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1. Introduction 

Since the beginning of the nineties, there has been a growing interest towards the increase of trade flows between 
African countries. This has led to the creation of several Regional and Economic Communities (RECs) followed 
by the ratification of numerous African Regional Trade Agreements (RTAs). However, despite this willingness of 
African countries to strengthen their intra-trade relationships, the level of intra-African trade according to the 
African Union Commission (AUC) still accounts for almost 11 percent of the total annual African trade over the 
past decade. This percentage is considered being very low in comparison with the 47 percent inside Asian 
countries and the 70 percent in the European Union. (AUC Statistics). However, It has been argued by several 
African political leaders that the intensification of intra-regional trade in Africa will spur growth and progressively 
hamper economic slowdown throughout the continent.  

2. Context/ Methodology 

Using a novel statistical approach (namely a Social Network Analysis) instead of the traditional Trade Gravity 
Model, this paper aims at empirically investigating how the intra-trade structure of African countries affects their 
economic performance. We first computed commonly used social network statistics, namely Degree centrality, 
Closeness centrality, Betweenness centrality and Eigenvector centrality to assess the empirical evolution from 2000 to 2010 
of the trade structure within the 54 African countries. We also built a fixed effect panel data econometric model 
in order to assess the relationship between Intra-African trade’s patterns and economic performance  

3. Results 

Our social network indicators revealed without no surprise the prominence of countries such as South Africa and 
Senegal as big actors of trade in the Intra-African trade landscape. On the contrary, countries such as Guinea 
Bissau and Sierra Leone clearly fall behind looking at those same centrality indicators. Our econometric model 
revealed that neither out-closeness, nor eigenvector centrality are impacting significantly the level of economic 
performance in the continent from 2000 to 2010. Nonetheless, on average, an increase of the out-strength 
centrality of African countries of one unit leads to an increase of their GDP per capita of almost 3.9%, Ceteris 
Paribus.  

4. Discussion 

One of the key policy implications stemming from the results above is that the out-strength centrality, 
representing the average export flows of African countries inside the African trade network, has a high significant 
positive impact of their GDP per-capita over the period 2000 to 2010. Thereby, there is a necessity to implement 
policies in order to strengthen trade relationships among African countries. This could be done through several 
channels which are among each other: (i) the end of everlasting political conflicts in the continent which will 
enable countries to increase their level of cooperation; (ii) the improvement of telecommunications and road 
infrastructures to facilitate exchanges of goods and services between countries (e.g.: Development of an African 
e-commerce platform with the use of ICTs, etc.); (iii) the removal of some intra-border fees as high customs are 
often cited as major impediments of Intra-African trade. 
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01.  INTRODUCTION 

 

Since the beginning of the ninety nineties, there has been a general move on promoting the 

increase of trade’s relationship among African countries. According to many African leaders, 

boosting the level of intra regional trade in the continent will enable an economic growth’s 

acceleration. This has led to the creation of several Economic and Regional Communities (ERC) 

materialized by the ratification of numerous Regional Trade Agreements (RTAs). However, 

despite this willingness of African countries to strengthen trade relationships between their 

economies, the level of intra-African trade according to the African Union Commission still 

accounts for almost 11 percent of the total annual African trade over the past decade. This 

percentage is acknowledged as being very low in comparison with the 47 percent in Asia and the 

70 percent in European Union. (Statistical Commission of African Union). This led Jean Ping as 

the African Union Commission Chairman to state at the 2012 African Summit in Addis Ababa 

that:  “African countries do not trade enough among themselves”. Furthermore, he pursues his 

speech by underlining how the intensification of intra-regional trade in Africa will spur higher 

growth and progressively hamper economic slowdown in the continent. Thus, some 

policymakers as Obiageli Ezekwesili, vice president for Africa at the World Bank argue that “by 

doubling the level of Intra-African trade, it would add 2 percent to the continent’s gross domestic 

product”.  

Therefore, there is a need to empirically assess with real data the impact of the way African 

countries are exchanging between themselves on their economic performance. This led to several 

questions that we will try to answer on this paper. First, taking a social network analysis 

perspective, what is the evolution from 2000 to 2010 of the structure of Intra-African trade? 

What has been the impact of the involvement of African countries in their Intra-African trade’s 

network on their economic performance this last decade? The answer of these two main 

questions will lead us to structure our paper as followed: In section 2, we will provide an 

overview of the literature review on the link between intra-regional trade pattern and economic 

growth. We will secondly move to section 3 by computing network statistics from 2000 and 2010 

while just presenting the results for the more recent year of our sample: 2010. In section 4, we 

will implement a panel data econometric analysis and we will make an attempt to assess the link 

between Intra African trade’s network core statistics and economic performance.  
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02.  BACKGROUND AND LITERATURE REVIEW 
 
In this section, we start by the theoretical background of Intra-African trade through the 

presentation of an overview of regional trade agreements in the continent. We will secondly 

move on the literature review on the relationship between trade and economic performance.  

02.1. BACKGROUND 

 

Geographically speaking, Africa with its 30 million square kilometers is considered as the second 

largest continent of the world. From an economic standpoint, this is pretty not the case, as 2012 

statistics revealed that while the GDP of the whole continent was around 1.7 US trillions of 

dollars, the one of the United States alone was approximated 15 US trillions of dollars. That gives 

an opportunity of Intra-African trade the possibility to speed up the level of economic growth of 

many countries of the continent.  

Thus, following the General Agreement on Tariffs and Trades (GATT) and urged by African 

leaders, there has been an increase in the signature of Regional Trade Agreements between 

African countries. It is good to precise that even if these Trade Agreements were much more 

ratified on a geographical distance basis, there are some countries that are not close 

geographically but that are part of the same Economic and regional Communities, which creates 

a kind of “overlapping” on Regional Economic Communities. On total, there are four main 

Economic and Regional Communities in Africa. In 1983, 10 central African countries decided to 

suppress trade barriers among their economies by signing an agreement leaded to the creation of 

Economic Community of Central African States (ECCAS).  

This Economic and Regional Community is made by Angola, Sao Tome and Principe, Burundi, 

Democratic republic of Congo, Cameroon, Gabon, Chad, Central African Republic, Equatorial 

Guinea, and Congo. Later on and following activities’ suspension of ECCAS from 1992 to 1998, 

six (06) countries (Cameroon, Chad, Gabon, Equatorial Guinea, Central Africa republic, and 

Congo) out of ten of ECCAS countries decided to gathered themselves through a new free trade 

agreement signed in 1996 in N’DJAMENA (Chad). That leads to the creation of the Economic 

and Monetary Community of Central Africa (CEMAC). This tendency of suppressing trade 

barriers has also been the case in the west part of the continent where a regional group of sixteen 

countries (Benin, Burkina Faso, Republic of Cabo Verde; Cote d’Ivoire, Gambia, Ghana, Guinea, 

Guinea Bissau, Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leone, Togo) gathered themselves in 

1975 on the Economic Community of West African States (ECOWAS). 

This general move has also been the case in the East and Southern part of the continent with the 

creation of the Common Market of Eastern and Southern Africa (COMESA) in 1993, comprised 
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of nineteen (19) East and Southern African Countries (Burundi, Republic of Comores, Djibouti, 

Egypt, Eritrea, Ethiopia, Kenya, Libya, Madagascar, Malawi, Mauritius, Rwanda, Seychelles, 

Sudan, Swaziland, Uganda, Zambia and Zimbabwe). It could also be seen as the connection of 

the East African Community (EAC) and the Southern African Development Community 

(SADC). While the EAC’s treaty was signed in 1999 by five (05) East African Countries (Kenya, 

Tanzania, Uganda, Burundi and Rwanda); SADC was established in 1992 as a political and 

economic cooperation between 15 countries of the southern part of Africa (Angola, Botswana, 

Democratic Republic of Congo, Lesotho, Malawi, Mauritius, Mozambique, Namibia, Seychelles, 

South Africa, Swaziland, Tanzania, Zambia, Zimbabwe and Madagascar).  

In   North Africa, following the independences, five (05) countries signed a trade agreement in 

1989 aiming to strengthen political and economic relationships by the creation of the Arab 

Maghreb Union (AMU): Algeria, Libya, Mauritania, Morocco and Tunisia. We could clearly 

notice that there is an overlapping tendency as many African countries belong to two or more 

Regional Economic Communities (RECs). That led many policy makers to think about the 

necessity of a rationalization of Economic and Regional Communities in the continent to 

circumvent extra costs in time, expenses and resources. 

All these trade agreements have contributed to enhance the level of exchanges among African 

countries even if it remains low in comparison with other Economic regions in the world. In the 

first part of the second section below, we will take a close look on how trade, especially the intra-

regional one, vector of integration could have an impact on economic growth by reviewing the 

outcomes of several studies performed before. In the second part, we will take a close look on 

some studies that have already applied a Social Network perspective on Trade in Africa. The map 

below gives us an overview of these different Economic and Regional Communities in Africa 

associated with their respective level of intra trade. 
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Figure 1 : Overview of  Regional and Economic Communities in Africa

 Source: Trade Map Statistics (www.trademap.com)
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02.2. LITTERATURE REVIEW 

regional trade and economic growth: the mainstream approach

The core idea of the mainstream literature is the positive effect of intra regional 

economic growth for each members involved in. According to Grossman and Helpman, 

1997), trade between partners countries allowed the transmission of 

technological innovations and knowledge, sources of economic growth There are generally three 

main channels identified in the traditional literature as the way intra-regional trade could 

Firstly, it would stronger and deeper specialization

countries. Secondly, it will lay out the development of regional value chains that will 
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Wooster R., Banda T.M. and Dube S. (2007) found, performing a Granger Causality test with 

time series data from 1980 to 2003 on thirteen European countries, that intra-regional trade had a 

positive impact on economic growth on 7 of the 13 countries studied. Nonetheless, this impact is 

30% less than the extra-regional one. It is worth noting that intra regional and extra regional trade 

variables are seized by the computation of trade openness for each of the thirteen European 

countries. A similar study has been performed earlier by Hoeller and al. (1998) with the use of co-

integration techniques to assess the relationship between trade and growth in Europe. They 

established that trade intensities are greater for countries within the same geographical region 

than the ones in different geographical area. Thereby, the effect of trade on economic growth is 

greater for countries within the same geographical area. 

 

Nurbek Jenish (2013) examined the relationship between trade and economic development of 11 

Commonwealth Independent States (CIS) countries. Using a Generalized Method of Moments 

panel data Estimation Methodology and dividing the data by taking into consideration Russian 

Federation or not, they ended up with the results that intra regional trade without the Russian 

federation doesn’t have any impact on economic growth. 

 

Empirically, It has been well demonstrated that the sustained growth that APEC countries 

experienced before 2012 is entirely due to the strong intensity of their intra-regional trade. In 

Africa, the Good and fast economic growth performance of the East African Community (EAC) 

is associated with the rise of export trade flows within the economic area. 

However in some cases, there are many factors that could impinge intra regional trade having an 

effect on economic growth: political violence, lack of infrastructure (Telecommunication, ICTs, 

and roads) and some border issues (high customs fees) are most of the time cited as major 

impediments. Multiple memberships of some African countries are also sometimes pointed out 

as a constraint to intraregional trade to lead to economic growth. 

 02.2.2 Intra-regional trade and economic growth: a social network approach 

 

In this second part of our literature review, we will take a close look at the specificities of 

applying social network analysis to characterize intra African trade structure rather than 

computing the traditional statistics (trade openness, gravity model statistics, etc.) formerly applied 

to international trade analysis. In fact, Social Network Analysis has been in the last few years 

increasingly recognized as an alternative tool, but also as a prolific complement to traditional 
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approach for a better understanding of regional trade flows. Indeed, this approach has made a 

significant headway in comparison to the traditional perspective by tending to give a key place to 

the relations between countries, the way they exchanged with each other and shed a light on the 

most concentrated trading places. Thus, rather than taking an isolated approach by considering 

countries � or � (called monads in the network vocabulary) separately, this innovative approach 

focused on the relationship between � and � (called dyad �� in the network language).  

Therefore, it is much more the structural view of the relationship between � and �, the 

introduction of interdependence of this link with others and the heterogeneity’s aspect that are 

considered as the hinges of network analysis. This perspective also helps avoiding some 

methodological issues as the necessity to have long time series data. As presented in the paper of 

Walther O. (2012), it also helps capturing the trade-off effect of countries of being strongly 

embedded in the regional trade area instead of staying in a broker position. Social Network 

Analysis could also help to better understand the spatiality and structure of trade. 

Very few studies have recently tried to apply this tool in the way trade’s structure could have an 

impact on economic growth. Javier Reyes, Stefano Schiavo and Giorgio Fagiolo (2007) used 

weighted social network statistics to compare the level of regional integration on two regional 

communities: High Performing Asian Economies (HPAE) and Latin American Economies 

(LATAM). Their study revealed that HPAE countries are more integrated into the world 

economy than the LATAM region with a less dynamic integration progress than the other whose 

the network is stagnant. 

 

More recently, L. De Benedictis, S. Nenci, G. Santoni, L. Tajoli, C. Vicarelli (2013) explore the 

world trade network by using a corrected version of the World trade data base coming from the 

UN COMTRADE, namely the BACI-CEPII database. They used Global and Local Centraliy 

Network Statistics to describe the World trade system. They discovered using the rank position 

of both weighted and unweighted network statistics that the prominence of East Asian Country 

(China, India, Indonesia) in the world tends to be verified. 

 

In the section below, we will apply this innovative approach using empirical data on Intra-African 

trade. 
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03.  DATA, METHODOLOGY AND RESULTS 

03.1. Data 

Statistical data used in this analysis is coming from the Economic and Trade department of 

African Union Commission. These aggregated data on exports and imports between African 

countries are provided by the National Bureau of Statistics of each countries and the World 

Trade Organization from 2000 to 2010. There are 54 African countries but due to the 

unavailability of export-import data on seventeen countries, especially the one of the Central 

Africa region, we ended up with 37 African countries in our sample. It is also worth to mention 

that in some years, there has been missing data on the export of some countries to others. In this 

case, we made an imputation by calculating the mean on exports of the years were the data was 

available. 

03.2. Methodology 

Using the data mentioned above, we constructed bilateral aggregated trade matrices of the 37 

African countries of our sample from 2000 to 2010. In the network approach vocabulary, these 

matrices that contained value of export flows between any pair of African countries in the sample 

represent weighted matrices. The graphs associated to this African trade network are noted has: 

�� = (�,  ���, �) 

Where    � =  ����� ������ �� �������� (���������) �ℎ��ℎ ��� 37 
            �, =  ����� ������ �� ���#� ���$� ������� ���������, �ℎ��ℎ #�%��#� �� �ℎ� &��� 
             � =  ��#��� �� �ℎ� &��� ���� 2000 �� 2010 
In order to make this graph become a network, there is a need to add some specific information 

on the nature of the links. Thus, for a particular period of time �,                             
                                       �� = 1 �� ������& � �� �*%�����+ �� ������& � 

 0 ��ℎ������. 
The graph is a directed one because of the nature of the link that allow the possibility for a 

country � exporting to the country � while the country � is not necessarily obliged to  export to 

country �. By associating each of these links with a weight  -�� which represents export flows or 

the strength of the trade link between the two countries � and  � , we get the network at a 

particular period of time � : . = /(�, ), 01  with 0 considered as the set of   -�� values. 

Our Analysis is carried out with the  “igraph” library of the free statistical software R. 

 

 



Intra-African trade and economic performance: a Social Network Analysis perspective 

 

8 

 

03.3. Results 

 

We will first present results related to the general structure of our network before moving to the 

ones related to the relative position of each country to the others: centrality 

03.3.1   Overview of the structure of Intra-African trade network 

 

We first represent the intra African trade graph for the year 2000, 2005 and 2010 in order to have 

a general view of the evolution the way these countries exchanged with each others. The first 

graph below consisting of 37 African countries (vertices) shows us a relative high heterogeneity 

of this intra African trade network with 735 existing trade links in 2000. That corresponds to a 

trade density1 of the network of 0.5518. Thus, by choosing randomly two African countries � and 

� randomly in 2000, the probability that country � exports to country �   is around 55. 18%. In 

2005, this core network statistics slightly changed to a value of 55.48%. 

Figure 2: Intra-African trade network 2000, 2005  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
1
 Simply defined, it is the ratio between the number of realized trade links and the total number of maximum trade links possible.  

 

37 COUNTRIES, 735 TRADE LINKS, DENSITY=55,18% 
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Source: African Union Commission, 2012 

In 2010, there has been a rise of the Intra African trade network’s density to a value of 63.74% as 

represented in the figure below. 

Figure 3: Intra-African trade network 2010  

 

 

 

 

 

 

 

 

 

 

 

 

Source: African Union Commission, 2012 

37 COUNTRIES, 739 TRADE LINKS, DENSITY=55,48% 

 

37 COUNTRIES, 849 TRADE LINKS, DENSITY=63,74% 
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Thereby, an evolution of the density of the intra African trade network from 2000 to 2010 is 

presented in the graph below: 

Figure 4: Evolution of the density of the Intra-African Trade Network from 2000 to 2010 

 

Source: African Union Commission, 2012 

Here we could see the great evolution of the density of the intra-African trade network for 55.2% 

in 2009 to 63.7% in 2010 meaning that there has been a noteworthy intensification of exchanges 

of good and services among African Countries for these two periods. There is also a constant rise 

of the density from 2005 to 2008 that could be due to the consolidation of many Regional and 

Economic Communities of the continent during this small period.  

Then, after the visualization of the global structure of the intra African trade network, let's focus 

on the so-called “ego” characteristics giving us an insight of the relative position of a country in 

the overall network taking in account trade relationships with all the other countries of its era. 

These ego-characteristics are given by measuring centrality and position of countries. 

03.3.2   Centrality measures and position of countries 

 

There are numerous statistics to assess the prominent of country’s centrality in a network. Each 

of these statistics provides us with different information and centralities’ indicators kept at the 

end depend on the aim of the study. In the following, we’ll present Centrality measures that fit 

with the content of our analysis and that are more suitable for the context of regional trade 

network analysis. Considering the classification made by Benedictis, S. Nenci, G. Santoni, L. 

Tajoli, C. Vicarelli (2013) borrowed to Jackson (2010) we would consider: 
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� Degree centrality, counting the number of edges coming out (out-degree) or coming in 

(in-degree) for an unweighted graph by taking the strength centrality for the weighted 

version of our graph; 

� Closeness centrality, telling us how a vertice (country) can be attained by others; 

� Betweenness centrality, translating the importance of a node by connecting others; 

� Eigenvector centrality, which refers to how essential and influential the node's 

neighbors are.  

 

According to Benedictis, S. Nenci, G. Santoni, L. Tajoli, C. Vicarelli (2013), It is better to focus 

on three of these four centrality measures by not taking in account the betweenness indicator 

which is in their own point of view less appropriate for Global and Regional trade data analysis. 

In the subsections below, we will compute all these centralities’ characteristics for the 37 

countries of our sample for each year. However, due to a space constraint, we will here just 

present the result for the year 2010. 

03.3.2.1 Local centrality measure: Degree Centrality and Strength centrality 

 

We will present the result taken into consideration the weighted and the unweighted version of 

our network.   

� The unweighted  degree centrality statistics 

For the unweighted version, we computed the in- degree (out-degree) centrality as the sum of the 

total number of export links coming in (coming out) of the country. In order to make the 

comparison easier with other networks of different dimensions, we considered the normalized 

version of this statistics by dividing it by the total number of existing nodes, excluding self. There 

we have the normalized out-degree and in-degree centrality given as:    
     23456 = 7  ��

8
9:;<=>                                              ��#                            23?@ = 7  ��

8
9:;<=>  

We could easily remarks that 0 < 23?@, 23456 < 1 meaning that the less the degree centrality is 

far from the value 1; the less the country is directly connected to the rest of the network. By 

normalizing the number of links by the total number of links L, we obtain the in-degree (out 

degree) centrality percentage giving an indication of the responsibility of the country in term of   

un-weighted outflows and un-weighted inflows.  
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23_CDEFD@6GHD456 = 7  ��
8
9:;I                    ��#             23_JDEFD@6GHD?@ = 7  ��

8
9:;I  

The results for these first four statistics for the year 2010 are presented below: 
 
Table 1: degree centrality statistics of African countries in the intra-trade network of the continent 

Source: African Union Commission, 2012 

Derived from this table, we could see that Algeria has an out-degree centrality of 0.72 and an in-

degree centrality of 0.69; meaning that it received exports from 69% of the countries of our 

African network while sending exports to 72% of those countries. We could also see that taking 

in percentage terms, Algeria has a 23_CDEFD@6GHD456 (23_CDEFD@6GHD?@ ) of 3.06% (2.94%) 

denoting that among the 849 export links existing in 2010, Algeria is responsible of 3.06% of 

unweighted outflows (2.94% of unweighted inflows). It is worth to mention that Egypt has the 

highest out-degree centrality of 1, meaning that Egypt sends exports from 100% of African 

countries considered in the sample. In 2010, the country with the highest in-degree percent is 

Senegal receiving exports to 89% of African countries of the network. Egypt is the country 

responsible of the highest unweighted outflows of 4.24% while Senegal is responsible of the 

highest un-weighted inflows (3.77%). Let us consider the weighted version of these statistics, as 

the un-weighted ones tend to be biased because of not taking in account the value of each edge, 

here representing exports. 

 

 

Countries Normalized Out-

degree 

Normalized 

In-degree 

Out-degree 

Percentage 

In-degree 

percentage 

Algéria 0.7222 0.6944 3.06% 2.94% 
Egypt 1.0000 0.7500 4.24% 3.18% 

Mauritania 0.4444 0.6667 1.88% 2.83% 
Morocco 0.1111 0.8056 0.47% 3.42% 
Soudan 0.3611 0.7222 1.53% 3.06% 
Tunisia 0.9722 0.6944 4.12% 2.94% 
Bénin 0.5556 0.6944 2.36% 2.94% 
…. …. …. …. …. 

Malawi 0.9167 0.4167 3.89% 1.77% 
Mauritius 0.8056 0.6389 3.42% 2.71% 

Mozambique 0.5833 0.6111 2.47% 2.59% 
Namibia 0.7778 0.5556 3.30% 2.36% 

South Africa 0.9444 0.8611 4.00% 3.65% 
Zambia 0.6944 0.5278 2.94% 2.24% 

Zimbabwe 0.7500 0.4722 3.18% 2.00% 
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� The weighted degree centrality statistics 

For the weighted version, instead of computing out-degree and in-degree centrality by 

undermining the value of each export link -�� , we calculated the out- strength and in-strength 

by taking care of the normalization to avoid the same problem of comparison mentioned above. 

Hence, the new strength centrality measures in their normalized versions are given by: 

     2K456 = 7  -��8
9:;<=>                                              ��#                            2K?@ = 7  -��8

9:;<=>  

Where     2K?@       gives an average flow of imports of the country and 2K456   gives an average 

flow of exports.   Then when  2K456 > 2K?@, it indicates a trade surplus of this country. By 

normalizing the number of links by the total number of links L, we obtain the in-strength and 

out-strength percentage giving an indication of export shares and import shares of the country in 

our case which is given by the formulas: 

23_CDEFD@6GHD456 = 7  -��8
9:;

M 7  -��8
9

8
;

              ��#             23_JDEFD@6GHD?@ = 7  -��8
9:;

M 7  -��8
;

8
9

 

The results for these weighted four statistics for the year 2010 are presented below: 
 
Table 2: strength centrality statistics of African countries in the intra-trade network of the continent 

 
Source: African Union Commission, 2012 

Countries Normalized In-

strength 

Normalized 

Out-strength 

In-strength 

Percentage 

Out-strength 

Percentage 

Algéria 64.1222 50.9011 4.573% 3.630% 
Egypt 21.6741 79.0658 1.546% 5.639% 

Mauritania 25.8044 0.7925 1.840% 0.057% 
Morocco 23.4342 9.4025 1.671% 0.671% 
Soudan 55.9818 3.1600 3.993% 0.225% 
Tunisia 10.5454 31.7181 0.752% 2.262% 

…. …. …. …. …. 

Mauritius 12.4373 7.5317 0.887% 0.537% 
Mozambique 58.3180 17.2761 4.159% 1.232% 

Namibia 30.0923 39.8842 2.146% 2.845% 
South Africa 287.3944 308.6589 20.497% 22.014% 

Zambia 59.2197 29.6161 4.224% 2.112% 
Zimbabwe 146.1403 60.3847 10.423% 4.307% 
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From this table, we could see that Algeria has an average flow of imports of 64. 12 US millions 

dollars and an average flow of exports of 50.90 US millions dollars in 2010, indicating an overall 

trade loss of around 13.22 US millions dollars. The country with the highest average flow of 

imports within the African Trade network in 2010 is South Africa with a value of 287.4 US 

millions dollars while the one with the smallest average flow of imports in 2010 is Guinea-Bissau 

(1.6179 US million dollars). On the same hand, the country with the highest average flow of 

exports within the African Trade network in 2010 is still South Africa with a value of 308.6589 

US millions dollars while the one with the smallest average flow of exports in 2010 is Sierra 

Leone(0 US million dollars). Having a quick look at the in-strength and out-strength percentage, 

we could also notice that Algeria has an import share of 4.573%   and an export share of 3.63% 

in 2010. Without a big surprise, the country with the highest import shares in 2010 is South 

Africa with a value of   20.50% and the one with the lowest import share is Guinea-Bissau with a 

value of 0.115%. The highest export shares in 2010, also goes to South Africa (22.014%) while 

the lowest goes to Sierra Leone (0%) and Guinea-Bissau (Almost 0%). 

These results seems to be coherent with the reality of Intra-African trade where South Africa is a 

big giant in term of trading (exports and imports) with other countries of the continent while 

countries as Guinea Bissau and Sierra Leone tend to be weak on exporting and exporting goods 

and services inside the continent. 

Coming at the end of this subsection, It is worth to precise that even if degree centrality and 

strength centrality are both good measures of the local centrality of each African country of the 

network , they don’t take in account how each countries are positioned in the overall network’s. 

Indeed, only looking at these statistics, some countries could be considered as “same” because 

they have the same in or out degree (strength) even if their position in the overall network 

structure is not the same. Therefore, there is a need to move to other network’s statistics which 

take in account how the country is positioned in the network, the so-called: Global centrality 

measures. 

03.3.2.2 Global centrality measure:  Closeness centrality and Eigen-vector centrality 

03.3.2.2.1. Closeness centrality 

 
This statistic will help us in the characterization of one African country by looking how close it is 

to all the others in the trade network. It is based on the notion of “geodesic distance” or “the 

average shortest path” which is the number of steps for one country to reach others in the trade 

network. 
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Here we will directly compute weighted Closeness centrality which is much more interesting in 

our case than the un-weighted one. We defined Normalized Weighted Out-closeness and In-

closeness centrality as: 

2N/P 456 = <=>
7  Q��8

9:;
                  and    2N/P ?@ = <=>

7  Q��8
9:;

 

Where  Q��  is the weighted shortest path between country � and �. Instead of using the Djikstra 

algorithm, we considered the one implemented in the package “igraph” on R by taking the two 

main components (path’s length and the strength of this path’s length) of the weighted average 

path on a multiplicative way, even if it tends to reduce the centrality of the country considered. 

2N/P 456   (2N/P ?@)  can be interpreted as the inverse of the average outflows (inflows) weighted 

shortest path from the country  � to its remaining N-1 exporting (importing) partners. The results 

obtained are consigned on the table below: 

Table 3: weighted closeness centrality statistics of African countries in the intra-trade network of the 
continent 

Source: African Union Commission, 2012 

We could see that Algeria has an out-degree centrality of 28.637 meaning that Algeria is 

>
RS.TUV=0.0349 steps (average bilateral export flows in the Intra-African trade network) away from 

the rest of African countries. This means that Algeria is close to the other African countries in 

terms of exports. Malawi tends to be much closer by being 
>

WS.XYT=0.0207 steps away from the 

rest of African countries when at the opposite, Morocco is 
>

X.XRR= 45.45 steps away from the rest 

of African countries on average. 

 

Countries Normalized Weighted In-

Closeness centrality  

Weighted Out -Closeness 

centrality 

Algéria 0.3670 28.637 
Egypt 0.3655 12.504 

Mauritania 0.3680 15.772 
Morocco 0.6943 0.022 
Soudan 0.3672 28.842 
Tunisia 0.3649 23.770 

…. …. …. 

Mauritius 0.3671 24.641 
Mozambique 0.3671 32.667 

Namibia 0.3669 30.775 
South Africa 0.3719 0.768 

Zambia 0.3609 13.403 
Zimbabwe 0.3633 27.153 
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03.3.2.2.2. Eigen-vector centrality  

 

If the closeness centrality presented before tends to put a stress on trade links, the Eigen-vector 

centrality emphasized on nodes. We compute this network statistics using the “igraph” package of 

R which gives us by default the in-eigenvector centrality. Here below the results obtained: 

Table 4: weighted Eigen-vector centrality statistics of African countries in the intra-trade network of the 
continent 

Source: African Union Commission. 2012 

South Africa has a weighted In-Eigen vector centrality of 1 with the highest in the sample of 

African countries for the year 2010. It means that South Africa is trading with other African 

countries which are also trading with many others. The lowest in-Eigen vector centrality goes to 

Guinea Bissau (0.0013) which is therefore not trading with other African countries that are big 

traders with others. 

03.3.2.3 Rank of local and global centrality statistics  

 
Having computed the local and global centrality statistics which tends to capture different aspects 

of the Intra African trade network we are studying, there is a need to make a choice between 

these different indicators by keeping the ones we would use in our econometric analysis further. 

Thereby, we proposed to proceed by separating weighted and unweighted centrality measures 

and by considering the rank of each of these indicators in order to highlight a possible correlation 

or a kind of convergences among these statistics. The table below shows us the rank for each of 

the unweighted centrality statistics computed above. 

 

Countries Weighted In-Eigen Vector centrality  

Algéria 0.1335 
Egypt 0.0757 

Mauritania 0.0405 
Morocco 0.0407 
Soudan 0.0889 
Tunisia 0.0111 

…. …. 
Mauritius 0.1116 

Mozambique 0.5965 
Namibia 0.0628 

South Africa 1.0000 
Zambia 0.5491 

Zimbabwe 0.8251 



Intra-African trade and economic performance: a Social Network Analysis perspective 

 

17 

 

Table 5: Rank of un-weighted centrality statistics of African countries in the intra-trade network of the 
continent 

Source: African Union Commission. 2012  

We see that the statistics above tends to confirm the convergence of all the degree centrality 

statistics meaning that they can be used indifferently in our econometric regression, as far as they 

tend to give the same information. We could also see that countries as South Africa, Senegal, 

Cote d’Ivoire and Egypt are well connected with other African countries of the network where as 

some others as Central African Republic, Botswana, Guinea Bissau , Sierra Leone and Gambia 

clearly fall behind in term of their out and in degree centrality in the African trade network. Let’s 

see if this tendency is confirmed by considering the rank of weighted centrality Statistics.  

As shown in the table below, the results tend to be the same. Then, looking at those weighted 

statistics, South Africa still remains the leader in terms of its connection and position in the Intra 

African trade network while countries as Guinea Bissau and Sierra Leone are poorly ranked 

meaning there are weakly connected in the Intra African trade network in 2010. An extract of the 

whole table is presented below. 

 

 

 

 

Countries Rank 

Normalized  

In-degree 

Rank 

Normalized 

Out-degree 

Rank  

In-degree 

Percentage 

Rank  

Out-degree 

Percentage 

Algéria 12 17 12 17 
Egypt 7 1 7 1 

Mauritania 16 29 16 29 
Morocco 3 34 3 34 
Soudan 8 31 8 32 
Tunisia 12 2 12 2 

…. …. …. …. …. 

Mauritius 17 12 17 12 
Mozambique 21 25 21 25 

Namibia 28 13 28 13 
South Africa 2 4 2 4 

Zambia 30 19 30 19 
Zimbabwe 33 16 33 16 
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Table 6 : Rank of weighted centrality statistics of African countries in the intra-trade network of the 
continent 

Source: African Union Commission, 2012  

04.  ECONOMETRIC ANALYSIS: MODEL AND RESULTS 

4.1. Presentation of the model  

 

Before moving into the details of our econometric analysis, let’s give a brief overview of the issue 

we are trying to address in this empirical framework. The main question is whether yes or no 

local and global centrality trade’s network measures of African countries; computed for the last 

decade 2000 to 2010, have positively affected their economic performance.  To empirically 

address this issue, we used a fixed effect Panel data model borrowed from the study of Alessia Lo 

Turco (2003). similarly to this author, we also considered population growth and gross secondary 

school enrolment rate as our two controls variables. As mentioned above, we add our three 

centrality variables of interest computed for each country of the network from the year 2000 to 

2010. The dependant variable is the GDP per capita, PPP, Constant US Dollars 2005. We ended 

up with the econometric model below:  

Z[\]^_`a]��a�.�  =   bc�.� + ef�.�    + g� +  h�  + i��       (1) 

Countries Rank  

In-

strength 

Rank 

Out-

strength 

Rank  

In-

strength 

% 

Rank  

Out-

strength 

% 

Rank  

Out-

closeness 

Rank  

In-

closeness 

Rank  

In-Eigen 

vector 

Algéria 3 7 3 7 10 17 13 
Egypt 21 5 21 5 31 29 17 

Mauritania 19 35 19 35 27 7 24 
Morocco 20 22 20 22 37 1 23 
Soudan 9 30 9 30 8 12 16 
Tunisia 28 14 28 14 20 31 33 

…. …. …. …. …. …. …. …. 

Mauritius 26 26 26 26 17 14 15 
Mozambique 7 18 7 18 3 13 3 

Namibia 16 11 16 11 6 18 18 
South Africa 1 1 1 1 33 5 1 

Zambia 4 15 4 15 30 37 4 
Zimbabwe 2 6 2 6 11 34 2 
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Where   jkl%����%���?.6  is the Gross Domestic Product Per capita in purchasing Power Parity 

of each African country � at time �; 

                2?.6  is the vector containing local (out-strength ) and global (out-closeness and 

eigenvector)  centrality of each African country � at time �; 

               m?  is a country fixed effect,  n6 is a year dummy and  o��  is an i.i.d. error term and  

                  p?.6  the vector of control variables. 

4.2. Main findings 

 

The model is implemented in the STATA software and commands used to run the problem are 

presented in the annex below.  We ran four (04) regressions in order to assess the robustness of 

coefficients’ significance of our variables of interests. 

Table 7 : Results of the econometric model 

Source: STATA 11 with WDI 2012 and African Union Commission Statistics. 

DEPENDENT 
VARIABLE 
(GDP PER 
CAPITA) 

(1) (2) (3) (4) 

Out-Strength 
centrality 

0.0391*** 
(0.013097) 

0.0390*** 
(0.01319) 

0.0386*** 
(0.0132534) 

0.0377*** 
(0.0133673) 

Out-Closeness 
centrality 

 -0.25632 
(2.5963) 

-0.2146005 
(2.601426) 

-1.2770 
(5.530) 

Eigenvector centrality   136.3126 
(314.0185) 

155.2831 
(343.488) 

Annual 
Population growth 

-159.9066*** 
(59.19438) 

-159.8589*** 
(59.27638) 

-160.9745*** 
(59.41152) 

-133.337*** 
(59.81456) 

Gross Secondary 
school enrolment (%) 

24.10935*** 
(4.493909) 

24.1462*** 
       (4.515439) 

24.01067*** 
(4.533571) 

19.23528*** 
(4.842927) 

Y2000    -188.7262*** 
(65.12782) 

Y2005    -38.21899 
(60.07717) 

Y2010 
  

 
10.01639 

 (129.2228) 
CONS 1903.666*** 

(231.905) 
1902.922*** 

(232.341) 
1888.639*** 

(235.3853) 
2020.146*** 

(238.7143) 

Number of 
Observations 

407 407 407 407 

Within R-square 0.1293 0.1294 0.1297 0.1500 
Between R-Square 0.7217 0.7217 0.7130 0.7093 

P-value 0.0000 0.0000 0.0000 0.0000 
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Before commenting the results, it is worth to mention that the Haussmann test has been used to 

discriminate between the fixed effect model and the random effect model for each of these four 

regressions. The high significance of this test for each model leads us to keep the fixed effect 

specification. 

The first model is made by our first network statistical variable of interest which is the out-

strength and our two control variables (Gross secondary school enrollment and Annual 

population growth). Here we could see that at the statistical level of 5%, the model (1) is globally 

highly significant. We could also noticed without a big surprise that our two controls variables are 

highly significant with the Gross secondary school enrolment having a positive effect on the 

GDP per Capita and the annual population growth having a negative effect on the GDP per 

capita. However, the most interesting part of the result is the high significance of the out-strength 

centrality statistics which has a positive effect on GDP per capita. 

By adding the out-closeness centrality variable to this first model, we obtain the model (2) with 

almost the same results in term of the significance of the controls variables and the out-strength. 

Nonetheless, the out-closeness centrality has no impact on the GDP per capita of African 

countries of our trade network. Model (3) adds the eigenvector centrality to the model (2) and 

there is no significance of this global centrality indicator at the level of 5%. However, the out-

strength centrality still maintains its positive significance on GDP per capita with almost the same 

value of its coefficient. Last but not the least, model (4) considers all the controls variables and 

the trade network’s statistics of interests by adding three year dummy variables (2000, 2005 and 

2010) in other to capture the time-effect on the GDP per Capita of African countries of our 

network. Here, the results in term of the significance of local and global centrality measures are 

still the same as the out-strength centrality maintains its high significance at the level of 5%. On 

the other hand, Global centrality measures (Out-closeness centrality and eigenvector centrality) 

are still not significant in this last model. It is also worth to mention the negative significance 

effect of the year 2000 on the GDP per Capita while years 2005 and 2010 have no impact on the 

GDP per capita. Thereby, an increase of the out-strength centrality (average export flows of 

African countries inside the African trade network) of one unit leads to a rise of the GDP per 

capita of almost 3.9%, Ceteris Paribus. This key result reveals that the more an African country is 

strongly connected to others, the more its GDP per capita will be. These econometric results 

bring some key policy implications that we are going to discuss in the section below. 
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05.  POLICY IMPLICATIONS AND DISCUSSIONS  

5.1. Policy implications 

One of the key policy implications stemming from the results above is that the out-strength 

centrality, representing the average export flows of African countries inside the African trade 

network, has a high significant positive impact of their GDP per-capita over the period 2000 to 

2010. Looking of our main econometric results telling us that an increase of one unit of the 

average export flows of an African country leads to an increase of its GDP per capita of 3.9%, 

there is a necessity to implement policies in order to strengthen trade relationships among 

African countries. That could be done through several channels which are: 

� The end of everlasting political conflicts in the continent which will enable countries to 

increase their level of cooperation (e.g.: South Sudan conflicts, etc.); 

� Improvement of telecommunications and road infrastructures to facilitate exchanges of 

goods and services between countries (e.g.: Development of an African e-commerce 

platform with the use of ICTs, etc.); 

� The removal of some border issues as high customs fees often cited as major 

impediments of Intra-African trade. 

5.2. Limits and new departures 

There is a need to underline some drawbacks and limits of this study that could restrict the 

results obtained.  Firstly, the sample used in the analysis is made of 37, instead of 54 countries 

that are part of the African continent. This difference is related to the lack of data in the statistical 

source we used (African Union). Indeed, there was a possibility to complete the data using an 

external source (UN COMTRADE or CEEPI) but that would certainly bias the result as far as 

the data of the African union are coming directly to the National Bureau of Statistics of each of 

these African countries. Secondly, the analysis of export’s trade structure provided above is an 

aggregated one. It will be useful to disaggregate the analysis by trying to assess intra African trade 

flows by products exchanged. That will shed an interesting light on how the increase of the 

exchange in one product or more could have an impact on the economic growth of the 

continent. Last but not the least, the data collected undermines a key element of intra African 

trade which is the existence of informal cross border between countries. If taken in account, that 

will probably modify the results obtained when computing trade’s networks statistics. Therefore, 

there is a need to undertake further research in order to measure informal trade among African 

countries. That could possibly change the different centrality’s measures (degree, closeness) 

computed to describe intra African trade network’s and their relationship with economic growth. 



Intra-African trade and economic performance: a Social Network Analysis perspective 

 

22 

 

06.  CONCLUSION 
 

The main purpose of this paper was to provide empirical evidence on the effect of Intra-African 

trade structure on economic growth in African countries. Taking a social network analysis’ 

standpoint rather than traditional trade model, this paper brought new insights on the way 

exchanges of goods and services inside the continent could improve economic performance of 

African countries part of our network. We computed local and global centrality statistics taken 

the weighted and the un-weighted version of our network for each year, but we stuck on the 

recent year 2010 to present our descriptive results. The first outcomes of our computation are 

that:  if some countries as Senegal and South Africa are strongly involved in the intra-African 

trade network, others as Guinea Bissau and Sierra Leone clearly fall behind, by being poorly 

ranked in term of local and global centrality measures. 

By also computing local and global centrality statistics from the year 2000 to 2009 for each 

African countries, We implemented a panel data analysis by building four econometric model 

made by adding progressively explanatory variables of interests. The main result coming from 

this econometric analysis is the high positive significance’s effect of the out-strength centrality on 

the GDP per Capita of African countries from the year 2000 to 2010. Indeed, on average, an 

increase of the out-strength centrality of 1 unit leads to an increase of the GDP per capita of each 

African countries to almost 3.9%. This results lead to the key policy implication of the necessity 

to remove the different barriers to widespread intra-African trade in the continent. These are 

non-exhaustively: the development of infrastructures, the end of everlasting political conflicts and 

the suppression of customs fees between African economies.  

Nevertheless, these results could be discussed as far as the data collected ignores informal cross 

border which is a well-known trade issue in the continent. Thus, there is a need to go one step 

further by carrying out studies that will suitably seize this unregistered trade dimension in order 

to improve the quality of data on Intra-African trade. That will certainly bring new insights on the 

Intra-African trade’s network structure and how it impacts economic performance of  countries. 

/ 
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ANNEX : 

*******************EXTRACT OF THE IGRAPH CODE USED************************** 

rm(list=ls()) 
getwd() 
setwd("C:/Users/user/Cookies/Desktop/Robin Project/potato_trade_sna/data/trade") 
install.packages("XLConnect") 
library("XLConnect") 
install.packages("igraph") 
library("igraph") 
#Intra african trade graph 2010 
excel.file0 <- file.path("Robin.xlsx") 
dfrm2010<- readWorksheetFromFile(excel.file0, sheet="2000") 
class(dfrm2010) 
m2010<-as.matrix(dfrm2000) 
class(m2010) 
library(igraph) 
net2010<-graph.adjacency(m2000,mode="directed",weighted=TRUE) 
class(net2010) 
summary(net2010) 
plot.igraph(net2010,layout=layout.fruchterman.reingold) 
graph.density(net2010) 
diameter(net2010) 
######centrality 
#degree 
#choice between "in", "out" and "total" 
degree(net2010, mode=c("in")) 
degree(net2010, mode=c("out")) 
table(degree(net2010, mode=c("in"))) 
table(degree(net2010, mode=c("out"))) 
#intermédiarité des sommets et des liens (intermediary of summit) 
betweenness(net2010) 
edge.betweenness(net2010) 
closeness(net2010) 
evcent(net2010) 
 
**************************************************************************************** 
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*******************EXTRACT OF THE STATA CODE USED************************** 

gen y1=annee==2000 
gen y2=annee==2001 
gen y3=annee==2002 
gen y4=annee==2003 
gen y5=annee==2004 
gen y6=annee==2005 
gen y7=annee==2006 
gen y8=annee==2007 
gen y9=annee==2008 
gen y10=annee==2009 
gen y11=annee==2010 
gen y12=annee==2011 
xtreg gdppercapita secondaryschool populationgrowth  outstrength,fe 
estimates store FE 
xtreg gdppercapita secondaryschool populationgrowth  outstrength,re 

hausman FE RE 

xtreg gdppercapita secondaryschool populationgrowth  outstrength  nwoutcloseness  

nwinevcentrality y1 y6 y11,fe 

**************************************************************************************** 

 




