The statistic is computed like this:√ b = m2 m3√ m2 where m 2 and m 3 are respectively the second and the third sample moments of the OLS residuals

It should be noted that zero trade flows are not reported in this data set; we must therefore add them. To ensure that the added flows are truly null, and not just unreported, we do not consider as zero the missing flows of countries that appear as importers but not as exporters in the COMTRADE database.

Appendix 1..2 displays the list of Brazilian States.

We do not use the PPML fixed-effects parameter estimates of column 1 table 1.3 because this specification with an idiosyncratic border effect for each Brazilian state amounts to exclude intra-national trade flows from the regression. Thus, the obtained fixed-effects parameter estimates are the same as for a regression with no intranational trade flows. This is a problem because multilateral resistance is supposed to affect all trade flows in the same way while this regression suggests a different multilateral resistance for each state intranational flows.

According to WTO, the share of manufactured goods in total merchandise exports was 70 percent in 2015

[START_REF] Foroutan | Intra-sub-saharan african trade: is it too little?[END_REF] find that African countries do not trade less than countries with similar economic characteristics.[START_REF] Rodrik | Trade policy and economic performance in sub-saharan africa[END_REF] explains the weakness of African exports by the lowincome growth in this continent in the period studied.

GDP here is the sum of value-added created within a country, which also includes net taxes on intermediate inputs.See Timmer et al. (2015) 

The authors state that the higher the conditional expectation of trade flows, the higher the probable variance of trade flows with respect to the regressors.

Bear in mind that B is represents the total quantity of country "i" output required to produce a unit of final good in country "s", and that will be consumed either in "s" or outside "s". B is Y s therefore represents the fraction of country "i" output required to produce supply of final goods to country "s" for consumption either in "s" or outside "s".

The weighted inverse cost of fragmentation is obtained as follows for each country:j vij Yi t iSj 1-σ

Note that it is more relevant to compare value-added trade cost coefficients with final goods trade cost coefficients than to compare them with gross exports trade cost coefficients because, as shown in section 2.3, bilateral value-added exports depend on exports of final goods by countries of origin and third countries, and thus on final goods trade costs.

See Silva and Tenreyro (2006) for more details on the tests

See Miller and Blair (2009) 

This part is mainly inspired byKoopman et al. (2014) 

This correlation table is available in the online appendix.

The GTAP sector/EBOPS table of correspondence is available in the online appendix.

Some countries such as Taiwan and Puerto Rico are included in the GTAP database, but not in the COMTRADE database. In this case, a proportionality method is used to obtain the initial share of intermediate and final goods. A zero level of reliability is attributed to the flows obtained such that our objective function assigns less weight to these data in the optimization process.

Tax consultancy and preparation services 6.2.1. Intermediate consumption

By standard trade models we refer to models with Armington utility functions such as the one ofAnderson and Van Wincoop (2003) or models with perfect and monopolistic competition as market structures such as the one ofEaton and Kortum (2002) orChaney (2008) respectively.

It is worth to mention that our dataset does not provide data on ad-valorem tariffs. To perform our counterfactual analysis, we will calibrate them using actual data on tariff revenues and trade flows.

For more details, seeEaton and Kortum (2002) 

We need intermediate goods imports exclusive of tariff revenues because it is what is required to obtain the input requirements matrix necessary for the calculation of value-added exports.

See Appendix A inCaliendo and Parro (2015) for more details

Direct exports of goods to final consumers refer to final goods exports.

[START_REF] Fally | Production staging: measurement and facts[END_REF] and[START_REF] Antràs | Measuring the upstreamness of production and trade flows[END_REF] also proposed indexes to measure the distance of industries to final demand or the average position of countries in global supply chains.

See for instanceFally and Hillberry (2018),Alexander (2017),[START_REF] Arkolakis | New trade models, same old gains?[END_REF],Eaton and Kortum (2002) 

The GAMS code is available upon request

Unlike the shock related to autarky, the second shock requires to solve the system of equations presented in section (3.2.6.2). We do so by using GAMS. The code is available upon request.

Our welfare formula is as said earlier the change in real wage instead of the change in the economy's real expenditures to ensure the comparability with previous studies.

The trade costs that are borne when they export or import directly a good from a given country.

The fraction of local output required by a given country to produce a unit of final good.

It should be recalled that we imposed that trade imbalances remain constant between equilibria as well as bilateral tariffs.

In this chart backward integration is represented by the share of foreign output required to produce a unit of final good.
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TV OM

A TV OM B flows into intermediate and final goods respectively and

V XM D ij is the ratio of imports inclusive of import duties/transport services to imports at their FOB price. OM EGA is a quadratic objective penalty function that assigns more weight to data from reliable exporters, and therefore adjusts more data from unreliable exporters. To give an idea of the results, the correlation between initial and optimized intermediate goods flows is 0.87, while it is 0.92 for final goods. With respect to the African countries, this correlation is 0.87 for intermediate goods flows, and 0.69 for final goods. Chapter 3

Trade in value-added and the welfare gains of international fragmentation

Abstract: To take profit from the differences in factor endowments and technology that exist between countries, firms delocalize or externalize a share of their goods' production process to other countries. This phenomenon is so widespread today that very few manufactured goods are produced entirely within the borders of a single country. We examine in this paper the macroeconomic gains related to this phenomenon by determining the net contribution of international fragmentation in the welfare gains of trade. To do so, we propose a model that allows us to identify all the elements related to international fragmentation in these welfare gains, something that most of the classical trade models fail to do. We show that international fragmentation represents on average approximately 24% of the welfare gains of trade, a way lower figure than what suggest standard trade models. The shutdown of international fragmentation would, therefore, reduce the average real wage by approximately 3.5%.

Global supply chains,Welfare effects of trade, Trade in value-added,Computable general equilibrium JEL classification code : F110 ing to the following production technology:

Where I j is the total quantity of composite intermediate inputs produced in country "j" and used to produce either intermediate or final goods 2 , k j (ω) is country "j" demand of input ω and ε the elasticity of substitution across inputs. As in Caliendo and Parro (2015), the solution to the intermediate input producer problem is thus given by:

P j is the unit price of the composite intermediate input in country "j" and p j (ω) the price at which is bought intermediate input ω by country "j".

Let p ij (ω) be the price of producing and exporting input ω from country "i" to country "j". Following Eaton and Kortum (2002), this price is given by: As regards the "upstreamness" indexes we follow Fally and Hillberry (2018). They calculate upstreamness indexes for each sector in a country and then obtain the aggregate country index by computing an export-weighted average of sectoral indexes. To follow their words, these sectoral indexes measure the distance of each industry from final demand where distance is "the number of stages of production an industry's output passes through before reaching final consumers". As said in the data section, we use an interregional input-output matrix that does not feature sectoral linkages within and between countries but only aggregate trade linkages, since we aggregated the 57 original sectors of the GTAP database into a unique sector. Our index is therefore not sectoral, and we 

ABSTRACT

The economic literature attributes a critical role to trade costs in explaining international trade flows. The expansion of trade over the last few decades is regularly associated with the sharp drop in trade barriers between countries around the world over this period. The purpose of this thesis is to re-examine the real importance of these costs on international trade through different methodologies. In the first chapter, we examine the economic performance of Manaus in the Brazilian state of Amazonas, to determine whether the significant trade costs it faces substantially affect its export performance notably towards other Brazilian states. The second chapter examines the export performance of African countries, which also face high levels of trade costs, in the light of the most recent advances in the literature on international trade, but also by using value-added exports instead of gross exports as the variable of interest. The third chapter examines the impact of international fragmentation in the welfare gains of trade, but also the role played by trade costs in the participation in global value chains. These three chapters suggest that a high level of trade costs is not necessarily opposed to export performance, but that low trade costs are necessary to locate in the downstream of the production process, and thus benefit from higher welfare gains of trade.
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