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The objective of this paper is to examine the relationship between public capital and manufacturing export performance. It also aims at investigating whether this relationship depends on the proximity of a country's technology frontier. To achieve this, we adopted a methodology that estimates the elasticities of public capital as a non-rival factor in a model that considers factor intensity as a mechanism of industrial development. We use an interaction model with panel data from 1999 to 2014 across 35 advanced and less advanced countries.

Our results show that in countries far from the technology frontier, public capital accumulation is an element of industrial development as opposed to countries close to the technology frontier. The elasticity of public capital becomes more important in magnitude, particularly for African countries.

Introduction

The manufacturing specialization of African countries has changed little over the long term, at least since 1980.

When we look at the series at the aggregate level, we see that there is very little variation in African manufacturing.

Moreover, for example in the long run, the contribution of the manufacturing sector to GDP growth fell from 12% in 1980 to 11% in 2013, and has stagnated since then until today 1 . In terms of contribution to global manufacturing value added, Africa has the lowest contribution: less than 2% in 2015. If South Africa and the Maghreb are removed, its contribution is only 1 percent (Huet, 2019). Through this observation at the global level, it is very often observed that structural change in Africa has not followed the same path as industrialized countries. Indeed, specialization in Africa has bypassed the manufacturing sector, unlike developed countries, which have undergone a three-stage structural transformation (pre-industrialization, industrialization and tertiarization). Based on this observation, one may conclude that there is a stagnation, a total sterility of the African manufacturing sector. [START_REF] Mcmillan | Introduction-understanding structural transformation in africa[END_REF] go so far as to say that the African manufacturing sector has yet to take off.

However, when we look at the details, both at the level of country heterogeneity and over time, we realize that there are countries that have been able to develop the manufacturing sector to a certain degree faster than others, and that there are periods when growth is greater. This leads us to question the real stability of this sector and shows that there is room for analyzing the determinants of an industrial takeoff or even the beginning of an industrial takeoff by following the experience of certain countries. This paper will therefore explore the determinants of manufacturing performance, especially on the side of capital accumulation and in particular public capital. This allows us to see what elements have enabled this industrial take-off.

One reason for the difference in structural change in these countries is that in a world where developing countries are already open and do not have a comparative advantage in industrial production, these countries (african countries, see table 17 in appendix) will not specialize in this sector since it has not been reinforced by relative prices.

Despite this difference at the aggregate level, if least developed countries taken individually manage to perform well in the manufacturing sector (which is traditionally infrastructure intensive), one might wonder about the origins of their performance. Therefore, one of the sources of comparative advantage in industrial production could be found in the accumulation of public capital, i.e. public infrastructure. At the same time, we observe that the rate of growth in the accumulation of gross fixed capital formation, i.e. public capital and therefore public infrastructure 2 , is greater in the less advanced countries than in the industrialized countries. Figure 1 below shows that from 1980 to 2013, public capital grew at a rate of 136% in countries far from the technology frontier, i.e. the least productive relative to the United States, compared to only 62% in countries close to the technology frontier, identified as the most productive relative to the United States 3 .

1 See report of the United Nations Economic Commission for Africa. 2 The definition of public capital used in our data allows it to be equated with public infrastructure and thus used as a proxy. According to this definition, public capital includes public infrastructure such as economic infrastructure (highways, airports, roads, railroads, water and sewage systems, electricity and gas utilities, pipelines, and telecommunications), social infrastructure (public schools, hospitals, and prisons), and non-produced assets (sub-soil assets). See IMF database.

3 According to our definition of near or far from the technology frontier. See section 2 for more details.

Moreover, we are mainly interested in the relative productivity position of less developed countries 4 , considering that it could be a predictor of the capacity of public capital to play a role in manufacturing export performance.

The purpose of studying the role of public capital lies in its ability to play a part in industrial specialization in the sense that it can act as a "non-rival input", thus a factor creating "the atmosphere", which the entire economy can benefit from to develop its industrial activity.

Our particular interest in the role of public capital is that depending on the proximity to the technology frontier, it acts differently and could be very decisive especially far from the technology frontier. In fact, far from this border, these are countries where the public infrastructure is not yet acquired, nor sufficiently used; unlike countries close to the technology frontier. Consequently, the contribution of the factors of production, especially of non-rival character such as the public capital and particularly the public infrastructure, can be an element of development of the manufacturing industry since it will be of greater contribution to the industrial production. Furthermore, far from the technology frontier, non-rival public capital can be a source of rapid catching up in the sense that non-rivalry means that all firms will benefit and further develop the industrial sector, as this sector needs an infrastructure basis to develop. In addition, far from the frontier, non-rival public capital may be more favorable to industrialization under the assumption of diminishing returns to scale in infrastructure. If catching up occurs at decreasing returns to scale in infrastructure, firms could make intensive use of the first steps of infrastructure to develop the industry, as they are important and will bring more to industrial development. In contrast, near the technology frontier, it is quite another element, such as innovation, that plays an important role since these countries are already industrialized.

This point of view is not devoid of academic basis. Following the emergence of endogenous growth theory based on imitation and innovation, considering the distance to the technology frontier in economic analyses becomes important through certain theoretical contributions [START_REF] Acemoglu | distance to frontier, selection and economic growth[END_REF]Barro andSala-i Martin, 1992, 1995;[START_REF] Aghion | A model of growth through[END_REF]. While it is in the theoretical debates of endogenous growth that the distance to the technology frontier has been integrated as a catalyst of the economic determinants of productive performance and economic growth, it could also be applied to international trade. Thus, the present study could fit into the literature on the determinants of trade by country position relative to the technology frontier. In particular, our study can be incorporated into theoretical debates on international trade by linking the role of public infrastructure on manufacturing export performance to countries' technological position. 4 The notion of less advanced countries is what we call countries far from the technology frontier. This notion includes both African and emerging countries. The concept of emerging countries refers to all the countries that have, in recent decades, emerged from underdevelopment, and which are of growing importance in the world economy. By convention, these countries are said to have an average per capita income of between 10% and 75% of that of developed countries, which leaves a rather disparate group. See table 17 for a list of the countries far from the border. 

Authors' calculations based on the FMI data

The aim of this paper is to study the role of public capital in manufacturing export performance, and whether this link depends on proximity to the technology frontier. To achieve this, we use a methodology that exploits the interaction between availability and factor use on the trade structure of countries [START_REF] Romalis | Factor proportions and the structure of commodity trade[END_REF]. According to the concept of proximity to the technology frontier, there are, on the one hand, the countries close to the frontier and, on the other, the countries far from this frontier. But in countries far from the border, in addition to African countries (Benin, Central African Republic, Ivory Coast, Morocco, Mauritania, Niger, Senegal, Sierra Leone and Togo), we have emerging countries (China, Greece, India, Indonesia, South Korea, Malaysia, Philippines and Thailand), and even newly industrialized countries such as South Korea. Thus, we separate the sample of countries and prove that public capital accumulation is different; then, we test and show that public capital plays a different role for countries far from the technology frontier.

In addition, we will show that public capital plays a differentiated role in terms of technological position of the countries. Far from the technology frontier, public capital can be an element of catching up in terms of the acquisition of comparative advantage in the industrial sector. The same effect does not necessarily apply to countries close to this frontier, given their structural change. As these countries are already industrialized, public capital may instead be made available for services that are based on knowledge and innovation.

We empirically test this idea in a reduced equation by using data on sixteen aggregate sectors, thirty-five countries, over the period from 1999 to 2013, and working with a particular database that contains revealed factor intensities as a proxy for capital intensities. This allows for the exploitation of sectoral and national variations.

Our analysis concerns the period known as the "African growth miracle", when some development in the African manufacturing sector was observed. In view of the period of analysis, we decompose our sample period into two subperiods : 1999-2009 and 2009-2013 to capture the effect of the global financial crisis. Our paper could confirm the idea that the industrial take-off of countries far from the technology frontier, which is reflected in a good performance of manufacturing exports, is due to the accumulation of public capital. By looking back at the separation between emerging and African countries, the empirical application could give hope for African industrialization.

In addition to the positive effect of interactions between factor intensities and factor availabilities in both categories of countries, our main results show the ability of public capital to develop manufacturing export performance in countries far from the technology frontier. These countries have experienced a high rate of growth in public capital and have developed a comparative advantage in the industrial sector. Given the finding that there are industrialized emerging countries in the sample far from the frontier, we focus on a sample of African countries. Our results show that the elasticity of public capital becomes even more important in magnitude for African countries.

Moreover, as structural change is not exogenous to globalization, we take its effect into account in our analysis. Thus, by controlling for the effect of globalization, and more specifically for international production fragmentation (IPF) via foreign direct investment (FDI), the results show that public capital also helps to capture more of the global value chains in countries far from the technology frontier. In contrast, when the sample is restricted to African countries, the results show that the FDI that Africa attracts is not industrializing.

We also find in these countries that public capital resists the effect of the 2008 financial crisis: if before and after the crisis, we observe a positive effect of public capital, its elasticity is very strong after the crisis. Moreover, we find evidence of a persistent effect of public infrastructure accumulation over time in countries with low productivity relative to the US. We observe, for example, a positive and growing effect of public capital over time in countries far from the technology frontier. Apart from recent years, i.e. from 2009 onward when the effect is neutral or even negative, the same positive effect of public capital over time is observed for African countries. At the same time, near the technology frontier, public capital has been used to develop the service sector, because near the frontier, in countries that are already industrialized, public capital has been made available to services that are based on knowledge and innovation. This link has also been reinforced by the effect of globalization.

Literature review

Our paper mobilizes two large bodies of international trade literature: one theoretical and the other empirical.

Empirically, this paper is related to the literature on the role of factor proportions as a determinant of international trade patterns [START_REF] Harrigan | Factor endowments and the international location of production: Econometric evidence for the oecd, 1970-1985[END_REF][START_REF] Harrigan | Technology, factor supplies and international specialization: estimating the neoclassical model[END_REF][START_REF] Harrigan | Factor supplies and specialization in the world economy[END_REF][START_REF] Harrigan | Specialization and the volume of trade: Do the data obey the laws? Working Paper 8675[END_REF][START_REF] Romalis | Factor proportions and the structure of commodity trade[END_REF][START_REF] Schaur | Factor uses and the pattern of specialization[END_REF][START_REF] James R Markusen | Interacting factor endowments and trade costs: a multi-country, multi-good approach to trade theory[END_REF][START_REF] Tavares | Trade, factor proportions, and political rights[END_REF][START_REF] Cieślik | Bilateral trade volumes, the gravity equation and factor proportions[END_REF][START_REF] Deardorff | Determinants of bilateral trade: does gravity work in a neoclassical world?[END_REF][START_REF] Donald R Davis | Factor Content of Trade[END_REF]. This literature suggests that the specialization of countries depends strongly on their factor endowments. It is particularly related to the studies of [START_REF] Romalis | Factor proportions and the structure of commodity trade[END_REF], which consider factor intensity as a mechanism of industrial comparative advantage.

Thus, the effect of the abundance of a factor on the industrial sector depends on the use of the relatively abundant factor in the country. Through the Romalis model, it is possible to predict the trade patterns of countries that have accumulated much more of a factor than the rest of the world. In fact, in a Hecskcher-Ohlin model with a continuum of goods, the author shows that countries that rapidly accumulate a factor see their production and export structure systematically oriented toward the industries that use this factor. The rapid accumulation of human and physical capital in countries has not only led to a more skilled and physical capital intensive production of goods, but it has also allowed production to shift to more skilled and physical capital intensive industries.

Other studies are based on Romalis and analyze the importance of public capital accumulation in determining the production and trade structure of countries. For example, [START_REF] Levchenko | Institutional quality and international trade[END_REF] examines differences in infrastructure capital and particularly differences in institutional infrastructure as a source of comparative advantage in trade.

In particular, it highlights the link between factor content and institutional quality, and tests the idea that when countries are open to trade, institutionally superior countries will export the most institutionally dependent good.

The results show that countries with better institutions capture higher import shares in the more institution dependent sectors. [START_REF] Schaur | Factor uses and the pattern of specialization[END_REF] show in their study that the factor ratio theory clearly predicts how the impacts of a given factor endowment vary across sectors in the case of multiple goods and factors by relating availabilities to factor uses. They demonstrate that the impact of factor endowment on specialization has a positive covariance with the relative use of that factor. The intuition of these results is that, on average, sectors that use a given factor have positive output responses following an increase in the endowment of that factor. We see here the interest of combining abundance and factorial use in the explanation of business performance.

Theoretically, this paper is also related to the recent literature on the role of public goods in international trade. This theoretical literature highlights the role of the accumulation of public goods such as public infrastructure in the international specialization of countries. In the different studies in this literature, the initial structure of specialization can be reinforced, diverted or deteriorated over time in the presence of a public good. The relationship between intermediate public goods and specialization patterns has been largely analyzed in the international trade literature. One particular strand of this literature (McMillan, 1978;[START_REF] Manning | Public intermediate goods, production possibilities, and international trade[END_REF][START_REF] Tawada | International trade with a pubic intermediate good[END_REF][START_REF] Tawada | Production possibilities and international trade with a public intermediate good[END_REF][START_REF] Suga | International trade with a public intermediate good and the gains from trade[END_REF][START_REF] Yanase | Public capital and international trade: A dynamic analysis[END_REF][START_REF] Yanase | History-dependent paths and trade gains in a small open economy with a public intermediate good[END_REF][START_REF] Yanase | Public infrastructure for production and international trade in a small open economy: a dynamic analysis[END_REF] distinguishes between the role of public capital as an "atmosphere creator" that manifests as a factor that increases total factor productivity, and its effect as an "unpaid factor" that is expressed as the accumulation of a particular factor for a specific sector. The first element is associated with the Ricardian framework while the second is attached to the HOS case. These relatively recent theoretical studies show that public infrastructure can play an important role in specialization. This is so in the sense that when the non-rivalry and non-exclusivity properties of the public good are implemented, the slope of the production possibility frontier can be modified. This, in turn, determines the path of specialization of countries, especially if they are far from the technology frontier. These countries can therefore benefit from these properties to develop certain sectors of the economy, in this case the manufacturing sector.

The article is organized as follows: Section 3 presents data and stylized facts. Section 4 presents the empirical strategy followed in the paper. Section 5 discusses the main estimation results. Section 6 controls the effect of public capital by international production fragmentation. Section 7 presents the dynamic effect of public capital.

Section 8 presents some robustness tests. Section 9 concludes.

3 Data and stylized facts

Data and variables

We use four main sources of data over time at the country and industry level. From the World Integrated Trade Solution (WITS) database, we derive information on exports, relative endowments, and human and physical capital intensities. This information was supplemented with data on public and private capital stocks from the IMF's Fiscal Affairs Department, and then with data on labor input and the total factor productivity (TFP) measure constructed by Penn World Table (PWT.9). We add to this information data on foreign direct investment (FDI) flows provided by the World Bank. We focus on manufacturing exports to stay within our framework of analysis, for which there is also information available on our entire sample and on the main variables of our specifications.

The choice of countries and years reflects the availability of data especially for developing countries, in this case African nations. This leads to an unbalanced panel of 35 countries, 16 sectors aggregated according to the international classification HS89/1992 covering the period 1999-2013, which leads to 42 824 potentially exploitable observations. Details on the sources and measures of the variables used are given in the appendix (see table 14).

Tables 15 and16 present the list of countries and industries. Descriptive statistics for the relative endowment measures and factor intensities are reported in Table 10 in the appendix. The overall descriptive statistics (mean, dispersion, and number of non-missing observations) are shown in table 9. All of the data in our export equation are expressed in logarithms.

Main variables.

Manufacturing exports, interaction between intensity and relative endowment of private capital, interaction between intensity and relative endowment of human capital, relative endowment of public capital (public infrastructure), international fragmentation of production and proximity to the technology frontier. We rely on measures of manufacturing exports by value, available in the WITS database, to capture export performance in the manufacturing sector of countries. We assume that a country's performance can be observed via exports that are not necessarily seen in value added data. Export data are industry and country specific, and are the dependent variable in our regressions.

Interactions between intensities and factor endowments: These interactions are constructed by mobilizing, on the one hand, national-level data on human and physical capital endowments and, on the other hand, sector-level intensities. Statistics on relative endowments of physical capital (RCE) and human capital (HCE) come from the work of Cado, Shirotori, and Tumurchudur (2010), and are available in the WITS database. These data are national and periodic and used to capture the availability of factors by country over a given period. Relative human capital endowments measure the number of years of schooling per worker. This index is based on years of schooling and was calculated by [START_REF] Barro | a new data set of educational attainment in the world[END_REF].

Since sectoral factor intensities are not available for all countries in our sample, especially for developing and African countries, we use revealed factor intensities (RFIs) defined as the comparative advantage weighted average of relative factor endowments (w i jt ) as a proxy for factor intensities. The use of these RFIs is fully justified since we assume that there is no possibility of factor intensity reversal and that these intensities are sector specific. Therefore, using the factor share as a proxy5 would not best approximate the factor intensities in each sector. Data on the revealed intensities of human and physical capital in each sector also come from WITS.

The revealed physical capital intensity (RCI) of a good j is the weighted average of the physical capital stock per worker (K i /L i ), in constant U.S. dollars at constant 2011 prices, of countries that exported that good in a given year. The indicator is calculated according to equation 1 and the weighting according to equation 2:

RCI jt = i=1 w i jt * K i t L i t
(1)

w i jt = X i jt /X i t i=1 X i jt /X i t (2)
Where K i t is the physical capital stock (according to the formula above) of country i at time t and L i t is the labor stock of country i at time t. The weights are a function of X i jt which represents the exports of product j to country i, and X i t , the total exports of country i. The numerator of equation 2 is the share of country i's exports of product j in its total exports. The denominator is the average share of all countries' exports of product j in their total exports. This is why w i jt indicates whether a country's share of exports of this product is above or below the average share for all countries.

Revealed Human Capital Intensity (RHCI) is measured according to the methodology of [START_REF] Barro | a new data set of educational attainment in the world[END_REF].

This indicator measures the average number of years of education per person which is given by:

RHCI jt = i=1 w i jt * h i t (3)
where h i is the average number of years of schooling per person, calculated by Barro and Lee. The average number of years of schooling is calculated for 5-year intervals. To obtain the annual human capital data, we proceed by linear interpolation. Our interaction variables are constructed as follows: for the interaction between availability and intensity of use of private capital, we multiply the national endowment of private capital by the revealed intensity of physical capital, since we assume that all different forms of physical capital have the same intensity. The interaction between availability and intensity of use of human capital is obtained by multiplying the abundance of human capital by its revealed intensity.

The construction of physical and human capital intensity indicators using time-varying weights based on the dependent variable, i.e. exports, could pose an endogeneity problem. To remove this doubt, we realize a noncausality test according to Granger proposed by Dumitrescu and Hurlin (2012) for panel data. We show that there is no causality between exports and factor intensities in any direction (See The international fragmentation of production (IFP): In our estimation strategy, we link the effect of public capital to globalization, in this case the international fragmentation of production. Thus, we use foreign direct investments (FDI) as a proxy for IFP to capture its effect. They allow us to identify the effect of globalization on structural changes in countries far and near the technology frontier. By controlling through FDI, public capital can, for example, help capture global value chains in countries far from the technology frontier. Although less precise than value chain participation indicators, FDI flows have the advantage of being better informed and regularly updated for better exploitation.They are measured by direct equity investment flows and their statistics are available in the World Bank database.

Our empirical strategy also requires total factor productivity (TFP) levels in order to construct our distance to the technology frontier (DTF) indicator that will be used in our regressions to divide the sample into countries close and far from the technology frontier. Productivity levels are obtained from the PWT.9 database of the Groningen Growth and Development Center (GGDC). This base contains productivity levels of countries relative to the United States expressed in current PPP prices. With data on productivity levels across countries, we define our proximity measure to characterize the differential effects of public infrastructure across countries' technological positions. In many cases, the technology gap variable is really a measure of proximity to the technology frontier. This indicator must be used in relative terms and this, with respect to the best performer as Ledezma has shown with his coauthors 6 . However, due to a lack of data, the United States can sometimes be taken as a reference. Thus, we use our indicator of proximity to US productivity as the percentiles of total factor productivity of the different countries relative to the United States. We then compare the countries according to their position with respect to the median of this variable. The DFT index for ranking countries according to their technological position is as follows:

DF T cu = P ercentile(P T F ) cu avec P T F cu = CGDP 0 c CGDP 0 u /Q(v c , v u , w c , w u ) (4)
where c denotes the countries, u the United States considered as a reference, CGDP 0 the production capacity of the economy,

CGDP 0 c CGDP 0 u
the productivity (at current prices) of country c relative to the USA in a given period and

Q(v c , v u , w c , w u )
the Törnqvist index of factor endowments evaluated using observed w prices and v factor shares7 .

The condition imposed in our regressions indicates the consideration of the effect of public infrastructure based on the proximity to the technology frontier. 

Stylized facts

We will show, through stylized facts, that the accumulation of public capital in countries far from the technology frontier is at the origin of manufacturing performance. In addition, if these countries are more specialized in industry, it is because from a certain period onward they have had to accumulate a strong amount of public capital over time and that industry has effectively benefited from the availability of infrastructure to develop. In fact, countries far from the technology frontier have a better capacity to use production factors that industries could take advantage of to improve.

Two important observations emerge from a particular observation of figure 3 and table 10: one on the evolution of the public capital endowment and the other on the evolution of manufacturing performance. In terms of level, countries close to the technology frontier are better endowed with public capital than countries far from the technology frontier (see table 10 in the appendix). However, when we look at the evolution of the public capital stock, we find that countries far from the technology frontier have experienced an increase in the public capital stock over the study period, in contrast to countries near the technology frontier (see graph below). To observe this evolution, we use base 100 indices that reveal the variations in public capital accumulation from a reference year.

These indices do not provide information on the level of the capital stock but have the advantage of analysing its evolution. Thus, figure 3 shows the evolution of the public capital stock per capita, base 100 in 1999, according to the proximity to the technology frontier. This figure demonstrates that the public capital stock increases in countries far from the technology frontier over the entire 1999-2013 period, albeit not regularly. The countries far from the technology frontier have thus registered a clear improvement in their capital stock, which increased by more than 45% between these two dates: it went from index 100 to index 145.3 (base 100 in 1999). This growth has not been regular in countries far from the technology frontier, as a stall occurred between 2000 and 2001. The public capital stock declined sharply from 101.6 to 94.6. However, this decrease has hardly affected the general trend. In contrast, in countries close to the technology frontier, this evolution is rather slight and less marked over the whole period. In the most productive countries, as compared with the United States, this stock rose from an index of 100 to an index of 110.87 over the same period, i.e. an increase of less than 11% than that of the countries far from the technology frontier 8 . In addition to this slight growth in countries close to the technology frontier, the evolution of the public capital stock is less regular. Indeed, we observe a decline between 2000 and 2001, then between 2003 and 2008. The decline in the stock of public capital observed in the countries (whether far from the technology frontier or close to it) is essentially due to the depreciation of capital, which has led to an increase in the depreciation of capital relative to investment.

Moreover, between 1999 and 2013, IMF data reveal that public capital investment per capita grew at a rate of 39% in countries far from the technology frontier compared to only 19% in countries near the technology frontier (TF) 9 . These different observations are important in that they are a source of variability (i.e. data to be tested).

Therefore, we will test whether countries develop their manufacturing sector exports thanks to public capital accumulation and whether this link depends on the proximity to the technology frontier.

8 Author' calculations based on the FMI data 9 See previous footnote. Source: Author' calculations based on the FMI data Figure 4 shows that, in level and even in growth, the share of manufacturing in GDP is higher in countries far from the technology frontier than in countries close to it. While far from the technology frontier we note a slight increase (even after 2010), there is a continuous marked decline in the share of industry in countries close to the technology frontier. This would suggest that African countries are more industrialized than advanced countries. However, when we distinguish between countries far from the technology frontier10 , emerging countries11 and developing or African countries12 , we notice that, graphically, the industrial superiority is observed in emerging countries. In fact, figure 4 shows that African countries have a low share of industry (which supports the idea that industry has been bypassed in these nations) and that, in reality, the performance of the manufacturing sector far from the technology frontier is due to emerging countries (with a higher share of the value added of industry than in advanced countries or those close to the technology frontier). But this does not prevent us from observing performance in terms of African manufacturing exports and also from noting that in recent years, i.e. from 2009, we have an increase in the African industrial share which tends to converge with that of the advanced countries. An econometric analysis of the effect of public capital from 2009 could confirm this expectation of African industrialization.

Moreover, the figure in the appendix shows a total absence of correlation when we consider all countries without exception. However, it reveals a positive correlation of the share of industry in GDP in countries far from the technology frontier and a negative correlation in countries close to the technology frontier. This finding reveals that countries far from the technology frontier, particularly emerging ones, are specialized in industry (African countries follow the same path), while territories closer to the technology frontier experience deindustrialization.

At the same time, the figure shows a high specialization in the services sector close to the technology frontier and a low specialization in this sector in countries far from the technology frontier. Even if we decompose the countries far from the technology frontier, the shape of the curves does not change. Both African and emerging countries have a low share of services in GDP. In fact, African countries have reported a decline in the share of services in GDP, while emerging countries have registered a continuous increase since 2005, but this increase is still low compared to countries near the technology frontier. The specialization of services is even more pronounced in advanced countries than it is in developing countries; this supports the new ideas that advanced economies are increasingly orienting their economies toward the service sector. These different observations on the manufacturing performance of emerging countries and the service performance of nations close to the technology frontier can be explained by the recent wave of globalization, which has seen industrialization in the South and deindustrialization (or tertiarization) in the North. This finding was also reinforced by figure 8. as a period of international fragmentation of production processes. Indeed, this increase reflects a delocalization of industries from Northern countries to Southern countries, particularly emerging countries such as China, South Korea, Singapore, Malaysia, via FDI. This partly explains their industrialization. Thus, these inward investments can be directly qualified as vertical FDI and show that these countries have benefited from these investments to develop their industry since they have a cheaper labor force that attracts investment. We also observe a decline in the outward FDI curve in countries close to the technology frontier, which is essentially due to the economic and financial crises that have had a much greater impact on these countries. The decline in 2001-2002 was due to the delayed effect of the bursting of the internet bubble or the high-tech crisis in the US in the early 2000s. The decline in 2011-2012 corresponds to the public debt crisis that developed countries experienced, which negatively impacted growth and investment. The increase declined dramatically just after 2008 because of the effect of the financial crisis on investment. In countries near the technology frontier, outward FDI, that is not solely vertical, could explain the deindustrialization of these countries.

13 See figure 10 in the appendix for more details on FDI flows in the different country categories. 

Estimation strategy

Through a review of the related literature, we can capture some insights for improving empirical identification to support our intuition. We will follow [START_REF] Romalis | Factor proportions and the structure of commodity trade[END_REF] to develop an export model. In particular, we relate a country's exports to the rest of the world to the interaction between factor availability and factor utilization, on the one hand, and relative endowments of public capital, on the other, since public capital is considered an atmosphere-creating factor. A first lesson is that country specificities matter. It is therefore important to provide a more profound empirical examination by fully exploiting the productivity of countries. We show that taking into account the proximity to the technology frontier of countries (i.e. the relative positioning of countries in terms of productivity) in the econometric model is essential to control not only for heterogeneity at the country level but also to capture the differential effect of infrastructure.

A second line of improvement concerns the taking into account of the international decomposition of production processes. An crucial element is the importance of foreign direct investment (FDI) participation in the industrialization of countries and thus their ability to export manufactured goods, especially when countries are far from the technology frontier. In this case, ignoring the effect of FDI may lead to underestimating or failing to capture the real effect of infrastructure, since the impact of FDI may be conditioned by an infrastructure base. We consider, in our various estimates, the impact of FDI to prove that we capture the effect of infrastructure.

The effect of public infrastructure is usually analyzed over a given period of time. However, the stock of public capital is dynamic since it can be accumulated over time. Therefore, in our estimations, we also test the impact of public capital on exports over time by estimating these coefficients over a rolling time horizon. Moreover, to capture the effect of the financial crisis that occurred in 2008, we split the sample into two sub-periods: before and after the crisis. We show that the effect of public capital is resilient to the financial crisis in countries far from the border. Before and after the crisis, capital accumulation improves export performance. However, before the crisis, the elasticity of public capital is lower than after because the crisis had a slightly earlier effect on investment. In our robustness checks, the model is extended to countries near the technology frontier. The details of this analysis are presented in the following.

Our main estimates are based on a reduced equation to support our intuition. Thus, our model to be estimated is written as:

ln X ijt = α 0 + α 1 ln (RCI) jt × ln (KP RL) it + α 2 ln (RHCI) jt × ln (HCE) it + α 3 ln (KP U L) it +ε i + ε j + ε t + µ ijt (5)
With X ijt the export of the products of sector j of country i at date t to the world; RCI jt the revealed intensity of physical capital used in sector j at date t; KP RL it the national private capital endowment per capita of country i at date t; RHCI jt the revealed human capital intensity used in sector j at date t; HCE it the national human capital endowment of country i at time t, measured as the average number of years of schooling per worker;

KP U L it the national public capital availability of country i at time t. The last variable is used as an indicator to measure the stock of public infrastructure. The parameter ε i is the country fixed effect to account for unobserved heterogeneity in the volume of exports that may exist between countries. ε j represents the industry fixed effect which captures unobserved differences in the volume of exports at industry level. The parameter ε t corresponds to a time-specific effect and controls for time shocks common to all countries and sectors. µ ijt represents the error term i.i.d. orthogonal to the national, sectoral and time effects.

In order to identify the differential effect of public capital according to proximity to the technology frontier, this first equation is estimated according to whether countries are near or far from the technology frontier. Countries near the technology frontier are defined as those that have a relative productivity to the US above a certain percentile of the sample distribution of proximity to the US technology frontier, DF T uc , defined by equation 4. In our regressions, we consider the 50th percentiles of the DF T uc as alternative cut-off levels for the sample split. In each case, we allow our parameter estimates to differ in each subsample. This is done by specifying in the equation DF T uc > 50 for countries near the technology frontier and DF T uc <= 50 for countries far from the technology frontier. This specification captures both the effect of interactions between intensities and factor endowments and that of public capital according to the proximity to the technology frontier of countries.

We expect a positive effect of the interactions between factor intensity and availability, and a differentiated effect of public capital, a positive one in particular for countries far from the technology frontier and negative for those near the technology frontier. In order to understand the expected signs, it is necessary to recall the framework of analysis: We are only interested in the performance of the manufacturing sector. It is important to note that in countries far from the technology frontier, particularly the least developed or African countries, this sector has not yet taken off or is at least growing slowly. On the other hand, countries near the border or industrialized countries have even gone beyond the stage of industrialisation and are now interested in the emergence of other sectors such as services. A positive sign in low productivity countries relative to the US would confirm the hypothesis that manufacturing still has a place in less developed countries. Moreover, the manufacturing bypass in these countries would only be temporary and would likely be due to the non-rival nature of infrastructure.

Another specification, and not the least, is the consideration of the effect of globalisation and more specifically of the international fragmentation of production in examining the role of public infrastructure. The international decomposition of the production process can reveal the importance of certain explanatory elements for the industrialisation of countries. In order to prove that we really do capture the effect of public capital, and even to show that its impact can amplify the effect of globalisation, we introduce FDI. We assume that foreign direct investment, especially inward FDI, could industrialize countries when they are far from the border. This is especially the case since, in these countries, public capital already exists and is used in the economy. The following equation 6 reflects this specification.

ln

X ijt = α 0 + α 1 ln (RCI) jt × ln (KP RL) it + α 2 ln (RHCI) jt × ln (HCE) it + α 3 ln (KP U L) it +α 4 ln (InwardF DI) it + α 5 ln (KP U L) it × ln (InwardF DI) it + ε i + ε j + ε t + µ ijt (6) 
In general, the expected sign of the coefficients associated with FDI depends on the type of FDI (outward or inward), its nature (horizontal or vertical) and the zone or country of destination of this FDI. In the specification of equation 6, we expect there to be a complementarity relationship (i.e. α 4 > 0 and α 5 > 0) between inward FDI and manufacturing exports in the countries far from the technology frontier in our sample. In the first case, the positive sign of the α 4 > 0 coefficient is expected. Indeed, as factor endowments are not relatively similar between less advanced and industrialised countries, the FDI would be more of a vertical nature and would consist of a displacement of part of the production of goods to less advanced countries. Firms in industrialized countries would relocate part of the production requiring cheaper labor or cheaper raw materials necessary for the production of final goods to less developed countries in order to benefit from greater competitiveness. Also, there would be an increase in trade in these countries due to the participation of this FDI in industrialization. Thus, inward FDI would increase local manufacturing exports. Moreover, with respect to the less advanced countries in the sample, a positive sign for the coefficient α 5 is expected. In this case, firms from industrialized countries would relocate in places where the FDI recipient countries (i.e. the less developed countries) already have an infrastructure. This would attract more FDI and thus increase local exports. When infrastructure is important and of good quality in a country, transaction costs, if not null, will be reduced. Firms will relocate part of their production to these countries where production costs are lower. This vertical FDI will create complementary trade flows in finished goods and increase trade in manufactured goods. Thus, infrastructure would constitute a basis for the effect of FDI on local manufacturing exports.

By including FDI flows and controlling for distance to the border, we can identify how public infrastructure affects countries' manufacturing exports. Furthermore, with the financial crisis of 2008, we can split the sample period in two and test how its influence may vary before and after the crisis. As a robustness check, in section 4, we extend the model to countries near the border.

Empirical results and discussion

The three dimensional structure (country, industry, year) of our data implies the presence of different sources of unobserved specificities explaining the observed heterogeneity in export across countries. We proceed with our analysis by estimating reduced form regressions that seek to explain manufacturing export performance by interactions between factor endowments and intensities, public infrastructure, a set of parameters controlling for time, countries, industries and, most importantly, by controlling for country productivity. In all our results, the specification takes into account country, industry and year fixed effects. Using the Romalis methodology, which considers account interactive terms, we take into account unobservable characteristics that may influence the trade structure of countries such as trade policies, institutional settings, tariff barriers, exchange rates that vary across industries and countries over time.

The first analyses are presented in Table 1. These tables show the estimation of equation 5 for the whole sample but also for sub-samples of countries near and far from the technology frontier. This, defined according to whether the countries are respectively above or below the 50th percentile of our measure of proximity to the technology frontier (total factor productivity measured relative to that of the US) 14 . Column 1 presents the results of equation 5 for the full sample without distinction. Columns 2 and 3 consider a more detailed examination of the regressions in column 1 using the same model, but taking into account the sub-samples indicated previously. In this table, the effect of interactions between factor intensities and factor availabilities is significantly positive, independently of the proximity to the technology frontier of countries. These results show that the intensive use of traditional factors (private physical capital and skilled labor), relatively abundant in countries, improves their manufacturing exports.

These results are in conformity with the factor proportion theory, according to which, when a country accumulates one factor more than the rest of the world, its production and export structure will shift toward sectors that use that factor intensively.

In columns ( 2) and (3) of the table, the effect of public capital differs according to the proximity to the technology frontier. Far from the technology frontier, the elasticity of public capital is statistically significant and positive (at the 5% threshold). In other words, an increase in the availability of public infrastructure improves the manufacturing export performance of countries far from this frontier. If public capital has had a positive impact on the manufacturing export performance of these countries, according to the factor endowment theory, it is because these countries were able to accumulate public capital at some point. As the industrial sector in these countries is not sufficiently developed, the use of infrastructure will contribute much more to industrial development. Figure 3 shows that from the 2000s onward, countries far from the technology frontier experienced an accumulation, i.e.

14 See section 1 for more details.

a greater relative change in public capital that has been used to develop manufacturing industry. Moreover, the positive effect is also explained by the fact that far from the technology frontier, these are catching-up countries.

Therefore, public capital, given its non-rival nature, is used as a catching-up element, since industries can take advantage of the availability of this factor to develop. In contrast, the same effect was not observed in countries near the border. As these countries are already industrialized, public capital is made available to other sectors of the economy such as services.

Column (4) of table 1 shows the effect of public capital for the African countries in our sample. The table reveals a very strong and positive effect of public capital in contrast to the global sample far from the technology frontier.

In the global sample, the supply of infrastructure is significant and positive with an elasticity of almost 0.17. This elasticity is even higher, i.e. 0.77, for African countries. These results support the idea that, far from the border, public capital is an element of industrial catching-up. The disaggregated sample away from the border in column (4) shows that public capital is more conducive to industrialization in African countries, in contrast to the results in column ( 03), which might have given the impression that the positive effect is driven by emerging countries. Note: Each column presents a regression that takes exports in each sector and country as the dependent variable in logarithm and the factor endowments given in rows (in logarithm) as the explanatory variables. All regressions incorporate country, industry and year fixed effects. Standard errors are in brackets. In our sample, Africa includes 9 countries: Benin, Central African Republic, Côte d'Ivoire, Morocco, Mauritania, Niger, Senegal, Sierra Leone and Togo. The choice of these samples was based on the availability of data on factor endowments and total factor productivity.

To reinforce our conclusions, we conduct a second analysis taking into account the effect of the financial crisis that started in 2008. Thus, we split our sample period in two in order to discriminate between the period before and the period after the crisis of our sample of countries far from the technology frontier. The results are reported in table 2. We find that the effect of public capital is significant and positive before and after the financial crisis.

Moreover, the elasticity of public capital is higher after the crisis, both in the overall sample of countries far from the technology frontier and the sample restricted to African countries. This is mainly due to the somewhat earlier effect of the crisis on foreign direct investment and the strong recovery of investment in countries far from the technology frontier after the crisis. This comparative analysis shows that the effect of public capital is resilient to the financial and global crisis of 2008. This positive sign shows that despite the crisis, public infrastructure is capable of improving the export performance of manufactured goods from countries far from the technology frontier.

Better still, the coefficient associated with public capital is significant and quantitatively important after the crisis, which reinforces the central importance of infrastructure in improving manufacturing exports. Note: Each column presents a regression that considers exports in each sector and country as the dependent variable in logarithm and the factor endowments given in rows (in logarithm) as the explanatory variables. All regressions incorporate country, industry and year fixed effects. Standard errors are in brackets. See table 16 for the list of countries far from the technology frontier. In our sample, Africa includes 9 countries: Benin, Central African Republic, Côte d'Ivoire, Morocco, Mauritania, Niger, Senegal, Sierra Leone and Togo. The choice of these samples was based on the availability of data on factor endowments and total factor productivity.

6 Effect of international production fragmentation on the export performance of countries far from the technology frontier

The results of the analysis are presented in table 3. The specificity of this table lies in column (2). It reports the estimation of equation 6 for the sub-sample of countries below the 50th percentile of our measure of proximity to the technology frontier by controlling for the effects of international fragmentation of production. The regression in this column includes inward foreign direct investment flows and then their interaction with public capital. We observe that, for the sub-sample of countries far from the technology frontier, all our variables are significant and positive.

The results in column 2 of the table indicate that the impact of international fragmentation of production, captured by inward FDI, is positive for countries far from the technology frontier. These results show that multinational firms have fragmented their value-added chain in countries far from the technology frontier and that manufacturing exports from these countries have therefore increased.

Furthermore, the estimation also shows that manufacturing exports are an increasing function of the interaction between inward FDI and public capital. The elasticity of the interaction between inward FDI and public capital is positive and highly significant for countries far from the technology frontier. Thus, the variable ln (KP U L) it × ln (InwardF DI) it is positive and significant at 1% with an elasticity of 0.03. Trade in manufactured goods increases as inward FDI increases, due to the vertical nature of inward FDI and the growth of public infrastructure. International fragmentation of production improves manufacturing exports from countries far from the technology frontier when there is a public infrastructure base in these countries. The results for countries far from the technology frontier are in line with theoretical studies on vertical FDI.

One of the most important results is observed in column (3) of table 3. These results show that public capital continues to have a positive, even strong effect, only that it is less complementary with FDI. The column reveals that public capital remains positive but there is no positive interaction with FDI. Inward FDI in Africa is less industrializing than inward FDI for emerging countries. Despite the improvement in the economic situation of African countries, FDI remains less beneficial to African countries. According to the Banque (14 Avril 2014), industry in Africa is, for the most part, based on extractive industries. Moreover, FDI flows only enter developing countries if they have diversified their economies through industrialization. However, most of the African countries in the sample do not have a diversified economy and inward FDI is directed toward other sectors, particularly the extractive industry. Note: Each column presents a regression that considers exports in each sector and country in log form as the dependent variable and factor endowments in the form of rows (in log terms) and foreign direct investment as the explanatory variables. All regressions incorporate country, industry and year fixed effects. Standard errors are in brackets. See table 16 for the list of countries far from the technology frontier. In our sample, Africa includes 9 countries: Benin, Central African Republic, Côte d'Ivoire, Morocco, Mauritania, Niger, Senegal, Sierra Leone and Togo. The choice of this sample was based on the availability of data on factor endowments and total factor productivity.

7 Dynamic analysis of the effect of public capital in countries far from the technology frontier

The previous results (see tables 1 and 2) for the less productive countries relative to the USA, and especially the African countries, show the importance of public capital in the export of manufactured goods. They also reveal that the effect of public capital is largely resistant to the period of analysis. To reinforce these results, we conduct another analysis which consists of observing the evolution of the elasticities of public capital over time during the period in question. To achieve this, we estimate these elasticities by shifting the initial year of the sample through time. We thus test several breakdowns ranging from 2001 to 2013, from 2002 to 2013,... to the interval between 2009 and 2013. This technique is applied to equation 5 and allows the conditional response of exports when the accumulation of the public capital stock changes over time to be estimated progressively throughout the desired estimation period. Thus, we examine how export in the manufacturing industry of countries far from the technology Table 4 shows the results for all countries away from the border, i.e. for both emerging and African countries without distinction. It shows that before the financial crisis, the coefficients associated with public capital evolve positively and significantly over time. Changes in the accumulation of the public capital stock are positively correlated with the export performance of countries far from the technology frontier. As we consider more recent periods, the coefficients associated with public capital are statistically significant, positive and in many cases larger in magnitude. The contribution of public infrastructure accumulation to export performance is therefore consequential.

These results confirm that the development of the industrial sector in countries far from the technology frontier is important and that public infrastructure has served as a catalyst for its emergence.

However, these conclusions do not take into account the disparities that may exist between countries far from the technology frontier. The facts stylised through figure 4 revealed these disparities, as they showed that despite the industrial superiority observed mainly in emerging countries, African countries have registered a significant share of industry in GDP that started to converge toward that of advanced countries from 2009. To support the robustness of these results, we also assess the effect of public capital over time for African countries. Table 5 reports the results and shows that the contribution of public capital to the performance of African manufacturing exports is strong and becomes very important over time relative to the overall sample away from the technology frontier. This reinforces the idea that African industry can develop through the atmosphere effect generated by public capital.

Nevertheless, these results do not prevent us from observing that from the last four years (see table 6), i.e. from 2010 onward, the effect of public capital is neutral or even negative for African countries. These latter estimates may reject a systematic effect of public capital in African industrialization. Note: Each column presents a regression that considers exports in each sector and country in log form as the dependent variable and factor endowments in the form of rows (in log) as the explanatory variable. All regressions incorporate country, industry and year fixed effects. Due to space limitations, the estimated coefficients for the fixed effects are not presented. Standard errors are in brackets. In our sample, Africa includes nine countries: Benin, Central African Republic, Côte d'Ivoire, Morocco, Mauritania, Niger, Senegal, Sierra Leone and Togo. The choice of these samples was based on the availability of data on factor endowments and total factor productivity. Note: Each column presents a regression that considers exports in each sector and country in log form as the dependent variable and factor endowments in the form of rows (in log) as the explanatory variable. All regressions incorporate country, industry and year fixed effects. Due to space limitations, the estimated coefficients for the fixed effects are not presented. Standard errors are in brackets. In our sample, Africa includes nine countries: Benin, Central African Republic, Côte d'Ivoire, Morocco, Mauritania, Niger, Senegal, Sierra Leone and Togo. The choice of these samples was based on the availability of data on factor endowments and total factor productivity.

Robustness check

The results on the effect of international fragmentation of production and the dynamic effect of infrastructure from our previous analysis focus only on the sample of less productive countries relative to the United States. In order to support our conclusions and postulated mechanisms, we conduct an analysis on the sample of more productive countries relative to the United States. We thus obtain a homogeneous sample of very advanced countries, most of which have passed the industrialization stage. This leads us to extend our previous results on the effect of public infrastructure to this group of countries.

Furthermore, in order to test the robustness of our results, we also change the type and nature of the FDI stock when the sample of countries used is near the technology frontier. We now consider the type of outward FDI since, from the point of view of advanced countries, it is partly via vertical outward FDI that deindustrialization and the structural shift toward service economies are explained. As we do not distinguish between the form of FDI (vertical or horizontal), we expect possible positive effects, although lower than in countries far from the technology frontier.

Role of outward FDI near the technology frontier

The model to be estimated then becomes:

ln X ijt = α 0 + α 1 ln (RCI) jt × ln (KP RL) it + α 2 ln (RHCI) jt × ln (HCE) it + α 3 ln (KP U L) it +α 4 ln (OutwardF DI) it + α 5 ln (KP U L) it × ln (OutwardF DI) it + ε i + ε j + ε t + µ ijt (7) 
Coefficient α 4 , associated with outward FDI stocks, captures the effect of outward FDI flows on the manufacturing exports of countries near the technology frontier. α 5 captures its interactive effect with public infrastructure.

Column 2 of table 7 presents the estimation results.

The results show a positive and statistically significant elasticity of outward FDI, and a positive elasticity of its interaction with public capital. Near the technology frontier, the countries have already industrialized and even begun the tertiarization stage, which is fundamentally based on knowledge and innovation. The outward FDI, when it is vertical in nature, contributes to this process. But some of the services developed in advanced deindustrialized countries continue to participate in manufacturing value chains and can therefore improve the export of final goods that have been partly developed in a foreign country. OECD asserts that approximately 70 percent of current international trade is based on global value chains, with flows of services, raw materials and many other components crossing borders. These components are integrated at the end of the chain of final products, i.e. manufactured goods, which are then shipped to consumers all over the world.

As mentioned previously, outward FDI from advanced countries can also be horizontal in nature. In this case, it seeks to bring production to the destination market by avoiding exchange costs. The effect on the export performance of manufactured goods in the FDI sending country is more ambiguous here, as it depends on the reinvestment of dividends and vertical linkages to local firms. The low magnitude of the estimated coefficient on the interaction term between outward FDI and public capital can then be explained in the perspective of these different channels. In addition, public infrastructure can play a particularly important role in the development of the service sectors in these countries. The negative coefficient of public capital per capita supports this last hypothesis. 

Dynamic effect of public capital in countries near the technology frontier

In the previous results, we show that in countries near the technology frontier, infrastructure is probably widely used in services. This effect was reflected in a negative elasticity of public capital on manufacturing trade. To extend our results, we now examine its effect on manufacturing exports over time. Thus, we use the same technique as before, i.e. an estimation of the effect of public capital by successive time shifts. Table 8 below presents the estimates of equation 5 applied to countries whose relative total factor productivity to the US is above the median.

The results show a negative, strong and changing elasticity of public capital over time. In countries near the technology frontier, the table shows that, over time, the effect of public capital accumulation on exports of industrial products is negative and statistically highly significant (at the 1% threshold). The coefficients associated with public capital become quantitatively important over time. This suggests that countries near the technology frontier provide public capital for services each year. Thus, the development of the tertiary sector in industrialized countries is due in part to a significant shift over time in the availability of public infrastructure from industry to the service sector. Note: Each column presents a regression that considers exports in each sector and country in log form as the dependent variable and factor endowments in the form of rows (in log) as the explanatory variable. All regressions incorporate country, industry and year fixed effects. Due to space limitations, the estimated coefficients for the fixed effects are not presented. Standard errors are in brackets. See table 16 in the appendix for the list of countries near the technology frontier.

Our paper questions the common sense underlying policy recommendations, which suggest that policies to improve public infrastructure could support countries' productivity and encourage trade. The paper derives and examines the predictions of the factor proportion model on the development of the manufacturing sector by analyzing the interaction effect between relative endowments and factor intensities. It focuses on the role of public infrastructure in the performance of the manufacturing industry according to the technological position of countries. We have shown that, as expected, infrastructure accumulation improves the manufacturing export performance of less productive countries relative to the USA. The effect of infrastructure is even more important when it refers to the African countries in the sample. Better still, over time and especially in more recent years, the coefficients associated with public capital per capita become more important in magnitude in our sample of African countries. These findings reinforce our intuition and are not surprising in view of the theoretical insights that the endogenous growth literature can provide on the triggers of economic and industrial catch-up. Our results confirm the idea that far from the technology frontier, and particularly for less advanced countries, public capital is an element of industrial catch-up.

Furthermore, our results show that inward FDI in the African countries in the sample is less conducive to industrialization, but reveal that the international fragmentation of production processes improves manufacturing exports from countries far from the technology frontier. The same effect of infrastructure was not observed when near the technology frontier. The results indicate that public infrastructure does not improve manufacturing exports in countries near the technology frontier. This result may defy common sense, but it should not be surprising given the structural change that these countries have experienced.

While the results show that African industry can develop through a significant accumulation of infrastructure, it is noted that the effect of infrastructure is not systematic, especially in recent years. Our results demonstrate that over time, particularly from 2010 onward, public capital could have a neutral or even negative effect on African industrialization. One might thus question the capacity of public infrastructure alone to ensure and maintain stable industrialization in less developed countries. Source: Author' calculations based on the PWT.9 database Note: (03) countries are excluded from the classification, as they do not have data on total factor productivity. These are Congo, Ghana and Mali. 
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  table 12 et 13 in the appendix). Although the Penn World Tableversion9 update provides information on the inputs to the physical capital stock, details on its composition in public and private capital are only available for OECD countries. We exploit the relatively recent 2017 IMF Fiscal Affairs data to extract the public capital stock for inclusion in our regressions as a potential determinant of public infrastructure. This database provides complete data on public investment and capital stock, private investment and private capital stock, and investment and capital stock resulting from public-private partnerships (PPPs) in member countries. The definition of public capital adopted by this new base allows it to be used as a stock of public infrastructure because it highlights the characteristics of public goods and includes economic infrastructure such as highways, airports, roads, railroads,

	Public infrastructure:

water and sewer systems, electric and gas utilities, pipelines, and telecommunications; and social infrastructure such as schools and hospitals. The relative endowments of public capital (KPUL) and private capital (KPRL) are obtained by dividing each type of capital endowment by the labor endowment. Labor input statistics (emp or L) are also from Penn World Table version 9 and represent the number of working age people actually hired.

Table 1 :

 1 Effect of public capital by distance from the technology frontier

		(1)	(2)	(3)	(4)
	Variables	Full sample Countries near to the TF Countries far from the TF African countries
	ln (RHCI) jt × ln (HCE) it	0.195***	0.0894***	0.167***	0.151
		(0.0254)	(0.0328)	(0.0496)	(0.167)
	ln (RCI) jt × ln (KP RL) it	0.0462***	0.0209***	0.0396***	0.0233**
		(0.00269)	(0.00663)	(0.00345)	(0.0102)
	ln (KP U L) it	-0.0279	-0.488***	0.169**	0.769***
		(0.0541)	(0.0891)	(0.0723)	(0.171)
	Constant	14.08***	12.39***	18.37***	16.26***
		(0.217)	(0.336)	(0.281)	(0.884)
	Country fixed effect	Yes	Yes	Yes	Yes
	Sector fixed effect	Yes	Yes	Yes	Yes
	Year fixed effect	Yes	Yes	Yes	Yes
	Observations	42,824	23,908	18,916	7,970
	R-squared	0.910	0.873	0.912	0.785
			Standard errors in parentheses		
			*** p<0.01, ** p<0.05, * p<0.1		

(Dependent variable: log exports ln X ijt )

Table 2 :

 2 Regression over the period before and after the 2008 crisis in countries far from the technology frontier (Dependent variable: log exports ln X ijt )

		Countries far from the TF	African countries
		Pre-crisis	Post-crisis	Pre-crisis Post-crisis
	VARIABLES	t <= 2008	t > 2008	t <= 2008	t > 2008
	ln (RHCI) jt × ln (HCE) it	0.239***	-0.0915	-0.138	-0.254
		(0.0648)	(0.0900)	(0.204)	(0.334)
	ln (RCI) jt × ln (KP RL) it	0.0313***	-0.00334	-0.0272**	-0.00730
		(0.00503)	(0.0102)	(0.0127)	(0.0231)
	ln (KP U L) it	0.274**	1.063***	1.915***	1.966***
		(0.107)	(0.275)	(0.273)	(0.576)
	Constant	9.446***	21.48***	16.38***	22.77***
		(0.603)	(0.995)	(1.689)	(3.057)
	Country fixed effect	Yes	Yes	Yes	Yes
	Sector fixed effect	Yes	Yes	Yes	Yes
	Year fixed effect	Yes	Yes	Yes	Yes
	Observations	12,277	6,639	5,491	2,479
	R-squared	0.918	0.908	0.806	0.752
		Standard errors in parentheses		
		*** p<0.01, ** p<0.05, * p<0.1		

Table 3 :

 3 Effect of international production fragmentation on exports (Dependent variable: log exports ln X ijt )

		Country far from FT	African countries
		(1)	(2)	(3)
	VARIABLES	Without inward FDI With inward FDI	With inward FDI
	ln (RHCI) jt × ln (HCE) it	0.167***	0.213***	0.407**
		(0.0496)	(0.0502)	(0.171)
	ln (RCI) jt × ln (KP RL) it	0.0396***	0.0390***	0.0369***
		(0.00345)	(0.00350)	(0.0105)
	ln (KP U L) it	0.169**	0.151**	0.865***
		(0.0723)	(0.0737)	(0.172)
	ln (InwardF DI) it		0.120***	0.0547
			(0.0407)	(0.116)
	ln (KP U L) it × ln (InwardF DI) it		0.0320***	0.0219
			(0.00751)	(0.0197)
	Constant	18.37***	12.74***	14.65***
		(0.281)	(0.326)	(0.985)
	Country fixed effect	Yes	Yes	Yes
	Sector fixed effect	Yes	Yes	Yes
	Year fixed effect	Yes	Yes	Yes
	Observations	18,916	18,101	7,543
	R-squared	0.912	0.912	0.793
		Standard errors in parentheses	
		*** p<0.01, ** p<0.05, * p<0.1	

Table 4 :

 4 Evolution of the public capital effect in countries far from the technology frontier (Dependent variable: log exports ln X ijt ) Each column presents a regression that considers exports in each sector and country in log form as the dependent variable and factor endowments in the form of rows (in log) as the explanatory variable. All regressions incorporate country, industry and year fixed effects. Due to space limitations, the estimated coefficients for the fixed effects are not presented. Standard errors are in brackets. See table 16 in the appendix for the list of countries far from the technology frontier.

		(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)	(9)	(10)
	VARIABLES	t >= 1999	t > 2000	t > 2001	t > 2002	t > 2003	t > 2004	t > 2005	t > 2006	t > 2007	t > 2008
	ln (RHCI) jt × ln (HCE) it	0.167***	0.120**	0.0759	0.0453	-0.00896	-0.0642	-0.0463	-0.0160	-0.0730	-0.0915
		(0.0496)	(0.0540)	(0.0574)	(0.0607)	(0.0649)	(0.0673)	(0.0713)	(0.0771)	(0.0820)	(0.0900)
	ln (RCI) jt × ln (KP RL) it	0.0396*** 0.0293*** 0.0238*** 0.0148***	0.00384	-0.00900	-0.00370	0.000871	-0.00207	-0.00334
		(0.00345)	(0.00417)	(0.00471)	(0.00533) (0.00608) (0.00661) (0.00727) (0.00815) (0.00894) (0.0102)
	ln (KP U L) it	0.169**	0.311***	0.388***	0.668***	1.007***	1.254*** 1.105***	0.793***	1.117*** 1.063***
		(0.0723)	(0.0907)	(0.105)	(0.120)	(0.140)	(0.154)	(0.174)	(0.195)	(0.223)	(0.275)
	Constant	18.37***	19.43***	9.809***	11.75***	12.68***	14.17***	13.44***	20.25***	21.67*** 21.48***
		(0.281)	(0.342)	(0.518)	(0.589)	(0.694)	(0.778)	(0.905)	(0.698)	(0.801)	(0.995)
	Observations	18,916	16,394	15,150	13,869	12,651	11,527	10,301	9,170	7,863	6,639
	R-squared	0.912	0.911	0.909	0.907	0.906	0.906	0.907	0.905	0.909	0.908
				Standard errors in parentheses					
				*** p<0.01, ** p<0.05, * p<0.1					
	Note:										

Table 5 :

 5 Evolution of the public capital effect in African countries (Dependent variable: log exports ln X ijt )

		(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)	(9)	(10)
	VARIABLES	t >= 1999 t > 2000 t > 2001 t > 2002 t > 2003 t > 2004 t > 2005 t > 2006 t > 2007 t > 2008
	ln (RHCI) jt × ln (HCE) it	0.151	0.249	0.231	0.301	0.280	-0.0239	-0.0807	-0.0228	-0.218	-0.254
		(0.167)	(0.186)	(0.199)	(0.211)	(0.226)	(0.240)	(0.258)	(0.283)	(0.296)	(0.334)
	ln (RCI) jt × ln (KP RL) it	0.0233**	0.0239**	0.0235*	0.0270*	0.0262*	-0.0104	-0.00800	-0.00186	-0.00592	-0.00730
		(0.0102)	(0.0117)	(0.0127)	(0.0138)	(0.0150)	(0.0161)	(0.0174)	(0.0194)	(0.0204)	(0.0231)
	ln (KP U L) it	0.769***	0.687*** 0.670*** 0.914*** 1.243*** 1.458*** 1.375*** 1.226*** 1.821*** 1.966***
		(0.171)	(0.207)	(0.232)	(0.256)	(0.292)	(0.328)	(0.374)	(0.424)	(0.470)	(0.576)
	Constant	16.26***	12.22*** 12.11*** 13.88*** 16.13*** 15.27*** 19.33*** 18.35*** 17.54*** 22.77***
		(0.884)	(1.174)	(1.317)	(1.474)	(1.703)	(1.970)	(1.963)	(2.230)	(3.035)	(3.057)
	Observations	7,970	6,804	6,239	5,637	5,098	4,556	4,009	3,556	3,025	2,479
	R-squared	0.785	0.774	0.768	0.760	0.751	0.748	0.747	0.738	0.753	0.752
				Standard errors in parentheses					
				*** p<0.01, ** p<0.05, * p<0.1					

Table 6 :

 6 Effect of public capital in African countries from 2009 (Dependent variable: log exports ln X ijt )

		(1)	(2)	(3)	(4)	(5)
	VARIABLES	t >= 2009 t >= 2010 t >= 2011 t >= 2012 t >= 2013
	ln (RHCI) jt × ln (HCE) it	-0.254	-0.275	0.0404	0.315	1.300*
		(0.334)	(0.375)	(0.449)	(0.511)	(0.738)
	ln (RCI) jt × ln (KP RL) it	-0.00730	-0.0171	0.0253	0.0307	0.118**
		(0.0231)	(0.0259)	(0.0314)	(0.0359)	(0.0531)
	ln (KP U L) it	1.966***	0.321	-2.742**	-2.524	0.483
		(0.576)	(0.777)	(1.127)	(2.523)	(1.902)
	Constant	22.77***	13.76***	-11.21	-0.671	15.60
		(3.057)	(4.106)	(7.407)	(13.10)	(9.955)
	Observations	2,479	1,922	1,383	1,086	543
	R-squared	0.752	0.755	0.751	0.751	0.753
		Standard errors in parentheses		
		*** p<0.01, ** p<0.05, * p<0.1		

Table 7 :

 7 Effect of IPF on exports in countries near the technology frontier (Dependent variable: log exports ln X ijt ) Note: Each column presents a regression that considers exports in each sector and country in log form as the dependent variable and factor endowments in the form of rows (in log) as the explanatory variable. All regressions incorporate country, industry and year fixed effects. Due to space limitations, the estimated coefficients for the fixed effects are not presented. Standard errors are in brackets. See table 16 in the appendix for the list of countries near the technology frontier.

	(1)	(2)

Table 8 :

 8 Evolution of the public capital effect in countries near the technology frontier (Dependent variable: log exports ln X ijt )

		(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)	(9)	(10)
	VARIABLES	t¿=1999	t¿2000	t¿2001	t¿2002	t¿2003	t¿2004	t¿2005	t¿2006	t¿2007	t¿2008
	ln (RHCI) jt × ln (HCE) it	0.0835**	0.0820**	0.111***	0.111***	0.106**	0.0946**	0.105**	0.0931*	0.109*	0.0717
		(0.0340)	(0.0359)	(0.0379)	(0.0405)	(0.0433)	(0.0461)	(0.0493)	(0.0530)	(0.0570)	(0.0618)
	ln (RCI) jt × ln (KP RL) it	0.0217*** 0.0245*** 0.0355*** 0.0380*** 0.0398*** 0.0383*** 0.0362*** 0.0300*** 0.0378***	0.0247*
		(0.00694)	(0.00735)	(0.00781)	(0.00830)	(0.00890)	(0.00951)	(0.0103)	(0.0113)	(0.0124)	(0.0138)
	ln (KP U L) it	-0.585***	-0.698*** -0.940***	-0.998***	-0.993*** -1.072***	-1.082***	-1.158***	-1.211*** -1.101***
		(0.0939)	(0.0997)	(0.105)	(0.111)	(0.117)	(0.123)	(0.134)	(0.142)	(0.167)	(0.198)
	Constant	12.82***	12.48***	11.75***	11.61***	11.72***	11.49***	11.36***	11.01***	10.91***	11.23***
		(0.349)	(0.375)	(0.392)	(0.415)	(0.440)	(0.463)	(0.508)	(0.542)	(0.637)	(0.744)
	Observations	22,407	20,711	19,018	17,419	15,722	14,021	12,419	10,917	9,253	7,471
	R-squared	0.874	0.871	0.870	0.866	0.862	0.858	0.858	0.855	0.852	0.853
				Standard errors in parentheses				
				*** p<0.01, ** p<0.05, * p<0.1				

Table 11 :

 11 Value of manufacturing exports (US$ millions) by country's technological position

	Manufacturing industry	All countries	Country far from the	Countries near the tech-
			technology frontier	nology frontier
	Footwear	7376.231	3076.756	11004.95
	Hides and Skins	8301.937	5022.737	11211.4
	Machinery and electricity	7312.311	3415.369	10657.94
	Metals	7447.126	3674.793	10673.3
	Miscellaneous	7003.983	3346.815	10177.62
	Plastic or Rubber	7073.980	3686.057	9969.471
	Stone and Glass	7139.994	3097.689	10649.59
	Textiles and Clothing	7229.875	3565.587	10292.67
	Transportation	7526.820	3776.752	10753.62
	Wood	7445.958	3428.248	10787.82
	Animal	7702.811	4290.771	10715.46
	Chemicals	7016.946	3387.975	10115.25
	Food products	7223.673	3374.754	10616.76
	Fuels	7262.672	3390.356	10729.74
	Minerals	6697.950	3090.879	9850.643
	Vegetable	6788.266	2958.729	10086.5
		Source: Author' calculations	

Table 12 :

 12 Results of the non-causality test (Exports → Human capital intensity)

	Test statistics	Value	P-value
	W-bar ( W )	1.6854	
	Z-bar ( Z)	0.4846	0.6279
	Z-bar tilde Z	0.2242	0.8226
		Source: Author' calculations	

Table 13 :

 13 Results of the non-causality test (Human capital intensity → Exports)

	Test statistics	Value	P-value
	W-bar ( W )	0.2655	
	Z-bar ( Z)	-0.5193	0.6279
	Z-bar tilde Z	-0.4631	0.6433
		Source: Author' calculations	

Table 14 :

 14 Description of variables

	Variables	Definitions

Table 15 :

 15 Manufacturing sectors aggregated according to international classification HS89/1992

	Manufacturing industry
	Animal
	Chemical
	Food products
	Footwear
	Fuels
	Hides and skins
	Machinery and electricity Metals
	Minerals
	Miscellaneous
	Plastic or Rubber
	Stone and glass
	Textiles and clothing
	Transportation
	Vegetable
	Wood
	Source: Author' calculations based on the WITS database

Table 16 :

 16 Classification of countries according to the distance to the technology frontier

	Countires near to the FT	Countries far from the FT
	Australia	Benin
	Belgium	Central African Republic
	Germany	China
	Denmark	Ivory Coast
	Spain	Greece
	France	Indonesia
	Gabon	India
	United Kingdom	Republic of Korea
	Italy	Morocco
	Japan	Mauritania
	Netherlands	Malaysia
	Singapore	Niger
	Sweden	Philippines
	Tunisia	Senegal
	United States	Sierra Leone
		Togo
		Thailand

Table 17 :

 17 Decomposition of countries far from the technology frontier

	Emerging countries	African countries
	China	Benin
	Greece	Central African Republic
	India	Ivory Coast
	Indonesia	Morocco
	South Korea	Mauritania
	Malaysia	Niger
	Philippines	Senegal
	Thailand	Sierra Leone
		Togo

Source: Author' calculations

See Romalis (2004) for more details on the use of factor share, defined as the ratio of the use of a given factor to the use of all existing factors, as a proxy for factor intensity.

See Ledezma et al. (2016) for more details.

see Feenstra et al. (2015) for more details on the construction of the TFP indicator

Insofar as the findings show some disparities in the sense of what we call proximity to the technology frontier since there are African countries and emerging countries, this distinction is necessary and indispensable.

China, Greece, India, Indonesia, South Korea, Malaysia, Philippines and Thailand.

Benin, Central African Republic, Ivory Coast, Morocco, Mauritania, Niger, Senegal, Sierra Leone and Togo. 

We present here the results only for the period 1999-2009.

Appendix