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Abstract 

This paper empirically examines patterns of African exports and its evolution over the last 

two decades. We measure the degree of export specialization of individual African countries 

by utilizing the index of revealed comparative advantage, and then, on the basis of the entire 

distribution of revealed comparative advantages, we employ two indices to identify the 

evolution of African trade patterns. We find that African exports remained highly specialized 

in exporting primary goods and there is no evidence of export structural breaks over time. In 

the end, we discuss the roles of African ample natural resources and the disadvantage of labor 

force, geographic and institutional factors in determining the immobility of African trade 

patterns. 
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1 Introduction 

Rapid economic growth is usually accompanied by structural change of the composition of 

export products. China, for example, has been growing rapidly since the 1980s, also after 

2001 when it joined the World Trade Organization (WTO). Meanwhile, we observe dramatic 

changes in China’s export structure from a primary agricultural products dominant structure 

to a manufactured goods based economy. Africa has also achieved relatively impressive 

economic performance recently. This is illustrated in Figure 1, which shows that GDP per 

capita has increased substantially since 1995. Does the economic growth performance of 

Africa lead to similar changes in the structure of African exports as in China? This study 

seeks to answer this question. 

 

Figure 1: GDP per capita of Africa (1980-2010) 

 
                        Source: ADI (African development indicator) 
 

We provide an empirical framework to identify whether or not there is a structural break in 

African exports at a particular time during the last two decades. Based on all information 

from the entire distribution of revealed comparative advantages, we employ two indices to 

identify the evolution of African trade patterns. We also rule out pseudo structure breaks by 

analyzing individual countries. We find that African exports remained highly specialized on 

primary exports and there is no evidence of strong structural breaks in their exports over the 

last twenty years. In other words, the trade pattern of Africa remains concentrated on its 

traditional export sectors using low technology and limited human capital. All our findings 
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suggest that the rapid economic growth of Africa is not associated with changes in the export 

structure of the countries involved. 

 

We also analyze the causes of the absence of structural breaks of African exports. In principle, 

there are several forces promoting the mobility of international specialization, such as 

knowledge spillovers and technology transfer (Grossman and Helpman, 1991, Chapter 7). 

When lacking these drivers, however, the trade pattern is largely determined by initial 

conditions and reinforces itself over time (Lucas, 1988; Grossman and Helpman, 1991, 

Chapter 8). In the case of Africa, the absence of structural breaks in exports indicates that 

initial conditions largely determine the evolution of trade patterns. On the one hand, the 

abundance of endowment in land and natural resources contribute to the persistence of 

primary exports. On the other hand, the disadvantage of the labor force (low educational 

attainment), geographic and institutional factors impede the rise of manufacturing industries. 

 

This paper contributes to the literature in two aspects. First, we investigate recent changes in 

African trade structures by analyzing (the absence of) structural breaks in African export 

patterns. We will hardly find evidence for such structural breaks compared to similar 

analyses done for other countries. Second, we discuss some possible causes of the absence of 

structural change. The remainder of this paper is organized as follows. Section 3.2 reviews 

the related literature on revealed comparative advantage and African trade flows. Section 3.3 

sets out the methodology used to identify structural changes. Section 3.4 discusses the data 

sources. Section 3.5 presents the results on identifying structural breaks in African 

comparative advantage for export flows. Section 3.6 discusses some plausible reasons for the 

African persistence in comparative advantage. Section 3.7 provides concluding remarks. 

 

2 Related studies 

Since the concept of comparative advantage is defined using unobserved relative prices under 

autarky researchers have measured comparative advantage in a more indirect way. Most 

prominent, and most often used in this respect, is the concept of revealed comparative 

advantage (henceforth, RCA), also known as the Balassa index (Balassa, 1965).  

 

Based on summary statistics regarding the distribution of the Balassa index, various empirical 

studies identify the evolution of trade patterns by either comparing the standard deviation of 
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Balassa indices of each sector over time or putting Balassa indices of the first and final year 

into an OLS regression. For instance, by calculating Balassa indices of 73 manufacturing 

sectors, Balassa (1977) analyzes the trends of trade specialization in industrialized countries 

from 1953 to 1971. Using revealed comparative advantage as the dependent variable, Balassa 

(1979) estimates whether a country has comparative advantage in capital-intensive products 

in 184 manufactured goods in 36 developed and developing countries. He continues the study 

in the trend of a country’s comparative advantage along with the accumulation of physical 

and human capital endowments. Dalum, Laursen and Villumsen (1998) apply a modified 

Balassa index, the revealed symmetric comparative advantage (henceforth, RSCA), into an 

OLS regression model to analyze whether there is a high degree of stability of export 

specialization in OECD countries from 1965 to 1992. The regression of the RSCA of the 

final year on that of the initial year implies that the country tends to become more specialized 

in sectors of which the estimated coefficient is greater than one, and vice versa. They find 

that OECD countries show a declining trend in export specialization, except for Greece, Italy, 

Japan and the USA. 

 

More recent literature focuses on the entire distribution of Balassa indices rather than 

summary statistics. Using Markov transition probability matrices and mobility indices, 

Proudman and Redding (2000) evaluate the persistence or mobility of the distribution of 

Balassa indices over time, which reflects the evolution of trade patterns. They analyze 

differences in the dynamics of international trade patterns for Japan, France, Germany, the 

UK, and the USA. There is no increasing trend in international specialization, except for 

Japan which has a high degree of persistence in the changes of the revealed comparative, 

suggesting that there is an increasing trend of international specialization. Expanding 

Proudman and Redding’s analysis by augmenting the sample of six largest industrialized 

countries and eight fast growing Asian economies, Brasili, Epifani and Helg (2000) apply 

stochastic kernels to evaluate the dynamics of trade patterns, on top of the Markov transition 

probability matrix. Hinloopen and van Marrewijk (2001) systematically analyze the empirical 

distribution of the Balassa index in 12 European countries. Based on the calculations of 

Markov transition probability matrix and four types of mobility indices in monthly and 

annual data, respectively, they find that Germany has the most persistent pattern while 

Greece has the most mobile pattern of comparative advantages in 1996.  
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In addition to the previous method, Hinloopen and van Marrewijk (2005) develop the 

Harmonic Mass index (HM index), which estimates the dynamics of the whole distribution of 

Balassa indices over time, to capture structural changes in trade patterns. This index was 

applied in some empirical research (Hinloopen and van Marrewijk, 2004; Brakman, Inklaar 

and van Marrewijk, 2013). The methodology was further developed to the Harmonic 

Weighted Mass (HWM) index by Hinloopen, Wagenvoort and van Marrewijk (2012), which 

is the method we use in this paper. 

 

Several papers use revealed comparative advantage to analyze export patterns in Africa 

(Ariovich, 1979; Ng and Yeats, 2001; Edwards and Schoer, 2002). The results of static and 

dynamic analyses suggest that the comparative advantage concentrates on the traditional 

exports sectors, such as agricultural products and natural resource intensive product. The shift 

of comparative advantage from traditional products to manufactured goods is difficult due to 

the rich endowment in natural resources in Africa. In addition to the abundant natural 

resources, Wood and Berge (1997) and Wood and Mayer (2001) argue that the low level of 

education, poor infrastructure and bad policies in Africa are the main explanations for the 

primary products-dominant in the export structure of Africa.  

 

3 Methodology 

Traditional methods identify the export structure of a country by comparing the share of each 

sector in total exports. Though this method gives a general idea about the comparative 

advantages of different sectors, it is not an accurate proxy of comparative advantage. Besides, 

it is not applicable in a cross-country comparison, since it is not necessary for a sector with a 

high share in export in country A to have comparative advantages over the same sector in 

country B with an even higher share. In this paper, relying on the concept of revealed 

comparative advantage, we identify the African export structure by calculating the Balassa 

index. Moreover, based on the distribution of the Balassa index, we further calculate the 

Harmonic Weighted Mass (henceforth, HWM) index, the Markov transition probability 

matrix and mobility indices, which allow us to analyze the dynamics of revealed comparative 

advantage in Africa. In this section, we discuss the indices used. 
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3.1 Balassa index (BI) 

Comparative advantage is an important concept in international trade theory. However, it is 

not easy to identify the true theoretical comparative advantage due to unobservable variables 

in empirical work (De Benedictis and Tamberi, 2001). It is thus useful to introduce the 

concept of revealed comparative advantage to empirically analyze specialization patterns in a 

cross-country setting. Balassa (1965) develops the mostly popular measure of revealed 

comparative advantage, the Balassa index, for country c in sector s, defined as 

                     𝐵𝐼!" =
!"#$%&!" !"#$%  !"#$%&!

!"#$%&!"#$ !"#$%  !"#$%&!"#
                                                                                    (1) 

where ref denotes a group of reference countries. The revealed comparative advantage of 

sector s is given by the ratio of its share of exports in country c to its share of exports in the 

reference countries.3 If >1, namely country c displays a sectoral share greater than the 

same sectoral share in the reference countries, we conclude that the sector s in country c has 

revealed comparative advantage over the reference countries, and vice versa. Its congruence 

with the theoretical foundation was developed later (Hillman, 1980). Based upon exports as 

the only information variable, the Balassa index has a direct interpretation, making it a 

convenient tool to calculate and apply in empirical work. 

 

The Balassa index is not symmetric and its mean value is not fixed. Hence, some researchers 

propose to normalize the original Balassa index in various ways (Laursen, 1998; Proudman 

and Redding, 2000). For instance, Laursen (1998) develops the normalization as 𝐵𝐼! =
!"!!
!"!!

 

to deal with the skewness of the Balassa index, where 𝐵𝐼! ranges from -1 to +1 and is 

therefore symmetric. When −1 < 𝐵𝐼! < 0, the sector s has a comparative disadvantage in 

country c. By contrast, country c has a comparative advantage in sector s if 0 < 𝐵𝐼! < 1. De 

Benedictis and Tamberi (2001), however, claim that the normalization is inappropriate as it 

induces a bias arising from extreme values of the distribution. Weighting the original index 

by the number of sectors 𝑛, Proudman and Redding (2000) normalize the Balassa index as 

𝐵𝐼! = 𝑛𝐵𝐼. Therefore the mean of the normalized Balassa indices of all sectors is equal to 

one. The drawbacks of this normalization are also discussed in De Benedictis and Tamberi 

(2001). This normalization leads to serious errors of interpretation, especially when the 

Balassa index distribution is concentrated around the mean. Since both normalizations have 

                                                
3 Usually the world or some special regions are used as the reference group. 

csBI



 7 

their drawbacks, we use the original Balassa index given in Equation (1) to define revealed 

comparative advantage of African exports. 

 

3.2 Harmonic Weighted Mass index (HWM) 

Since the Balassa index is a static statistic, which cannot give full information about the 

dynamic evolution of the entire Balassa indices over time. A number of alternative statistics 

are developed in the literature, such as stochastic kernel estimates and Markov transition 

matrices (see the next subsection), in spite of practical drawbacks. The estimation of 

stochastic kernels is complicated and requires a large number of data. Most importantly, its 

results are of limited practical use (Hinloopen and van Marrewijk, 2004). When calculating 

Markov transition matrices, the Balassa index values have to be divided into distinct discrete 

cells, increasing calculation burden. In this paper, we use the HWM index to identify 

structural breaks in African trade patterns. The key advantage of the HWM index is that a 

series of Balassa index distributions can be compared over time using a single statistic. More 

importantly, the 10 percent critical value of the HWM is approximately 0.5. This value is 

virtually invariant with the number of observations (there is limited variation for low 

numbers of observations), so this cutoff makes it easy to determine significance.  

 

We first introduce the probability-probability plots (P-P plots), the basis of the calculation of 

the HWM index. A P-P plot is used to assess whether two data sets come from an identical 

distribution by plotting the two cumulative distribution functions against each other. We 

select a set of Balassa indices of all sectors in a particular country for a particular year as one 

data set and compare it to a set of Balassa indices of all sectors in the same country 5 years 

later (or 1, 2, 3, or 4 years later). The P-P plot shows how the distributions of Balassa indices 

of all sectors in a country change over time. Taking Angola for example, Figure 2a shows the 

P-P plot of the Balassa index in 1991 and 1996, respectively. We take the Balassa indices of 

all 2-digit commodities in Angola in 1991 and 1996 as two data sets, respectively. Let 𝐹(𝑥) 

be the joint cumulative distribution functions (CDF) of the two data sets under the 

assumption that the two datasets are from the same distribution. The empirical cumulative 

distribution functions 𝐹!(𝑥)  and 𝐹!(𝑥)  correspond to the data sets in 1991 and 1996, 

respectively. 𝑃! and 𝑃! denote the probabilities that a random variable takes on a value 

smaller than or equal to 𝑥 in the functions 𝐹!(𝑥)  and 𝐹!(𝑥). We can compare the two 

cumulative distribution functions on a compact scale by defining 𝑃! = 𝐹!(𝐹!!!(𝑃!)) and then 
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make a P-P plot based on 𝑃! and  𝑃! (see Figure 2a). If 𝑃! = 𝑃!, then the two cumulative 

distribution functions are identical and the plot coincides with the  dashed line. As for the 

case of Angola, the distributions of the Balassa indices of all 2-digit commodities are 

apparently different between 1991 and 1996. The HWM index provides a method to 

determine whether this difference is statistically significant. 

 

Figure 2: P-P plot of Balassa index (Angola, 1991-1996) 

  
 

Since we are interested in the changes in trade patterns over time, we are particularly 

concerned with the magnitude of the changes. By calculating the size of the shaded areas in 

Figure 2b, we identify the extent of these changes. That is the basic idea of the HWM index. 

Since the function of the  dashed line is , the shaded area between P-P plot and 45° 

dash line is calculated by the integral 𝑃! − 𝑃!
!
! 𝑑𝑃!. The HWM index weighs the size of 

the shaded areas by the number of observations of two data sets and is defined as 

                    𝐻𝑊𝑀 = !!!!
!!!!!

𝑃! − 𝑃!
!
! 𝑑𝑃!                                                                                  (2)  

Where  and  are the numbers of observations of each data set, respectively. 

 

It is quite straightforward to illustrate the HWM index. If the HWM index is greater than the 

critical value 0.5, we conclude that the two data sets are derived from different underlying 

distributions. In that case, we will say a structural change has occurred. If the value is 

smaller than 0.5 we cannot draw this conclusion. The result of our Angola example is a 
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HWM index of 0.258 only. Hence, we find no evidence that the trade pattern in Angola 

changed significantly from 1991 to 1996. We use this procedure using the Balassa indices of 

2-digit export commodities in African countries from 1991 to 2009 to test whether their 

Balassa indices are drawn from the same distribution in 1-5 year differences. 

 

3.3 Markov transition probability matrix and mobility index 

In this subsection, we discuss the Markov transition probability matrix and mobility indices. 

Before showing these methods, let us introduce some basic concepts. A Markov process is a 

random process in which only the current state of the process influences where it goes next. 

In other words, given the present, the future is independent of the past. The Markov process 

is known as a Markov chain if both the time space and the state space are discrete. A Markov 

Chain is a mathematical system that goes through transitions from one state to another. It can 

be summarized by a transition matrix, which is widely used in social science applications, 

such as the convergence of the income level and the dynamics of the export structure (see 

Quah, 1993; Proudman and Redding, 2000; Hinloopen and van Marrewijk, 2001). In this 

paper, we take the discrete time data of the Balassa indices of twenty African countries as 

Markov chains to identify their persistence and mobility. 

 

A. Markov transition probability matrix 

We consider a Markov chain {BIcst, t = 0, 1, 2, …} as a nonnegative set, where BIcst is the 

Balassa index of a particular sector s in a particular African country c at time t. Unless 

otherwise mentioned, we use BIt  as a replacement of BIcst. All the elements of the Markov 

chain are grouped into several states. If the element BIt ∈  i, then the process is said to be in 

state i at time t. We suppose that the process makes a transition from state i to the next state j 

with a fixed probability Pij. In particular 

 

                  𝑃 𝐵𝐼!!! = 𝑗 𝐵𝐼! = 𝑖,𝐵𝐼!!! = 𝑖!!!,… ,𝐵𝐼! = 𝑖!,𝐵𝐼! = 𝑖!} = 𝑃!"                                (3) 

 

for all states  𝑖!, 𝑖!,… , i!!!, i, j and all 𝑡 ≥ 0. Equation (3) states that, given the past states 

𝐵𝐼!,𝐵𝐼!,… ,𝐵𝐼!!!   and the present states 𝐵𝐼! , the conditional distribution of any future state 

𝐵𝐼!!! is independent of the past states and depends only on the present state. Since the 
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Probability Pij is nonnegative and the process must move into some state from the current 

state, we have that 

                  𝑃!" ≥ 0,                𝑖, 𝑗 = 1, 2,…    ,𝑚;                    𝑃!" = 1,!
!!!       𝑖 = 1, 2,… ,𝑚                               (4) 

Let P denote the 𝑚×𝑚 matrix of one-step transition probabilities Pij, that is: 

 

𝑃 =

𝑃(1, 1) 𝑃(1, 2)
𝑃(2, 1) 𝑃(2, 2) ⋯ 𝑃(1,𝑚)

𝑃(2,𝑚)
⋮ ⋱ ⋮

𝑃(𝑚, 1) 𝑃(𝑚, 2) ⋯ 𝑃(𝑚,𝑚)

 

 

The entries on the diagonal of the matrix are the probabilities of remaining in the same state 

from present time t to the next period 𝑡 + 1. In this sense, they identify the persistence of the 

Markov chain. The entries on the off-diagonal of the matrix indicate the transition 

probabilities of moving from the present state BIt to the future state BIt+1. For example, 

𝑃 1,2  in matrix P indicates the probability of the Balassa index moving from state 1 at time 

t to state 2 at time t+1. In this paper, we categorize all Balassa indices into four states (see 

details in 3.5), so m = 4 and P is a 4×4 matrix. 

 

B. Limiting probability distributions 

Matrix P is the one-step transition probability matrix estimated from the Markov Chain of a 

series of Balassa indices. Such a one-step transition is labeled a 1-year transition. 

Additionally, a long-run transition of this process is worth noting. We denote 𝑃!"!  as the t-step 

transition probability and 𝑃! is the corresponding matrix. If the one-step transition matrix P is 

irreducible, recurrent and aperiodic (see the definitions in Ross, 2000: P169, P172 and P178, 

respectively), 𝑃!"!  will converge to some value (𝜋!) as t approaches infinity, which is the same 

for all i. In other words, 𝜋! is the probability of reaching state j after a large number of 

transitions regardless of the state status of the initial process. The limiting probability 

distribution (𝜋!) is called the ergodic distribution. The theoretical ergodic distribution can be 

characterized by: 

 

                    𝜋! =    lim!→! 𝑃!"! = 𝜋!!
!!! 𝑃!" ,      𝑗 = 1, 2, 3, 4                                   𝜋!!

!!! = 1                              (5)  
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The above two equations (5) uniquely determine the stationary probability distribution 𝜋! as 

𝑡 → ∞. Alternatively, we can simply iterate the one-step matrix P until each column (j) 

converges to the stationary status (𝜋!).  In this paper, we iterate the one-step transition 

probability matrix P for 10,000 times to calculate the theoretical ergodic distributions. 

Unfortunately, not every country in our sample has an ergodic distribution since the transition 

probability matrices of some countries do not satisfy the irreducible, recurrent and aperiodic 

conditions. This holds for Algeria, Libya, Mali, and Mauritius (see Appendix 3). 

 

We also calculate the share of Balassa indices in each state during the entire sample period, 

which are labeled empirical ergodic distributions. By comparing the results of the theoretical 

and empirical ergodic distributions, we get an indication if the transition probability matrices 

accurately capture the data-generating process underlying the Balassa index distributions.  

C. Mobility index 

By reducing the information captured by transition probability matrix P to a single statistic, a 

mobility index characterizes the degree of mobility of the Balassa index process. Various 

mobility indices have been developed in the literature. Since there is no significance test for 

these mobility indices, we have to compare our results to some benchmarks. In this paper, we 

follow the calculation of four mobility indices in Hinloopen and van Marrewijk (2001) and 

Proudman and Redding (2000) and adopt their results as benchmarks. 

 

Table 1: Four Mobility Indices 
 Literature Mobility Index Description 

1 Shorrocks (1978) 𝑀! =
𝑚 − 𝑡𝑟(𝑃)
𝑚 − 1

 
• m is the number of states (m=4);  
• 𝑡𝑟(𝑃) is the trace of the one-step 

transition probability matrix P. 

2 Bartholomew (1973) 𝑀! = 𝜋!
!

𝑃!"|𝑗 − 𝑖|
!

 

• 𝜋! is the ergodic distribution of 
transition matrix P; 

• i, j are the state; 
• 𝑃!" is the probability of one-step 

transition form state j to state i. 

3 
Sommers and Conlisk 
(1979) 

𝑀! = 1 − |𝜆!| 
• 𝜆! is the second largest eigenvalue of 

matrix P. 
4 Shorrocks (1978) 𝑀! = 1 − det  (𝑃) • det (p) is the determinant of matrix P. 

 

Table 1 shows four methods of calculating mobility indices. First, the diagonal elements of 

𝑀! are the probability of staying in the same state. One minus these elements is thus a 
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measure of mobility. Second, 𝑀! uses the proportions 𝜋! of the ergodic distribute as weights 

to calculate the degree of mobility of the off-diagonal elements. Third, let 𝜆!,… , 𝜆! be the 

eigenvalues of the one-step transition matrix P, ordered by 𝜆! = 1 > 𝜆! ≥ ⋯ ≥ |𝜆!|. The t-

step transition probability matrix 𝑃! converges to its equilibrium value (𝜋!) as rapidly as 

|𝜆!|! ,… , 𝜆! !  converge to zeros (Sommers and Conlisk, 1979). The second largest 

eigenvalue, |𝜆!|, is commonly used as a measure of convergence speed or a measure of 

immobility, because |𝜆!|! converges as slow or slower than the other eigenvalues. Thus 𝑀! 

uses 1 minus the absolute value of the second largest eigenvalue as an indication of mobility. 

Fourth, and finally, the product of the eigenvalues is equal to the determinant of the transition 

matrix P, which explains 𝑀!. 

 

The advantage of calculating four types of mobility indices is that, by adopting some 

properties of the transition matrix, we are able to evaluate mobility through the entire 

distribution of Balassa indices. When these indices are positively correlated, the four mobility 

indices properly capture the degree of mobility. Therefore, we can simply compare our 

results with the benchmark, identifying whether there is a reasonable structural change in 

African exports.  

 

4 Sample and data sources 

By 2010, there are 57 countries in Africa (United Nations, 2011). Because not every country 

plays an important role in African exports, we restrict our sample according to the following 

criteria. First, a country is included if it has a population of more than one million people in 

2010. Second, we select countries with available annual data for more than 10 years, which 

are well distributed during the period from 1990 to 2010. Third, the total value of exports 

from the selected countries should rank top twenty in Africa either in 1990, 2000 or 2010. In 

the end, our sample consists of twenty African countries (Appendix 1).4 In addition, 181 

countries are used as our reference countries (see Appendix 2). 

 
                                                
4 There are two exceptions, Angola and Libya, which do not meet the above requirements but are included. 
There is not enough export data for Angola and Libya in the UN Comtrade if taking them as reporter countries. 
But these two countries are important in African exports, as they are the largest exporters to China and the USA 
in 2010, respectively. So we reverse the reporter and partner countries in order to get their exports data, taking 
top 50 importers as the reporter countries, which accounted for 92.73% of the total imports in the world in 2010, 
and on the other hand taking Angola and Libya as partner countries. 
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We collect annual export data from 1990 to 2010 using UN Comtrade.5 The export data 

includes 69 sectors at the 2-digit level of the classification SITC Rev.2, which contains 

99.998% of all African exports in our sample. Moreover, to cope with the volatile data in 

individual years, we use 3-year central moving average to the annual export data. 

Consequently, the time dimension of our sample reduces to 19 years. 

 

5 Results of identifying structural change 

5.1 Results with Balassa index 

We calculate the Balassa index for 20 African countries in the period 1991-2009. In order to 

identify changes in the comparative advantage of major exports in each African country, we 

list the 2-digit sectors with the greatest Balassa index in 1995 and 2005, respectively (Table 

3.2). Thirteen countries showed no shift in the sectors with the largest Balassa index from 

1995 to 2005. In particular, Ethiopia, Kenya, Madagascar and Uganda always had the largest 

comparative advantage in sector SITC 07 (Coffee, tea, cocoa, spices, and manufactures 

thereof). Similarly for some natural-resource products in several countries, such as Morocco, 

South Africa, Angola, Libya, Algeria and Zambia. Almost one-third of the countries (seven 

in total), however, showed a change in the 2-digit sectors with the highest Balassa index.  

Cote d’Ivoire, for example, shifted from an agricultural product (SITC 07) to a technology-

intensive product (SITC 95). The other countries had their largest comparative advantage 

always either in agricultural or natural-resource sectors in these two years. 

 

We are not primarily interested in the changes in the sector with the largest Balassa index in a 

country, but mostly with the change in comparative advantages between industries within the 

country. We classify the 2-digit SITC commodities into five factor-abundance type categories 

based on the Empirical Trade Analysis Center. 6  We made some adjustments in the 

classification for two reasons. First, our data is collected at the 2-digit instead of the 3-digit 

level. Second, the majority of African exports concentrate in primary products. Thus we 

divided the first group (A. primary products) of the Empirical Trade Analysis Center, into 

two parts, namely Agricultural primary products and Natural resource & natural-resource 

intensive products. Specifically, except for the sectors SITC27, SITC28, and SITC3 in the 

                                                
5 http://comtrade.un.org/  
6 Website  http://www2.econ.uu.nl/users/marrewijk/eta/index.htm 



 14 

original classification the remaining products are grouped into the first type: Agricultural 

primary products. In addition, the sectors SITC 27, SITC 28, SITC 3 and SITC 971 and all 

sectors in the second group (B. Natural-resource intensive products) in the original 

classification are combined in the second type in this paper: Natural resource & Natural-

resource intensive products. The complete classification is listed in Appendix.7 

 

• A: Agricultural primary products (23 sectors) 

• B: Natural resource & natural-resource intensive products (11 sectors) 

• C: Unskilled-labor intensive products (6 sectors) 

• D: Technology intensive products (16 sectors) 

• E: Human-capital intensive products (10 sectors) 

                                                
7 There are three sectors (SITC91, 93 and 96) grouped into Non-classified products, which is not listed here. 
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Table 2: The highest Balassa index in selected years, 2-digit 

Country Year SITC Commodity BI 

Ethiopia* 
1995 

07 Coffee, tea, cocoa, spices, and manufactures thereof 
105.6 

2005 96.7 

Kenya 
1995 

07 Coffee, tea, cocoa, spices, and manufactures thereof 
57.9 

2005 51.0 

Madagascar 
1995 

07 Coffee, tea, cocoa, spices, and manufactures thereof 
59.0 

2005 28.6 

Uganda 
1995 

07 Coffee, tea, cocoa, spices, and manufactures thereof 
103.8 

2005 63.5 

Malawi 
1995 

12 Tobacco and tobacco manufactures 
121.1 

2005 220.6 

Gabon* 
1995 

24 Cork and wood 
17.4 

2005 15.6 

Morocco 
1995 

27 Crude fertilizer and crude minerals 
27.2 

2005 25.1 

South Africa 
1995 

32 Coal, coke and briquettes 
12.9 

2005 12.7 

Angola 
1995 

33 Petroleum, petroleum products and related materials 
18.8 

2005 9.6 

Libya 
1995 

33 Petroleum, petroleum products and related materials 
17.8 

2005 9.4 

Algeria 
1995 

34 Gas, natural and manufactured 
44.0 

2005 21.5 

Tunisia 
1995 

56 Fertilizers, manufactured 
17.7 

2005 18.9 

Zambia* 
1995 

68 Non-ferrous metals 
41.7 

2005 28.3 

Cote d’Ivoire* 
1995 07 

95 
Coffee, tea, cocoa, spices, and manufactures thereof 
Armoured fighting vehicles, war firearms, ammunition, parts, nes 

69.2 
2005 97.6 

Egypt 
1995 94 Animals, live, nes, (including zoo animals, pets, insects, etc) 14.3 
2005 26 Textile fibres (not wool tops) and their wastes (not in yarn) 11.0 

Mali* 
1995 26 Textile fibres (not wool tops) and their wastes (not in yarn) 145.8 
2005 97 Gold, non-monetary (excluding gold ores and concentrates) 149.3 

Mauritius 
1995 06 Sugar, sugar preparations and honey 69.1 
2005 94 Animals, live, nes, (including zoo animals, pets, insects, etc) 215.2 

Mozambique 
1995 03 Fish, crustacean and molluscs, and preparations thereof 45.2 
2005 35 Electric current 31.5 

Senegal 
1995 27 Crude fertilizer and crude minerals 32.7 
2005 03 Fish, crustacean and molluscs, and preparations thereof 28.7 

Togo* 
1995 27 Crude fertilizer and crude minerals 88.7 
2005 26 Textile fibres (not wool tops) and their wastes (not in yarn) 49.5 

Note: * indicates there is no data for 1995 or 2005, the data of the closest year is listed in the table 
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For each of these groups, we calculate the share of sectors that have a Balassa index greater 

than unity in the sectors. The idea is that changes in these shares are expected to reflect 

changes in trade patterns. Table 3 shows the information for two selected years, 1995 and 

2005. The shaded numbers contain the largest shares in each year, implying that the 

comparative advantage of the trade pattern concentrates on this group. As expected, most 

African countries in our sample had a comparative advantage in Agricultural Primary Product 

than other groups in both years. As for Algeria, Angola, Gabon and Libya, the small share of 

the comparative advantageous sectors in the Natural resource and natural-resource intensive 

products indicates that they have some strong sectors in their exports, in line with their high 

dependency on oil and natural gas exports. Comparing the distribution of the sectors with 

BI>1 among different groups, we find that there was no shift of comparative advantage 

among groups from 1995 to 2005 in our sample countries.  

 

Table 3: Share of sectors with BI>1 in total sectors, percentage (%) 

Country 
Agricultural 

Products 
Natural-
resource 

Unskilled- 
labor int. 

Technology 
int. 

Human- 
capital int. Total Share 

1995 2005 1995 2005 1995 2005 1995 2005 1995 2005 1995 2005 

Cote d’Ivoire* 17.4 17.4 4.3 2.9 0.0 0.0 1.4 2.9 1.4 2.9 24.6 26.1 

Egypt 8.7 10.1 5.8 8.7 4.3 2.9 2.9 2.9 2.9 1.4 24.6 26.1 

Ethiopia* 15.9 17.4 1.4 2.9 0.0 0.0 0.0 0.0 0.0 0.0 17.4 20.3 

Kenya 20.3 15.9 5.8 5.8 0.0 2.9 0.0 2.9 2.9 2.9 29.0 30.4 

Madagascar 14.5 14.5 2.9 4.3 1.4 2.9 0.0 0.0 1.4 2.9 20.3 24.6 

Malawi 13.0 11.6 0.0 1.4 0.0 1.4 0.0 1.4 0.0 0.0 13.0 15.9 

Mali* 5.8 4.3 2.9 1.4 0.0 0.0 0.0 0.0 0.0 0.0 8.7 5.8 

Mauritius 5.8 5.8 0.0 1.4 2.9 2.9 2.9 1.4 0.0 2.9 11.6 14.5 

Morocco 8.7 11.6 5.8 4.3 5.8 5.8 4.3 4.3 0.0 0.0 24.6 26.1 

Mozambique 11.6 13.0 4.3 4.3 0.0 0.0 0.0 0.0 1.4 0.0 17.4 17.4 

Senegal 11.6 18.8 2.9 4.3 0.0 0.0 4.3 5.8 1.4 1.4 20.3 30.4 

South Africa 11.6 14.5 10.1 8.7 1.4 1.4 4.3 5.8 1.4 2.9 29.0 33.3 

Togo* 13.0 18.8 2.9 2.9 0.0 0.0 0.0 0.0 0.0 5.8 15.9 27.5 

Tunisia 5.8 7.2 4.3 4.3 4.3 5.8 4.3 4.3 0.0 0.0 18.8 21.7 

Uganda 14.5 18.8 1.4 4.3 0.0 0.0 1.4 0.0 0.0 2.9 17.4 26.1 

Zambia* 7.2 14.5 4.3 5.8 1.4 1.4 2.9 2.9 0.0 1.4 15.9 26.1 

Algeria 0.0 0.0 4.3 2.9 0.0 0.0 0.0 0.0 0.0 0.0 4.3 2.9 

Angola 0.0 0.0 1.4 2.9 0.0 0.0 0.0 0.0 0.0 0.0 1.4 2.9 

Gabon* 2.9 4.3 4.3 4.3 0.0 0.0 0.0 0.0 0.0 0.0 7.2 8.7 

Libya 1.4 0.0 2.9 2.9 0.0 0.0 2.9 1.4 0.0 0.0 7.2 4.3 

 Note: * indicates there is no data for 1995 or 2005, the data of the closest year is listed in the table 
The shaded cells contains the largest shares in each year; total share indicates the total share of sectors 
with a revealed comparative advantage (Balassa index > 1). 
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The total share indicates the overall share of sectors with a revealed comparative advantage 

(Balassa index > 1) out of a total of 69 sectors (see Table 3). Except Senegal, Uganda and 

Zambia, there is virtually no change in this share. It is worth noting that the average share of 

sectors with a revealed comparative advantage in Africa is 16 percent in 1995 and less than 

20 percent in 2005 (not shown in the table). This is much lower than that for other economies, 

such as 33 percent in EU-12 from 1992 to 1996 and 40 percent in China from 1970 to 1997.8 

This is indicative of the fact that African comparative advantage is more concentrates in a 

small number of sectors. The next subsection analyzes the whole distribution of the Balassa 

indices within each African country from 1991 to 2009. 

 

5.2  Results for the HWM index 

By comparing the distribution of the Balassa index at two points in time using the Harmonic 

Weighted Mass (HWM) index we can identify structural changes as explained in section 3.3. 

We calculate the HWM index for each country in our African sample by starting in 1991 and 

comparing the distribution of the Balassa index with that in 1992, 1993, 1994, 1995, and 

1996 (five subsequent years). We then move on to 1992 and repeat the exercise. We keep 

doing this until we finally compare 2004 with 2005, 2006, 2007, 2008 and 2009.  

 
Figure 3: The number of African countries with significant structural change 

 
      Note: The reported difference is backward in time; 3-year moving average; Significance at 10% level.  

                                                
8 See Hinloopen and van Marrewijk (2001 & 2004). 
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Figure 3 presents the number of African countries with significant HWM indices for 1-5 year 

differences in the sample period (using the 10 percent significance level as a cut off). The 

number of structural changes is only ‘high’ if it is above the number that we should normally 

expect. With a 10 percent significance level and 20 countries that benchmark number is, of 

course, 2 countries, as indicated in the figure. The actual number is always below this 

threshold, except for 5-year differences in 2003 and 2004. Note that the average number over 

the whole period is also below the threshold for 5-year differences. In short, we find only a 

few countries with structural breaks using 2-5 year differences during the entire sample 

period and no countries with a structural break using 1-year differences. Overall, the number 

of structural breaks does not exceed the expected threshold level during the time span. 

 

Figure 4: The share of the countries with structural change in each sample9 (%) 

 
                Note: The reported difference is backward in time; 5-year difference; significance at 10% level;  

                          5-year moving average in OECD, 3-year moving average in Africa. 

 

How do our results for Africa compare to other studies? Brakman, Inklaar and van Marrewijk 

(2013), use a similar method to analyze structural change of comparative advantage for 

OECD countries. Their results for 5-year differences are summarized and compared to our 

case in Figure 4. Clearly, structural change is much more frequent in OECD countries. The 

overall frequency is clearly above the 10 percent threshold (see also below), which is also the 

case in most individual years. There is a peak in structural breaks in the OECD countries in 

                                                
9 The two studies include 21 OECD countries and 20 African countries, respectively. 
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the 1980s.10 In contrast, structural change in Africa is nearly absent. Table 4 shows the share 

of countries with significant changes for various years of difference for both the OECD and 

African countries during the entire sample period. Structural change is higher for longer time 

differences in both cases, as expected. In all cases the share of structural change is 

substantially higher in the OECD sample than in Africa. More specifically, this share exceeds 

the 10 percent threshold in the OECD countries for 3-5 year differences. This is never the 

case in Africa in the past two decades.  

 
Table 4: The share of countries with structural changes in each # of years difference (%)11 

Regions	   5-‐year	   4-‐year	   3-‐year	   2-‐year	   1-‐year	  
OECD	   18.63	   14.29	   10.05	   5.53	   1.75	  
Africa	   6.43	   4.00	   2.50	   0.29	   0.00	  

 

 

Figure 5 shows the results of the HWM index calculations at the country level. For 

tractability, we restrict attention to the (largest) 5-year differences and display 3-year moving 

averages. Since a country experiences structural change if the HWM index is greater than 0.5 

we first note that there is a large number of 11 African countries without any structural 

change in the 5-year difference calculation. We can sub-divide the African countries 

according to their export concentration into three main groups, namely (i) countries 

depending mainly on agricultural products, (ii) countries depending mainly on natural 

resources, and (iii) more diversified exporters. A country is allocated either to group (i) or (ii) 

if the value of its export share in that category exceeds 50 percent in 2009. Otherwise it is 

allocated to group (iii). Figure 5a and Figure 5b present the more diversified exporters. None 

of these exhibit structural breaks, with the exception of South Africa and Mauritius (although 

we do find structural breaks for Egypt for lower time differences, see Table 5). Figure 5c 

shows that 3 out of 5 agricultural product dependent countries (Kenya, Malawi and Cote d’ 

Ivoire) did not show structural change in the given period. Figure 5d, in contrast, shows that 

most natural-resource dependent countries (Algeria, Angola, Libya, Mozambique and Gabon) 

did experience structural change (while Zambia experience structural change for lower time 

differences, see Table 5). More than half of the African countries thus never experienced 

                                                
10 The authors analyze several possible causes of this peak, see Brakman, Inklaar, and van Marrewijk (2013). 
11 The average number of changes is calculated from the table in Figure 3. Take 5-year differences as example; 
the total number of breaks is 18 for 14 transition periods; the average number of changes is thus 1.29 divided by 
20 African countries is 6.43 percent structural changes for  5-year differences. 
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structural breaks, while countries that are highly dependent on natural-resource exports tend 

to change their export structure more frequently. 

 

Figure 5: HWM index of Africa by exports concentration12 

 
Note: The difference is backward in time; significance at 10% level; 5-year difference, 3-year moving average. 
 

Table 5 lists all significant changes in African countries for 1-5 year differences.13 We cluster 

the changes into three groups according to the number of changes. Only five countries have 

more than two structural breaks. We also list the exact years of the structural breaks for ease 

of reference when we discuss possible causes for these breaks in the next subsection. 

  

                                                
12 A country is classified as ‘agricultural export concentrated’ if the valua of its agricultural exports exceed 50% 
of its total export value in 2009. Similarly for ‘natural-resource export concentrated’. The other countries are 
classified as ‘diversified exporters’. The classification of export type is listed in the next subsection. 
13 There is no significant structural change for 1-year differences. 
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Table 5: All significant structural breaks: transition period, 1-5 years difference 

Number Transition Differences Transition Differences Transition Differences 

1 
Libya Mozambique Zambia 

1999, 2004 5 1995, 2000 5 1996, 1999 3 

2 
Algeria Egypt Ethiopia 

1995, 1999 4 2006, 2008 2 2002, 2006 4 
1995, 2000 5 2006, 2009 3 2002, 2007 5 

≥ 3 

Angola Gabon Mauritius 
1996, 2001 5 2002, 2007 5 1997, 2001 4 
1997, 2001 4 2003, 2006 3 1997, 2002 5 
1997, 2002 5 2003, 2007 4 1998, 2002 4 
1998, 2003 5 2003, 2008 5 1998, 2003 5 

South Africa Uganda 1999, 2002 3 
1993, 1996 3 1998, 2003 5 1999, 2003 4 
1993, 1997 4 1999, 2003 4 1999, 2004 5 
1993, 1998 5 1999, 2004 5 2000, 2003 3 
1994, 1997 3 2000, 2003 3 2000, 2004 4 
1994, 1998 4 2000, 2004 4 2000, 2005 5 
1994, 1999 5 2000, 2005 5   

 

5.3  Explanations for certain structural breaks 

Although there is no evidence of structural change in African exports if we take all the 20 

African countries as a whole, we do find some significant breaks in certain countries (see 

Table 5). Do these breaks really identify structural change or are they driven by data issues? 

In this subsection, we investigate some possible reasons for these breaks, focusing on the 

countries that experienced two or more statistically significant breaks. 

 

A. Data issues: Egypt and South Africa 

First, we attempt to rule out the observed structural change caused by data issues. As a matter 

of fact, we do find some data issues in Egypt and South Africa, which have a high fraction of 

the non-classified commodity (SITC 93) in their export structures in certain years.14 This 

commodity is for goods that lack a well-defined classification. A large share of non-classified 

commodity implies a distorted low share of other commodities of interest, leading to biased 

Balassa indices for other sectors. In Egypt, the share of the non-classified commodity (SITC 

93) surged from 3.45% in 1999 to its peak of 13.4% in 2006, corresponding to the beginning 

year of identified structural change. It dropped to 4.2% and 0.2% in 2008 and 2009, 
                                                
14 SITC 93: Special transactions, commodity not classified according to class  
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respectively, when the identified structural changes ended. Similar developments in South 

Africa are even more pronounced as the share of the non-classified commodity SITC 93 

accounted for 38.5% and 33.5% of total export value in 1993 and 1994, respectively. Again 

this coincides with identified structural change. We think it is fair to conclude that in all these 

cases there is no real structural change in these countries, just a classification problem.  

 

B. Pseudo structural change: Libya, Algeria, Angola, Gabon and Ethiopia 

We find that some countries indeed show patterns of structural change; however, these 

changes are temporary and caused by exogenous shocks (such as the outbreak of civil wars, 

the change of oil prices, and so on). Thus these changes are pseudo structural changes in 

exports. Usually, these countries are highly relying on one or two types of export products. 

Taking export values in other sectors as given, a relatively small change in the main export 

product has a large influence on the total value of exports. The Balassa indices for all other 

products are affected accordingly, indentified as structural change but easily reversed 

subsequently. We discuss these countries with ‘pseudo structural change’ separately below. 

 

Libya, Algeria, Angola, and Gabon are all highly dependent on exporting natural resources. 

Algeria’s exports, for example, are highly concentrated in Petroleum, petroleum product and 

related materials (SITC 33) and Gas, natural and manufactured (SITC 34). The share of the 

two sectors accounted for more than 90 percent of total export values during the sample 

period (see Figure 6a). Thus, a slight change in the exports of the two sectors would severely 

affect the total export value. By comparing the distributions of the Balassa indices in 1995, 

1999 and 2000 for Algeria, we find that Balassa indices in most sectors of 1995 are higher 

than that of 1999 and 2000. We attribute this phenomenon to the changes of the total exports 

in SITC 33 and SITC 34 in 1995, 1999 and 2000. In 1995, a dramatic decline in export values 

of SITC 33 and SITC 34 led to a sudden decline of total value of Algerian exports which 

therefore increased the Balassa indices of the other sectors. On the contrary, a sudden 

increase in exports for SITC 33 and 34 in 1999 and 2000 led to a large value of total exports 

and low Balassa indices for the other sectors. The unbalanced distributions of Balassa indices 

contribute to the significant breaks in 1995-1999 and 1995-2000 transitions in Algeria.  
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Figure 6: Natural-resource export concentration: the value and share 

 
 Source: UN Comtrade 
 

A similar story applies to Angola and Gabon as well. The breakout of the Angola civil war in 

1996 hindered the export of Petroleum, petroleum product and related materials (SITC 33), 

the most important export item for Angola which accounted for more than 90 percent of total 

exports in most of the years (see Figure 6b). The relatively small exports of SITC 33 during 

the chaos period (1996-1998) resulted in larger Balassa indices of other sectors compared to 

the period 2001 – 2003, leading to the breaks shown in Table 5. Similarly for Gabon in 2002 

– 2003 compared to 2006 – 8 (Figure 6c). 

 

Ethiopia, finally, is a typical African country with a high dependence on agricultural exports, 

such as coffee, tea, cocoa, oil seeds and oleaginous fruit, crude animal and vegetable 

materials.15 The year 2002 is special from a structural perspective (Table 5). In that year a 

severe drought ravaged Ethiopia and temporarily damaged its comparative advantage in 

agricultural products, thus explaining the breaks relative to 2006 – 2007. 

 

We therefore conclude that the structural changes identified in Libya, Algeria, Angola, 

Gabon, and Ethiopia are actually consequences of temporary, exogenous shocks, rather than 

actual structural changes in comparative advantages. 

 

C. Other cases for structural change: Uganda and Mauritius 

After discussing data issues and pseudo structural change there are only two countries left 

with identified structural changes, namely Uganda and Mauritius. To explore the origins of 

structural change in these countries, we look at their export structure. According to 

classification of 2-digit SITC commodity in the last subsection, we calculate the share of 
                                                
15 SITC 07, SITC 22 and SITC 29 
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sectors in each product group that has a Balassa index greater than unity (see Figure 7). 

Changes in these shares are expected to reflect changes in trade patterns. The intuition is as 

follows. The structural changes in comparative advantage (Balassa index) are expected to 

reflect the dynamics of the domestic industrial structure, thereby reflecting the changes in the 

export share of different sectors. Figure 7 shows the share of sectors in different product 

groups with Balassa index greater than unity in Uganda and Mauritius. 

 

Figure 7: Share of sectors in product group with BI>1, 2-digit 

  
 

Let us first look at Uganda. Although the development of agriculture was given priority in 

Uganda since 1986 the involvement in the civil war of the Democratic Republic of Congo 

from 1998 to 2000 severely impeded Uganda’s economic growth. At the same time, the 

shares of both the agricultural and technology intensive products declined (see Figure 7a). 

Since the recovery period from 2003, the number of sectors with BI>1 increased significantly, 

exceeding that of 1998, 1999 and 2000. This contributes to the significant breaks shown in 

Figure 5. However, agricultural products have continuously ranked as the most important 

export sectors in Uganda. In this sense, there is no industry-upgrading structural change from 

an agriculture-dominant to an industry-dominant one. 

 

Manutius is more complicated. Sugar was its only main export product before the 1980s. 

With the assistance of the World Bank and the International Monetary Fund (IMF), Mauritius 

started to diversify its export structure, targeting unskilled-labor intensive product exports. At 

the beginning of the 1990s, these became the most competitive exports (see Figure 7b), 

replacing agricultural primary products. As an indication of the further diversification in 

export structure, the share of agricultural primary products and subsequently unskilled-labor 
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products was reduced. The share of sugar (SITC 06) exports, for example, decreased from 24 

percent in 1997 to 16.5 percent in 2005. The share of clothing (SITC 84) exports decreased 

from 56 percent in 1997 to 38 percent in 2005. Many other sectors have been rapidly growing 

since the new millennium. Although some of them have not reached a comparative advantage 

yet (their BIs<1, unobservable in Figure 7b), we do observe rising Balassa indices, which 

contribute to the significant breaks reported in Table 5. In view of the above, Mauritius might 

be the only candidate for true structural change in Africa.  

 

5.4  Markov transition and mobility indices 

The Harmonic Weighted Mass (HWM) index analysis in the above two subsections suggests 

that most African countries did not experience structural change in their export profile over 

the past two decades. This section investigates transition probability matrices and mobility 

indices to analyze the degree of persistence and mobility of revealed comparative advantage 

(Balassa index). Our main objective is to corroborate our earlier findings from a different 

perspective. 

 

To identify whether the mobility of African export structure is large or not, we use the results 

for the EU-12 in Hinloopen and van Marrewijk (2001) and for the G-5 in Proudman and 

Redding (2000) as benchmarks since their data sets are similar to ours.16 We also use the 

same classification rules. This leads to four different states in both cases, namely No, Weak, 

Medium and Strong comparative advantage as in Hinloopen and van Marrewijk (2001), see 

Table 6a, and the four quartiles as in Proudman and Redding (2000), see Table 6b. In the 

latter case the Balassa indices are sorted from low to high in each year for all countries 

(pooled sample) and for individual countries. Quartile1 refers to the lowest ranked 25 percent 

in all countries or in each African country, and so on.  

 

 

 

 

 

                                                
16 2-digit Combined Nomenclature Industry code (99 sectors) from Eurostat is used in Hinloopen and van 
Marrewijk (2001). The data of 22 industries classified from ISIC is used in Proudman and Redding (2000). In 
our paper, we use 2-digit SITC 2 data (69 sectors) from UN Comtrade. 
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Table 6: Categories of the Balassa index 
a. Category I: No, low, medium, high (Hinloopen and van Marrewijk (2001)) 

State 1 0 < Balassa index  ≤ 1 No Comparative Advantage 
State 2 1 < Balassa index  ≤ 2 Weak Comparative Advantage 
State 3 2 < Balassa index  ≤ 4 Medium Comparative Advantage 
State 4        4 < Balassa index Strong Comparative Advantage 

b. Category II: Quartiles (Proudman and Redding (2000)) 
State 1 0% < Balassa index  ≤ 25% Quartile 1 
State 2 25% < Balassa index  ≤ 50% Quartile 2 
State 3 50% < Balassa index  ≤ 75% Quartile 3 
State 4 75% < Balassa index  ≤100% Quartile 4 

 

Assuming that the stochastic process determining the evolution of revealed comparative 

advantage (Balassa index) is the same across each economy, we analyze a pooled sample for 

all African countries as a whole. 17  Table 7 shows the results of Markov transition 

probabilities according to the two classifications for a 1-year transition. Each row in the sub-

table denotes the estimated probability of passing from one state to another. Generally, the 

larger the diagonal data the greater the probability of persistence in each state, while the 

larger the off-diagonal terms the greater mobility. For example, the first data in Table 7a 

denotes that the sectors without comparative advantage have 97.7 percent probability of 

remaining in the no comparative advantage state in the next year. The other data in the first 

row presents the probabilities of moving into the state of the weak, medium and strong 

comparative advantage in the next period, respectively.  

 

The last two rows of Table 7 present the Ergodic distribution for each state in two categories. 

The theoretical distribution reflects the stationary distribution of the revealed comparative 

advantage of Africa after a large number of transitions. The empiric distribution corresponds 

to the distribution of the Balassa indices during the entire sample period. For example, due to 

the quartile classification in category II, the empirical ergodic distributions are 25 percent in 

each state. However, the stationary distribution changes substantially, especially the share of 

Balassa indices in states 1 and 4. The share of the Blassa indices in state 1 decreases from 25 

percent in sample period to 17.5 percent in its stationary status, while the distribution in state 

4 changes from 25 to 35.3 percent. To relax the assumption in the beginning of the last 

                                                
17 Four countries in the sample, listed in Appendix 3, are dropped in the calculation of Markov transition 
probability matrix and mobility index for various reasons. There is only one observation (SITC 61 with Balassa 
index 3.34 in 2000) for Mali in state 3 for Category I. This unbalanced distribution results in movement from 
state 3 to another state with 100 percent probability (see Appendix 3-Mali). There are no ergodic distributions in 
the other three countries (Algeria, Libya and Mauritius) since their transition matrices are not irreducible. 
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paragraph, we also estimate the transition probability matrix for individual African countries 

(see Appendix 4). 

 

Table 7: Markov 1-year transition matrices for Africa by two categories: the pooled sample 

a. Category I: No, weak, medium, strong b. Category II: Quartiles 
1-year No Weak Medium Strong 1-year 1 2 3 4 

No 0.977 0.020 0.002 0.000 1 0.898 0.097 0.004 0.001 
Weak 0.151 0.726 0.118 0.005 2 0.084 0.821 0.093 0.002 

Medium 0.008 0.117 0.768 0.107 3 0.003 0.068 0.866 0.063 
Strong 0.001 0.004 0.061 0.934 4 0.001 0.002 0.047 0.950 
Theory 0.644 0.090 0.097 0.169 Theory 0.175 0.202 0.270 0.353 
Empiric 0.749 0.080 0.069 0.102 Empiric 0.250 0.250 0.250 0.250 

Note: Some rows in the matrix do not add up to one due to rounding, as in Appendix 3 and Appendix 4; the 
theoretical ergodic distribution is the limiting distribution; the empirical one is the number of observations in 
that state for the period as a whole. 
 

A mobility index is calculated on the basis of the transition probability matrix and indicates 

the degree of mobility in the Balassa index distribution. Table 8 shows the mobility indices 

for the pooled samples for the benchmark and the sixteen African countries. In the pooled 

sample, all the mobility indices for Africa are lower for the benchmark in both categories in 

1-year transitions, especially in category I. In other words, the changes in the distribution of 

the revealed comparative advantage (Balassa index) are fewer in African countries than in the 

EU-12 and G-5, respectively, taking all countries in each sample as a whole.    

           

Table 8: Mobility indices for pooled sample: 1-year transition 

 
Category I: No, weak, medium, strong Category II: Quartiles 

Country M1 M2 M3 M4 M1 M2 M3 
Benchmark 0.330 0.180 0.730 0.120 0.163 0.121 0.426 
Africa-16 0.198 0.161 0.510 0.032 0.155 0.115 0.407 
Note: The benchmark in Category I is for 12 EU countries (Hinloopen and van Marrewijk, 2001); the 
benchmark for Category II is for the G-5 (Proudman and Redding, 2000).  
 

We also calculate the mobility indices M1-M4 for individual African countries.18 In order to 

see whether these mobility indices identify similar patterns of mobility for individual 

countries, we check the correlations of these mobility indices within each category and 

between the two categories, see Figure 3.8 and Table 3.9. There is a clear indication that the 

correlations are higher within the category than between the two categories. In sum, all the 

                                                
18 We only calculate M1-M3 for category II since there is no M4 in Proudman and Redding (2000). 
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correlation diagrams and the correlation matrix show that these indices are highly positively 

correlated, confirming that all these indices are capable of measuring mobility. 

 

Figure 8: Correlations of M1-M3 between category I and category II 

 

 

Table 9: Correlation matrix of mobility index 

 BI-M1 BI-M2 BI-M3 BI-M4 Quartile-M1 Quartile-M2 Quartile-M3 
BI-M1 1.000       
BI-M2 0.870 1.000      
BI-M3 0.994 0.84 1.000     
BI-M4 0.573 0.37 0.601 1.000    
Quartile-M1 0.785 0.58 0.808 0.432 1.000   
Quartile-M2 0.791 0.59 0.810 0.368 0.976 1.000  
Quartile-M3 0.784 0.58 0.808 0.434 0.999 0.969 1.000 

 

After checking the correlations of all the mobility indices, we compare each mobility index 

with its corresponding benchmark. Figure 9 shows the M1-M4 of each African country and 

benchmarks in category I (see Appendix 5 for details). The longer the distance between the 

dot and the vertical axis, the greater mobility is. It is clear that the mobility indices for 

African countries are lower than for the EU-12 in the 1-year transition, except for M2. In 

other words, there is little evidence of change in revealed comparative advantage for African 

exports.  
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Figure 9: M1-M4 for individual African countries and benchmarks, category I 

 

 
 

Regarding category II (see Figure 10), the three mobility indices demonstrate a similar 

pattern for Africa and the G-5 as for the pooled sample (see Table 8). We attribute it to the 

classification of quartiles in category II. The quartile division of the set of Balassa indices 

generates different state classifiactions between our sample and the benchmark. In other 

words, the boundaries between two states for Africa are different from that for the G-5, in 

contrast to the fixed boundaries in category I. As a result we do not think the different states 

between our sample and the benchmark can be adequately compared and expect that there is 

no big gap between the mobility indices under the classification of quartiles, as shown in the 

comparison of Africa and the G-5 in both pooled sample and individual countries in category 

II (see Table 8 and Figure 10). 
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Figure 10: M1-M3 for individual African countries and benchmarks, category II 

 
 

To summarize, by comparing mobility indices with the corresponding benchmark in the 

pooled sample and for individual countries, we conclude that the mobility of revealed 

comparative advantage in African export trade is lower than for the benchmarks (EU-12 and 

G-5) in the sample periods. The lower mobility supports the earlier finding of the absence of 

structural change in Africa for its exports from 1991 to 2009. 

 

6 Possible explanations for the absence of structural change 

In section 3.5, by analyzing the evolution of the entire distribution of Balassa indices, we 

reach the same conclusion based on several indicators; namely, there is no evidence of 

structural breaks in African exports during the last two decades. In other words, over time, 

African exports remain concentrated on their primary industries, more specifically the 

natural-resource intensive and agricultural products, which means that the recent rapid 

economic growth in Africa is not accompanied by structural breaks and upgrading of export 

structure. In this section, we explore two main reasons for the lack of structural changes in 

African exports, namely (i) persistence in exporting primary goods and natural-resource 

intensive goods and (ii) barriers to switching to manufacturing production. 

 

6.1 Persistence in exporting primary and natural-resource intensive goods 

Africa has maintained its comparative advantages mainly in primary products over the last 

two decades (see Table 3). We attribute this phenomenon to its abundant endowments in 

natural resources and land. According to the Heckscher-Ohlin theorem, capital abundant 

countries export capital-intensive manufactured products in exchange for labor-intensive 
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products from labor abundant countries, and vice versa.  The predictions of the Heckscher–

Ohlin (HO) factor abundance model have been empirically tested for a long time.19  Leontief 

(1953) found that the capital-labor ratio in US imports was higher than in US exports, 

contradicting the assumption that the US was a capital abundant country. Leamer (1980), 

however, pointed out that a proper test should be based on the factor content of trade flows 

(see Vanek (1968)). Early empirical tests of the factor content of trade generally found that 

the model performed poorly when compared against the data (see for example Leamer (1984) 

and Bowen et al. (1987)). The availability of better and more detailed data allowed Trefler 

(1995) to identify the systematic pattern of departures in the data from the predictions of the 

model (labeled the “mystery of the missing trade”).20 This, in turn, enabled Davis et al. (1997) 

to identify the importance of non-factor price equality and Davis and Weinstein (2001) to 

explain the data rather successfully once technical differences, non-factor price equality, non-

traded goods, and the costs of trade are taken into consideration. This also holds when trade 

in intermediate goods is explicitly incorporated in the analysis (see Trefler and Zhu, 2010). 

 

Figure 11: Inward FDI stocks and flows in Africa, 1980-2010 

 
                              Source: UNCTAD stat and WDI. Constant 2010 US$ 
Although natural-resource exports are natural resource intensive, the extraction of natural 

resources essentially requires capital and knowledge. However, Africa is not a capital and 

knowledge abundant continent. In fact, along with knowledge, most capital invested in the 
                                                
19 See Feenstra (2004), Baldwin (2008), or Leamer (2012) for recent surveys of the literature. The description 
below is taken from Brakman and van Marrewijk (2013). 
20 The “missing trade puzzle” refers to the fact that the predicted factor content of net exports is smaller than the 
actual factor content, hence trade is “missing.” In addition, two groups of countries can be identified: developing 
and developed countries. For poor countries the difference between actual and predicted factor content of net exports is 
negative, while for rich countries this is positive. This implies that poor countries are abundant in most factors 
of production, whereas rich countries are scarce in most factors of production. 
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natural resource products originates from a large number of foreign investors. The natural-

resource extraction industry attracts continued foreign investment as a result of large-scale 

profits in the international market. Figure 11 shows the inward FDI stocks and flows in 

Africa since 1980. It is clear that the trend of inward FDI for Africa was stable in the 1980s. 

Later on, however, inward FDI rose gradually in the last two decades in both stocks and 

flows, especially after 2000. The main reason is that on top of the traditional investors from 

Europe and America increased capital flows were coming from emerging markets, such as 

China, India, and Brazil. 
 

Figure 12: The dynamics of oil imports from Africa and oil prices, 1980-2010 

 
                 Source: a. Author calculate based on UN Comtrade, oil refers to SITC33; b. Federal Reserve Bank of 
ST. Louis, see http://research.stlouisfed.org/fred2/series/OILPRICE/downloaddata, Quarterly data. 
 

On the one hand, both traditional and new participants bring large investments that contribute 

to the natural resource extraction industry. On the other hand, their large demand for natural 

resources in their domestic markets pushes up the prices of natural resources in the 

international market, which further encourages the growth of export-oriented natural resource 
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sectors in Africa. Take oil, for example, the most important product of African export. The 

demand for oil in each region is highly correlated with the oil prices over time. EU-27 and 

USA were still the primary destinations of African oil exports in the last three decades, but 

the strong demand for oil came from the emerging economies (China, India and Brazil) since 

2000 (see Figure 12a). Recovering from the second oil crisis in the beginning of the 1980s, 

oil prices kept steady during the 1990s. Along with the increasing demand for oil in the 21st  

century, the oil price has been growing rapidly, except for the period of the recent financial 

crisis (see Figure 12b). In sum, both the foreign investment and increasing demand for oil 

contribute to the persistence in exporting primary goods in Africa over time. 

 

6.2 Barriers to shifting to manufacturing production 

Simple manufacturing industries are most likely to develop first in most countries. This does 

not seem to be the case, however, in Africa. Though Africa is not a capital abundant 

continent, it is still possible to develop the export-oriented manufactured industry if it attracts 

enough foreign direct investment, as do many natural resource industries. Unfortunately, 

foreign investments are reluctant to shift to the non-resource extraction industries for two 

reasons. First, these foreign investors benefit from the existing investment in African natural 

resource industries, as we discussed above. Second, and more importantly, the disadvantages 

of Africa in terms of labor force, geographic factors and institutions seem to be big barriers 

for foreign investors to develop manufacturing industries. In this subsection, we analyze the 

comparative disadvantage of Africa in three perspectives, comparing the data of Africa to 

that of East Asia & Pacific and South Asia.21 The two regions used for comparison are 

chosen as they have a comparative advantage in simple manufactured products.  

 

A. Labor force 

First of all, Africa lacks advantage in labor quantity. Though the area of Africa is much larger 

than that of East Asia & Pacific and South Asia, the African labor force is lower than either 

that of East Asia & Pacific or that of South Asia in quantity (see Figure 13). Historically, East 

Asia & Pacific has been one of the most populous regions, thus it is not surprising that East 

Asia & Pacific have the largest labor force in the last two decades among the three regions. 

On the contrary, Africa is endowed with the least labor force over time due to natural and 

                                                
21 We refer to the developing countries in East Asia and Pacific. 
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social reasons, such as large desert areas, civil wars, poor health care, and so on. The 

relatively low quantity of African labor force is not conducive to develop basic labor-

intensive manufacturing industries, such as the textile industry. 

 

Figure 13: Labor force22, 1990-2010 

 
Source: WDI and ADI from World Bank 
 

Second, and more importantly, Africa lacks an advantage in labor quality as well. Africa is 

abundant of labor with low skills, leading to inefficient production even in the simple types 

of manufactures. The unskilled labor is the result of low education levels in Africa. Figure 14 

shows two indicators in terms of primary and secondary education in East Asia & Pacific, 

South Asia, and Sub-Saharan Africa.23 In both the primary completion rate and secondary 

school enrollment, the index of Africa is lower than that of the other regions. The primary 

completion rate in Africa is around 50 to 60 percent from 1990 to 2010 (see Figure 14a). At 

the same time, the enrollment of secondary school was increasing from 20 percent in 1990 to 

about 40 percent in 2010 (see Figure 14b). By 2010, more than one half of African people did 

not receive secondary education. The lack of skilled labor prevents enterprises to invest and 

build factories in Africa since the training of the labor force may be more costly than that in 

Asian countries. 

 

                                                
22 The labor force comprises people ages 15 and older. 
23 There is no aggregate data about the entire Africa, thus the data of Sub-Saharan Africa (all income levels) is 
adopted. 
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Figure 14: The education of the labor, 1990-2010 

 
Source: WDI from World Bank 
 

B. Geographic factors 

Since the new economic geography literature developed at the beginning of 1990s, the 

location of economic activities in space has attracted a lot of interest. Generally speaking, the 

most striking feature of the geography of economic activities is concentration (Krugman, 

1991), leading to density of populations and urban areas. Industries concentrate in space since 

these urban areas are highly specialized and productive. In addition, a large density of 

population in the urban areas implies large demand for local manufactures, thus lowering 

transportation costs. Both the specialized production and the large market size contribute to 

economies of scale so that the production of many manufactures reinforce itself in these areas. 

 

Africa has a comparative disadvantage in geographic factors. In other words, the diverse 

geography does not stimulate the concentration required to develop manufacturing activity in 

Africa. We illustrate this in terms of population density, urbanization, and market size (see 

Figure 15). Compared to the data for East Asia & Pacific and South Asia we note that Africa 

does not have a comparative advantage in population density or market size over the last 

three decades. The urbanization process is fastest in East Asia & Pacific and the population is 

largest as well.24 The market size is lowest in Africa, certainly if we correct for the degree of 

urbanization. The lack of good geographic conditions thus impedes the development of 

manufactures in Africa. 

 

                                                
24 The urbanization process in East Asia & Pacific and South Asia may be underestimated by the official data 
used in Figure 15b since a large number of labor-intensive manufactures in urban areas attract laborers from 
rural areas. These people live and work in urban areas, but they are excluded from the official data analyzed. 
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Figure 15 Three variants of concentration, 1980-2010 

 
Source: WDI and ADI from World Bank 
 

C. Institutional factors 

Good institutions are key to cultivate manufacturing industries (North, 1990). On the one 

hand, regions with a good institution attract more foreign direct investment than peers with 

bad institutions. In the case of Africa with insufficient domestic investment, foreign 

investment is the prerequisite for the development of manufacturing industries and therefore 

upgrading structural change. On the other hand, bad institutions such as corruption and 

unstable governments have a negative effect on the regulatory control and the social equality. 

Africa does not score well on institutional factors, as indicated in Figure 16 for two 

institutional indicators. It is clear that the control of corruption and regulatory quality of most 

Africa countries in our sample is lower than the world average, especially for the oil rich 

countries Angola and Libya. The two outliers in this respect are Mauritius and South Africa. 

The bad institutions give rise to severe inequality within countries. The benefits of natural 

resource extraction may thus be limited to a few groups of people, who suppress other people 

to consolidate these benefits. The natural resource industry reinforces itself overtime, 

reducing the opportunity to develop other manufactures.   
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Figure 16: Institutional indicators of Africa (average of 1996-2010) 

 
              Source: The worldwide government indicators25, www.govindicators.org 	  
 

In sum, both the natural resource endowments and the foreign investment in natural resource 

extraction contribute to the continuous development of natural resource industry in Africa. At 

the same time, the comparative disadvantages of labor endowments, geographic factors and 

institutions prevent foreign investment to shift from traditional natural resource producing 

industry to other manufactures. All these activities jointly lead to the absence of upgrading 

structural change in Africa. Some African countries realize the importance of developing 

manufacturing industries and are trying to attract foreign direct investment through 

preferential policies. Similarly, some advanced regions are trying to help African develop 

manufacturing industries. The Africa Growth and Opportunity Act (AGOA), for example, 

was established by the USA and European countries and uses tariff reduction and exemption 

specifically for the imports from Africa. Along with the increase of labor quantity and quality 

in Africa, the rising wage rates in East Asia, some basic manufacture industries are moving to 

Africa, making it possible that we observe structural breaks in African exports in the future. 

                                                
25 These indicators range from approximately -2.5 (weak) to 2.5 (strong) governance performance. 
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7 Conclusions 

In this study, we empirically identify the absence of structural breaks in African exports using 

a sample of 20 African countries over the last two decades. Our analysis focuses on changes 

in revealed comparative advantage using the Balassa index as an indicator. First, we use the 

HWM index to identify structural breaks and we hardly find any significant structural breaks 

at all for the African countries. The few structural breaks we do find for some countries are 

mostly caused by data issues and pseudo structural changes. Second, we turn to alternative 

tools to investigate the same question. We calculate Markov transition matrices and mobility 

indices to analyze persistence and mobility of revealed comparative advantage. We generally 

find that persistence is high and mobility is low in African countries. Both findings indicate 

that although the African countries have been developing rapidly in the recent past this 

development is (not yet) accompanied by the type of structural changes we observe in other 

countries. We briefly discuss some potential underlying causes for the observed absence of 

structural change. First, the strong advantages in exporting primary and natural-resource 

intensive goods from Africa leads to a persistent lock-in that prevents the development of 

other sectors. Second, there are  several obstacles to switch to producing basic manufactures, 

such as the size and quality of the labor force, geographic factors (density, urbanization, and 

market size), and institutional factors. In light of this, the continued growth of the African 

population, accompanied by a further increase in urbanization may create the required 

concentration, density, and market size, particularly in combination with the rising wages in 

other parts of the world, to make it possible for the manufacturing process to take off in the 

near future. A question to be answered only by future analysis.  
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9 Appendix 

Appendix 1: 20 African countries 

Algeria Gabon Mali South Africa 
Angola Kenya Mauritius Togo 
Cote d'Ivoire Libya Morocco Tunisia 
Egypt, Arab Rep. Madagascar Mozambique Uganda 
Ethiopia Malawi Senegal Zambia 
 

Appendix 2: 181 Reference countries 

Afghanistan Ghana Oman 
Albania Greece Pakistan 
Algeria Grenada Palau 
Angola Guatemala Panama 
Antigua and Barbuda Guinea Papua New Guinea 
Argentina Guinea-Bissau Paraguay 
Armenia Guyana Peru 
Australia Haiti Philippines 
Austria Honduras Poland 
Azerbaijan Hong Kong SAR, China Portugal 
Bahamas, The Hungary Qatar 
Bahrain Iceland Romania 
Bangladesh India Russian Federation 
Barbados Indonesia Rwanda 
Belarus Iran, Islamic Rep. Samoa 
Belgium Iraq Sao Tome and Principe 
Belize Ireland Saudi Arabia 
Benin Israel Senegal 
Bhutan Italy Seychelles 
Bolivia Jamaica Sierra Leone 
Bosnia and Herzegovina Japan Singapore 
Botswana Jordan Slovak Republic 
Brazil Kazakhstan Slovenia 
Brunei Darussalam Kenya Solomon Islands 
Bulgaria Kiribati South Africa 
Burkina Faso Korea, Rep. Spain 
Burundi Kuwait Sri Lanka 
Cambodia Kyrgyz Republic St. Kitts and Nevis 
Cameroon Lao PDR St. Lucia 
Canada Latvia St. Vincent and the Grenadines 
Cape Verde Lebanon Sudan 
Central African Republic Lesotho Suriname 
Chad Liberia Swaziland 
Chile Libya Sweden 
China Lithuania Switzerland 
Colombia Luxembourg Syrian Arab Republic 
Comoros Macao SAR, China Tajikistan 
Congo, Rep. Macedonia, FYR Tanzania 
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Costa Rica Madagascar Thailand 
Cote d'Ivoire Malawi Timor-Leste 
Croatia Malaysia Togo 
Cyprus Maldives Tonga 
Czech Republic Mali Trinidad and Tobago 
Denmark Malta Tunisia 
Djibouti Mauritania Turkey 
Dominica Mauritius Turkmenistan 
Dominican Republic Mexico Uganda 
Ecuador Micronesia, Fed. Sts. Ukraine 
Egypt, Arab Rep. Moldova United Arab Emirates 
El Salvador Mongolia United Kingdom 
Equatorial Guinea Morocco United States 
Eritrea Mozambique Uruguay 
Estonia Myanmar Uzbekistan 
Ethiopia Namibia Vanuatu 
Fiji Nepal Venezuela, RB 
Finland Netherlands Vietnam 
France New Zealand Yemen, Rep. 
Gabon Nicaragua Zambia 
Gambia, The Niger Zimbabwe 
Georgia Nigeria  
Germany Norway  
 

 

Appendix:  Classification of 2-digit sectors26 

 
                A: Agricultural primary products (23 sectors) 

00 Live animals chiefly for food 
01 Meat and preparations 
02 Dairy products and birds' eggs 
03 Fish, crustacean and molluscs, and preparations thereof 
04 Cereals and cereal preparations 
05 Vegetables and fruit 
06 Sugar, sugar preparations and honey 
07 Coffee, tea, cocoa, spices, and manufactures thereof 
08 Feeding stuff for animals (not including unmilled cereals) 
09 Miscellaneous edible products and preparations 
11 Beverages 
12 Tobacco and tobacco manufactures 
21 Hides, skins and furskins, raw 
22 Oil seeds and oleaginous fruit 
23 Crude rubber (including synthetic and reclaimed) 
24 Cork and wood 
25 Pulp and waste paper 

                                                
26 The classification of 2-digit sectors SITC 52, 66, 67, 76, 79, 88, 89 is ambiguous because their (3-digit) 
subsectors belong to different groups in http://www2.econ.uu.nl/users/marrewijk/eta/index.htm. We classify 
them in the group where most of their subsectors belong to. 
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26 Textile fibres (not wool tops) and their wastes (not in yarn) 
29 Crude animal and vegetable materials, nes 
41 Animal oils and fats 
42 Fixed vegetable oils and fats 
43 Animal and vegetable oils and fats, processed, and waxes 
94 Animals, live, nes, (including zoo animals, pets, insects, etc) 

 
                B: Natural resource and natural-resource intensive products (11 sectors) 

27 Crude fertilizer and crude minerals 
28 Metalliferous ores and metal scrap 
32 Coal, coke and briquettes 
33 Petroleum, petroleum products and related materials 
34 Gas, natural and manufactured 
35 Electric current 
61 Leather, leather manufactures, nes, and dressed furskins 
63 Cork and wood, cork manufactures 
66 Non-metallic mineral manufactures, nes 
68 Non-ferrous metals 
97 Gold, non-monetary (excluding gold ores and concentrates) 

 
                C: Unskilled-labor intensive products (6 sectors) 

65 Textile yarn, fabrics, made-up articles, nes, and related products 
81 Sanitary, plumbing, heating, lighting fixtures and fittings, nes 
82 Furniture and parts thereof 
83 Travel goods, handbags and similar containers 
84 Articles of apparel and clothing accessories 
85 Footwear 

 
                D: Technology intensive products (16 sectors) 

51 Organic chemicals 
52 Inorganic chemicals 
54 Medicinal and pharmaceutical products 
56 Fertilizers, manufactured 
57 Explosives and pyrotechnic products 
58 Artificial resins and plastic materials, and cellulose esters etc 
59 Chemical materials and products, nes 
71 Power generating machinery and equipment 
72 Machinery specialized for particular industries 
73 Metalworking machinery 
74 General industrial machinery and equipment, nes, and parts of, nes 
75 Office machines and automatic data processing equipment 
77 Electric machinery, apparatus and appliances, nes, and parts, nes 
87 Professional, scientific, controlling instruments, apparatus, nes 
88 Photographic equipment and supplies, optical goods; watches, etc 
95 Armoured fighting vehicles, war firearms, ammunition, parts, nes 

 
                E: Human-capital intensive products (10 sectors) 

53 Dyeing, tanning and colouring materials 
55 Oils and perfume materials; toilet and cleansing preparations 
62 Rubber manufactures, nes 
64 Paper, paperboard, and articles of pulp, of paper or of paperboard 
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67 Iron and steel 
69 Manufactures of metals, nes 
76 Telecommunications, sound recording and reproducing equipment 
78 Road vehicles 
79 Other transport equipment 
89 Miscellaneous manufactured articles, nes 

 
                F: Non-classified products (3 sectors) 

 
 
 Postal packages not classified according to kind 
93 Special transactions, commodity not classified according to class 
96 Coin (other than gold coin), not being legal tender 

 

Appendix 3: Transition probability matrix for four dropped countries: category I, 1-year 
transition 

Algeria No Weak Medium Strong Libya No Weak Medium Strong 
No 0.998 0.002 0.000 0.000 No 0.993 0.006 0.001 0.000 
Weak 0.667 0.333 0.000 0.000 Weak 0.269 0.692 0.038 0.000 
Medium 0.333 0.000 0.667 0.000 Medium 0.000 0.111 0.889 0.000 
Strong 0.000 0.000 0.000 1.000 Strong 0.000 0.000 0.000 1.000 
Mali No Weak Medium Strong Mauritius No Weak Medium Strong 
No 0.992 0.004 0.000 0.004 No 0.985 0.015 0.000 0.000 
Weak 0.500 0.333 0.000 0.167 Weak 0.054 0.882 0.065 0.000 
Medium 0.000 1.000 0.000 0.000 Medium 0.000 0.167 0.778 0.056 
Strong 0.029 0.000 0.029 0.943 Strong 0.000 0.000 0.000 1.000 

 

Appendix 4: Transition probability matrix for individual African countries: 1-year transition 

BI-1, 2, 4 Quartile 
Angola No Weak Medium Strong Angola 1 2 3 4 
No 0.997 0.002 0.002 0.000 1 0.817 0.140 0.043 0.000 
Weak 0.500 0.500 0.000 0.000 2 0.167 0.736 0.080 0.017 
Medium 0.000 0.333 0.333 0.333 3 0.012 0.109 0.818 0.061 
Strong 0.000 0.000 0.050 0.950 4 0.000 0.000 0.069 0.931 
Theory 0.960 0.006 0.004 0.030 Theory 0.224 0.227 0.261 0.288 
Empiric 0.960 0.008 0.004 0.028 Empiric 0.250 0.250 0.250 0.250 
Cote d'Ivoire No Weak Medium Strong Cote d'Ivoire 1 2 3 4 
No 0.987 0.013 0.000 0.000 1 0.913 0.083 0.005 0.000 
Weak 0.191 0.660 0.149 0.000 2 0.086 0.847 0.067 0.000 
Medium 0.000 0.060 0.930 0.010 3 0.009 0.057 0.891 0.043 
Strong 0.000 0.000 0.043 0.957 4 0.000 0.000 0.048 0.952 
Theory 0.784 0.053 0.132 0.031 Theory 0.265 0.240 0.262 0.232 
Empiric 0.741 0.058 0.119 0.083 Empiric 0.251 0.249 0.251 0.249 
Egypt No Weak Medium Strong Egypt 1 2 3 4 
No 0.962 0.038 0.000 0.000 1 0.907 0.093 0.000 0.000 
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Weak 0.110 0.733 0.144 0.014 2 0.078 0.836 0.082 0.004 
Medium 0.000 0.143 0.773 0.084 3 0.004 0.058 0.837 0.101 
Strong 0.000 0.011 0.079 0.910 4 0.000 0.007 0.076 0.916 
Theory 0.479 0.167 0.170 0.184 Theory 0.194 0.217 0.262 0.327 
Empiric 0.674 0.139 0.105 0.082 Empiric 0.251 0.250 0.250 0.250 
Ethiopia No Weak Medium Strong Ethiopia 1 2 3 4 
No 0.975 0.012 0.009 0.003 1 0.785 0.182 0.033 0.000 
Weak 0.333 0.444 0.167 0.056 2 0.085 0.754 0.153 0.008 
Medium 0.000 0.094 0.625 0.281 3 0.000 0.099 0.838 0.063 
Strong 0.010 0.000 0.067 0.923 4 0.000 0.000 0.048 0.952 
Theory 0.504 0.027 0.092 0.377 Theory 0.070 0.177 0.312 0.441 
Empiric 0.692 0.036 0.065 0.207 Empiric 0.250 0.250 0.250 0.249 
Gabon No Weak Medium Strong Gabon 1 2 3 4 
No 0.996 0.004 0.000 0.000 1 0.823 0.149 0.021 0.007 
Weak 0.091 0.727 0.182 0.000 2 0.137 0.799 0.058 0.007 
Medium 0.000 0.083 0.667 0.250 3 0.020 0.108 0.784 0.088 
Strong 0.000 0.000 0.065 0.935 4 0.014 0.000 0.076 0.910 
Theory 0.670 0.028 0.062 0.240 Theory 0.274 0.305 0.189 0.232 
Empiric 0.906 0.020 0.020 0.053 Empiric 0.250 0.250 0.250 0.250 
Kenya No Weak Medium Strong Kenya 1 2 3 4 
No 0.968 0.028 0.004 0.000 1 0.920 0.074 0.007 0.000 
Weak 0.141 0.727 0.133 0.000 2 0.059 0.861 0.077 0.003 
Medium 0.000 0.142 0.775 0.083 3 0.003 0.065 0.847 0.085 
Strong 0.000 0.000 0.054 0.946 4 0.000 0.000 0.069 0.931 
Theory 0.543 0.124 0.130 0.203 Theory 0.170 0.215 0.270 0.344 
Empiric 0.690 0.111 0.102 0.098 Empiric 0.250 0.250 0.250 0.250 
Madagascar No Weak Medium Strong Madagascar 1 2 3 4 
No 0.968 0.028 0.003 0.001 1 0.876 0.124 0.000 0.000 
Weak 0.260 0.562 0.178 0.000 2 0.102 0.777 0.117 0.004 
Medium 0.013 0.130 0.714 0.143 3 0.004 0.094 0.826 0.075 
Strong 0.000 0.000 0.099 0.901 4 0.004 0.004 0.060 0.932 
Theory 0.652 0.074 0.109 0.166 Theory 0.207 0.229 0.260 0.303 
Empiric 0.745 0.068 0.076 0.112 Empiric 0.250 0.250 0.250 0.249 
Malawi No Weak Medium Strong Malawi 1 2 3 4 
No 0.986 0.009 0.003 0.002 1 0.823 0.167 0.010 0.000 
Weak 0.116 0.744 0.140 0.000 2 0.138 0.708 0.154 0.000 
Medium 0.000 0.077 0.769 0.154 3 0.000 0.125 0.792 0.083 
Strong 0.000 0.029 0.000 0.971 4 0.000 0.000 0.071 0.929 
Theory 0.587 0.070 0.050 0.293 Theory 0.170 0.218 0.282 0.330 
Empiric 0.824 0.053 0.035 0.087 Empiric 0.250 0.250 0.250 0.250 
Morocco No Weak Medium Strong Morocco 1 2 3 4 
No 0.983 0.015 0.001 0.000 1 0.916 0.084 0.000 0.000 
Weak 0.118 0.814 0.069 0.000 2 0.057 0.846 0.096 0.000 
Medium 0.014 0.087 0.841 0.058 3 0.000 0.074 0.877 0.049 
Strong 0.000 0.000 0.025 0.975 4 0.000 0.000 0.042 0.958 
Theory 0.685 0.088 0.068 0.159 Theory 0.151 0.222 0.289 0.338 
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Empiric 0.744 0.090 0.061 0.106 Empiric 0.251 0.250 0.250 0.250 
Mozambique No Weak Medium Strong Mozambique 1 2 3 4 
No 0.982 0.008 0.008 0.002 1 0.877 0.116 0.000 0.006 
Weak 0.333 0.542 0.083 0.042 2 0.173 0.698 0.123 0.006 
Medium 0.031 0.219 0.594 0.156 3 0.012 0.167 0.753 0.068 
Strong 0.000 0.000 0.077 0.923 4 0.000 0.000 0.099 0.901 
Theory 0.775 0.037 0.049 0.139 Theory 0.376 0.253 0.197 0.174 
Empiric 0.790 0.039 0.050 0.120 Empiric 0.251 0.249 0.251 0.249 
Senegal No Weak Medium Strong Senegal 1 2 3 4 
No 0.969 0.027 0.003 0.001 1 0.860 0.132 0.007 0.000 
Weak 0.200 0.700 0.075 0.025 2 0.086 0.792 0.115 0.007 
Medium 0.000 0.098 0.738 0.164 3 0.007 0.081 0.849 0.063 
Strong 0.006 0.000 0.076 0.917 4 0.000 0.004 0.048 0.948 
Theory 0.598 0.084 0.095 0.222 Theory 0.141 0.206 0.283 0.369 
Empiric 0.722 0.075 0.059 0.144 Empiric 0.251 0.250 0.250 0.250 
South Africa No Weak Medium Strong South Africa 1 2 3 4 
No 0.975 0.025 0.000 0.000 1 0.913 0.075 0.011 0.000 
Weak 0.102 0.828 0.070 0.000 2 0.067 0.855 0.078 0.000 
Medium 0.008 0.053 0.878 0.061 3 0.008 0.042 0.905 0.046 
Strong 0.000 0.000 0.083 0.917 4 0.000 0.000 0.037 0.963 
Theory 0.592 0.136 0.157 0.115 Theory 0.157 0.169 0.303 0.371 
Empiric 0.668 0.121 0.123 0.088 Empiric 0.251 0.250 0.250 0.250 
Togo No Weak Medium Strong Togo 1 2 3 4 
No 0.968 0.030 0.002 0.000 1 0.854 0.139 0.007 0.000 
Weak 0.138 0.638 0.224 0.000 2 0.168 0.720 0.105 0.007 
Medium 0.043 0.196 0.543 0.217 3 0.000 0.109 0.776 0.116 
Strong 0.000 0.016 0.095 0.889 4 0.000 0.007 0.085 0.908 
Theory 0.601 0.111 0.097 0.190 Theory 0.254 0.221 0.225 0.299 
Empiric 0.708 0.102 0.077 0.113 Empiric 0.250 0.250 0.250 0.250 
Tunisia No Weak Medium Strong Tunisia 1 2 3 4 
No 0.985 0.015 0.000 0.000 1 0.923 0.077 0.000 0.000 
Weak 0.085 0.884 0.031 0.000 2 0.064 0.846 0.086 0.004 
Medium 0.000 0.132 0.789 0.079 3 0.000 0.054 0.903 0.043 
Strong 0.000 0.000 0.020 0.980 4 0.000 0.000 0.029 0.971 
Theory 0.718 0.130 0.031 0.121 Theory 0.138 0.164 0.272 0.426 
Empiric 0.761 0.116 0.033 0.090 Empiric 0.250 0.250 0.250 0.250 
Uganda No Weak Medium Strong Uganda 1 2 3 4 
No 0.968 0.028 0.003 0.000 1 0.833 0.163 0.005 0.000 
Weak 0.121 0.672 0.207 0.000 2 0.097 0.739 0.164 0.000 
Medium 0.019 0.135 0.692 0.154 3 0.000 0.075 0.851 0.075 
Strong 0.009 0.009 0.043 0.940 4 0.000 0.000 0.044 0.956 
Theory 0.511 0.097 0.110 0.282 Theory 0.076 0.132 0.295 0.497 
Empiric 0.719 0.075 0.067 0.139 Empiric 0.251 0.249 0.251 0.249 
Zambia No Weak Medium Strong Zambia 1 2 3 4 
No 0.968 0.024 0.005 0.003 1 0.827 0.149 0.019 0.005 
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Weak 0.262 0.554 0.154 0.031 2 0.141 0.743 0.117 0.000 
Medium 0.074 0.222 0.519 0.185 3 0.015 0.097 0.791 0.097 
Strong 0.000 0.000 0.131 0.869 4 0.005 0.005 0.088 0.903 
Theory 0.740 0.071 0.064 0.125 Theory 0.220 0.234 0.268 0.278 
Empiric 0.766 0.076 0.059 0.099 Empiric 0.251 0.250 0.250 0.250 

 

Appendix 5: Mobility indices for individual countries 

 
Category I: BI-1, 2, 4 Category II: Quartile 

Country M1 M2 M3 M4 M1 M2 M3 
Angola 0.407 0.492 0.850 0.025 0.233 0.188 0.568 
Cote d'Ivoire 0.155 0.180 0.431 0.026 0.133 0.104 0.355 
Egypt 0.207 0.145 0.529 0.045 0.168 0.130 0.433 
Ethiopia 0.344 0.581 0.774 0.034 0.224 0.174 0.553 
Gabon 0.225 0.139 0.574 0.008 0.228 0.200 0.555 
Kenya 0.195 0.140 0.507 0.032 0.147 0.115 0.388 
Madagascar 0.285 0.253 0.682 0.042 0.196 0.148 0.497 
Malawi 0.177 0.132 0.463 0.024 0.250 0.184 0.607 
Morocco 0.129 0.125 0.352 0.016 0.134 0.100 0.361 
Mozambique 0.320 0.358 0.732 0.044 0.257 0.206 0.619 
Senegal 0.225 0.205 0.559 0.033 0.184 0.138 0.470 
South Africa 0.134 0.111 0.360 0.029 0.121 0.091 0.328 
Togo 0.321 0.236 0.753 0.051 0.247 0.185 0.598 
Tunisia 0.121 0.091 0.333 0.012 0.119 0.083 0.324 
Uganda 0.242 0.183 0.608 0.040 0.207 0.140 0.524 
Zambia 0.363 0.371 0.802 0.069 0.245 0.196 0.589 

 


